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			Abstract | Pulses constitute an integral part of Pakistani diet and an important source of protein for a vast majority of the country and an important place in order to mitigate the protein requirements of increasing population. Mungbean has more protein contents and better digestibility than any other pulse crop. A field study was carried out at Agronomy Research Farm, The University of Agriculture, Peshawar in summer season 2018 with objectives to find out impact of molybdenum (0, 0.5, 1.5 and 2.5 kg ha-1) and phosphorus (0, 30, 60 and 90 kg ha-1) application on performance of mungbean. The trial was presented in randomized complete block design having three replicates. For molybdenum and phosphorus source, sodium molybdate and single super phosphate was used. The findings of trial indicated that molybdenum applied with 1.5 kg ha-1 to mungbean crop significantly improved pods plant-1 (29), seeds pod-1 (11), thousand seeds mass (38 g), biological and grain production (2960 and 777 kg ha-1) while highest nodules plant-1 (26), plant height (79 cm), protein (21.70 %), carbohydrates (60.53 %) and seed N content (3.76) was recorded with molybdenum applied at rate of 2.5 kg ha-1. Similarly in case of phosphorus application at rate of 60 kg ha-1 recorded maximum pods (30), seed pod-1 (11), thousand seed weightage (40 g), biological and grain production (3017, 816 kg ha-1). Whereas phosphorus applied at rate 90 kg ha-1 produced plants taller (81 cm), nodules plant-1 (22), protein (22.35 %), carbohydrates (61.11 %) and seed N content (3.60 %). Considering Mo x P, interactive effect was found significant for pods plant-1, protein, carbohydrates and seed N content of mungbean crop. On the basis of experimental consequences, it is clinched that mungbean crop with application of molybdenum and phosphorus at rate of 1.5 and 60 kg ha-1 boosted yield and yield attributes and thus recommended for higher productivity in agro ecological zone of study area.
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			Introduction

			Pulses have an important place in order to mitigate the protein requirements of increasing population of country. Mungbean (Vigna radiata L) belong to family leguminacea, also known as green bean. Mungbean is an essential in legumes ranked as the second most drought resistant crop after soybean. Mungbean has much proteins in its seeds and a good digestibility than other legumes. Mungbean have 51 to 60% carbohydrates, 20 to 25% protein and 3% other vitamins. The residue of green gram is used for animals and enhances fertility status of soil (Asaduzzaman, 2008). A balance fertilization of micro and macro nutrients is very important for high yield and high quality products (Sawan et al., 2008). Despite of its importance mungbean crop still got little attention in our country Pakistan and yet a lot of progress need to do for improving the quality and quantity of mungbean crop.

			Phosphorous is an important nutrient for growth and development of any crop (Abdullah, 2000). It plays a major role in energy transfer, stimulation of early growth and development, fruiting and seed formation (Osadeke, 2005; Agbede, 2009). Phosphorous is recognized as one of the utmost limiting nutrient in crop production in tropical soil (Osadeke, 2005). Phosphorous required by seeds of many plants for enhancing the formation of seeds, metabolism regulations, blooming and protein synthesis and also an essential part of phospholipids and nucleic acid (Iqbal and Chuhan, 2003). Phosphorus applied in pulses plants are reported for improving dry matter production, enhancing root growth and formation of nodules in many legumes (Schulze et al., 2006). Phosphorus application also improved soil properties and nitrogen absorption which is necessary for all energy process in nodules formation and further growth and development of the plant (Anetor and Aknirinde, 2006). Amount of phosphorus present in many seeds and fruits are due to early crop maturity with phosphorus application, helps in seed formation and also in disease prevention (Raboy, 2003). The problem with P fertilization in these soils is its high fixation, thereby making applied P unavailable to crops. High P fixation has been reported in these soils (Henry and Smith, 2002). It also predicts the amount of fertilizer P required by crops. According to Warren (2002), immediate source of P taken up by plants is that in the soil solution which is itself supplied from the soil, rather than by direct transfer of P from the solid phase of the soils to the roots. A simple empirical approach was suggested by Tahir et al. (2014) that enough fertilizer P should be added to raise the concentration of phosphate in solution to an initial value adequate for maximum yield in a field experiment. Mung bean has considerable response to phosphorous as it highly responsive to words fertilizers. For plant growth in tropics phosphorous is one of the most limiting factors and it has been absorbed in tropical soil that production of common bean is limited by over 50% due to phosphate deficiency (Naeem et al., 2000). 

