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			Abstract | Major sources of replenishing crop nutrients in soil are organic, inorganic and bio-fertilizers. The current experiments were conducted on “Effect of bio-priming, organic and inorganic nitrogen sources and beneficial microorganisms on growth and biochemical traits of wheat” for two years at Agricultural Research Station Buner, Khyber Pakhtunkhwa, Pakistan. The experiments were laid out using three factors factorial Randomized Complete Block Design (RCBD) with three replications. Bio-aab was used as a source of (BM) culture. Microbes present in this culture were species of photosynthetic bacteria (Rhodopseudomonas palustris, Rhodobacter spaeroides), lactic acid bacteria (Lactobacillus plantarum, Lactobacillus casei, Streptococcus lactis), yeasts (Saccharomyces cerevisae, Candida utilis), actinomycetes (Streptomyces albus, Streptomyces griesus) and fermenting fungi (Aspergillus oryzae, Mucor heimalis). Farm yard manure (FYM) and poultry manure (PM) were used as organic sources of nitrogen. Bio-primed (seeds soaked in 10% BM aqueous solution for 30 minutes just before sowing) and unprimed wheat seeds were tested under various nitrogen sources (NS) with and without BM. Nitrogen sources were NS1 (control), NS2 (full dose from Urea), NS3 (full dose from FYM), NS4 (full dose from PM), NS5 (half dose from Urea + half dose from FYM), NS6 (half dose from urea + half dose from PM) and NS7 (half dose from FYM + half dose from PM). Nitrogen @ 120 kg ha-1 was quantified from each combination except NS1. Seed bio-priming significantly increased emergence (9.6%), delayed heading (2.1%) and maturity (2.4%), increased leaves and leaf area tiller-1 (6.8 and 4.1%), increased LAI (9.6%), increased height (3.5%), enhanced crop growth rate (CGR) (8.6%) and increased chlorophyll a and b (9.8% and 8.5%). BM application significantly increased emergence (6.1%), delayed heading (2.3%) and maturity (3.04%), increased leaves and leaf area tiller-1 (9.1 and 14.1%), increased LAI (36.4%), increased height (8.65%), enhanced CGR (27.8%) and increased chlorophyll a and b (29% and 27.9%). Significantly earlier emergence (12 days), more leaves tiller-1 (4.9), delayed heading (114.6), greater leaf area tiller-1 (31.8 cm2), higher LAI (0.99), taller plants (89 cm), higher CGR (8.76 g m-2 day-1), delayed maturity (171 days) and more chlorophyll a and b (1.95 and 0.64 µg ml-1) were achieved while using NS6 as compared to other nitrogen sources. Significantly more leaves and leaf area tiller-1 (5.2 and 34.3 cm2), higher LAI (1.18), taller plants (93.8 cm), higher CGR (10.27 g m-2 day-1) and greater chlorophyll a and b (2.30 and 0.75 µg ml-1) were recorded while using NS6+BM as compared to same treatment without BM. Performance of the above-mentioned parameters were significantly higher during subsequent year of study. It is concluded that seed bio-priming and NS6+BM should be used for better performance of wheat.
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			Introduction

			 

			Plant nutrients status in soil is the key factor of success or collapse of a crop production system. To ensure food supply for increasing population, optimum nutrients availability to plants is required to boost crop yields. Major sources of restocking crop nutrients in agricultural soils are organic, inorganic and bio-fertilizers (Masarirambi et al., 2012). A single source of crop nutrients cannot fulfill total requirements of nutrients for sustainable crop production (Korsaeth et al., 2002). Utilization of excessive chemical fertilizers create environmental issues as well as need energy for manufacturing (Shaxson, 2006). Furthermore, use of inorganic fertilizers is imbalanced and not useful in preserving soil health which is desired for sustainable crop production. The ever-increasing prices of inorganic fertilizers and pollution developing from their application led to a new interest towards some alternative measures of fertilization such as integrated plant nutrient management, particularly use of organic plant nutrients (Korsaeth et al., 2002). Consequently, alternative agricultural systems such as usage of Effective Microorganisms (EM) in integration with organic materials and limited inorganic fertilizers were being worked out. EM culture contains photosynthetic bacteria (Rhodopseudomonas palustris and Rhodobacter spaeroides), Lactic acid bacteria (Lactobacillus plantarum, Lactobacillus casei, and Streptococcus lactis), Yeasts (Saccharomyces cerevisae and Candida utilis), Actinomycetes (Streptomyces albus and Streptomyces griesus) and Fermenting fungi (Aspergillus oryzae and Mucor heimalis). EM-Technology was developed by Prof. Dr. Terou Higa in 1980s, at Ryukyus University, Japan (Higa and Wididana, 1991a; Higa, 1991) which was familiarized in Pakistan with the name of Beneficial Microorganisms (BM) technology by the University of Agriculture, Faisalabad in 1990. BM enhanced crop health and production by means of boosting photosynthesis, producing enzymes and hormones, speeding up the process of decomposition, suppressing diseases related to soil and enhancing soil quality (Zaman and Chang, 2004; Kurepin et al., 2014). BM treated compost produced maximum values of N, P, K, Fe, and Zn while untreated produced lowest values of the respective nutrients (Sahain et al., 2007). Combined use of BM and organic materials as soil amendment stimulated mineralization of nutrients, and its application with fresh organic matter was more beneficial (Fatunbi and Ncube, 2009). Research works done on BM had shown that plant performance in BM added treatments was better than traditional farming (Javaid, 2009).

			 

			Bio-Priming (BP) is a biological management approach in which seeds are soaked in bacterial aqueous solution for a specific period of time for bacterial imbibition into the seed (Abuamsha et al., 2011). Seed bio-priming boosted germination and initial phase of plant development (Singh et al., 2016). Grain yield was significantly increased because of bio-priming of maize seeds with different strains of Azotobacter and Azospirillum (Sharifi, 2011). Drought tolerance in wheat plants was increased through bio-priming with two strains of bacteria including Azospirillum brasilense and Bacillus amyloliquefaciens (Kasim et al., 2013). Bio-priming enhanced various plant growth promoting activities which had been reported by many researchers (Saber et al., 2012).

			 

			Wheat is cultivated in the whole country as the main staple food item of Pakistan. Wheat yield and quality is affected by various management practices performed during a year (Wiatrak et al., 2006). To increase per hectare production of wheat is of great magnitude because average yield of our country and especially Khyber Pakhtunkhwa is very low. Important factors for increasing wheat productivity include farm management practices and adoption of recent technology (Tariq et al., 2014). The use of organic manures (David et al., 2005), microbial biomass of soil, composition of soil microorganisms (Filip, 1998), combination of different decomposable organic wastes and nitrogen fertilizers (Ouedraogo et al., 2006) and N management (Torbert et al., 2001) are credited to improve agriculture sustainably. Thus, appropriate nitrogen source (organic, inorganic or their combinations) along with BM application needed to be hypothesized to test their effects on improving wheat productivity.

			 

			Objectives of the experiments 

			The aim of this research work was the assessment of seed bio-priming and nitrogen from various sources and their combinations with and without BM application for evaluating growth and biochemical traits of wheat.

