Tropospheric ultraviolet (UV) radiation and its effect on agricultural plants: An assessment
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Abstract
Increasing composition of gaseous pollutant derived by anthropogenic activity disturbed natural atmospheric gaseous composition and deplete the stratospheric ozone layer. Major consequences of this depletion are increase incidents of harmful UV-B radiations reaching to terrestrial surface. Plants being permanent tool to removed harmful effect of solar radiation. Plants use sunlight as primary energy sources, therefore the small increase in UV-B radiation is recognized as harmful for plants. Many studies have shown that solar UV-B radiation cause significantly effect on morphological, physiological, biochemical and molecular components the plant. There are several visible and micro morphological effects of enhanced UV-B radiation was also observed including visible injury and stomatal characteristics. In this chapter to identification effect of UV-B radiation on plant growth and yield loss. Despite that study also focused on UV-B tolerance plants species selection for opened to new area of research towards decreasing the UV-B radiation effect on agricultural losses. 
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1. Introduction
Solar ultraviolet (UV) radiation at the Earth’s surface passes through the atmosphere where many complicated absorption and scattering processes occur. In general, radiation at progressively shorter UV wavelengths becomes increasingly harmful to most biological species. UV radiation is classified as UV-A (315–400 nm), UV-B (280–315 nm), and UV–C (100–280 nm). Atmospheric gases absorb very little UV-A radiation. Atmospheric oxygen and ozone absorb all UV-C radiation and prevent it from reaching the troposphere and the Earth’s surface. The earth's stratospheric ozone layer plays a critical role in absorbing ultraviolet radiation emitted by the sun. In the last thirty years, it has been discovered that stratospheric ozone is depleting as a result of increasing in various human originated ODSs (ozone depleting substances). Major consequences of this depletion are increase incidents of harmful UV-B radiations reaching to terrestrial surface. Although ultraviolate radiations subdivides into three parts UV-A (315-400nm), UV-B (280-315nm) and UV-C (200-280 nm), UV-C radiation is completely absorbed by the atmosphere and UV-A fully transmitted to the earth's surface cannot be absorbed by the ozone layer and less harmful than the other UV radiation. 
However, some astronomical parameters, such as solar zenith angle, as well as physical characteristics of the earth’s surface, like altitude, albedo and meteorological conditions, also affect the transmission of UV‐B (Porfirio et al., 2012), transmission of UV‐B is mainly controlled by ozone (Kakani et al., 2003). Gases such as CFCs (CFC‐11, CFC‐12, and CFC‐113) with a high potential to deplete ozone having a half‐life ranging from 50 to 150 years (Kakani et al., 2003). Plants being immovable are inevitably exposed to sunlight for carrying out major physiological and developmental processes (Agrawal et al., 2007). Several studies have demonstrated that the solar UV-B radiation significantly affects various morphological, biochemical and molecular processes of plants.
Knowledge of the intensity, wavelength dependence, and angular distribution of UV radiation at the Earth’s surface is important for several reasons. The evolution and growth of most terrestrial and aquatic life forms, including human beings, are influenced by many environmental variables, including the intensity of UV irradiance at the Earth’s surface or under water. In human beings, excessive accumulated exposure can cause sunburn, skin cancer, eye cataracts, or suppression of the immune system (UNEP, 2006). Most biological systems respond to UV radiation with effects that generally become more detrimental with decreasing wavelength. The specific sensitivity to UV radiation for a particular life form is quantified by an action spectrum such as that for erythema (skin reddening) in human beings (McKinlay andDiffey, 1987), plant damage (Caldwell et al., 1986), and DNAdamage (Setlow, 1974). For example, the sun burning action spectrum. There is also emerging evidence that UV-B radiation can be beneficial to human health through the production of Vitamin D. A number of studies have linked low solar UV radiation exposure to a higher risk of some internal cancers, such as colorectal and prostate, and autoimmune diseases, such as multiple sclerosis and type 1 diabetes (Young and Walker, 2005; UNEP, 2006). In addition, manufactured materials such as plastics are sensitive to exposure to UV radiation, and significant research is carried out to develop UV-resistant materials intended for outdoor use. UV radiation also drives photochemical reactions in the atmosphere and is therefore important for tropospheric pollution studies.