			Molybdenum is one of the most recognized nutrient elements considered to be essential for the growth of plant. Insecurity of food in current scenario increasing day by day due to different drought stresses induced by changing climate, particularly in regions of tropical and sub-tropical. Food legumes are a best and comparatively inexpensive sources for proteins, carbohydrates and other minerals (Paricha et al., 2008). Molybdenum, belong a constituent of nitrate reductase and nitrogen enzymes, is associated with ammonia reduction by nitrogen faction and its deficiency adversely affects growth and yield of mung bean (Fageria et al., 2015; Paricha et al., 2008; Velu and Savithri, 2008). An applied molybdenum has been identified for increasing in nodulation, growth and grains productivity of various legumes (Choudhary and Das, 2006). Molybdenum works an important role in various biochemical process in plants and is a fundamental component of nitrogenase activities (Fageria et al., 2011). Many enzymatic processes which catalyzes the reduction of atmospheric nitrogen in to ammonia and a cofactor in nitrogen reductase (Singh et al., 2014). Due to the important part of molybdenum in the mechanism associated with regulation of nitrogen fixation in legumes. Molybdenum supplementation has increase N accumulation and grain in common beans as reported by several authors (Awomi et al., 2012). The role of molybdenum in plants is discussed, focusing on its current constraints in some agricultural situations and where increased molybdenum nutrition may aid in agricultural plant development and yields. Keeping in view noteworthiness of molybdenum and phosphorus on productivity of mungbean, the current experiment was planned to explore the best combination of molybdenum and phosphorus fertilizer for improving productivity and nodules formation of mungbean. 

			Materials and Methods

			A field study was assessed at Agronomy Research Farm, Agriculture University Peshawar in kharif season 2018. Sowing was done at second July whereas harvesting was performed at 25th September. The study was carried out in randomized complete block design and replicated thrice. 3m x 1.8m plots with 6 rows in each plot having R-R distance 30 cm and P-P distance 10 cm was maintained. Various doses of molybdenum and phosphorus was used during the trial. Molybdenum levels were (Control, 0.5, 1.5 and 2.5 kg ha-1) while phosphorus levels were (Control, 30, 60 and 90 kg ha-1). Variety Ramzan-92 of mungbean was sown at rate of 25 kg ha-1 during experiment with the help of seed drill. Initial dose of nitrogen was used 25 kg ha-1. Mentioned phosphorous levels were used at the time of sowing. In agronomic practices, Weeding was done twenty days after sowing. Thinning was performed twice, firs twenty days after sowing of crop and second was before flowering. In whole season three irrigations were applied to field, 1st irrigation was applied after seven days sowing of crop, second irrigation before flowering stage and third was done at pods filling stage. 

			Climate of the site 

			The-climatic condition-of-the site area-is-semiarid. The experimental site is located at 34.01°-N latitude and 71.35°-E longitude, at an altitude of 350 m above sea-level in Peshawar-valley. Soil of the experimental site is clay/silt-loam with low level of organic-matter-(0.87-%), phosphorus 6.57-mgkg-1, potassium 121-mgkg-1, pH 7.78 while nature of soil is calcareous (Amanullah et al., 2009). Other soil physiochemical properties were derived and given in Table 1.

			Table 1: Pre-sowing soil physico-chemical properties (0-30 cm depth).
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							Clay

						
							
							%

						
							
							12.5

						
					

					
							
							Silt

						
							
							%

						
							
							49.7

						
					

					
							
							Sand

						
							
							%

						
							
							36.8

						
					

					
							
							Textural class

						
							
							-

						
							
							Silt loam

						
					

					
							
							pH 

						
							
							-

						
							
							7.78
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							d S m-1

						
							
							0.16

						
					

					
							
							Organic matter

						
							
							%

						
							
							0.83

						
					

					
							
							Total nitrogen
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							0.067

						
					

					
							
							Phosphorus 

						
							
							mg kg-1

						
							
							2.33

						
					

					
							
							Potassium

						
							
							mg kg-1

						
							
							106.3

						
					

				
			

			Molydenum and Phosphorus application

			Sodium molybdate and single super phosphate was used as source for molybdenum and phosphorus. For even distribution of molybdenum levels in field, sodium molybdate was mixed with soil (1g sodium molybdate with 5g of soil) and then applied through band placement on single side of each row at sowing time. While all the mentioned phosphorous levels were applied at the time of sowing. 

