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Abstract 

It has been known that solar UV-B radiation plays an important role on growth 

and photosynthetic efficiency of crop plants. There were many attempts to 

overcome the effect of UV radiation by filtering the UV-B component alone in the 

incoming solar radiation.  Such mitigation experiment was of less success only. 

In order to ameliorate the UV-B induced effects, exogenous application of 

inorganic fertilizers was found to be of timely help. In the present study, NPK 

fertilizer was applied to the short-term UV-B irradiated seedlings. N, P and K at 

10 and 50 ppm concentration was found to ameliorate the inhibitory effects of 

UV-B on various growth parameters of Vigna radiata (L.) Wilczek. 

Key words: biomass, growth, NPK, photosynthetic pigments, UV-B radiation, 

Vigna radiata. 

INTRODUCTION 

India is a predominantly agricultural country in which nearly 70% of the population 

thrive in rural areas, engaged in agriculture as the main source of income. The fast growing 

population is mounting tremendous pressure on the food production in the country. In India, 

pulses are mostly cultivated on marginal soils under rain fed situations with minimum external 

nutrient input.Irrigation and fertilization provide effective means to increase crop yield in the 

Great Plains [1,2]. However, improper irrigation and fertilization management is also a major 

contributor to water contamination and water resource shortages [3, 4, 5]. Increased uses of 

irrigation and fertilization in the Great Plains have raised concern regarding ways of managing 

water and nutrients (especially N) more efficiently to overcome excessive irrigation and 

nutrient losses.  

 Nitrogen fertilization also increases corn yield when N supply in soil is low [1, 6]. 

Nitrogen fertilizer applied at rates higher than the optimum requirement for crop production 

may cause an increase in nitrate accumulation below the root zone and pose a risk of nitrate 

leaching [3, 7, 8]. 
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Phosphorus is one of the most important nutrients for higher yield in larger quantity of 

maize [9] and controls mainly the reproductive growth of plant [10]. Generally, P is the second 

most crop-limiting nutrient in most soils, next only to nitrogen in fertilizer use. Plant growth 

behaviour is influenced by the application of phosphorus [11, 12] which is needed for growth, 

utilization of sugar and starch, photosynthesis, nucleus formation, cell division and lipid 

formation.  Energy from photosynthesis and the metabolism of carbohydrates is stored in 

phosphate compounds for later use in growth and reproduction [13]. Potassium is equally 

important for all aspects of growth and has a large influence on the nutritional balance of the 

plant; potassium reaching the roots by the process of diffusion is replaced by movements of 

exchangeable K from the soil particle into the soil solution. Marschner [14] found that K supply 

enhanced dry matter production and the amount of N2 fixed by the same proportion whereas K 

deficiency decreased nodules per unit root weight.   

Depletion of the stratospheric ozone layer by human activity produced ozone-depleting 

substances has been recognized as a global environmental hazard for more than three decades. 

The electromagnetic radiation emitted from the sun in the ultraviolet (UV) range (200–400 nm) 

constitutes to about 7% of the total radiation. As it passes through the atmosphere, the total flux 

transmitted is greatly reduced and the composition of UV radiation is modified [15]. Increases 

in the UV-B radiation have been estimated to continue until 2050s in the boreal and subarctic 

regions [16]. Owing to its high energy, the impact of UV-B on metabolic processes of plants can 

be very harmful [17, 18]. UV-B radiations induce oxidative stress [19, 20]. UV-B is known to 

induce damage to DNA, protein, membrane and photosynthetic apparatus [21]. Targets of UV-

mediated photomodification and photosensitization reactions [22] include nucleotides, 

aminoacids, lipids and pigments [23]. Moreover, growth deformities like stunted growth, 

reduced leaf area affect the untreated status of plants also. 

In order to meet the deficit in nutrition imposed by UV-B, all the three fertilizers 

viz.,nitrate, phosphate and potassium were added to soils prior or after UV-B treatment. 

Ameliorating effect of N, P and K fertilizer in the UV-B stressed crops in terms of growth, 

pigment composition and biochemical constituents of Vigna radiata (L.) Wilczek was noticed.  

 

MATERIAL AND METHODS 

Cultivation of Seedlings 

Healthy seeds of Vigna radiate (L.) Wilczek were purchased from Agricultural Research 

Centre, Kovilpatti. The percentage of seed germination in Vigna was found to be nearly 85%. 

The seeds were sown in pots containing mixture of red soil, black soil and sand mixed in the 

ratio of 2:2:1. Soon after emergence of the cotyledonary leaves, the seedlings were shifted to 

daylight conditions. Since the ambient climate was too hot for the seedlings, a 40% cut off mesh 

filter was used to surround the pots for an initial period of 2 to 3 days.     

