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Abstract

:

By 2050, the population of the world is anticipated to increase from 7.7 billion to 9.7 billion people, and, and wheat is expected to continue to play a vital role in ensuring food security globally. It is the main diet for 40% of the world’s population and supplies food for more than 4.5 billion people in 94 countries contains 21% of the joules and 20% of the protein. The present investigations were carried out during rabi 2017–2018 and 2018–2019 to determine how optimal nutrient management (INM) practices enhance fertilizer usage efficiency, productivity, soil health, and viability in wheat (Variety DBW 71) through innovative nutritional sources and their modes of application methods. The treatments comprised of, viz., control, basal applications of recommended NPK (80:60:40)/NPK granules (200 kg/ha) + FYM (5 t ha−1) + bio-stimulant granules (62.5 kg/ha), +NPK bio-fertilizer (seed treatment), along with a top dressing of urea (20 kg/ha)/bio-stimulant (625 mL ha−1)/NPK Powder (1%) sprays (40/55/70 DAS), which had triplicated randomized block design (RBD) at the crop research farm of SVPUA&T, Meerut (U.P.). The results revealed that wheat grown with incorporation of FYM and bio-stimulant –L attained significantly better growth and higher dry matter accumulation across the stages. The crop contained 1.63% N, 0.31% P, 0.69% K in grain, and 0.57% N, 0.11% P and 1.34% K in straw. Such crops exhibited agronomic, physiological, and apparent recovery efficiency of NPK of the order of 3.2 kg kg−1 of nutrient applied, 14.0 kg kg−1 of nutrient uptake, and 0.23% against recommended NPK. Applications of FYM, NPK bio-fertilizer+ urea, and bio-stimulant + NPK sprays worked synergistically and increased grain yields by 29.8, 35.2, 50.3 and 41.1% over their respective controls. The results also indicated that soil organic carbon (0.47%), available NPK (227.0, 27.7, 172.1 kg/ha), dehydrogenase activity, and microbial population (bacteria, fungal and actinomycetes) in soil was also highest with the treatment. Finally, the wheat crop required an investment of Rs ha−1 131,453 and fetched a net reoccurrence of Rs. 96,154, with benefits of Rs. 3.72 over cost, respectively. Therefore, the study reveals that integrated nutrient management, viz., FYM 5 t ha−1 +NPK (12–32–16) -G @ 200 kg/ha + NPK bio-fertilizer (seed treatment) + urea @ 20 kg/ha, foliar application NPK (18−18−18) -P@ 1% and bio-stimulant –L 0.62 L ha−1 improved the better growth, productivity, soil health and profitability of wheat crops. Finally, to boost production, the region must emphasize the wheat crop’s part in integrated nutrition management with foliar application of bio-stimulants. Furthermore, these investigations must be reinvestigated at different sites with different agro-climatic conditions and texturally divergent soils.
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1. Introduction


Wheat (Triticum aestivum L.) provides 21% of the food’s joules and 20% of its protein; more than two-thirds of global wheat is used for staple food and one fifth is used for livestock feed. The area planted with wheat on a global and national scale is 215.48 and 29.65 million ha, and produces 731.4 and 99.9 million metric tonnes, respectively, with an average productivity of 3390 and 3371 kg/ha. On a dry-weight basis, wheat germ contains 10.8% of it is water, 26.5% is crude protein, 8.56% is crude fat, and 4.18% is ash [1]. Furthermore to such vital nutrients, wheat germ contains significant amounts of bio- active compounds, like as tocopherols, phytosterols, policosanols, carotenoids, thiamin, and riboflavin, which are present in amounts of 300–740 mg per kg, 24–50 mg per kg, 10 mg per kg, 4–18 mg per kg, 15–23 mg per kg, and 6–10 mg per kg, respectively. With a projected population by 2050, population will rise from 7.7 billion to 9.7 billion respectively [2], wheat will likely continue to perform a significant contribution in ensuring food security worldwide. About 9.6 million ha (36.6% of the total area), 26.9 million tonnes (39.3% of the total production), and 2785 kg/ha (the productivity), Uttar Pradesh state-country is the leading producer of wheat [3]. However, low nutrient-use efficiency (NUE) is a key concern while designing and evaluating various wheat-based crop production systems, which could greatly impact fertilizer, soil and water management to maximize production and minimize nutrient losses [4]. The widespread application of chemical fertilizer without adding organic manures for the past 50 years has resulted in a substantial deficiency in micronutrients. However, organic manure application as a renewable plant nutrition source is gaining popularity, since integrated nutrient management is crucial for boosting output and maintaining soil health [5,6]. Among the different benefits of farm manure are soil permeability improvements [7], improved soil organic carbon and its stocks, enzymatic activities and enhanced soil fertility [8]. Additionally, the use of wood-derived biochar is significant because it enhances water retention, nutrient management, and appears to be a highly effective method for recycling nutrients [9]. In recent developments, nano-materials evidenced a wide range of chemical–physical properties, as well as distinct biological properties, and silica especially plays a crucial part in fostering aversion to against stresses, both biotic and abiotic, particularly in plants, and its utilisation in crop fields is astoundingly rising to increase cultivation of crops [10].