			Date studied

			Nodule numbers plant-1 was collected from ten different plants selected haphazardly in each plot at before flowering stage. Data was then averaged. Height of plants was determined by ten plants randomly in each treatment and taken its total height through measuring rod and averaged all the measured data. Randomly selection was done from ten different plants for data of pods number plant-1 in every treatment and data was then averaged. Seeds number per pod was calculated manually by seeds counted in selected ten pods randomly and data was then averaged. For thousand seed weight from seed production of each plot, one thousand seeds were taken and weighed with weighing balance and then averaged. For biological yield central four rows were harvested in every treatment manually, bundled and sundried for ten days. After sun dryness all bundles were weighed and converted the outcomes into kg ha-1. For grain yield central rows harvested manually with help of sickle in every treatment, bundled and sundried in sun for ten days. The samples were threshed and weighed through balance. The data was renewed in to kg ha-1. Seed total N were determined via Kjeldahl process (Bremmer and Mulvaney, 1996). Sample seeds was grinded with sieved from 0.2 mm sieve for getting the clear and fine powder for nitrogen determination contents. The sample seed powder of 0.2g in the presence of digestion mixture and digested with concentrated H2SO4 (3ml) at temperature of 350oC till the light greenish color of the samples appeared. The mixture was diluted upon cooling. 20 ml of the diluted digested was distilled with 40% NaOH solution and mixed indicator, and then titrated against HCl solutions, and calculation was made after adjusting for blank reading. Protein and carbohydrates analysis were done according to the standard method as explained by (AOAC, 1990).

			Statistical analysis 

			Statistically all the data obtained during experiment were analyzed with method used of analysis of variance for randomized complete block design. While all means were obtained on LSD test at 0.05 probability (Jan et al., 2009).

			Results and Discussion

			Nodules plant-1 

			Observations of variance indicates there was a substantial impact of molybdenum and phosphorus usage on nodules plant-1 of mungbean, while the interaction among molybdenum and phosphorus had non-significantly influenced nodules plant-1 (Table 2). Average data showed that molybdenum applied at 2.5 kg ha-1 give most (26) of nodules, while less (14) nodules was noted in check. In case of the application of phosphorus, a greater (22) nodules numbers were verified with 90 kg ha-1 phosphorus application, however a smaller number of (17) nodules were observed in control plots. The number of nodules plant-1 is central parameter in study, as it was the key measure for biological nitrogen fixation. Analysis of the nodules exposed that the nodules number were impacted knowingly by molybdenum and phosphorus. Results revealed that molybdenum applied at higher doses (2.5 kg ha-1) formed a greater nodules number, while less nodules were noted in no application plots. An increasing number of nodules could be due to the circumstance that molybdenum is a critical essential for reductase of nitrate and nitrogenous enzymes that helps reduce inorganic nitrate and ultimately produce more nodules (Ryan et al., 2012). Mo stimulated the activities of rhizobium and, in turn the nodules number, which improved the absorption of nitrogen by the plants. Our consequences are also in link to the findings of Williams and Silva (2002) conveyed that molybdenum application resulted significantly in the formation of a maximum nodules number. A lined growth in nodules number was achieved with enhancement in phosphorus. More nodules number noted in plots with more doses of P, (90 kg) was counted. The increase in nodules with rise in the doses of P could be owing to the amount of phosphorus to the roots of the plant at numerous stages of growth, particularly at the period of nodule development (Hussain et al., 2012). Alike conclusions were also observed by Khan et al. (2017) and Muhammad et al. (2005), they described that rise in P doses improved number of nodules numbers. 

			Plant height (cm)

			Analysis related to the height of the plant indicated that the treatments with molybdenum and phosphorus had expressively impact the height of the mungbean plants, interaction was recorded non-significant (Table 2). Average data displays that molybdenum at 2.5 kg ha-1 results in higher plant (79 cm) while shorter plants (69 cm) were shown in control. Comparing phosphorus levels, taller plants of (81 cm) were measured through phosphorus applied at rate of 90 kg ha-1 usage, though the shorter plants of (69 cm) was noted in no phosphorous applications plots. Healthy and taller plant are contributing for good crop stand and productivity. It can have a straight impact on the biological and yield of seeds. Investigation of the data exposed that the height of the mungbean is impacted knowingly by application of molybdenum and phosphorus. Height of the plant increases as the molybdenum rate increased up to 2.5 kg ha-1. Our discoveries are in contract with Bhuiyan et al. (2008) they measured taller plants of mungbean with an increasing rate of molybdenum. Aghatiso and Tayo (2004) described same consequences that molybdenum application improved significantly height of the soybean plant compared to the control. In the case of phosphorus, a linear increase was observed as phosphorus levels increased. This increase could be because of the fact that phosphorus acts a critical character in root development and is vital for respiration, energy synthesis and plant photosynthesis, which resulted in improved growth (Ali et al., 2014). Our consequences are in confirmation by Jabbar et al. (2012) found a tall height of the mungbean crop plant with an increase in phosphorus doses.