Inorganic fertilizer and UVB treatment 

 Fertilizers like urea, super phosphate and potash as source of nitrogen, phosphate and 

potassium were purchased from nearby certified dealers. Concentrations such as 10 and 50 

ppm were prepared in distilled water and added to the bed of Vigna seedlings.  

UV-B treatment 

Seedlings at early cotyledonary stage were exposed to short-term UV-B radiation. The 

square-wave supplementation system was used to provide desired UV-B radiation, delivered at 

a constant rate from 0.5 m above the plant canopy for 15min/day, from 11:00 to 11:15 am by 

four fluorescent UV-313 lamps (Q Panel, Cleveland, U.S.A.) driven by 40W dimming ballasts. To 

filter out the UV-C radiation (<280 nm), the lamps were wrapped with pre-solarized 0.07 mm 

cellulose diacetate (CA) film and replaced with fresh ones  on every three days to avoid photo 

ageing. The simulated O3 depletion was 6-24%. UV-B radiation at the plant surface was 

400mW.m-2.s-1. The amount of energy delivered at the top of the plant canopy was measured 

with a Spectroradiometer (IL-700, International Lights, U.S.A) equipped with a broadband light 

sensor (type SEE 400). Although the instrument is outdated, the radiation measurement 

procedure remained the same as reported by Lingakumar and Kulandaivelu [24]. 
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Growth Parameters 

 Vigna seedlings of control, fertilizer and UVB treated were analyzed for root length, 

shoot length, fresh weight, and dry weight after 20 days of growth. Root and shoot length was 

measured in seedlings soon after they were uprooted. The fresh weights of seedlings were 

measured using an electronic balance (Shimadzu, Japan). All the growth parameters represent 

an average of 5 independent measurements. 

Estimation of photosynthetic pigments 

 The amount of chlorophyll a, chlorophyll b, total chlorophyll was determined in the 

acetone extracts of leaves isolated from control and treated seedlings. The quantification was 

done using the formulae of Wellburn and Lichtenthaler [25]. 

In vivo Nitrate reductase activity 

 In vivo NR activity was assayed following the method of Jaworski [26]. Fresh leaf 

material of 100mg from control and treated plants was chopped into small bits. The bits were 

incubated in scintillation vials containing 5ml of the assay medium composed of 50 mM KH2PO4 

buffer, (pH, 7), 100µM KNO3, 1% (v/v) n-Propanol and 0.1% (v/v) Triton x-100. The amount of 

NO2formed per unit fresh weight per unit time was estimated using N-1-N. 

 

RESULTS 

Changes in growth parameters 

 Vigna radiata (L.)Wilczek seedlings were supplemented with inorganic fertilizers like 

urea, potash and super phosphate. The concentrations of fertilizer used were 10 ppm and 50 

ppm.Vegetative growth parameters such as root length, shoot length, fresh and dry weights of 

the seedlings were analysed in fertilizer treated and UVB + fertilizer treated Vigna seedlings. 

Supplementation of N, P and K at 10 and 50 ppm concentration evoked mixed response in root 

length (Fig.1a). Potash (at 50 ppm) was efficient in maximising the root length (to 25%) as 

compared to the nitrate and phosphate fertilizer. Combination of UVB and potash (50 ppm) 

resulted in 31% increase in root length. Regarding shoot length, potash supplementation to the 

soil increased to 15%. Upon UV+K (at10 ppm) treatment, only 7% increase was noticed (Fig.1b).  

Similarly, potash at 50 ppm concentration was able to increase the fresh weight to 48% (Fig.1c). 

UVB treatment combined with nitrate resulted in 22% increase in fresh weight.  Dry weight 

which is considered as an index of biomass was also found to vary with fertilizer treatment. 

Only Potash at 50 ppm concentration was able to show prominent increase in dry matter 

accumulation to 24% (Fig.1d). Combined UVB and potash treatment failed to provoke an 

increase.  

Changes in photosynthetic pigments 

On unit fresh weight basis, the amount of Chl a, b and a+b and carotenoid content was 

analysed in Vigna seedlings exposed to UVB and fertilizer treatment. The amount of Chl a was 

found to synthesize more under nitrate and potash treatment. Nitrate at 50 ppm and Potash at 

10 ppm was found to promote the synthesis to nearly 10% (Fig.2a). Combined treatment of UVB 

and fertilizer resulted in 19% increase in Chl a accumulation. Changes in the content of Chl b are 

shown in Fig.2b. Addition of urea at 50 ppm concentration increased the amount of Chl b to 61% 

(Fig.2b). The level of Chl a+b was assessed under all the treatments. Among the three fertilizers, 

potash at 50 ppm concentration stimulated an increase of total Chl to 29% (Fig.2c), followed by 

urea (13%).UVB treatment combined with nitrate and potash at 10 ppm resulted in 24% 

increase in total chlorophyll (Fig.2c).        