Wheat productivity might potentially be increased by using bio-fertilizers such as Azotobacter and Azospirillum individually or in combination, as well as the biostimulant Z++ [11,12]. Farmers use chemical fertilizers to boost wheat production and address nutrient deficiencies, but doing so raises cultivation expenses and has negative environmental effects, including global warming. Hence, the scope of INM increased by manifolds, but their impact on the effectiveness of fertiliser use and soil health is still to be investigated in the region. Due to these considerations, the present investigation conducted at SVPUA&T in Meerut, U.P., to evaluate the impact of INM on enhancing the overall sustainability of wheat in the region, with the goals of defining (i) the impact of INM strategies on wheat growth, yield characteristics, yield, and quality; (ii) the impact of INM on soil health; and (iii) the viability of wheat grown using various nutrient management strategies economically.



Research Hypothesis


“Do integrated nutrient management approaches improve grain quality, soil health and microbial activities for better livelihoods?”





2. Materials and Methods


2.1. Selected Site for the Experiment


Using 12 m2 plots, this triplicated RBD-designed investigation was carried out at the experiment farm of Sardar Vallabhbhai Patel University of Agriculture and Technology’s experimental fields in Meerut, Uttar Pradesh, which are situated 237 m above mean sea level and at latitude 290 40′ N and longitude 770 42′ E. Detailed experimental layout is shown in Figure 1.




2.2. Climate and Weather


Daily observations throughout the investigation on temperature, humidity, sunshine hours, rainfall, pan evaporation, and wind velocity were recorded at the meteorological observatory near the site. During the experimental period from 2017–2018 and 2018–2019, mean weekly minimum temperature varied from 4.8 °C in the 3rd week of January to 19.6 °C in the 4th week of April during 2017–2018. The crop experienced the lowest (4.8 °C) mean weekly minimum temperature in the 2nd week of January and highest (38.2 °C) in the 4rd week of April during 2017–2018 (Figure 2A). The mean weekly maximum temperature was recorded to be highest (38.2) in the 4th week of April and lowest (15.60 °C) in the 1st week of January during 2017–2018. The 1st week of January and 3rd week of January were the most humid (95.7% and 96.7%) during 2017–2018 and 2018–2019, respectively; however, the driest (30.3% and 34.1%) crop season was the 3rd and 4th week of April during both years. Accordingly, the evaporation demand of the atmosphere during 2018–2019 was maximum (86.5 mm) during the last week of April and minimum (1.3 mm) during the 1st week of January (Figure 2B), while during 2017–2018 the respective value was 81 mm and 6.9 mm. The crop received 20.2 mm of rain during 2017–2018 (Figure 2A) and 100.9 mm during 2018–2019 (Figure 2B).




2.3. Soil of the Experiment Field


Before planting a wheat crop in the experimental field, the soil was sampled from ten distinct places taken at 0 to 15 cm. The samples were then uniformly mixed, and a sample of the resulting soil was air-dried, ground, and the material is permitted to pass through a 2 mm sieve before being tested for its physical, chemical, and biological qualities. At the experimental site, the soil holds a sandy loam in texture that had a low in readily accessible both organic carbon and nitrogen, medium in readily available phosphorus and potassium, and alkaline through response.




2.4. Treatments


The current experiment treatments included nutrient management practices using inorganic and organic sources, bio-fertilizer, and bio-stimulants along with their mode of application as: T1, control; T2, suggested NPK; T3, FYM @ 5t ha−1 + suggested NPK; T4, suggested NPK + bio-stimulant-G @ 25 kg/acre; T5, suggested NPK + bio-stimulant-L @ 625 mL ha−1 foliar application at 40, 55 and 70 DAS; T6, suggested NPK + NPK-P 1% foliar spray at 70 DAS + bio-stimulant-L @ 625 mL ha−1 foliar spray at 70 DAS; T7, FYM @ 5 t ha−1+ suggested NPK + bio-stimulant-G 25 kg/acre; T8, FYM @ 5 t ha−1 + NPK-G @ 200 kg/ha +NPK bio-fertilizer + urea @ 20 kg/ha each at 40 and 55 DAS; T10, FYM @ 5 t ha−1 + NPK-G @ 200 kg/ha + NPK bio-fertilizer + urea @ 20 kg/ha at 40 DAS + NPK-P @ 1% foliar spray at 55 and 70 DAS; T11, FYM @ 5 t ha−1 + NPK-G @ 200 kg/ha + NPK bio-fertilizer + NPK-P @ 1% foliar spray at 40, 55 and 70 DAS; T12, FYM @ 5 t ha−1 + NPK 200 kg/ha + NPK bio-fertilizer + urea @ 20 kg/ha each as basal and 40 DAS + bio-stimulant-L @ 625 mL ha−1 foliar spray each at 55 and 70 DAS; T13, FYM @ 5 t ha−1 + NPK-G @ 200 kg/ha + NPK bio-fertilizer + NPK-P @ 1% foliar spray at 40, 55 and 70 DAS + bio-stimulant-L @ 625 mL ha−1 foliar spray each at 40, 55 and 70 DAS; T14, FYM at 5 t ha−1 and NPK-G at 200 kg/ha and NPK biofertilizer, as well as urea at 20 kg/ha at 40 DAS and NPK-P at 1% foliar spray at 55 and 70 DAS with bio-stimulant-L at 625 mL ha−1 foliar spray each at 55 and 70 DAS. The conditions of the experiment are clearly depicted in Table 1.




2.5. Intercultural Operations


Certified seed of wheat variety DBW-71, provided by the University, was used for sowing. Weed infestation was checked through the post-emergence application of sulfosulfuron + metsulfuron @ 32 g a.i. ha−1 in 800 L of water over 28 DAS during both years. Plant-protection measures were not applied because none of the disease or pest infestations crossed the ETL. To guarantee that the soil profile would be sufficiently moist before wheat was planted, a irrigation prior to sowing application of 5 cm was made in the field. Planking was used after a soil-turning plough to plough the test field. In order to achieve a good tillage, dried unwanted plants and stubbles were pulled, and the field was then cultivator-plowed once more.