			Table 2: Showed nodules plant-1, plant height, pods plant-1, seeds pod-1 and thousand seeds weight of mungbean as influenced by molybdenum and phosphorus application.

			
				
					
					
					
					
					
					
				
				
					
							
							Phosphorus (kg ha-1)

						
							
							Nodules plant -1 

						
							
							Plant height (cm)

						
							
							Pods plant -1

						
							
							Seeds pod-1

						
							
							Thousand seed weight (g)

						
					

					
							
							0

						
							
							17 c

						
							
							69 c

						
							
							24 d

						
							
							9 c

						
							
							34 c

						
					

					
							
							30

						
							
							19 b

						
							
							73 b

						
							
							26 c

						
							
							9 c

						
							
							36 b

						
					

					
							
							60

						
							
							20 b

						
							
							75 b

						
							
							30 a

						
							
							11

						
							
							40 a

						
					

					
							
							90

						
							
							22 a

						
							
							81 a

						
							
							27 b

						
							
							10 b

						
							
							37 b

						
					

					
							
							LSD(0.05)

						
							
							1.8

						
							
							3.53

						
							
							1.3

						
							
							0.49

						
							
							1.6

						
					

					
							
							Molybdenum (kg ha-1)
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							14 d
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							25 c
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							35 a

						
					

					
							
							0.5

						
							
							17 c

						
							
							72 b

						
							
							26 b
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							37 ab
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							21 b

						
							
							76 a

						
							
							29 a

						
							
							11

						
							
							38 a
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							26 a

						
							
							79 a

						
							
							28 a

						
							
							10 b

						
							
							37 a

						
					

					
							
							LSD(0.05)

						
							
							1.8

						
							
							3.53

						
							
							1.3

						
							
							0.49

						
							
							1.6

						
					

				
			

			Pods plant-1 

			Data analysis showed that levels of molybdenum and phosphorus had significant impact on pods umber plant-1 (Table 2) while their interaction was also significantly influenced pods plant-1 of mungbean (Figure 1). Mean values represented that plants practiced with molybdenum at 1.5 kg ha-1 results more (29) pod numbers that are statistically at par with usage of 2.5 kg Mo. Comparing phosphorus levels, more pods (30) plant-1 were found in plants that received 60 kg of phosphorus, while less pods (24) were found in control treatments. Considering the interactive impact of molybdenum and phosphorus, a greater pods numbers plant-1 (32) found in those treatments where molybdenum was used at lower rate (1.5 kg ha-1) while P was used higher doses (60 kg ha-1). Pods plant-1 is a main aspect in defining the mungbean yield performance. Several rates of molybdenum, phosphorus and their interactive impact showed a significant outcome on pod numbers of mungbean. Recent study investigated that fertilized treatments with (1.5 kg ha-1) significantly provided a greater pods plant-1, which are statistically similar with (2.5 kg Mo), whereas lesser number of pods achieved in control treatments. Possibility could be because to efficient use of molybdenum applied at the time of planting, which regulated effective nodulation, nitrogen fixation and the positive effect on the performance attributes of mungbean (Awomi et al., 2012). These consequences are in close complement with conclusions of Padhi et al. (2018), they found utilization of molybdenum resulted in maximum performance and performance related attributes in mungbean. While in the occasion of phosphorus application, rise in phosphorus doses up to 60 kg ha-1 caused in greater pods followed by P at 90 kg ha-1, and less pods observed in control treatments. Rise in the important attributes may be because of holding of extra nodules that actually provide enough nitrogen for vegetative growth (Ali et al., 2010). These achievements were accepted by Khan et al. (2017) who described that the pods numbers improved by enhancement in phosphorus. Ali et al. (2014) also explained that applied phosphorus of 65 kg ha-1 improved pointedly pods numbers of mungbean.