The environment of UV radiation at the Earth’s surface and under water depends on many complicated absorption and scattering processes that occur in the atmosphere, at the Earth’s surface, and under water. Surface radiation absorbed by a particular atmospheric gas has wavelength-dependent structure with features that are similar to the absorption spectrum of the constituent. The most significant atmospheric absorber at UV-B wavelengths is stratospheric ozone and the wavelength structure is seen in ground-based measurements (Kerr and McElroy, 1993). Absorption by airborne aerosols such as smoke from forest fires (McArthur et al., 1999), biomass burning (Kirchoff et al., 2001), or desert dust (di Sarraet al., 2002) generally has little wavelength-dependent structure and absorption usually increases with decreasing wavelength. Scattering processes in the atmosphere include molecular (Rayleigh) scattering and scattering by larger particles such as cloud constituents and aerosols.
2.  UV-B radiation and its effect on plants
It has been established that UV-B radiation harms living things by destroying their DNA, proteins, lipids, and membranes. Plants are at risk since they rely on sunlight for photosynthesis and can't avoid being exposed to increased quantities of UV-B radiation (Azarafshan et al., 2020). Since sunlight is the plants' main energy source, they are undoubtedly exposed to UV-B radiation. Several plant macromolecules like protein, nucleic acid, lipid, and phytochrome rapidly absorb UV-B light, which can have major biological effects (Vanhaelewyn et al., 2020). Many study have shown that solar UV-B radiation cause significantly effect on morphological, physiological, biochemical and molecular components the plant (Aksakal et al., 2017). The effect of UV-B can be direct or by interfering various process of plant (Aksakl et al., 2017). The biomass, physiology and yield characteristic etc. showing in figure 1. According to studies, UV-B radiation affects the photosynthetic process of plants, which directly impacts the yield of plants (Jovanić et al., 2022). Reduction of photosynthetic rate also reduced the biomass accumulation in plants (Honda et al., 2021). 
Sensitivity of crop plants to UV-B radiation varies depending on species and cultivars of plants (Caldwell et al., 2007). According to the Hidema (2007), few plant species are tolerant to the ambient UV-B radiation and several are apparently stimulated in their growth. However, most of the species are significantly sensitive to the ambient UV-B radiation. Besides this, plant have defense mechanisms against UV-B stress, such as production of the antioxidant system (Brosché and Strid, 2003) and accumulation of UV-absorbing compounds (Frohnmeyer and Staiger, 2003; .Fedina et al., 2007).
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Figure 1. UV-B radiation and its effect on plants
2.1. Effect of UV-B radiation on plant growth and biomass
Increasing UV-B radiation decreases the seedlings and different growth parameters of plants. Throughout growth seasons, there was a substantial reduction in plant height, stem diameter, and leaf area index (LAI) in correlation with increasing UV-B radiation (Kataria et al., 2014). Numerous studies have been conducted to determine the impact of UV-B radiation on plant growth and biomass. Reddy (2013) reported that UV-B stress leads to reduction of plant height and leaf length/area. Plant height decrease may due to UV-B radiation reduces mainstem and branch elongation rates, resulting in more compact and shorter plants (Parihar et al., 2015)  and leaf area decreases because of UV-B induce the reduction in cell, change in leaf structure, reduction in cell number and by both cell division and cell expansion (Jansen et al., 2012). UV-B exposure can result in shorter petioles and leaf blades that are shorter, narrower, and/or thicker. The consequent reduction in leaf area has been linked to UV-B inhibitory effects on biomass accumulation (Jansen et al., 2012).
UV-B-induced changes in plant shape may alter light competition (Robson et al. 2015). UV-B radiation's harmful effects result in distorted morphological characteristics. UV-B exposure reduced plant height, leaf area, and plant dry weight while increasing auxiliary branching and leaf curling (Robson et al. 2015, Kumar and Pandey 2017, Palma et al. 2021). According to Zuk-Golaszewska et al. (2003), after a few weeks of UV-B exposure, rice leaf area and plant dry weight were drastically reduced. According to Bernado et al. (2021), higher UV-A reduced leaf area per unit plant biomass (leaf area ratio) while increasing biomass production per unit leaf area (leaf area productivity) and per unit leaf nitrogen (leaf nitrogen productivity). High UV-B levels clearly reduced relative growth rate and nitrogen productivity, as leaf area ratio, leaf area productivity, and leaf nitrogen productivity were all reduced.