At 20 DAS, each plot had a meter scale placed at three random locations to count the number of plants per row length in meters. To determine how the treatments affected crop growth, measurements of plant height, the tiller count, and accumulation of dry matter were made at 30, 60, and 90 days after sowing, as well as at harvest. In each net plot, five plants were chosen at random and tagged. The height of each plant, measured from the ground’s surface to the tips of its fully expanded leaves, was then recorded in centimetres. To express plant height in centimeters, the heights of all five plants were added together and averaged. Utilizing 0.25 m−2 row length from three locations within each plot, the number of tillers was counted, and the average of the three locations was used for analysis. Three plants based on randomly selected places in each plot were taken from each plot’s 50 cm row length and were chopped off just above the ground from the sampling area and dried in an oven for 5–6 days. Before being dried in an 700 °C oven, samples were first sun-dried to obtain constant weight. The samples were dried before being weighed to determine their dry weight. Physiological parameters were calculated using the information based on the dry weight of different plants sections and the leaf area measured at different stages of growth. The dry weight of various plant sections, LAI measurements taken at 30, 60, and 90 days and at harvest, and estimates of CGR, LAD, NAR, and RGR taken at 30, 60, 90, and 90 days after sowing were all used to calculate various physiological parameters. To calculate the harvest index, the biological yield to economic yield (grain yield) ratio was used [13].




2.6. Nutrient Contents and Uptake by Crop


After the wheat crop was harvested and threshed, the seed and straw samples from each treatment were collected, and allowed to dry in the sun. With the help of a Wiley Mill grinder and a di-acid mixture of HNO3: HClO4 (3:1), the nutritional content of grain and straw samples from wheat plants was determined separately for each treatment. Total nitrogen was then estimated using the micro-Kjeldahl method, vanadomolybdo-phosphoric acid yellow color, and flame photometer, respectively. The nitrogen content percentage is multiplied by the value of 5.73; the protein content of wheat grain was calculated [14]. Protein yield was computed by multiplying the rate of protein in wheat seed by the corresponding seed yields, then dividing by 100.



According to [15], using the dilution plate method and Martin’s rose bengal agar medium, the presence of bacteria, fungi, and actinomycetes was identified as well as Ken Knight’s and Ken Knight’s agar media, respectively. Microbial biomass carbon (µg g−1) in soil was determined in terms of biomass carbon following the method of [16]. Further, microbial biomass nitrogen (µg g−1) was determined by strong acidic conditions by Kjeldahl digestion, and the ammonium was measured by distillation. By using the triphenyl tetrazolium chloride (TTC) and calcium carbonate technique [17], dehydrogenase activity in soil was calculated and reported in terms of mg triphenyl formazan (TPF) generated h−1 g−1 of air-dry soil.



The following equation was used to compute the agronomic use-efficiency (AE), which is represented as kg grain increase per kg of any specific applied nutrient:


  A E =    Y y  −  Y 0     A t     



(1)




where Yy stands for the tested yield (kg/ha), Y0 is controlled yield (kg/ha), and At is nutrients used in test treatment units (kg/ha).



The following equation was used to determine the physiological efficiency (PE) of the administered nutrient:


  P E =    Y t  −  Y 0     U t  −  U 0     



(2)




where Yt stands for tested yield (kg/ha), Y0 is controlled yield control (kg/ha), Ut stands for nutrition uptake during test therapy (g ha−1), and U0 is controlled nutrient uptake (g ha−1).



The equation below was used to compute the apparent recovery efficiency (ARE) of applied nutrients, which was then expressed in percentage terms:


  A R E =    N t  −  N 0     N a    × 100  



(3)




where Nt is the amount of nutrient extracted from the test treatment plot (kg/ha), N0 is the amount of nutrient taken from the control plot (kg/ha), and Na is the amount of nutrient added (kg/ha).




2.7. Geometric Scrutiny


According to [18], statistical evaluation of the experimental information gathered throughout the investigation was performed in randomized block design using the analysis of variance (ANOVA) technique. When the F- Test indicated that the difference between the treatment means was significant, the significance of the mean and the interaction effect was computed to assess the importance of the difference.





3. Results


3.1. Wheat Growth Parameters


Around 40% of the world’s population eats wheat (Triticum aestivum L.), which feeds more than 4.5 billion people in 94 countries and supplies 21% of the food’s joules and 20% of its protein.. Hence, to improve its productivity is important. In the current INM study, observations showed that crops receiving nutrients from external sources had a higher population of wheat plants than control plots, irrespective of the treatments throughout the investigation. These effects, however, were not noteworthy. Upon further examination of the data, it was discovered that the number of plants per square meter varied from 41.5 in crops that received no nutrients to 48.2 in INM plots during 2017–2018. Such variation was 41.6 plants m−1 to 48.2 plants m−1 during 2018–2019 (Figure 3). Plant height varied significantly under different nutrient management practices at all stages of growth throughout the investigation. Plant height increased with crop age advancement up to harvest. However, the increment rate was highest between 60 and 90 DAS throughout the investigation (Figure 3). Wheat plants grown in control plots were shorter when compared to different nutrient management treatments. At the 30-day stage, taller plants of wheat (34.2 and 32.2 cm) were measured with the application of nutrient management under T-14, which, in the first year of the study, was comparable to T-13 and T-12 and, in the second year, was vastly superior to the other treatments., where all the treatments were at par with each other except control and suggested NPK (Figure 3). At the 60-day stage, the plant’s maximum height (85.3 cm and 81.6 cm) was obtained with the T-14 treatment, which was much better than the other treatments. During both years, with the exception of control plots, all treatment variations in plant height were comparable. Plant height was higher than authorized NPK at harvest in 2017–2018 (18.2%) and 2018–2019 (17.8%). However, only T-14-based applications at all phases during the two years showed a considerable rise. At all growth phases, nearly the same tendency was seen. The control plots produced shorter plants at all growth phases and significantly reduced plant height (Figure 3).