			Number of seeds pod-1

			Analysis related to mungbean seeds per pod as impacted with different doses of molybdenum and phosphorus is existed in Table 2. A significant influence was perceived in seeds number pod-1 with Mo and phosphorus, but collaboration impact was established not-significant. Molybdenum applied at 1.5 kg ha-1 resulted more (11) seeds per pod, while fewer (8) seed per pod were noted in check plots. Comparing phosphorus levels, more seeds (11) pod-1 seeds in those plots was observed, who receive 60 kg ha-1 of P, following 90 kg ha-1, while the less (9) pod-1 seeds noted in control plots statistically at similarity with 30 kg P ha-1. Statistics analysis exposed that seeds pod-1 were influenced meaningfully by Mo and phosphorus. Fertilized plots with 1.5 kg ha-1 Mo gave the maximum seeds pod-1 followed by 2.5 kg ha-1, and lower seeds noted in control. This increasing rate of seeds pod-1 with molybdenum application could be due to the fact that molybdenum improved the fixation capacity of N, which resulted in maximum use of chlorophyll and photosynthesis and in higher yield and bean yield attributes. mungo (Deo and Kothari, 2002). These findings are in promise with Tahir et al. (2014); Singh and Pareek (2003) they founded Mo gave knowingly more yield characteristics of black gram. The use of phosphorus also responds positively to seeds pod-1. Plots taking 60 kg of P showed the maximum seeds number followed by 90 kg of P relate to treatments where no P was practiced. The reason for these outcomes could be that phosphorus increased storage substances, photosynthesis, carbohydrate transfer, fruit color and roughness (Nikfarjam and Aminpanah, 2015). Khan et al. (2017) and Kumar et al. (2012) noted that utilization of phosphorus at greater amounts provided the maximum grains pod-1 compared to lower doses of phosphorus.

			[image: ]

			Figure 1: Interactive effect of molybdenum and phosphorus on pods plant-1 of mungbean.

			Thousand seeds weight (g)

			Application of molybdenum and phosphorus on thousand seeds weight of mungbean is presented in Table 2. When analyzing the data statistically and perceived that the practicing molybdenum and phosphorus significantly influenced the weight of one thousand mungbean seeds. However, the relations among molybdenum and phosphorus were noted non-significant. The heaviest seeds (38 g) were produced by plants that received molybdenum at 1.5 kg ha-1 associated to lighter seeds (35 g) recorded in control plots. Considering the phosphorus levels, greater value for the weight of one thousand seeds (40 g) observed from those mungbean plants which received phosphorus at 60 kg traced by phosphorus at 90 kg ha-1, although the plants of control plots give less seed weight (34 g). Weight of seed is majorly contributor for final production. The weight of thousand mungbean seeds affected substantially with levels of molybdenum and P, while Mo x P was found not significant. Heavier seeds were recorded from fertilized plots with 1.5 Mo kg ha-1 tracked by Mo 2.5 kg ha-1, whereas lighter seeds were founded in control treatments. This rise in seeds weight of mungbean crop could be owing to intensification in the phosphorus content of seed because molybdenum is elaborated in several physiological methods of plants (Yadav and Singh, 2017). Parallel consequences were also conveyed by Kulsoom et al. (2007) they explained seed weight increases with the application of molybdenum in the case of mungbean and black gram. Plots usage with a phosphorus level at a rate of 60 kg of ha-1 formed heavier seeds, whereas the lower weight of seeds was recorded in no fertilized plots. This result might be due to that phosphorus improves the growth of the plant and produces more assimilates that for its development are transferred to the seed (Malik et al., 2015). Our findings also agree with Ahmed et al. (2018) they achieved a greater weight of seeds in plots attaining P at 60 kg ha-1. Ahmed et al. (2018) explained same findings by observing that rising in doses of P up to 60 kg ha-1 resulted more seed weight.

			Biological yield (kg ha-1)

			Analysis for the data of biological production of mungbean impacted by diverse levels of molybdenum and phosphorus are existed in Table 3. Analysis exposed that molybdenum and phosphorus addition expressively influenced the biological yield of mungbean crop, while their collaboration had not-significant impact on biological yield. The maximum biological yield (2960 kg ha-1) of mungbean was produced by utilization of molybdenum at 1.5kg ha-1, similar to molybdenum at rate of 2.5kg ha-1. Similarly, in case of phosphorus, higher biomass production (3017 kg) was observed in treatments of phosphorus was practiced at 60 kg ha-1 traced by phosphorous at 90 kg ha-1 produced (2882 kg ha-1) however less biomass yield (2534 kg ha-1) was noted in check plots. The different levels of application of molybdenum and phosphorus in mungbean have a significant impact on mungbean biomass production, while the mutual effect among Mo x P was noted not-significant. The utilization of molybdenum (1.5 kg ha-1) made the heavy biomass, which is statistically alike with 2.5 kg Mo ha-1, while the less yield was observed in control treatments. The enhance in the biological production of mungbean with molybdenum could be because of the maximum germination rate and the stable growing design of the plant that led to the total production of dry matter and gives a positive response to the maximum seed yield Kulsum et al. (2007). These achievements are with support of Tahir et al. (2014) who confirmed Mo improved the production of attributes related to the growing and productivity of mungbean. Considering phosphorus levels, the more biomass production with utilizing 60 kg of P ha-1, following with 90 kg of P ha-1, while the minimum biological yield calculated from control. The reason for this rise in yield could be that phosphorus supports the crop to create more seeds and further propagative fragments that eventually contribute to other components of yield and biological performance (Rahman et al., 2008). Our consequences promised with Khan et al. (2017) they conveyed more biological performance where the highest dose of phosphorus was applied. Rani et al. (2016) also noted that phosphorus application caused in greater root growth and biological performance.