			 

			Materials and Methods

			 

			Field experiments were conducted at Agricultural Research Station, Buner, Khyber Pakhtunkhwa, Pakistan during Rabi season of 2015-16 and 2016-17 (Nov-May each year) for two years successively to assess the effect of bio-priming and various organic and inorganic nitrogen sources with and without BM on growth and biochemical traits of wheat. Environmental conditions like temperature and rainfall for the years 2015, 2016 and 2017 are displayed in Figures 1, 2 and 3 respectively. Experiments were arranged using RCBD with 3 replications having subplot size of 9 m2 which comprised of 6 rows each of 5 meters length with row to row distance of 30 cm. Winter wheat variety Pirsabak-2015 was used in the experiments. Sowing was done on 12th November each year on the same piece of land. Beneficial microorganisms (BM) culture was obtained from The University of Agriculture, Faisalabad, Pakistan. Farm yard manure (FYM) and poultry manure (PM) were arranged locally from the nearby farmer’s field and poultry farm, respectively. Representative samples of experimental site, FYM and PM were analyzed for their nutritional status. Phosphorus and potassium (90:60 kg ha-1 P2O5:K2O) were applied as single dose during final seed bed preparation before sowing and kept constant for the whole experiment. In case of seed bio-priming, seeds were soaked in 10% BM aqueous solution for 30 minutes just before start of sowing each year. Bio-primed and unprimed wheat seeds were tested under various nitrogen sources with and without BM application. In case of BM application, 10% solution of BM was used. Nitrogen sources were NS1 (Control), NS2 (full dose from Urea), NS3 (full dose from FYM), NS4 (full dose from PM), NS5 (half dose from Urea + half dose from FYM), NS6 (half dose from Urea + half dose from PM) and NS7 (half dose from FYM + half dose from PM). Nitrogen @ 120 kg ha-1 was quantified from each combination except NS1 and applied once after final seed bed preparation prior to sowing. FYM and PM quantification at the mentioned rate was done after lab analysis of the samples. Standard agronomic practices were carried out throughout the crop growing period. Nutritional composition of FYM and PM and soil status of the experimental site are given below.

			 

			
				
					
					
					
					
				
				
					
							Nutrient/property
							FYM
							PM
							Soil
					

					
							
							N

						
							
							0.64%

						
							
							2%

						
							
							0.028%

						
					

					
							
							P

						
							
							0.5%

						
							
							1.1%

						
							
							8.75 mg kg-1

						
					

					
							
							K

						
							
							1.5%

						
							
							3%

						
							
							80 mg kg-1

						
					

					
							
							PH

						
							
							-

						
							
							-

						
							
							8.3

						
					

					
							
							EC

						
							
							-

						
							
							-

						
							
							0.2 dSm-1

						
					

					
							
							OM

						
							
							-

						
							
							-

						
							
							0.4%

						
					

					
							
							Sand

						
							
							-

						
							
							-

						
							
							50%

						
					

					
							
							Silt

						
							
							-

						
							
							-

						
							
							40%

						
					

					
							
							Clay

						
							
							-

						
							
							-

						
							
							10%

						
					

					
							
							Textural class

						
							
							-

						
							
							-

						
							
							Loam

						
					

				
			

			

			[image: G:\Researcherlinks\SJA\11. SJA_MH20200122170131-R4_Khan et al\1586247509_Fig_1._Monthly_avg_T_n_rain_2015.jpg] 

			Figure 1: Monthly average temperature and rainfall for 2015.
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			Figure 2: Monthly average temperature and rainfall for 2016.
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			Figure 3: Monthly average temperature and rainfall for 2017.

			 

			Measurements and procedures of data recording

			Days to emergence were noted down from sowing till 75% emergence. Leaves per tiller were noted at heading stage by randomly selecting five plants and average was worked out. Tillers m-2  were also recorded at heading stage at two different locations each of 1 m2. Tillers were counted in each selected location and their averages were worked out. Days to heading were noted down from sowing till 50% plants produced spikes. Leaf area at heading stage was calculated using the formula given by Quarrie and Jones (1979).

			 

			[image: Eq1.PNG] 

			 

			Leaf area index (LAI) was recorded by the following formula, Where LA stands for leaf area and GA for ground area covered by the measured leaf area. 

			 

			[image: Eq2.PNG] 

			Height (cm) was measured at maturity from base of the wheat plant to apex of the spike. Maturity in term of days was considered from sowing till harvesting. CGR (gm-2 day-1) was measured from tillering stage till physiological maturity at 30 days interval according to the formula described by Gardner et al. (1985).

			 

			[image: Eq3.PNG] 

			 

			Where;

			GA stand for ground area, W1 for sample dry weight at 1st interval (T1) and W2 for sample dry weight at 2nd interval (T2).

			 

			Samples of fresh leaves were collected at boot stage. Method described by Linchtenthaler and Wellburn (1983) having the following equations was used for measuring Chlorophyll a and b.

			 

			Chl a (µg ml-1) = 12.21 A663 - 2.81 A646

			Chl b (µg ml-1) = 20.13 A646- 5.03 A663 

			 

			Statistical analysis

			The data collected were analyzed statistically using three factors factorial RCBD. LSD test at 5% probability was used for measuring significant differences among treatments (Gomez and Gomez, 1983).

			 

			Results and Discussion

			 

			Bio-priming (BP)

			Data on days to emergence, 50% heading and maturity, leaves and leaf area per tiller, LAI, height, crop growth rate, and Chlorophyll a and b of wheat affected by bio-priming over two consecutive years are given in Table 1. During 2015-16, seed bio-priming significantly accelerated emergence from 13.7 to 12.6 days, enhanced number of leaves tiller-1 from 4.4 to 4.6, delayed 50% heading from 110.5 to 113 days, enlarged leaf area from 24 to 24.8 cm2, enhanced LAI from 0.58 to 0.62, increased plant height from 78.9 to 81.9 cm, increased CGR from 6.05 to 6.43 g m-2 day-1, delayed maturity from 163 to 167 days and increased chlorophyll a from 1.33 to 1.42 and chlorophyll b from 0.43 to 0.46 µg ml-1.

			 

			During 2016-17, seed bio-priming significantly accelerated emergence from 13.2 to 11.7 days, enhanced number of leaves tiller-1 from 4.5 to 5.0, delayed 50% heading from 111.7 to 113.8 days, enlarged leaf area from 25.2 to 26.3 cm2, enhanced LAI from 0.66 to 0.73, increased plant height from 82.3 to 85 cm, increased CGR from 6.92 to 7.66 g m-2 day-1, delayed maturity from 165 to 169 days and increased chlorophyll a from 1.53 to 1.71 and chlorophyll b from 0.50 to 0.56 µg ml-1. 

			 

			Pooled data over two years revealed that 9.6% earliness in emergence, 6.8% increase in leaves tiller-1, 2.1% delay in 50% heading, 4.1% broadened leaf area, 9.6% increase in LAI, 3.5% increase in plant height, 8.6% increase in crop growth rate, 2.4% delay in maturity, 9.8% increase in chlorophyll a and 8.5% increase in chlorophyll b were noticed as a result of seed bio-priming. 

			 

			Interaction between year and bio-priming (Y×BP) for all the above parameters was found non-significant.