2.2 Effect of UV-B radiation on Photosynthetic pigments
One of the most delicate metabolic processes is photosynthesis. Studying photosynthesis' reaction to UV-B exposure is crucial since it is directly related to biomass production and yield. Despite the fact that UV-B has many different targets in plants, one of its primary action targets is the photosynthetic system, and damage to this organ considerably increases the overall harm UV-B causes (Lidon and Ramalho, 2011; Lidon et al. 2012).
Photosynthesis is only known process to converts light energy into chemical energy, and is one of the very important process which helps to supports life system on the earth (Lambers et al., 2023). This is also only potential natural process to produce oxygen and maintain atmospheric O2/CO2 ratio. As photosynthesis is light driven process, it is sensitive to the quality of solar radiations. UV-B affects photosynthesis by degradation of photosynthetic pigment or by the inhibition of enzyme involved in the biosynthesis pathway which ultimately hinders the photosynthetic capacity of plants (Piccini et al., 2020). UV-B affects evolutionary conserved protein named RUBISCO (ribulose-1, 5-bisphosphate carboxylase/oxygenase) involved in C3 cycle (Hazra et al. 2015). The possible mechanism of UV-B-induced inactivation of Rubisco could be modification of the peptide chain, degradation of the protein, and diminished transcription of the gene. Other target of UV-B radiation on photosynthetic process are loss in the integrity of the thylakoid membranes, damage in oxygen evolving complex or on water splitting complex by damaging Mn cluster. UV-B reduces the generation of ATP and synthesis of NADP. This lowering ATP/ADP ratio leads to affect the Rubisco activase enzyme. This is why increasing ultraviolet radiation has become one of the most important issues affecting photosynthesis and the CO2 assimilation process (Perdomo et al. 2017).
Direct impacts of increased UV-B radiation on photosynthetic variables include thylakoid membrane integrity loss, PS II has suffered more damage than PS I. Reduced carbon dioxide fixation and oxygen evolution Dry weight, starch, and chlorophyll content were reduced; rubisco activity was reduced; and ATP synthase was inactivated (Piccini et al., 2020). While the indirect impacts of increased UV-B radiation on photosynthesis include stomatal closure, changes in leaf thickness and structure modify the light environment within the leaf. Changes in canopy morphology have an indirect effect on whole plant photosynthesis (Kataria et al., 2014).
2.3. Effect of UV-B radiation on plant metabolites
UV-B readily absorbed by the number of macro molecules like protein, amino acid, nucleic acid which result in the destruction of the various molecules. Proteins and lipids are direct targets of UV-B radiation. Since proteins strongly absorb ~280 nm or higher wavelengths, UV-B can affect the aromatic amino acids such as tyrosine, phenylalanine, and tryptophan easily absorb UV-B radiation which can cause the damage and inactivation in various protein and enzyme structure and also inhibit the various metabolic process (Salama et al., 2011) ROS generate due to UV-B stress can cause the instability of the membrane by destructing the lipid bound to the membrane. Oxidative damage measured by the lipid peroxidation activity.
2.4. Effect of UV-B radiation on crop yields loss
Solar UV-B radiation and its possible impact on global agriculture is a major issue for the future. UV-B light has a disproportionately large photobiological effect. Increased UV-B radiation levels can have a negative impact on agricultural photosynthesis and productivity on a large scale (Robson et al., 2015). The majority of our understanding of the effects of UV-B radiation on plants comes from research on economically significant crops. The majority of the plant species tested in the field were found to be UV-B sensitive, although sensitivity varied between cultivars of the same species (Teramura and Sullivan, 1991). Soybean (Glycine max) is one species that has received a lot of attention. Soybean cultivars cultivated under increased UV-B radiation exhibited varied sensitivity. Increased UV-B radiation reduced yields significantly (20-25%) in one cultivar, Essex, but had no effect on another cultivar, Williams (Teramura et al., 1990a; Yuan et al., 2002). Furthermore, intense UV-B radiation reduced wheat grain production by 8%, affecting crop spike counts (Teramura et al., 1990b).