			Table 3: Showed grain yield, biological yield, protein, carbohydrates and seeds N content of mungbean as influenced by molybdenum and phosphorus application.

			
				
					
					
					
					
					
					
				
				
					
							
							Phosphorus (kg ha-1)

						
							
							Grain yield (kg ha-1)

						
							
							Biological yield (kg ha-1)

						
							
							Protein (%) 

						
							
							Carbohydrates (%)

						
							
							Seeds N content (%)

						
					

					
							
							0

						
							
							562 c

						
							
							2534 c

						
							
							19.81

						
							
							56.42

						
							
							2.84 d

						
					

					
							
							30

						
							
							606 bc

						
							
							2736 bc

						
							
							20.57

						
							
							57.50

						
							
							3.12 c

						
					

					
							
							60

						
							
							816 a

						
							
							3017 a

						
							
							21.75

						
							
							58.78

						
							
							3.35 b

						
					

					
							
							90

						
							
							669 b

						
							
							2882 ab

						
							
							23.03

						
							
							61.11

						
							
							3.60 a

						
					

					
							
							LSD(0.05)

						
							
							84.65

						
							
							222.4

						
							
							0.44

						
							
							0.61

						
							
							0.16

						
					

					
							
							Molybdenum (kg ha-1)

						
					

					
							
							0

						
							
							537 c

						
							
							2575 b

						
							
							20.22

						
							
							57.12

						
							
							2.62 d

						
					

					
							
							0.5

						
							
							630 b

						
							
							2753 ab

						
							
							20.89

						
							
							57.37

						
							
							2.95 c

						
					

					
							
							1.5

						
							
							777 a

						
							
							2960 a

						
							
							21.70

						
							
							58.79

						
							
							3.59 b

						
					

					
							
							2.5

						
							
							707 ab

						
							
							2880 a

						
							
							22.35

						
							
							60.53

						
							
							3.76 a

						
					

					
							
							LSD(0.05)

						
							
							84.65

						
							
							222.4

						
							
							0.44

						
							
							0.61

						
							
							0.16

						
					

				
			

			Seeds yield (kg ha-1)

			Data on seeds production as impacted with molybdenum and phosphorus doses are existed in Table 3. Investigations confirmed that molybdenum and phosphorus substantially influenced seed production of mungbean, whereas the interactive impact of both elements exhibit non significantly. Mean data values exposed that molybdenum applied at 1.5 kg ha-1 created higher yield of seeds (777 kg ha-1) followed by molybdenum at 2.5 kg ha-1. In situation of phosphorus doses, a higher seed yield of mungbean (816kg ha-1) in treatments of phosphorus used at 60 kg traced by 90 kg ha-1 of phosphorus that produced 669kg ha-1 seed yield, though lower yield (562kg ha-1) was detected in check treatments. Seeds yield is a final production of every crop in study and based on several features. The present study indicated that seed yield varied significantly with different application treatments of molybdenum and phosphorus. The maximum seed yield was observed in those treatments gaining with 1.5 kg of Mo ha-1 tracked by 2.5 kg of ha-1. This growth in yield of seed could be because of molybdenum that improved rhizobium activity, nitrogen fixation, vegetative growth and yield components in mungbean. Mo has a prominent role in the effectiveness of the nodules, which made the soil environment favorable for the absorption of other nutrients from the soil, promoted nitrogen fixation and played a positive role in flowering, pod formation and other performance attributes (Chattarjee and Bhandyopadhy, 2017). These consequences are in agreement with those conveyed by Pattanayak et al. (2000) who confirmed that the yield of mung bean grain increased with increasing molybdenum levels compared to the control. Similarly, in form P, more seed production of fertilized plots 60 kg of P ha-1 was achieved, tailed by fertilized treatments having 90 kg of P, while seed yield lower was noted in the control plots. The reason for the increase in seed yield with higher phosphorus could be due to the development of the root, the greater absorption of nutrients and a greater accumulation of dry matter during the growth period and the translocation of more photosynthesis to the seed (Anwar et al., 2018; Ahmad et al., 2018). Phosphorus fertilizer helped the crop create extra seeds and other reproductive measures that eventually subsidised to yield (Rani et al., 2016). The consequences are also in line with Tariq et al. (2007) they showed a more seed production with higher doses of P to mungbean.