			 

			Earliness in emergence, increase in leaves tiller-1, delayed 50% heading, broadened leaf area, higher LAI and plants, greater crop growth rate, delayed maturity and increase in chlorophyll as a result of bio-priming of seed might be due to biological management approach which boosted initial phase of plant establishment via improved germination of seed and protection before seedling emergence (Singh et al., 2016). Our outcomes also agreed with Bennett et al. (2009) who conveyed earliness in emergence of carrot and onion as a result of bio-priming with BM. Our findings agreed with Singh et al. (2016) who conveyed 28.1% more leaves with seed bio-priming which had been reported by Maureen (2016) as an effective mechanism for allocating beneficial microbes into the soil where they colonized in emerging roots and protected seedling against soil borne diseases and pests. Delayed 50% heading and maturity could be due to better and vigorous establishment of early phase of plant development (Singh et al., 2016) and supplementation of organic source with BM which might had resulted more nutrient availability and robust crop growth (Li et al., 2003). Greater leaf area, LAI and plant height might be due to more favourable environment for the growth, development and health of plants because of BM inoculation which resulted vigorous growth of crop (Margit, 2015). Our results also agree with Moeinzadeh et al. (2010) who described that seed bio-priming has the potential for promoting fast and even germination along with better plant growth. Bio-priming of seed with BM also boosted crop growth rate as compared to without bio-priming because of increase in many agro-morphological characters of wheat plants (Saber et al., 2012). Our findings showing more leaves, greater leaf area and chlorophyll in bio-primed crops were similar with those of Rawat et al. (2012) and Priya et al. (2016). Our results agreed with Mirshekari et al. (2012) who revealed that bio-priming of barley seed with a group of beneficial microorganisms improved grain yield.

			 

			Beneficial microorganisms (BM)

			Data on days to emergence, 50% heading and maturity, leaves and leaf area per tiller, LAI, height, crop growth rate, Chlorophyll a and b of wheat affected by beneficial microorganisms for two consecutive years are given in Table 2. During 2015-16, BM application significantly accelerated emergence from 13.5 to 12.8 days, enhanced number of leaves tiller-1 from 4.3 to 4.6, delayed 50% heading from 110.5 to 113 days, enlarged leaf area from 23 to 25.7 cm2, enhanced LAI from 0.52 to 0.68, increased plant height from 77.80 to 82.90 cm, increased CGR from 5.70 to 6.78 g m-2 day-1, delayed maturity from 162 to 168 days and increased chlorophyll a from 1.25 to 1.49 and chlorophyll b from 0.41 to 0.49 µg ml-1. 

			 

			During 2016-17 BM application significantly accelerated emergence from 13 to 12 days, enhanced number of leaves tiller-1 from 4.5 to 5.0, delayed 50% heading from 111.5 to 114 days, enlarged leaf area from 23.90 to 27.70 cm2, enhanced LAI from 0.58 to 0.81, increased plant height from 79.4 to 88 cm, increased CGR from 6.18 to 8.40 g m-2 day-1, delayed maturity from 165 to 170 days, increased chlorophyll a from 1.36 to 1.89 and chlorophyll b from 0.44 to 0.62 µg ml-1. 

			 

			Pooled analysis of data over two years revealed significant differences and 6.1% earliness in emergence, 9.1% increase in leaves tiller-1, 2.3% delay in 50% heading, 14.1% broadened leaf area, 36.4% increase in LAI, 8.65% increase in plant height, 27.8% increase in crop growth rate, 3.04% delay in maturity, 29% increase in chlorophyll a and 27.9% increase in chlorophyll b were noticed because of BM application. 

			 

			Interaction between year and beneficial microorganisms (Y×BM) was found non-significant for days to emergence, 50% heading and maturity and significant for leaves per tiller, leaf area, LAI, plant height, CGR and Chlorophyll a and b.

			 

			BM application encouraged earlier emergence, increased leaves tiller-1, delayed 50% heading, broadened leaf area, increased LAI, plant height and CGR, delayed maturity and increased chlorophyll a and b contents of wheat crop. These findings agreed with Ali et al. (2013) who conveyed that effective microorganisms had been used for improving germination of various crops. Our findings are also in line with Gorski and Kleiber (2010) who revealed more number of inflorescences and leaves in case of gerberas with application of effective microorganisms which might be due to availability and solubility of nutrients from the applied substrate because of BM application. Delayed heading and maturity, higher leaf area and LAI, taller plants and higher crop growth rate could be due to supplementation of organic sources with BM which increased decomposition of organic wastes and nutrients discharge for plant uptake that resulted higher nutrient availability and favorable soil conditions for growth, development and health of plants and extended the growing period due to vigorous growth of crop (Margit, 2015; Javaid and Bajwa, 2011; Iqtedar et al., 2006; Mbouobda et al., 2014). Higher chlorophyll a and b might be due to greater N-mineralization of organic sources with BM application that improved chlorophyll contents in shoots through greater N availability and uptake (Houles et al., 2007). Application of beneficial microorganisms in soil plant ecosystem improved plant growth, yield and quality of soil and crops (Mowa and Maass, 2012; Hu and Qi, 2013).

			 

			Nitrogen sources (NS)

			Effect of using different nitrogen sources on days to emergence, 50% heading and maturity, leaves and leaf area tiller-1 and LAI of wheat over two consecutive years are given in Table 3. Non-significant differences were observed regarding days to emergence during 2015-16 and 2016-17 individually, however, based on mean data over two years, significantly earlier emergence (12 days) was recorded by NS6 and it was found statistically at par with NS5. Delayed emergence (13.3 days) was observed in NS3 and it was found statistically at par with NS1 and all other nitrogen sources utilized during the trial except NS6.

			 

			Leaves tiller-1 significantly differed during 2015-16 and varied from 3.9 for NS1 to 4.8 for NS6 while during 2016-17, it varied from 3.9 to 5.1 for the same treatments respectively. Based on pooled data over two years, more leaves per tiller (4.9) was attained by NS6 that was found statistically at par (4.9) with NS5, while lesser leaves (3.9) were noticed by NS1. 

			Table 1: Days to emergence, leaves tiller-1, days to 50% heading, leaf area tiller-1 (cm2), leaf area index, plant height (cm), CGR (g m-2 day-1), days to maturity, Chl a (µg ml-1) and Chl b (µg ml-1) of wheat as affected by bio-priming (BP) over two consecutive years.
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							BP
							
							Year (Y)

						
							
							LSD at P≤0.05

						
					

					
							2015-16
							2016-17
							Mean
							 Y×BP
							 BP
					

					
							 
							 
							
							Y×BP

						
							 
							 
							 
					

					
							
							Days to emergence

						
							
							Primed 

						
							
							12.6

						
							
							11.7

						
							
							12.2 b
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							 0.4458

						
					

					
							
							Unprimed

						
							
							13.7

						
							
							13.2

						
							
							13.5 a

						
					

					
							
							Leaves tiller-1

						
							
							Primed 

						
							
							4.6

						
							
							5.0

						
							
							4.8 a
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							 0.0834

						
					

					
							
							Unprimed

						
							
							4.4

						
							
							4.6

						
							
							4.5 b

						
					

					
							
							Days to 50% heading

						
							
							Primed 

						
							
							113.0

						
							
							113.8

						
							
							113.4 a

						
							
							ns

						
							
							 1.5958

						
					

					
							
							Unprimed

						
							
							110.5

						
							
							111.7

						
							
							111.1 b

						
					

					
							
							Leaf area tiller-1 (cm2)

						
							
							Primed 

						
							
							24.8

						
							
							26.3

						
							
							25.6 a
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							 0.5165

						
					

					
							
							Unprimed

						
							
							24.0

						
							
							25.2

						
							
							24.6 b

						
					

					
							
							Leaf area index

						
							
							Primed 

						
							
							0.62

						
							
							0.73

						
							
							0.68 a
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							 0.0207

						
					

					
							
							Unprimed

						
							
							0.58

						
							
							0.66

						
							
							0.62 b

						
					

					
							
							Plant height (cm)
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							85.0

						
							
							83.4 a
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							Unprimed
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							82.3

						
							
							80.6 b

						
					

					
							
							CGR (g m-2 day-1)
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							7.66

						
							
							7.04 a
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							Unprimed

						
							
							6.05

						
							
							6.92

						
							
							6.48 b

						
					

					
							
							Days to maturity

						
							
							Primed 

						
							
							167

						
							
							169

						
							
							168 a
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							Unprimed

						
							
							163

						
							
							165

						
							
							164 b

						
					

					
							
							Chl a (µg ml-1)
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							1.71

						
							
							1.57 a
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							Unprimed
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							1.53

						
							
							1.43 b

						
					

					
							
							Chl b (µg ml-1)
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							0.46

						
							
							0.56

						
							
							0.51 a

						
							
							ns
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							Unprimed

						
							
							0.43

						
							
							0.50

						
							
							0.47 b

						
					

				
			

			

			Means in each category showing different letter(s) are significantly different applying LSD test at P≤0.05

			 

			Table 2: Days to emergence, leaves tiller-1, days to 50% heading, leaf area tiller-1 (cm2), leaf area index, plant height (cm), CGR (g m-2 day-1), days to maturity, Chl a (µg ml-1) and Chl b (µg ml-1) of wheat as affected by beneficial ,icroorganisms (BM) over two consecutive years.