UV-B radiation significantly harmed the plant's photosynthetic system and membrane, affected protein composition and enzyme activity, harmed DNA, and altered leaf chemistry (Zhang et al., 2016; Piccini et al., 2020). Plant stunting, leaf discolouration, or losses in vegetative biomass and grain output can all result from morphological damage (Hasanuzzaman et al., 2013). Many studies have found that UV-B radiation can cause alpine plant developmental phases to be delayed or postponed, as well as the commencement of blooming in other plants (Hasanuzzaman et al., 2013; Zhang et al., 2016; Dotto et al., 2018; Piccini et al., 2020). UV-B radiation may directly alter cell division and several fundamental growth properties, resulting in a delay in plant development, and this general growth delay has been recognised as one of the UV-B radiation protective mechanisms (Valenta et al., 2020). Several studies in soybean, rice, and barley indicate that activating phenolic biosynthesis increases phenolic accumulation in the plant, which could be a protective mechanism against UV-B radiation (Schmitz-Hoerner et al., 2003; Koti et al., 2007; Meyer et al., 2021; Gu et al., 2022). The most significant unfavourable element was flowering delay, which is directly related to yield reduction in crop plants (Kazan & Lyons, 2016). Plant height decline is frequently employed as an index to determine the degree of UV-B radiation sensitivity (Kataria et al., 2014). Kataria  & Guruprasad, (2015) found that under greenhouse conditions, UV-B radiation had no consistent effect on wheat height. In contrast, Liu et al. (2013) observed that UV-B radiation significantly dwarfed soybean due to shorter internodes rather than node number. Plant dwarfism can be linked to photo-oxidative damage of the phytohormone indole acetic acid (IAA), which leads to decreased cell wall extensibility (Wang & Komatsu, 2022). Higher UV-B exposure was shown to increase ethylene levels and enhance radial development while decreasing elongation (Garcia-Garcia et al., 2020). UV-B radiation also reduced the number of secondary tillers and grain in rice cultivars (Mohammed & Tarpley, 2009). Furthermore, several studies have found that when exposed to intense UV-B radiation, total biomass accumulation decreases (Liu et al. 2013; Kazan & Lyons, 2016; Delerue et al., 2022). Reducing overall biomass is frequently accompanied by considerable changes in biomass partitioning into plant organs (Delerue et al., 2022). Leaves and stems devoured a large amount of total biomass, but spikes consumed less. These alterations could be related to UV-B radiation adaption. Upper leaf tissue works as an anatomical cover or filter to reduce UV-B transmission into sensitive underlying tissue as a result of leaf thickening (Kataria et al., 2014). Reduced photosynthetic rates due to declines in enzyme activity, photosystem II efficiency, and stomatal conductance may also contribute to a loss in grain production and total biomass (Kataria et al., 2014; Andrew et al., 2019; Katsoulas et al., 2020). Plants respond differentially to UV-B in different environments, such as the variances between greenhouse and outdoor growth conditions (Katsoulas et al., 2020). Aside from genetic differences between cultivars, variability between experiments could be due to differences in growth conditions, length of UV-B radiation, stage of growth, and the ratio of incident to UV-B radiation.
3. Defense strategy of plant in response to UV-B radiation
Plants develop a variety of defence mechanisms that significantly modify the photosynthetic apparatus's susceptibility to UV-B light. Morphological alterations such as increased length of epidermal cells (Haupt and Scheuerlein, 1990), synthesis of a waxy cuticle (Mulroy, 1979), accumulation of UV-B absorption compounds, and formation of different reactive oxygen species (ROS) are examples of these protective mechanisms. Plants can mitigate the effects of UV-B radiation on their photosynthetic systems by creating a complicated collection of repair mechanisms such as photo reactivation, excision, and recombination repair.
Many study reported that exposure of UV-B induce the generation of reactive oxygen species (ROS) which leads to oxidative stress. To cope with oxidative damage plant develop enzymatic and non-enzymatic defence system that scavenger cellular ROS (Shiu and lee et al., 2005). The synthesis and accumulation of secondary metabolites like phenolic compounds, flavonoids, and anthocyanins are the most frequently observed responses in plants exposed to UV-B radiation (Aksakl et al., 2016). This pigment also serves as UV screen which protect the plant from damaging effect of UV radiation (Yadav et al., 2017). In order to avoid or restrict harm, plants have developed "sunscreen" flavonoids that accumulate under UV-B exposure (Chen and Hongtao, 2021). In several plant species, UV-B light boosts net plant photosynthesis when there is a high level of photosynthetically active radiation. Both UV-B and high PAR can increase the production of flavonoids in young and old plant leaves. When plants are exposed to UV-B light, photosynthesis is positively impacted by UV-A radiation (Escobar-Bravo et al., 2017).