			Seed N content (%)

			Analysis of the data proposed that molybdenum, phosphorus and Mo x P influenced significantly the seeds N content (Table 3). A higher seeds N content (3.76%) was recorded with a higher dose of molybdenum (2.5 kg ha-1) traced by a molybdenum of 1.5 kg ha-1, less seeds N was recorded (2.62%) in control plots. In result of phosphorus, higher seed N (3.60%) was observed with phosphorus usage at 90 kg ha-1 traced by phosphorus at 60 kg ha-1, whereas minimum (2.84%) was noted in control treatments. The interactive response of Mo x P displayed a progressive impact on the N amount of grain and increases with rising rates of phosphorus and molybdenum (Figure 2). The highest seed N (4.17%) was achieved from those plots fertilized with molybdenum at 2.5 kg ha-1 and 90 kg ha-1 P comparatively. Seeds nitrogen content was significantly influenced with molybdenum, phosphorus and Mo x P. Seeds N were positively improved with increasing levels of molybdenum. Treated plots with greater molybdenum dose of (2.5 kg ha-1) showed significantly higher N content. The possible reason for this might be that molybdenum application significantly enhanced nodules efficiency and activate rhizobium for higher fixation of nitrogen from atmosphere for the plant (Agatise and Tayo, 2004). These outcomes are relation to the discoveries of Nautiyal et al. (2005) they exposed grain N content was significantly ameliorated with more molybdenum doses. In case of phosphorus, grain N content was enlarged with growing levels of phosphorus. Higher seeds N content was recorded with maximum dose of phosphorus application, whereas seed nitrogen content was decreased with lower dose of phosphorus. Phosphorus as energy source had strong effect on chlorophyll content, photosynthesis and other metabolic activities to enhance grain N content (Alam et al., 2010). Hussain et al., (2012) conveyed P is crucially essential for many physiological functions of plants. Phosphorus application had significant response in the efficiency of root nodules, soil bacteria and play major role in biological nitrogen fixation (Jabbar and Saud, 2012)

			Protein content (%)

			Analysis of the data indicated that protein content of mungbean crop had positively influenced with the combined application of phosphorus and molybdenum (Table 3) while the interaction among molybdenum and phosphorus have also positive impact on protein (%) content of mungbean (Figure 3). Protein content of mungbean was observed higher with higher dose of phosphorus application. Phosphorus applied dose of 90 kg ha-1 recorded more protein content i.e. (23.03 %) while in case of no dose of phosphorus applied observed less amount of protein content % i.e. (19.81%). Mehboob et al. (2019) stated that protein % is increased with increasing dose of phosphorus application. This increasing trend might be due to the fact that Phosphorus is vital for development of new tissue and the transfer of the genetic information within the plant from one cell to another during cell formation. Similar results were correlated with investigations from Rani et al. (2016). Mehboob et al. (2019) and Gruhun et al. (2000) they stated that phosphorus application recorded enhancing in content of protein (%) of mungbean. Similarly in case of molybdenum addition response with increasing trend to increasing levels of molybdenum. Molybdenum dose applied with the rate of 2.5 kg ha-1 recorded higher trend of protein % i.e. (22.35 %) followed by (21.70 %) with application rate of molybdenum at rate of 1.5 kg ha-1 while less amount of protein content (20.22%) was observed with no molybdenum addition. It might be due to fact that molybdenum is essential for nitrogenase activities of most of biotic creatures containing plants also (Graham and Stangoulis, 2005). Normally, Mo is a vital micronutrient for bacteria and plants also (William and Silva, 2002). Meagher et al. (1991) conveyed the character of Mo in typical incorporation of nitrogen by plants is known, because molybdenum is a fundamental constituent of nitrate reductase and nitrogenase, which resist to the lessening of mineral nitrate and supports for fixative of N2 to NH3. Thus, molybdenum is the basic to nitrogen fixation and increasing the protein content of by legumes.
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			Figure 2: Interactive effect of molybdenum and phosphorus on seeds N content (%) of mungbean.
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			Figure 3: Interactive effect of molybdenum and phosphorus on Protein content (%) of mungbean.
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			Figure 4: Interactive effect of molybdenum and phosphorus on Carbohydrates content (%) of mungbean.