In both years, the management of nutrients significantly impacted all phases of wheat growth. The number of tillers declined at 30 DAS, amplified at 60 DAS, and then further declined again at 90 DAS till harvest. With the use of various nutrient management strategies over the course of the two years, there were considerable variations in the number of tillers per meter of wheat row length at different stages. The number of tillers/meter row length varied from 21.1 to 35.7 and 22.3 to 36.9, 66.9 to 111.2 and 69.3 to 113.0, and 58.4 to 93.4 and 59.5 to 93.8 during both respective years at 30 and 60 DAS and at harvest (Figure 3). T-14 had the most tillers per meter of row length at 30, 60, and 90 DAS, as well as throughout harvest in each of the years. A considerably higher number of tillers were produced in treatment T-14 than in treatments where FYM was not supplied at comparable nutrition levels at 30, 60, and 90 days and harvest. Additionally, the use of bio-stimulant-G + suggested NPK did have a discernible impact on the Treatment T-4 had a tiller count per meter of row length that was statistical significant equivalent to treatments T-5 and T-6, but significantly less effective than the T-1 and T-2 treatments over the course of both years. Compared to the T-8 treatment, the T-14 treatment produced statistically more tillers per meter of row length. In comparison to the other treatments, the control plot had the fewest tillers per meter of row length during both years’ worth of growth (Figure 4).




3.2. Accretion of Dry Mass


Regardless of the treatment, dry matter accumulation increased steadily with crop age. Different INM techniques significantly a higher plant dry matter content than the control, but with age, the rate of increase slowed and was lowest found after the 3-month stage (Figure 5). In comparison to suggested NPK, T-14 plots resulted in most substantial buildup of dry matter @ 42.8% (2017–2018) and 39.8% (2018–2019) at harvest, while it remained at par maximum dry matter accumulation under T-14 observed at 30 DAS, and it was statistically comparable to T-4, T-7, T-9, T-12, and T-13 throughout the two years. Nutrient management practice of T-14 resulted in significantly higher dry matter accumulation, which was at par with T-7, T-12, and T-13, while they were significantly higher than control at 60 DAS during 2017–2018 and 2018–2019, respectively. Minimum dry matter accumulation was recorded in control plots at 30, 60, and 90 DAS and harvest during both years (Figure 5).




3.3. Leaf Area Index (LAI)


LAI tended to increase as improvements in crop age upto the 3-month stage throughout the experimentation period (Figure 5). Although the difference was substantial at all stages during the two years, treatments receiving nutrients had greater leaf area indexes than controls. Between nutrient management practices, the greatest value of LAI was seen in T-14. It was statistically similar in T-13, T-12, T-10,T-9, T-7, T-6, T-5, and T-4, which produced a significantly higher mean leaf area index of 0.27 and 2.26 at 30 and 60 days after sowing, except for treatment T-10 at 60 DAS in the second year of investigation, during both years. The 90 DAS crop under T-14 treatment was statistically similar to treatments T-13, T-12, T-9, T-7, T-5, and T-4 during the first-year investigation, and treatment T-13 during the second-year investigation. Leaf area index as compared to T-1 plots improved in T-13 and T-14 plots to 28.6% in 2017–2018, and to 22.9 and 28.6% at 60 DAS to 26.8 and 34.0% at 90 DAS, respectively. However, LAI improved to 28.6% in T-13 and T-14 plots, as compared to T-1 plots during 30 DAS, which further improved to 21.9 and 27.5% at 60 DAS and 29.9 and 38.2% at 90 DAS, respectively, during 2018–2019 (Figure 5). Additionally, suggested NPK considerably increased leaf area index compared to control treatments. At all stages of the crop, the control plot had the lowest leaf area index (Figure 5).




3.4. Leaf Area Duration


The duration of leaf area increased with crop growth up to the 90-day stage, as given in Table 1 during the investigation period. Treatments receiving nutrients had higher leaf area duration in comparison to control. Among different treatments, T-14 resulted in a higher value of leaf area duration, which was at par with T13, T-12, T-9, T-7, T-6, T-5, and T-4, and produced significantly higher mean leaf area duration in the range of 38.0 and 102 at 30–60 and 60–90 DAS, respectively, throughout the experiment, while treatments T-4, T-5 and T-9 were not at par in the second-year investigation at 60–90 DAS than those grown with other nutrient management practices. Leaf area duration, as compared to the T-1 plot, improved in the T-13 and T-14 plots to 23.8 and 29.2% in 2017–2018 to 22.6 and 27.8% in 2018–2019, respectively, at 30–60 DAS, while these increments shifted to 25.7 and 32.4% in 2017–2018 to 27.2 and 34.7% at 60–90 DAS in 2018–2019 in the T-13 and T-14 plots as compared to the T-1 plot, respectively (Table 2). However, it was inferior to the treatments where FYM @ 5 t ha−1 + suggested NPK or bio-stimulant-G combined with NPK-G and urea, foliar spray of NPK-P, or bio-stimulant -L were applied over both years. The suggested NPK produced considerably higher leaf area duration as compared to the control. At all phases of the crop, the control plot had the lowest leaf area duration (Table 2).