Accumulation of secondary metabolites flavonoids and phenol are the most frequently observed responses in plants exposed to UV-B radiation (aksakl et al., 2016). This pigment also serve as UV screen which protect the plant from damaging effect of UV radiation (Yadav et al., 2016). (Wang et al., 2017) suggested that UV-B stimulate the activity of Phenylalanine ammonia lyase (PAL) enzyme which is play an important role in flavonoid biosynthesis. Various study reveals that UV-B increase the flavonoids in buckwheat sprouts (Tsurunaga et al., 2013), fruit of the tomato (Castagna et al., 2013), wheat (Agrawal & Rathore, 2007) and Hypericum (Namli et al., 2014) Phenolic compounds mainly accumulated in the cuticles, vacuoles or in cell wall of the epidermis (aksakl et al., 2016). Role of UV-B radiation to enhance the flavonoids contents in plant leaves is described in Figure (Fig 2).
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Figure: 2 Describes the synthesis of secondary metabolites under the exposure of UV-B radiation to protect the photosynthesis activity (modified from Peukert et al., 2013).
Earlier studies suggested that that UV-B stress, promotes ROS formation of the plant. Previous study observed that even lower doses of  UV-B  promotes the generation of reactive oxygen species (ROS) such as peroxide and hydroxyl radicals, either due to metabolic disturbances and impairment of photosynthetic electron transport or as a result of increased activity of membrane localized NADPH-oxidases and peroxidases (Jenkins, 2009; Hideg et al., 2013; Müller-Xinget al., 2014).
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Figure: 3 Enzymatic defence response of plant under the exposure of UV-B radiation (adopted from Ganesh et al., 2013)
Sharma (2017) suggested reviewed that  UV-B increase the activity of Superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidases (APX), Malondialdeyde (MDA) and Peroxidase (POD) are involved in the ROS  scavenging system, whereas the non-enzymatic scavenging system includes low molecular mass antioxidants such as Ascorbic acid (vitamin C), glutathione (GSH), carotenoids (Car), proline and compounds such as phenols. UV-B irradiation enhances the level of superoxide dismutase (SOD), and glutathione reductase (GR), as reported in cyanobacterium (Prasad and Zeeshan, 2005), wheat (Sharma et al., 1998).Through extensive studies, it was identified that the tolerance of seedlings to UV-B is due to the enhancement of SOD activity and other antioxidative enzymes in Cassia auriculata (Agarwal et al., 2007), potato (Santos et al., 2004). (Agarwal and Pandey, 2003) identified that increase the CAT and peroxidases (POX) activity under Cassia species in UV-B stress. Non-enzymatic antioxidants on UV-B exposure was also observed in pepper plants (Mahdavian et al., 2008), Cassia auriculata (Agarwal, 2007) and Acorus calamus (Kumari et al., 2010).
UV-B increase the activity of Superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidases (APX), Malondialdeyde (MDA) and Peroxidase (POD) are involved in the ROS scavenging system, whereas the non-enzymatic scavenging system includes low molecular mass antioxidants such as ascorbic acid (vitamin C), glutathione (GSH), carotenoids (Car), proline and compounds such as phenols. By decreasing the use of ODSs we can reduce the impact of ODS on stratospheric ozone. Studies on identification of UV-B tolerance plants species and UV exclusion has opened up a new area of research towards increasing the photosynthetic efficiency and enhancing the rapid fixation of atmospheric carbon dioxide in present level to reduce and mitigate the global warming and climate change.
4. Management of UV-B radiation effect on plants 
In order to avoid or restrict harm, plants have developed "sunscreen" flavonoids that accumulate under UV-B exposure (Chen and Hongtao, 2021). In several plant species, UV-B light boosts net plant photosynthesis when there is a high level of photosynthetically active radiation. Both UV-B and high PAR can increase the production of flavonoids in young and old plant leaves. When plants are exposed to UV-B light, photosynthesis is positively impacted by UV-A radiation (Escobar-Bravo et al., 2017). 