			Carbohydrates content (%)

			Data regarding Carbohydrates content of mungbean as influenced by molybdenum and phosphorus application on mungbean crop presented in Table 3. Analysis of variance indicated that both molybdenum and phosphorus and their combined application performed significantly positive response towards carbohydrates contents (%) of mungbean crop (Figure 4). Molybdenum application at the rate of 2.5 kg ha-1 recorded maximum carbohydrates contents (60.53 %) while less (57.12%) in control treatments. While in case of phosphorus application carbohydrates contents were enhanced by phosphorus application at the rate of 90 kg ha-1 recorded more (61.11 %) carbohydrates than control treatments (56.42%). Improving carbohydrates contents by molybdenum and phosphorus application might be due to molybdenum enhance the nodulated efficiency of mungbean crop, with greater formation of more nodules in numbers it may be able to fix more atmospheric nitrogen as in their roots and forward this efficiency to the ultimate production of mungbean grains and play a significant role in amino acids formation of the seeds while phosphorus improves the grains capacity and hardness of mungbean seeds. Further it was explained by Mubarak (2005) they reported that nutritional score of mungbean in case of carbohydrates contents it may be increased up to 10-20%. Whereas Gruhun et al. (2000) explained that mungbean grains have much sufficient number of amino acids and other adequate nutritional contents. The results were also in conformity with those of El-Adawy et al. (2003).

			Conclusions and Recommendations

			After the current experiment and their analysis of the data it is concluded that legume crops such as mungbean shows a great response towards molybdenum and phosphorus application. Maximum seed yield and yield components such as pods plant-1, seeds pod-1, thousand seed weight was observed with addition of molybdenum at rate of 1.5 kg ha-1 molybdenum and 60 kg ha-1 phosphorus while all the qualitative attributes such as protein, carbohydrates, seed N content of mungbean was recorded higher with highest doses of molybdenum and phosphorus. Therefore, it is recommended from the experimental findings that mungbean crop should be grown for higher seed production with a rate of 1.5 kg ha-1 molybdenum and 60 kg ha-1 phosphorus and performed better than other doses and thus recommended for higher productivity and qualitative attributes in agro climatic condition of study area.
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Influence of Molybdenum and Phosphorus Application onYield, Yield
Components, Carbohydrates and Protein Content of Mungbean
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Abstract | Pulses constitute an integral part of Pakistani diet and an important source of protein for a vast
majority of the country and an important place in order to mitigate the protein requirements of increasing
population. Mungbean has more protein contents and better digestibility than any other pulse crop. A field
study was carried out at Agronomy Research Farm, The University of Agriculture, Peshawar in summer
season 2018 with objectives to find out impact of molybdenum (0, 0.5, 1.5 and 2.5 kg ha') and phosphorus
(0, 30, 60 and 90 kg ha'') application on performance of mungbean. The trial was presented in randomized
complete block design having three replicates. For molybdenum and phosphorus source, sodium molybdate
and single super phosphate was used. The findings of trial indicated that molybdenum applied with 1.5 kg
ha! to mungbean crop significantly improved pods plant™ (29), seeds pod™ (11), thousand seeds mass (38 g),
biological and grain production (2960 and 777 kg ha™) while highest nodules plant™* (26), plant height (79
cm), protein (21.70 %), carbohydrates (60.53 %) and seed N content (3.76) was recorded with molybdenum
applied at rate of 2.5 kg ha™. Similarly in case of phosphorus application at rate of 60 kg ha™ recorded
maximum pods (30), seed pod ™ (11), thousand seed weightage (40 g), biological and grain production (3017,
816 kg ha'). Whereas phosphorus applied at rate 90 kg ha™ produced plants taller (81 cm), nodules plant™
(22), protein (22.35 %), carbohydrates (61.11 %) and seed N content (3.60 %). Considering Mo x P, interactive
effect was found significant for pods plant™, protein, carbohydrates and seed N content of mungbean crop. On
the basis of experimental consequences, it is clinched that mungbean crop with application of molybdenum
and phosphorus at rate of 1.5 and 60 kg ha™ boosted yield and yield attributes and thus recommended for
higher productivity in agro ecological zone of study area.
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Introduction of country. Mungbean (Vigna radiata L) belong
to family leguminacea, also known as green bean.

Pulses have an important place in order to mitigate Mungbean is an essential in legumes ranked as the
the protein requirements of increasing population  second most drought resistant crop after soybean.
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