3.5. Crop Growth Rate (CGR) g m−2 day−1


At all the critical phases during both years, various nutrient management techniques considerably impacted crop growth rate (CGR). According to observations, the CGR peaked at 30 and 60 days before harvest, reached its lowest point between 90 DAS and harvest, and then steadily decreased until crop maturity (Table 2). Wheat plants cultivated using nutrient management techniques considerably outperformed controls at all stages over the course of the two experiment years. Crops fed with T-14 registered the highest CGR at 30 to 60 DAS (3.27 and 3.28 g m−2 day−1), 60 to 90 DAS (0.64 and 0.68 g m−2 day−1), and 90 days until harvest (0.05 and 0.04 g m−2 day−1) and was at par with T-13 and T-12 treatments, respectively, at 60 to 90 DAS during 2016–17 only, and superior to other treatments over both years (Table 2). At all phases, the suggested NPK (T-2) reported higher CGR compared to the control and lower CGR compared to the other treatments. In the control plot during the course of two years, the lowest CGR value was noted.




3.6. Relative Growth Rate (RGR) g g−1 day−1


RGR attained maximum value between the 30–60 days stage and then declined consistently until crop maturity during the course of study. According to observations, the RGR peaked in both years between 30 and 60 days (Table 3). At 30–60 and 60–90 DAS for wheat crops fertilized with T-14 in both years, the maximum RGR was reported; however, at 90 DAS until harvest, the highest RGR of 0.0003 g g−1 d−1 was only recorded in the first year of the experiment. Over the course of both years, the control group had the lowest RGR value compared to the other therapies.




3.7. Net Assimilation Rate (NAR) g g−1 day−1


NAR exhibited an uprising trend with crop age up to 30–60 DAS, and then fell continuously over the next two years. Furthermore, the crops grown under control conditions noted the least NAR in comparison to the other treatments at 30–60, followed by 60–90 DAS, throughout the experiment. Nutrient management practice involving T-14 recorded maximum NAR at the 30-to-60 DAS stage (9.25 and 18.7 g g−1 day−1), which was statistically at par with T-13, T-12, T-9, T-7, and T-4 during 2017–2018 only (Table 3). Further, T-14 recorded significantly higher NAR at 60 to 90 DAS, which was statistically at par with T-13, T-12 during 2017–2018. Wheat grown in control plots recorded the least NAR over treated plots at 30–60, followed by 60–90 DAS, throughout the studied duration (Table 3).




3.8. Yields and Yield Attributes


Numerous nutrition management techniques impacted data on yield-attributing features, including ear length, spikelet number and grains per spike, and test weight (Figure 4). Comparing all of the nutrient management approaches to the control over both years, longer ear lengths were observed. The maximum value of ear length (12.5 cm) was recorded in T-14, while the shortest ear length (6.10 and 6.90 cm) was measured in control plots, which was inferior to all the other treatments. T-11 recorded significantly lower value of ear length in comparision with T-13 during both years. Foliar application of bio-stimulant-L in treatment T-12 gave maximum ear length (11.20 and11.40 cm) when compared to similar treatment in the absence of bio-stimulant (T-8) throughout the studied duration. The minimum ear length was documented in control plots for both years of study. The number of spikelets per spike increased significantly among different nutrient management practices compared to control plots. During both years, T-14, T-7, T-12, and T-13 were found to have the highest number of spikelets per spike (17.4 and 17.9), which is notably greater than the other treatments. In control plots, the minimum number of spikelets per spike was noted. When compared to control plots, wheat plants cultivated using various nutrition management techniques produced significantly more spike−1 grains. Further, the observations indicated that the number of spike−1grains differed with nutrient management practices during both years. Among various treatments, the greatest number of grains per spike (49.7 and 49.8) was recorded in T-14 compared to other treatments, which were at par with T-7, T-9, T-12, and T-13 during two study years. Minimum grains per spike were recorded in control plots during both years. Wheat grains differed slightly in test weight among different nutrient management practices throughout the studied duration (Figure 4). One thousand-grain weight ranged from 35.7 to 40.12 g during 2017–2018 and 35.8 to 40.3 g during 2018–2019, the lowest being in control plots and the highest achieved with T-14 treatment. Additionally, the application of suggested NPK + bio-stimulant G @ 25 kg/acre recorded higher test weight over suggested NPK throughout the studied duration.



Several nutrient management strategies boosted the grain yield compared to control plots. By applying the suggested NPK, the yield increased by 22% (3214 kg/ha) compared to the control. Adding FYM over the suggested NPK increased the yield by an additional 6.4% (3420 kg/ha), which was still a considerable improvement. Nutrient management practices, viz., T-7, T-12 and T-13, led to an increase in wheat grain yield in comparison to the control plot by 50.3% (3958 kg/ha), 46.6% (3862 kg/ha), 41.1% (3716 kg/ha) and 56.0% (4110 kg/ha); however, differences were significant among themselves (Table 3). Further, T-10 and T-14 treatments increased the grain yield, as compared to those with T-11 and T-13, by (0.52 to 0.82%, 6.4 to 6.4%) from 3631 to 3627 and 4751 to 4764 kg/ha, respectively, during both the years. However, treatment with T-10 was found to be significant over T-8 during both years by 1.9% (3562 kg/ha). Additionally, the addition of bio-stimulant–L in T-14 treatment at 55 and 70 DAS+ bio-stimulant-L @ 625 mL ha−1 foliar spray each at 55 and 70 DAS induced a significant rise in grain yield of 30.8% in the first year and 30.3% in the second year of the study investigation when compared to similar treatment without the use of bio-stimulant in treatment T-10 at 55 and 70 DAS. The treatment with T-14 had the highest grain yield across both years. It was statistically comparable to the treatment involving the addition of FYM + NPK-G + NPK biofertilizer and foliar spraying of NPK-P @ 1% with bio-stimulant-L at 40, 55, and 70 DAS. The other treatments were statistically significantly better (Figure 4).