			 

			
				
					
					
					
					
					
					
					
				
				
					
							Parameters
							BM
							
							Year (Y)

						
							
							LSD at P≤0.05

						
					

					
							2015-16
							2016-17
							Mean
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							 BM
					

					
							 
							 
							Y×BM
							 
							 
							 
					

					
							
							Days to emergence

						
							
							With BM

						
							
							12.8

						
							
							12.0

						
							
							12.4 b

						
							
							 ns

						
							
							 0.4458

						
					

					
							
							Without BM

						
							
							13.5

						
							
							13.0

						
							
							13.2 a

						
					

					
							
							Leaves tiller-1

						
							
							With BM

						
							
							4.6 b

						
							
							5.0 a

						
							
							4.8 a

						
							
							 0.1179

						
							
							 0.0834

						
					

					
							
							Without BM

						
							
							4.3 c

						
							
							4.5 b

						
							
							4.4 b

						
					

					
							
							Days to 50% heading

						
							
							With BM

						
							
							113.0

						
							
							114.0

						
							
							113.5 a

						
							
							 ns

						
							
							 1.5958

						
					

					
							
							Without BM

						
							
							110.5

						
							
							111.5

						
							
							111.0 b

						
					

					
							
							Leaf area tiller-1 (cm2)

						
							
							With BM

						
							
							25.7 b

						
							
							27.7 a

						
							
							26.7 a

						
							
							 0.7304

						
							
							 0.5165

						
					

					
							
							Without BM

						
							
							23.0 d

						
							
							23.9 c

						
							
							23.4 b

						
					

					
							
							Leaf area index

						
							
							With BM

						
							
							0.68 b

						
							
							0.81 a

						
							
							0.75 a

						
							
							 0.0293

						
							
							 0.0207

						
					

					
							
							Without BM

						
							
							0.52 d

						
							
							0.58 c

						
							
							0.55 b

						
					

					
							
							Plant height (cm)

						
							
							With BM

						
							
							82.9 b

						
							
							88.0 a

						
							
							85.4 a

						
							
							 2.3518

						
							
							 1.6630

						
					

					
							
							Without BM

						
							
							77.8 c

						
							
							79.4 c

						
							
							78.6 b

						
					

					
							
							CGR (g m-2 day-1)

						
							
							With BM

						
							
							6.78 b

						
							
							8.40 a

						
							
							7.59 a

						
							
							 0.3318

						
							
							 0.2346

						
					

					
							
							Without BM

						
							
							5.70 d

						
							
							6.18 c

						
							
							5.94 b

						
					

					
							
							Days to maturity

						
							
							With BM

						
							
							168

						
							
							170

						
							
							169 a

						
							
							 ns

						
							
							 2.6088

						
					

					
							
							Without BM

						
							
							162

						
							
							165

						
							
							164 b

						
					

					
							
							Chl a (µg ml-1)

						
							
							With BM

						
							
							1.49 b

						
							
							1.89 a

						
							
							1.69 a

						
							
							 0.0775

						
							
							 0.0548

						
					

					
							
							Without BM

						
							
							1.25 d

						
							
							1.36 c

						
							
							1.31 b

						
					

					
							
							Chl b (µg ml-1)

						
							
							With BM

						
							
							0.49 b

						
							
							0.62 a

						
							
							0.55 a

						
							
							 0.0261

						
							
							 0.0185

						
					

					
							
							Without BM

						
							
							0.41 d

						
							
							0.44 c

						
							
							0.43 b

						
					

				
			

			

			Means in each category showing different letter(s) are significantly different applying LSD test at P≤0.05

			Table 3: Days to emergence, leaves tiller-1, days to 50% heading, leaf area tiller-1 (cm2) and leaf area index of wheat as affected by different nitrogen Sources (NS) over two consecutive years.

			 

			
				
					
					
					
					
					
					
					
					
				
				
					
							Particulars
							NS
							
							Year (Y)

						
							
							LSD at P≤0.05

						
					

					
							2015-16
							2016-17
							Mean
							Y×NS
							Y
							 NS
					

					
							 
							 
							
							Y×NS

						
							 
							 
							 
							 
					

					
							
							Days to emergence

						
							
							NS1

						
							
							13.4

						
							
							12.9

						
							
							13.2 a

						
							
							 ns

						
							
							0.4458

						
							
							 0.8340

						
					

					
							
							NS2

						
							
							13.2

						
							
							12.6

						
							
							12.9 a

						
					

					
							
							NS3

						
							
							13.7

						
							
							12.9

						
							
							13.3 a

						
					

					
							
							NS4

						
							
							13.3

						
							
							12.5

						
							
							12.9 a

						
					

					
							
							NS5

						
							
							12.9

						
							
							12.2

						
							
							12.5 ab

						
					

					
							
							NS6

						
							
							12.3

						
							
							11.7

						
							
							12.0 b

						
					

					
							
							NS7

						
							
							13.5

						
							
							12.6

						
							
							13.0 a

						
					

					
							
							Mean

						
							
							13.2 a

						
							
							12.5 b

						
							
							 

						
					

					
							
							Leaves tiller-1

						
							
							NS1

						
							
							3.9

						
							
							3.9

						
							
							3.9 c

						
							
							 ns

						
							
							0.0834

						
							
							 0.1559

						
					

					
							
							NS2

						
							
							4.4

						
							
							4.8

						
							
							4.6 b 

						
					

					
							
							NS3

						
							
							4.4

						
							
							4.8

						
							
							4.6 b

						
					

					
							
							NS4

						
							
							4.6

						
							
							4.9

						
							
							4.7 b

						
					

					
							
							NS5

						
							
							4.7

						
							
							5.1

						
							
							4.9 a 

						
					

					
							
							NS6

						
							
							4.8

						
							
							5.1

						
							
							4.9 a

						
					

					
							
							NS7

						
							
							4.5

						
							
							4.9

						
							
							4.7 b

						
					

					
							
							Mean

						
							
							4.5 b

						
							
							4.8 a

						
							
							 

						
					

					
							
							Days to 50% heading

						
							
							NS1

						
							
							108.4

						
							
							107.8

						
							
							108.1 b

						
							
							 ns

						
							
							ns

						
							
							 2.9854

						
					

					
							
							NS2

						
							
							111.5

						
							
							112.6

						
							
							112.0 a

						
					

					
							
							NS3

						
							
							110.9

						
							
							112.5

						
							
							111.7 a

						
					

					
							
							NS4

						
							
							112.6

						
							
							113.4

						
							
							113.0 a

						
					