Changes in vivo nitrate reductase activity 

 Plants treated with fertilizers like N, P and K (10 and 50 ppm) showed increase in the 

level of nitrate reductase activity (Fig.2d). Phosphate at 50 ppmconcentration was effective in 

increasing NR activity to 36% (Fig.2d) whereas nitrate and potash were able to cause only 31% 

and 23% respectively at 50 ppm concentration. UVB treatment alone resulted in decrease in NR 

activity. Supplementation of fertilizers to the UVB irradiated seedlings showed increase in 

activity of the enzyme. Combination of UVB and Phosphate (at 50 ppm) resulted in 27% 

increase of NR activity.  
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DISCUSSION 

Plants obtain essential elements essential for their growth, other than carbon, oxygen, 

and hydrogen, from the soil. These essential elements are called nutrients; those needed in the 

greatest amount are called macronutrients whereas those needed in lesser amounts are called 
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micronutrients. Among macronutrients, nitrogen, phosphorus and potassium are most rapidly 

removed from the soil by plants.  

The better performance of the combined cocoa pod ash and NPK fertilizer than their sole 

application might be as a result of their higher nutrient values [27]. Ayeni et al.[27] reported 

that the N, P and K in a ratio of 6.5: 6.5:0 gave best  results in vegetative as well as reproductive 

growth parameters in Dahlia. This is supported by the findings of Olaniyan and Ayodele [28] in 

which N, P and K strongly influenced the growth and yield of tomato. Nitrogen and P are 

indispensable for better performance of tomato [29]. In the present study, an attempt was made 

to find out the ameliorating role of exogenous fertilizers to the short-term UV-B irradiated Vigna 

radiata. 

The results are in accordance with those of Sharma and Sharma [30] who reported that 

phosphorous fertilizer applications significantly affected the grains per cob. The results were 

similar with that of Maqsood et al. [31]  and Leon [32]  who reported that  number of grains   

cob-1 were influenced significantly with NP application.  Arain et al. [33] reported that number 

of grains cob-1 of maize increased with increase in P application. The grain yield of maize 

increased with increase in P application. A good and optimum supply of P is associated with 

increased root growth due to which the plants explore more soil nutrients and moisture. 

Phosphorus being responsible for good root growth directly affected the thousand grain weight 

because P at the rate of 0 kg ha-1 (control plots) resulted in the least thousand grain weight [34].  

Plants have developed a wide range of adaptive/resistance mechanisms to maintain 

productivity and ensure survival under a variety of environmental stress conditions. Increasing 

evidence suggests that mineral-nutrient status of plants plays a critical role in increasing plant 

resistance to environmental stress factors [14]. Of the mineral nutrients, K play a particular role 

in contributing to the survival of crop plants under environmental stress conditions. Potassium 

is essential for many physiological processes, such as photosynthesis, translocation of 

photosynthates into sink organs, maintenance of turgidity, activation of enzymes, and reducing 

excess uptake of ions such as Na and Fe in saline and flooded soils [14,35]. According to 

Bardizick et al. [36], Plaut [37] and Rajendiran and Ramanujam [38], a decrease in NRA was 

found related to changes in the protein synthesis and degradation or inactivation of the enzyme. 

However, Marek et al. [39] in Pinus sylvestris L. reported an enhancement of NRA after exposure 

to UV-B exposure. Guerrero et al. [40] observed an accumulation of the nitrate consequent to 

UV-B induced inhibition of NRA, but was not confirmed by this study. Balakumar et al. [41] also 

reported such a disparity in UV-B and water-stressed Vigna unguiculata. According to Ghisi et al. 

[42], nitrate content of neither the leaf nor root was influenced by elevated UV-B. UV-B 

exposure suppressed NRA by 38 % in Vigna leaves.  Similar results of decreased values of NRA 

after exposure to UV-B radiation in comparison with control seedlings were reported in the 

leaves and roots of Zea mays L. [43]. Thus, the application of fertilizers as source of nitrogen, 

potassium and phosphate to the short-term UV-B exposed Vigna seedlings proved to be 

beneficial in restoring normal in relieving the inhibition induced by the farmer. The effect was 

observed in both morphological and biochemical attributes.   
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