Straw yield was profoundly impacted by various nutrient treatments, and varied between 4214 to 4299 and 6319 to 6479 kg/ha during the investigation (Table 4). Straw yield enhanced significantly with the application of nutrients irrespective of the nutrient management practices compared to control plots. The maximum straw yield was obtained under T-14, which was statistically similar to T-13 treatment plots, while significantly superior to the rest of the treatments, including control and suggested NPK during both the years.



The biological yield of wheat (grain + straw yield) was profoundly impacted by various nutrient management techniques and varied between 6848 to 11,070 kg/ha and 6953 to 11,243 kg/ha during the respective years. The maximum biological yield of 11,070 and 11,243 kg/ha was produced in the T-14 treatment during both years, which was found statistically at par with the biomass yield recorded in T-13, each at 40, 55 and 70 DAS, and significantly more effective than the other treatments during both years. Minimum and significantly lower biomass of 6848 and 6953 kg/ha during both years was produced in control plots (T-1) (Table 4). The maximum value of harvest index (42.9 to 42.4) in wheat was obtained under the T-14 plots followed by T-13 treatment plots. The lowest value of harvest index (38.5 to 38.2) was obtained in control plots during two years of investigation. Nevertheless, the impact on the wheat harvest index has been non-significant irrespective of the years.




3.9. Grain and Straw–Nitrogen (N) Uptake


Grain and straw N contents increased between various INM approaches compared to untreated control plots. Wheat grain N varied between 1.18 to 1.62 and 1.20 to 1.64, and straw N from 0.21 to 0.56 and 0.23 to 0.59, respectively, under varying treatments during both years (Table 5). T-14 resulted in maximum nitrogen grain and straw content, while the minimum was noted in the control plot over the course of two years. Integrated nutrient usage had a favorable effect on level of nitrogen in the wheat grain and straw. All treated plots were observed with increased nitrogen uptake in grain and straw over control conditions. Nitrogen uptake in wheat grain ranged from 31.1 to 77.0 and 31.9 to 78.1 kg/ha, while in straw, from 8.85 to 35.4 and 9.89 to 38.2 kg/ha, respectively, during both years among different treatments (Table 5). In the T-13 and T-14 plots, during 2017–2018, the grain and straw N uptake were reported to be 128 and 148%, and 254 and 300%, respectively, higher than T-1 plots, which were further reported to vary as 126 and 145%, and 231 and 287%, respectively, in the T-13 and T-14 plots during 2018–2019 as compared to T-1 plots (Table 5).



The T-14 treatment, which was at par with T-13 while being noticeably better than the remainder of the treatments for both years, reported the highest nitrogen uptake in grain. Additionally, during the first year of the experimental inquiry, increased nitrogen uptake in straw was seen in T-14 treatments, which were comparable to T-13 and much better than other treatments. Under control circumstances, grain and straw showed the lowest nitrogen uptake respectively.




3.10. Protein Content and Yields in Grain (%)


On a worldwide and national level, there are 216 and 29.7 million ha, respectively, planted with wheat, producing 731 and 99.9 million metric tonnes with an average productivity of 3390 and 3371 kg/ha. By dry weight basis, wheat germ has a 10.8% water content, 26.5% crude protein content, 8.56% crude fat content, and 4.18% ash content [1]. During both experimental years, the protein content of wheat ranged from 7.38 to 10.1% and 7.47 to 10.2%, respectively. When the crop was fertilized with T-14, a mean protein content of 10.2% was observed, as opposed to a mean protein content of 7.42% under control and 8.50% with suggested NPK (Table 4). Different INM approaches and broadcasting of urea positively affected wheat protein content. However, the lowest protein content (7.38% and 7.47%) was recorded in the control plot during the investigation periods. Protein yield ranged from 194 to 481 kg/ha and 198 to 488 kg/ha under different treatments during both years (Table 5). In the T-13 and T-14 plots, during 2017–2018, protein (%) and protein yield were reported to be 32.9 and 37.2%, and 125.2 and 147.6%, respectively, higher than the T-1 plots, which were further reported to vary as 34.3 and 37.1%, and 126.5 and 146.1%, respectively, in the T-13 and T-14 plots during 2018–2019 as compared to the T-1 plots (Table 4).



There was an increase in protein yield among different nutrient management strategies compared to control. The crop grown with T-14 treatments produced the highest protein levels, whereas control crops had the lowest levels in both years.