					
							
							NS5

						
							
							113.2

						
							
							114.3

						
							
							113.7 a

						
					

					
							
							NS6

						
							
							113.9

						
							
							115.3

						
							
							114.6 a

						
					

					
							
							NS7

						
							
							111.6

						
							
							113.6

						
							
							112.6 a

						
					

					
							
							Mean 

						
							
							111.7

						
							
							112.8

						
							
							 

						
					

					
							
							Leaf area tiller-1 (cm2)

						
							
							NS1

						
							
							12.8 g

						
							
							12.1 g

						
							
							12.5 f

						
							
							 0.3665

						
							
							0.5165

						
							
							 0.9663

						
					

					
							
							NS2

						
							
							24.4 e

						
							
							26.3 d

						
							
							25.4 d

						
					

					
							
							NS3

						
							
							22.6 f

						
							
							25.7 de

						
							
							24.2 e

						
					

					
							
							NS4

						
							
							25.7 e

						
							
							28.1 c

						
							
							26.9 c

						
					

					
							
							NS5

						
							
							28.7 bc

						
							
							29.8 b

						
							
							29.2 b

						
					

					
							
							NS6

						
							
							31.7 a

						
							
							31.8 a

						
							
							31.8 a

						
					

					
							
							NS7

						
							
							24.6 e

						
							
							26.6 d

						
							
							25.6 d

						
					

					
							
							Mean 

						
							
							24.4 b

						
							
							25.8 a

						
							
							 

						
					

					
							
							Leaf area index

						
							
							NS1

						
							
							0.27 h

						
							
							0.24 h

						
							
							0.26 f

						
							
							 0.0549

						
							
							0.0207

						
							
							 0.0388

						
					

					
							
							NS2

						
							
							0.53 fg

						
							
							0.61 e

						
							
							0.57 e

						
					

					
							
							NS3

						
							
							0.50 g

						
							
							0.60 e

						
							
							0.55 e

						
					

					
							
							NS4

						
							
							0.64 de

						
							
							0.77 c

						
							
							0.70 c

						
					

					
							
							NS5

						
							
							0.76 c

						
							
							0.88 b

						
							
							0.82 b

						
					

					
							
							NS6

						
							
							0.91 b

						
							
							1.07 a

						
							
							0.99 a

						
					

					
							
							NS7

						
							
							0.59 ef

						
							
							0.69 d

						
							
							0.64 d

						
					

					
							
							Mean 

						
							
							0.60 b

						
							
							0.69 a

						
							
							 

						
					

				
			

			

			Means in each category showing different letter(s) are significantly different applying LSD test at P≤0.05

			Table 4: Plant height (cm), CGR (g m-2 day-1), days to maturity, Chl a (µg ml-1) and Chl b (µg ml-1) of wheat as affected by different nitrogen Sources (NS) over two consecutive years.

			 

			
				
					
					
					
					
					
					
					
					
				
				
					
							Parameters
							NS
							
							Year (Y)

						
							
							LSD at P≤0.05

						
					

					
							2015-16
							2016-17
							Mean
							 Y×NS
							Y
							 NS
					

					
							 
							 
							
							Y×NS

						
							 
							 
							 
							 
					

					
							
							Plant height (cm)

						
							
							NS1

						
							
							72.3

						
							
							70.2

						
							
							71.2 d

						
							
							 ns

						
							
							1.6630

						
							
							 3.1111

						
					

					
							
							NS2

						
							
							78.7

						
							
							83.1

						
							
							80.9 c

						
					

					
							
							NS3

						
							
							78.9

						
							
							83.2

						
							
							81.0 c

						
					

					
							
							NS4

						
							
							81.8

						
							
							85.6

						
							
							83.7 bc

						
					

					
							
							NS5

						
							
							84.0

						
							
							88.6

						
							
							86.3 ab

						
					

					
							
							NS6

						
							
							87.0

						
							
							90.9

						
							
							89.0 a

						
					

					
							
							NS7

						
							
							80.1

						
							
							84.1

						
							
							82.1 c

						
					

					
							
							Mean

						
							
							80.4 b

						
							
							83.7 a

						
							
							 

						
					

					
							
							CGR (g m-2 day-1)

						
							
							NS1

						
							
							4.53 i

						
							
							4.05 i

						
							
							4.29 f

						
							
							 0.6207

						
							
							0.2346

						
							
							 0.4389

						
					

					
							
							NS2

						
							
							5.17 h

						
							
							6.61 ef

						
							
							5.89 e

						
					

					
							
							NS3

						
							
							5.56 gh

						
							
							7.20 de

						
							
							6.38 d

						
					

					
							
							NS4

						
							
							6.59 ef

						
							
							7.91 bc

						
							
							7.25 c

						
					

					
							
							NS5

						
							
							7.52 cd

						
							
							8.43 b

						
							
							7.97 b

						
					

					
							
							NS6

						
							
							8.24 b

						
							
							9.28 a

						
							
							8.76 a

						
					

					
							
							NS7

						
							
							6.06 fg

						
							
							7.55 cd

						
							
							6.80 d

						
					

					
							
							Mean 

						
							
							6.24 b

						
							
							7.29 a

						
							
							 

						
					

					
							
							Days to maturity

						
							
							NS1

						
							
							156

						
							
							159

						
							
							158 c

						
							
							 ns

						
							
							ns

						
							
							 4.8807

						
					

					
							
							NS2

						
							
							164

						
							
							166

						
							
							165 b

						
					

					
							
							NS3

						
							
							164

						
							
							168

						
							
							166 ab

						
					

					
							
							NS4

						
							
							167

						
							
							169

						
							
							168 ab

						
					

					
							
							NS5

						
							
							169

						
							
							170

						
							
							169 ab

						
					

					
							
							NS6

						
							
							170

						
							
							171

						
							
							171 a

						
					

					
							
							NS7

						
							
							165

						
							
							169

						
							
							167 ab

						
					

					
							
							Mean 

						
							
							165

						
							
							167

						
							
							 

						
					

					
							
							Chl a (µg ml-1)

						
							
							NS1

						
							
							0.95 h

						
							
							0.86 h

						
							
							0.91 f

						
							
							 0.1450

						
							
							0.0548

						
							
							 0.1025

						
					

					
							
							NS2

						
							
							1.14 g

						
							
							1.46 e

						
							
							1.30 e

						
					

					
							
							NS3

						
							
							1.23 fg

						
							
							1.62 d

						
							
							1.43 d

						
					

					
							
							NS4

						
							
							1.46 e

						
							
							1.76 bcd

						
							
							1.61 c

						
					

					
							
							NS5

						
							
							1.66 d

						
							
							1.88 b

						
							
							1.77 b

						
					

					
							
							NS6

						
							
							1.82 bc

						
							
							2.08 a

						
							
							1.95 a

						
					

					
							
							NS7

						
							
							1.34 ef

						
							
							1.70 cd

						
							
							1.52 cd

						
					

					
							
							Mean 

						
							
							1.37 b

						
							
							1.62 a

						
							
							 

						
					

					
							
							Chl b (µg ml-1)

						
							
							NS1

						
							
							0.33 jk

						
							
							0.29 k

						
							
							0.31 f

						
							
							 0.0489

						
							
							0.0185

						
							
							 0.0346

						
					

					
							
							NS2

						
							
							0.37 ij

						
							
							0.49 ef

						
							
							0.43 e

						
					

					
							
							NS3

						
							
							0.40 hi

						
							
							0.53 de

						
							
							0.46 de

						
					

					
							
							NS4

						
							
							0.48 fg

						
							
							0.57 bcd

						
							
							0.52 c

						
					

					
							
							NS5

						
							
							0.54 d

						
							
							0.61 b

						
							
							0.57 b

						
					

					
							
							NS6

						
							
							0.59 bc

						
							
							0.68 a

						
							
							0.64 a

						
					

					
							
							NS7

						
							
							0.44 gh

						
							
							0.55 cd

						
							
							0.49 cd

						
					

					
							
							Mean 

						
							
							0.45 b

						
							
							0.53 a

						
							
							 

						
					

				
			

			

			Means in each category showing different letter(s) are significantly different applying LSD test at P≤0.05

			Days to 50% heading were found non-significant during 2015-16, while during 2016-17, significant differences were noted by various nitrogen sources and were found in the range of 107.8 for NS1 to 115.3 days for NS6. Based on pooled data over two years, more days to 50% heading (114.6 days) were recorded by NS6 that was found statistically at par with other nitrogen sources except NS1. 