UV exclusion studies can provide the realistic assessments of sensitivity of plant to current level of UV radiation. Most of the previous research dealing with the effects of UV-B radiation on plant metabolism and gene expression has been conducted in greenhouse, growth chamber or laboratory conditions. These types of indoor experiments are important for understanding the physiology of the UV response. However, they frequently produce unrealistic spectral balances between UV-A, UV-B and PAR, and in some cases, plants have been exposed to relatively high short-term doses of UV-B which lack ecological relevance (Krizek et al., 2014). Therefore, outdoor studies, that use visible background irradiance provided by sunlight, are necessary to realistically evaluate the biological effects of solar UV-B radiation. The two most widely used approaches in outdoor studies that use visible background irradiance provided by sunlight, are necessary to realistically evaluate the biological effects of solar UV-B radiation. The two most widely used approaches in outdoor studies are the attenuation approach (UV exclusion studies). Many study reported that the enhancement in growth, biomass accumulation and yield by exclusion of solar UV-B. With respect to photosynthetic components, the amount of Chl was shown to increase in the leaves of Cyamposis, Amaranthus, Sorghum, cotton and wheat by excluding UV radiation and this was accompanied by an increase in the rate of oxygen evolution (Aksakl et al., 2016). Guruprasad et al., (2013) have found the higher amount of O2˙− and ˙OH radicals and the higher radical scavenging activity in the leaves exposed to ambient UV radiation as compared to the leaves of the plants grown under UV exclusion filters. An increase in the concentration and the activity of Rubisco were found in lower plants (Ulva lactuca) and higher plants (cotton, wheat, sorghum and amaranthus) after exclusion of solar UV radiation. Reduction in the ROS production, antioxidant enzyme activity and ascorbic acid content after UV exclusion indicated that ambient UV components exert a significant stress on crop plants. Reduction in the production of UV absorbing substances indicated a changed pattern of metabolism leading to improved primary metabolism after exclusion of solar UV-B. Exclusion of ambient UV significantly increased the efficiency of PS II and activity of Rubisco which ultimately enhances the rate of photosynthesis in plant and channelizes this additional fixation of carbon towards the improvement of crop yield (Kataria et al., 2014)
5. UV-B radiation tolerance plants
Photosynthesis, a process used by plants to produce chemical energy, depends on sunshine. For this, they employ wavelengths between 400 and 700 nm. Due to its lower intensity and the fact that it is not absorbed by the ozone layer, UV-A (315–400 nm) is the least harmful to living things among them. Despite being extremely dangerous, UV-C (100–280 nm) is fortunately absorbed by the atmosphere. All living organisms are adversely affected by UV-B (280-315 nm) at large doses (WHO, 1994). Current UV irradiance projection models predict that UV-B will continue to increase in the next years (Douglass et al., 2011). 
Plants can directly sense UV-B photons via the UV RESISTANCE LOCUS 8 (UVR8) photoreceptor (Ulm et al., 2015). Acclimatization to UV-B involves a combination of protective and repair mechanisms, such as the accumulation of UV-B-absorbing 'sunscreen' metabolites in epidermal cell vacuoles, increased antioxidant levels, protection of the photosynthetic apparatus, and increased levels of DNA repair enzymes. As a result, plants appear not to ‘feel' UV-B as a stress that negatively and clearly interferes with cellular activity (also known as distress) as long as they are properly adapted (Hideg et al., 2013). UV-B-stressed plants are those that cannot cope with UV-B levels and the associated cellular damage (González Besteiro et al., 2011).
6. Conclusion 
Anthropogenic activity and natural atmospheric gaseous composition deplete the stratospheric ozone layer. Major consequences of this depletion are increase incidents of harmful UV-B radiations reaching to terrestrial surface. Plants being immobile are more prone to solar radiation and ultimately UV-B. Plants use sunlight as primary energy sources, therefore the small increase in UV-B radiation is recognized as harmful for plants. Many studies have shown that solar UV-B radiation cause significantly effect on morphological, physiological, biochemical and molecular components the plant. Increasing ultraviolet radiation has become one of the most important issues affecting terrestrial ecosystem. It’s caused harmful effect to agricultural crop in ways increased the yield loss. Studies on identification of UV-B tolerance plants species and yield loss due to UV-B radiation will be useful tool for area of research towards decreasing the effect of UV-B radiation for sustainable agriculture production.
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