3.11. Biological Properties and Microbial Biomass Carbon


Biological features such as bacteria, fungus, actinomycetes and microbial biomass carbon were significantly impacted by nutrient management strategies over the course of the two study years (Table 5). In comparison to control plots over both years, the bacterial population significantly increased under various nutrient management strategies. The increment magnitude was 29.9% during 2017–2018 and 29.4% during 2018–2019, with a mean of 29.4%. The crop fertilized with T-14 resulted in the highest bacterial population of 0.87 and 0.88 CFU in comparison to the other treatments. The crop outperformed with the former system compared to under T-13 by 4.8% (2017–2018) and 4.7% (2018–2019). Further, T-4 resulted in a higher bacterial population in comparison to T-2 treatments. In addition, T-12 and T-13 recorded the greatest bacterial populations when compared to T-8 in both years. The fewest microorganisms were found in the control plot, which was less effective than other treatments for two years (Table 4). Bacteria, fungi and actinomycetes in T-13 and T-14 plots, during 2017–2018, were reported to be 23.9 and 29.9%, 38.3 and 44.7% and 44.2 and 48.9%, and during 2018–2019 as 23.5 and 29.4%, 38.8 and 42.9%, and 42.2 and 46.7%, respectively, as compared to the T-1 plots, respectively (Table 5).



The increment magnitude was 44.7% during 2017–2018 and 42.9% during 2018–2019, with a mean of 43.8%. The crop-fed T-14 proved superior, being 33.3% in 2017–2018 and 34.6% in 2018–2019, with more fungi colonies compared to the rest of the treatments. Additionally, T-4 showed significantly higher fungi colonies than the similar T-2. Further, T-7 also produced a noticeably higher level of fungi colony than treatment T-4, where FYM was not applied. Furthermore, the effect of foliar spray bio-stimulant–L in treatment T-13 also registered higher fungi colonies than in a similar treatment without foliar application of bio-stimulant (T-11) (Table 5). The lowest levels of fungi were counted in control plots throughout the experiment. The increment magnitude was 30.1% during 2017–2018 and 28% during 2018–2019, with a mean of 29.1%. The crop fertilized with T-14 treatments registered the highest actinomycetes population, being 15.9% (2017–2018) and 15.7% (2018–2019) more actinomycetes colonies than with the suggested NPK (Table 5). The population of actinomycetes was found lowest in control plots for both years. Nutrient management practice, comprising T-14, registered the highest mean microbial biomass carbon of 163.1 µg/g compared to other treatments as observed during the studied years (Table 5). Under T-7, microbial biomass carbon levels were found to be significantly higher than they would have been in a similar treatment without the application of a bio-stimulant (T-3). Additionally, compared to treatment T-11, treatment T-13’s foliar application of bio-stimulant produced larger levels of microbial biomass carbon. In control plots, the lowest microbial biomass carbon levels (133.7 and 134.7 µg/g) were seen in both years.




3.12. Enzymatic Activities


In comparison to the control plots in both years, dehydrogenase activity increased significantly when various nutrition management techniques were used. The maximum value (0.57 and0.58 TPF/g1) of dehydrogenase activity was found in T-14 in comparison to the remaining treatments, accompanied by treatment involving T-13, T-12, and T-7 during both the year. T-7 treatment plots recorded significantly higher dehydrogenase activity over the suggested NPK and control plots. Minimum dehydrogenase activity was observed in the control plots (0.42 and 0.43 TPF/g1) throughout the experiment period (Table 6). During 2017–2018, in the T-13 and T-14 plots, the microbial C, microbial N and dehydrogenase activity were reported to be 17.7 and 21.7%, 25.7 and 35.1%, and 26.2 and 35.7% higher than the T-1 plots, which were further reported to vary as 18.0 and 21.4%, 25.1 and 35.4%, and 25.6 and 34.9% higher, respectively, in the T-13 and T-14 plots during 2018–2019 as compared to the T-1 plots (Table 6). The highest apparent recovery efficiency of applied NPK in wheat (0.59% and 0.61%) was recorded when the level of NPK was raised from control to T-14 during both years. The lowest apparent recovery efficiency of 0.21 and 0.22% was recorded in T-3 plots during both years (Table 6).





4. Discussion


4.1. Organic Manures Viz-a-Viz Growth Parameters


Organic manures are a significant source of both macro- and micronutrients and other growth-promoting substances, coupled with an increase in microbial activity, which assistances in taming metabolism and plant growth. The data pertaining to growth attributes reveal that the production of biomass in wheat at all stages of growth was significantly impacted by the application of various organic manures (Figure 4). The application of organic manures favorably influenced all the components of plant biomass. With regard to plant height, nutrient management practices involving FYM @ 5 t ha−1 treatment were found to be significantly better than control plots. Additionally, integrated nutrient management was recorded with a higher accumulation of dry matter, rate of crop growth & relative growth, and leaf area index than control plots and the suggested NPK. It might be challenging to replicate the good effects of organic manures with other materials sometimes because they provide a wide range of nutrients and enhance the physical qualities of soils. [19]. Indirectly or directly, plant development is improved by FYM’s addition of significant amounts of macro- and micronutrients, humic substances, organic matter, and other elements are all products of the decomposition of organic matter in the soil [20]. Using organic manures promotes plant development, microbial activity, and increased soil enzyme activity [21]. With the addition of FYM, plants grew taller and accumulated more dry matter, which may be related to FYM’s quick mineralization, given that it contains significant amounts of potassium, phosphorus, and nitrogen [21,22]. Additionally, as shown by [23,24,25,26], the integration of FYM enhances the population of N-fixers and solubilizes the phosphorus, and boosts the activity of nitrogenase and urease enzymes.