			 

			Leaf area varied significantly from 12.8 cm2 recorded for NS1 to 31.7 cm2 for NS6 during 2015-16, while it varied from 12.1 to 31.8 cm2 for the same treatments respectively during 2016-17. Pooled data over two years revealed that broadened leaf area of 31.8 cm2 was achieved by NS6 as compared to other nitrogen sources showing an enhancement of 154.4% over control. 

			 

			Leaf area index significantly varied from 0.27 for NS1 to 0.91 for NS6 during 2015-16, while it varied from 0.24 to 1.07 for the same treatments respectively during 2016-17. Combined analysis of data over 2015-16 and 2016-17 showed that higher LAI of 0.99 was recorded by NS6 as compared to other nitrogen sources used in the trial. 

			 

			Interaction between year and various nitrogen sources (Y×NS) was found non-significant for emergence, heading and leaves per tiller and significant for leaf area and LAI. 

			 

			Similarly, effect of using various nitrogen sources on plant height, crop growth rate, days to maturity, and Chlorophyll a and b of wheat over two consecutive years are given in Table 4. Various nitrogen sources affected plant height significantly during both years. It varied from 72.3 for NS1 to 87 cm for NS6 during 2015-16 while it varied from 70.2 to 90.9 cm for the same treatments respectively during 2016-17. Based on pooled data over two years, higher plants (89 cm) were observed by NS6 that was found at par with plant height (86.3 cm) noted for NS5. Smaller plants (71.2 cm) were recorded by NS1. 

			 

			Crop growth rate significantly varied from 4.53 for NS1 to 8.24 g m-2 day-1 for NS6 during 2015-16, while it was 4.05 to 9.28 g m-2 day-1 for the same treatments respectively during 2016-17. Based on pooled data over 2015-16 and 2016-17, higher CGR of 8.76 g m-2 day-1 was attained by NS6 as compared to other nitrogen sources used during the trial. 

			Days to maturity varied significantly from 156 for NS1 to 170 for NS6 during 2015-16, while during 2016-17, it was found in the range of 159 for NS1 to 171 for NS6. Based on pooled data over two years, more days to maturity (171) were attained by NS6 that was found at par with other nitrogen sources utilized in the trial except 165 days recorded for NS2 and 158 for NS1. 

			 

			Chlorophyll a content differed significantly from 0.95 for NS1 to 1.82 µg ml-1 for NS6 during 2015-16, while it was from 0.86 to 2.08 µg ml-1 for the same treatments respectively during 2016-17. Based on pooled data over two years, higher chlorophyll a content of 1.95 µg ml-1 was attained by NS6 as compared to other nitrogen sources used in the trial. 

			 

			Chlorophyll b content during 2015-16 varied significantly from 0.33 for NS1 to 0.59 µg ml-1 for NS6 while for the same treatments it was from 0.29 to 0.68 µg ml-1 respectively during 2016-17. Based on pooled data over 2015-16 and 2016-17, higher chlorophyll b content of 0.64 µg ml-1 was attained by NS6 when compared with other nitrogen sources. 

			 

			Interaction between year and various nitrogen sources (Y×NS) was found non-significant for plant height and maturity and significant for CGR and Chlorophyll a and b.

			 

			Significant differences in days to emergence, heading and maturity, leaves and leaf area per tiller, LAI, plant height, CGR and chlorophyll a and b regarding various nitrogen sources combined over two years may be attributed to varied mineralization capability and nutrient availability from each source which resulted favorable conditions and outcomes in case of using NS6 as compared to other nitrogen sources. Our findings agreed with Khan et al. (2008) who described that earlier emergence was noted where N was applied from organic source as compared to inorganic source. More leaves tiller-1 may be attributed to the application of PM in wheat as similar results had been reported by Channabasanagowda et al. (2008). Delayed heading and maturity of wheat may be attributed to the collective utilization of PM and inorganic N fertilizer in wheat (Manna et al., 2005; Rehman et al., 2010). These achievements are consistent with Yadvinder et al. (2009) who described that combined use of PM with mineral N increased nutrients concentration, uptake and wheat yield. Taller plants and higher CGR of wheat may be ascribed to combined use of Urea and PM that improved soil quality and nutrient availability that corresponds to the findings of Abbasi and Tahir (2012) who illustrated that combined application of FYM, PM and Urea improved yield, soil properties and N use efficiency and uptake. Our results of higher chlorophyll a and b were in line with Ofosu and Leitch (2009) who revealed that usage of organic manures increased leaves chlorophyll in barley. Our results were also similar with Fernendez et al. (2010) and Abbasi and Khizar (2012) who reported that N mineralization, where N being an integral part of chlorophyll molecule, significantly increased with combined use of Urea and PM as compared to individual application of PM. Similarly, Amir et al. (2010) itemized that integrated application of manure and N-fertilizer increased total chlorophyll contents and yield of potato.

			 

			Utilization of nitrogen sources with and without BM

			Data on days to emergence and 50% heading, leaves and leaf area per tiller and LAI based on pooled means over two consecutive years regarding comparison of different nitrogen sources with and without BM are furnished in Table 5. Different N-sources with and without BM had no effect on days to emergence and 50% heading, while leaves and leaf area per tiller and LAI were affected significantly. More leaves per tiller (5.2) were noted by NS6 + BM that was found at par with NS5 + BM (5.1) and NS4 + BM (5.0) as compared to the same treatments without BM where lesser leaves per tiller (4.7), (4.6) and (4.5) were observed respectively. Higher leaf area (34.3 cm2) was noted by NS6 + BM as compared to the same treatments (29.3 cm2) without BM. Higher LAI of 1.18 was observed by NS6 + BM as compared to 0.80 by same treatments without BM.

			 

			Similarly, data on plant height, crop growth rate, days to maturity and Chlorophyll a and b based on pooled mean over two consecutive years regarding comparison of different nitrogen sources with and without BM are given in Table 6. Different nitrogen sources with and without BM had significantly affected plant height, CGR and Chlorophyll a and b, while days to maturity were not affected significantly. Among various nitrogen sources, NS6 + BM developed taller plants (93.8 cm) that was found at par with NS5 + BM (90.7 cm) as compared to the same treatments without BM where shorter plants of 84.2 and 81.9 cm were observed, respectively. Similarly, NS6 + BM recorded higher CGR of 10.27 g m-2 day-1 as compared to the same treatment without BM (7.25 g m-2 day-1). Higher chlorophyll a contents of 2.30 µg ml-1 were recorded by NS6 + BM as compared to the same treatment without BM (1.60 µg ml-1). Similarly, NS6 + BM recorded higher chlorophyll b contents of 0.75 µg ml-1 as compared to the same treatment without BM (0.52 µg ml-1).

			 

			Table 5: Days to emergence, leaves tiller-1, days to 50% heading, leaf area tiller-1 (cm2) and leaf area index of wheat as affected by different nitrogen sources (NS) with and without beneficial microorganisms (BM) over two consecutive years.

			 

			
				
					
					
					
					
					
					
					
				
				
					
							NS
							BM
							Days to emergence
							
							Leaves tiller-1

						
							Days to 50% heading
							
							Leaf area tiller-1 (cm2)

						
							Leaf area index
					

					
							
							NS1

						
							
							With 

						
							
							12.7

						
							
							3.9 h

						
							
							109.3

						
							
							14.2 k

						
							
							0.29 j

						
					

					
							
							NS2

						
							
							With 

						
							
							12.5

						
							
							4.8 cde

						
							
							113.3

						
							
							26.1 fg 

						
							
							0.60 fg

						
					

					
							
							NS3

						
							
							With 

						
							
							12.9

						
							
							4.8 de

						
							
							113.3

						
							
							25.8 gh

						
							
							0.61 f

						
					

					
							
							NS4

						
							
							With 

						
							
							12.4

						
							
							5.0 abc

						
							
							114.4

						
							
							28.8 cd

						
							
							0.83 c

						
					

					
							
							NS5

						
							
							With 

						
							
							12.2

						
							
							5.1 ab

						
							
							114.9

						
							
							30.6 b

						
							
							0.97 b

						
					

					
							
							NS6

						
							
							With 

						
							
							11.6

						
							
							5.2 a

						
							
							115.6

						
							
							34.3 a

						
							
							1.18 a

						
					

					
							
							NS7

						
							
							With 

						
							
							12.7

						
							
							4.9 bcd

						
							
							113.8

						
							
							27.3 ef

						
							
							0.74 d

						
					

					
							
							NS1

						
							
							Without 

						
							
							13.7

						
							
							3.9 h

						
							
							107.0

						
							
							10.8 l

						
							
							0.22 k

						
					

					
							
							NS2

						
							
							Without 

						
							
							13.3

						
							
							4.4 g

						
							
							110.8

						
							
							24.6 hi

						
							
							0.55 gh

						
					

					
							
							NS3

						
							
							Without 

						
							
							13.7

						
							
							4.4 g

						
							
							110.2

						
							
							22.5 j

						
							
							0.49 i

						
					

					
							
							NS4

						
							
							Without 

						
							
							13.3

						
							
							4.5 fg

						
							
							111.6

						
							
							25.1 ghi

						
							
							0.58 fgh

						
					

					
							
							NS5

						
							
							Without 

						
							
							12.9

						
							
							4.6 efg

						
							
							112.5

						
							
							27.9 de

						
							
							0.67 e

						
					

					
							
							NS6

						
							
							Without 

						
							
							12.3

						
							
							4.7 ef

						
							
							113.6

						
							
							29.3 bc

						
							
							0.80 c

						
					

					
							
							NS7

						
							
							Without 

						
							
							13.4

						
							
							4.5 fg

						
							
							111.4

						
							
							23.9 ij

						
							
							0.53 hi

						
					

					
							
							LSD at P≤0.05

						
							
							 ns

						
							
							0.2205

						
							
							 ns

						
							
							1.3665

						
							
							0.0549

						
							
							 

						
					

				
			

			

			Means in each category showing different letter(s) are significantly different applying LSD test at P≤0.05

			Table 6: Plant height (cm), CGR (g m-2 day-1), days to maturity, Chl a (µg ml-1) and Chl b (µg ml-1) of wheat as affected by different Nitrogen Sources (NS) with and without beneficial microorganisms (BM) over two consecutive years.

			 

			
				
					
					
					
					
					
					
					
				
				
					
							NS
							BM
							Plant height (cm)
							
							CGR (g m-2 day-1)

						
							Days to maturity
							
							Chl a (µg ml-1)

						
							
							Chl b (µg ml-1)

						
					

					
							
							NS1

						
							
							With 

						
							
							70.8 g

						
							
							4.31 i

						
							
							160

						
							
							0.92 i

						
							
							0.32 j

						
					

					
							
							NS2

						
							
							With 

						
							
							83.9 cd

						
							
							6.38 fg

						
							
							168

						
							
							1.41 fg

						
							
							0.47 fg

						
					

					
							
							NS3

						
							
							With 

						
							
							84.6 cd

						
							
							7.10 de

						
							
							168

						
							
							1.60 de

						
							
							0.52 de

						
					

					
							
							NS4

						
							
							With 

						
							
							88.0 bc

						
							
							8.18 c

						
							
							171

						
							
							1.82 c

						
							
							0.59 c

						
					

					
							
							NS5

						
							
							With 

						
							
							90.7 ab

						
							
							9.27 b

						
							
							172

						
							
							2.06 b

						
							
							0.67 b

						
					

					
							
							NS6

						
							
							With 

						
							
							93.8 a

						
							
							10.27 a

						
							
							173

						
							
							2.30 a

						
							
							0.75 a

						
					

					
							
							NS7

						
							
							With 

						
							
							86.3 bc

						
							
							7.63 cd

						
							
							169

						
							
							1.71 cd

						
							
							0.56 cd

						
					

					
							
							NS1

						
							
							Without 

						
							
							71.6 g

						
							
							4.27 i

						
							
							155

						
							
							0.90 i

						
							
							0.30 j

						
					

					
							
							NS2

						
							
							Without 

						
							
							77.8 ef

						
							
							5.39 h

						
							
							162

						
							
							1.19 h

						
							
							0.39 i

						
					

					
							
							NS3

						
							
							Without 

						
							
							77.5 f

						
							
							5.66 h

						
							
							163

						
							
							1.25 h

						
							
							0.41 hi

						
					

					
							
							NS4

						
							
							Without 

						
							
							79.3 ef

						
							
							6.33 fg

						
							
							165

						
							
							1.40 fg

						
							
							0.45 fgh

						
					

					
							
							NS5

						
							
							Without 

						
							
							81.9 de

						
							
							6.68 ef

						
							
							167

						
							
							1.48 ef

						
							
							0.48 ef

						
					

					
							
							NS6

						
							
							Without 

						
							
							84.2 cd

						
							
							7.25 de

						
							
							168

						
							
							1.60 de

						
							
							0.52 de

						
					

					
							
							NS7

						
							
							Without 

						
							
							77.8 ef

						
							
							5.98 gh

						
							
							165

						
							
							1.32 gh

						
							
							0.43 ghi

						
					

					
							
							LSD at P≤0.05

						
							
							4.3998

						
							
							0.6207

						
							
							 ns

						
							
							0.1450

						
							
							0.0489

						
							
							 

						
					

				
			

			

			Means in each category showing different letter(s) are significantly different applying LSD test at P≤0.05

			 

			Interaction among year, nitrogen sources and beneficial microorganisms (Y×NS×BM) was found non-significant for days to emergence, 50% heading and maturity, leaves tiller-1 and plant height and significant for leaf area, LAI, CGR, Chlorophyll a and b. Significant interactions had been shown from Figures 4 to 8 respectively.

			 

			[image: 1586247631_Figures_4-8_(including_Review-3_cmnts).jpg] 

			Figure 4: Leaf area (cm2) of wheat as affected by the interaction (Y×NS×BM) over two years.

			 

			[image: 1586247631_Figures_4-8_(including_Review-3_cmnts).jpg] 

			Figure 5: Leaf area index of wheat as affected by the interaction (Y×NS×BM) over two years.

			[image: 1586247631_Figures_4-8_(including_Review-3_cmnts).jpg] 

			Figure 6: Crop growth rate (g m-2 day-1) of wheat as affected by the interaction (Y×NS×BM) over two years.

			 

			[image: 1586247631_Figures_4-8_(including_Review-3_cmnts).jpg] 

			Figure 7: Chlorophyll a (µg ml-1) of wheat as affected by the interaction (Y×NS×BM) over two years.

			[image: 1586247631_Figures_4-8_(including_Review-3_cmnts).jpg] 

			Figure 8: Chlorophyll b (µg ml-1) of wheat as affected by the interaction (Y×NS×BM) over two years.

			 

			[image: 1586247663_Figures_9-16_(including_Review-3_cmnts).jpg] 

			Figure 9: Effect of year on days to emergence.

			 

			[image: 1586247663_Figures_9-16_(including_Review-3_cmnts).jpg] 

			Figure 10: Effect of year on leaves tiller-1.

			 

			More leaves tiller-1, delayed 50% heading and maturity, higher leaf area and LAI, taller plants, excellent CGR and greater chlorophyll a and b achieved by NS6 + BM as compared to the same treatment without BM may be ascribed to stimulating nutrient cycling and plant growth because of BM application as reported by Shaheen et al. (2017). Belated heading and maturity, higher leaf area and LAI were linked with improved vegetative growth along with better utilization of nitrogen and availability and solubility of nutrients from the applied substrate as a result of BM application (Gorski and Kleiber, 2010; Sahain et al., 2007; Deldon, 2001). Taller plants, higher CGR and greater chlorophyll a and b of wheat were linked with quick decomposition of organic wastes which had boosted nutrients release from organic sources with BM utilization that ensured sufficient uptake of nutrients for growth and development (Ahmed et al., 2012; Lack et al., 2013). The lone use of inorganic fertilizer has been reported to lack the ability to sustain productivity under continuous intensive cropping system (Benbi et al., 1998). Higher rate of decomposition, mineralization and accelerated nutrients release from organic sources due to BM application (Mbouobda et al., 2014) might had caused higher performance of all the studied parameters.
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			Figure 11: Effect of year on leaf area (cm-2).
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			Figure 12: Effect of year on leaf area index.

			 

			Year effect on various parameters

			Significant variation of year was noted regarding days to emergence, leaves per tiller, leaf area, LAI, height, CGR, Chlorophyll a and b of wheat which had been illustrated from Figures 9 to 16 respectively, while no significant effect of year was seen on days to 50% heading and maturity.
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			Figure 13: Effect of year on plant height (cm).
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			Figure 14: Effect of year on CGR (g m-2 day-1).
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			Figure 15: Effect of year on Chl a (µg ml-1).

			 

			Earlier emergence, more leaves tiller-1, higher leaf area and LAI, taller plants, greater crop growth rate and higher chlorophyll a and b contents of wheat in case of the following year as compared to the preceding year would probably be due to the carry-over effect of nutrient mineralization, availability and cycling due to BM application (Shaheen et al., 2017; Atilla, 2013) as BM accelerated organic matter decomposition which in turn speeded up nitrogen availability from organic sources (Zydlik and Zydlik, 2008) that resulted greater crop growth of wheat. Such results had also been illustrated by Kurepin et al. (2014) who conveyed that better performance of these parameters might be due to accelerated decomposition of organic matter because of BM application to release plant essential nutrients. It also might be due to carry over effect as total N content of organic materials cannot be fully mineralized within one growing season (Hartz et al., 2000; Crew and Peoples, 2005; Hartz and Johnstone, 2006).
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			Figure 16: Effect of year on Chl b (µg ml-1).

			 

			Conclusions and Recommendations

			 

			The results obtained in the studies denoted distinctive advantages of seed bio-priming and integration of organic and inorganic N-sources and beneficial microorganisms. It was concluded from our findings that seed bio-priming and application of half of the required N from Urea and half from PM with BM application resulted in higher growth and improved chlorophyll content in wheat. Therefore, it is recommended to practise seed bio-priming and apply the required nitrogen as half from Urea and half from PM with BM inoculation (NS6 + BM) continuously for better performance of wheat.
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Effect of Bio-Priming, Organic and Inorganic Nitrogen Sources and
Beneficial Microorganisms on Growth and Biochemical Traits of

Wheat
Abid Khan*, Mukhtar Alam and Yousaf Jamal

Department of Agriculture, University of Swabi, Khyber Pakhtunkhwa, Pakistan

Abstract | Major sources of replenishing crop nutrients in soil are organic, inorganic and bio-fertilizers.
The current experiments were conducted on “Effect of bio-priming, organic and inorganic nitrogen sources
and beneficial microorganisms on growth and biochemical traits of wheat” for two years at Agricultural
Research Station Buner, Khyber Pakhtunkhwa, Pakistan. The experiments were laid out using three factors
factorial Randomized Complete Block Design (RCBD) with three replications. Bio-aab was used as a source
of (BM) culture. Microbes present in this culture were species of photosynthetic bacteria (Rhodopseudomonas
palustris, Rhodobacter spaeroides), lactic acid bacteria (Lactobacillus plantarum, Lactobacillus casei, Streptococcus
lactis), yeasts (Saccharomyces cerevisae, Candida utilis), actinomycetes (Streptomyces albus, Streptomyces griesus)
and fermenting fungi (Aspergillus oryzae, Mucor heimalis). Farm yard manure (FYM) and poultry manure
(PM) were used as organic sources of nitrogen. Bio-primed (seeds soaked in 10% BM aqueous solution for
30 minutes just before sowing) and unprimed wheat seeds were tested under various nitrogen sources (NS)
with and without BM. Nitrogen sources were NS1 (control), NS2 (full dose from Urea), NS3 (full dose from
FYM), NS4 (full dose from PM), NS5 (half dose from Urea + half dose from FYM), NS6 (half dose from
urea + half dose from PM) and NS7 (half dose from FYM + half dose from PM). Nitrogen @ 120 kg ha™ was
quantified from each combination except NS1. Seed bio-priming significantly increased emergence (9.6%),
delayed heading (2.1%) and maturity (2.4%), increased leaves and leaf area tiller” (6.8 and 4.1%), increased
LAT (9.6%), increased height (3.5%), enhanced crop growth rate (CGR) (8.6%) and increased chlorophyll
a and b (9.8% and 8.5%). BM application significantly increased emergence (6.1%), delayed heading (2.3%)
and maturity (3.04%), increased leaves and leaf area tiller (9.1 and 14.1%), increased LAI (36.4%), increased
height (8.65%), enhanced CGR (27.8%) and increased chlorophyll a and b (29% and 27.9%). Significantly
earlier emergence (12 days), more leaves tiller” (4.9), delayed heading (114.6), greater leaf area tiller (31.8
cm?), higher LAT (0.99), taller plants (89 cm), higher CGR (8.76 g m™ day™), delayed maturity (171 days)
and more chlorophyll a and b (1.95 and 0.64 pg ml™) were achieved while using NS6 as compared to other
nitrogen sources. Significantly more leaves and leaf area tiller! (5.2 and 34.3 cm?), higher LAI (1.18), taller
plants (93.8 cm), higher CGR (10.27 g m™ day™) and greater chlorophyll a and b (2.30 and 0.75 pg ml™)
were recorded while using NS6+BM as compared to same treatment without BM. Performance of the above-
mentioned parameters were significantly higher during subsequent year of study. It is concluded that seed
bio-priming and NS6+BM should be used for better performance of wheat.
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