Organic nutrient sources, such as FYM, bio-stimulants, and NPK bio-fertilizers, are sustainable and environmentally responsible alternatives to increase production while reducing the detrimental outcomes of chemical fertilisers on the environment and soil health. The data presented in Figure 4 reveal that applying organic manures produced higher yield attributes in wheat, viz., effective tillers meter−1 row length, grains ear−1 and test weight. Incorporation of FYM @ 5 t ha−1 along with + NPK-G + NPK bio-fertilizer + Urea and foliar spray of NPK-P and bio-stimulant –L recorded the highest yield attributes when compared to control plots. Organic manures are advantageous because they provide a consistent supply of nutrients, resulting in improved plant growth and development. Additionally, the application of FYM increases the availability of nitrogen, phosphate, and potassium in addition to the release of micronutrients, which may have helped improve wheat’s production characteristics. Higher yield parameters in wheat may have resulted from the favourable effects of balanced NPK supplementation through inorganic fertilisers and the availability of plant nutrients and humic substances from organic manures [27,28]. The efficiency of photosynthetic processes, cell wall expansion, meristematic activity, cell division and control over water uptake into the cells may have all been triggered by these actions.



The application of FYM pointedly improved wheat grain and straw yield. The FYM was reported to be one of the best sources of plant nutrients because of the higher concentration of nitrogen and potassium in FYM that is available to the crop easily. Upon FYM application, only a small amount of N is readily accessible to the plants, while a larger portion of N is made available because of giving balanced nutrition to plants. Additionally, a higher yield may be the result of FYM providing the plants with more nutrients that are directly available to them, such as nitrogen and potassium. By stabilizing the discharge of polysaccharides and other organic molecules during the degradation of organic materials, FYM may also have increased the amount of water-stabilized aggregates in the soil, leading to taller plants, more tillers, and eventually a larger yield [29,30]. The improvement in growth and other yield qualities contributed significantly to the rise in grain and straw production under the effect of FYM. Due to the production of greater humus colloidal complexes and their higher nutritional content, FYM and poultry manure favored soil characteristics [31,32]. Additionally, as seen in [33], the addition of FYM considerably improved wheat production parameters, adding to the final land productivity.




4.2. Nutrient Dynamics in Crop Biomass


Organic manures act as a ‘slow-release fertilizer’, providing a continuous opportunity to supply nutrients for plant uptake for longer. Organic manures significantly affected the wheat grain and straw’s nutrient uptake and content. T-14 plots significantly increased the wheat grain and straw’s nutrient uptake and content during both years (Table 5). Consequent enhancement in wheat grain and straw’s nutrient uptake and content may be attributed to the application of FYM, which perhaps have increased the activity of soil microorganisms and resulted in increased fungi, bacteria, and actinomycetes populations, coupled with greater soil enzyme activity, thereby stimulating plant growth [21]. Wheat nutrient uptake was influenced by the soil’s higher rates of mineralization of carbon and plant nutrients due to the FYM application’s increased microbial respiration [34]. The application of FYM is well known for preserving soil productivity for a much longer period of time than the sole usage of inorganic fertilizers [35]. FYM contains all the macro- and micronutrients required for plant growth [36]. Native nutrient’s solubilization, the chelation of intricate intermediate organic molecules created during the decomposition of manure, and the mobilisation and accumulation of different nutrients in different plant parts may all be contributing factors to the higher nutrient uptake in wheat that follows the subsequent application of organic manures (FYM) [28]. The outcomes are consistent with the conclusions of [37,38].




4.3. Enzymatic and Microbial Activity of Soil


Enzymes, which are thought to distinguish the degree of particular soil processes and occasionally serve as proxies for soil fertility, catalyze all biological events in soil. By using FYM, dehydrogenase’s enzyme activity was significantly impacted. In contrast to control plots and the suggested NPK (Table 6), the highest dehydrogenase activity was seen in T-14 plots loaded with FYM @ 5 t ha−1 along with NPK-G @ 200 kg/ha+ NPK bio-fertilizer + urea @ 20 kg/ha at 40 DAS + foliar spray NPK-P @ 1% +bio-stimulant @ 625 mL ha−1 at 55 and 70 DAS. The higher activity of dehydrogenase enzymes in soils amended with organic nutrient sources was not only due to large microbial biomass, as well as the fact that the microbial biomass produces more enzymes and has higher levels of endo-enzymes. Generally, soil enzymatic activities are related to the presence of organic matter content. The activity of the dehydrogenase enzyme was closely pertaining to microbial biomass and soil organic matter under different ecosystems [39,40,41,42,43]. The population density and composition of microorganisms are important attributes related to the quality of organic carbon in soils. The number of bacteria, fungi, and actinomycetes dramatically increased after applying various organic manures. Comparing the microbial population of the control plots and suggested NPK, respectively, the addition of FYM greatly improved it due to the soil’s improved physio-chemical characteristics and increased carbon content, FYM incorporation may have increased the number of soil microbes [44]. The boosted activity and expansion of soil microbes may cause the increase in microbial population brought on by applying organic manures. According to [43,45,46], the lower C:N ratio of FYM plots compared to control plots and the high total N and K content led to an increase in the population of microorganisms.




4.4. Benefit:Cost Ratio


Higher B:C ratios were observed in T-14 plots compared to other nutrient management techniques used in wheat. Crops fertilized under T-14 and T-13 plots produced the highest B:C ratios (3.77) and (3.67), while the lowest B:C ratios were recorded in (2.85) and (2.83) during both years (Figure 6). The wheat grain and straw production is impacted by increasing cost and treatment are the key causes of this trend in economic returns [47,48,49].




4.5. Interpretations/Conclusions


Wheat crops supplied with integrated nutrient management (INM) practice resulted in the highest grain yield and benefits, which further adds to the livelihoods of the wheat farmers in the region. INM approaches improved soil and grain nutrient uptake, improved the nutritional values of final produce, and the physico-chemical properties and microbial activity of soils. Therefore, in order to increase productivity, the wheat crop’s role of INM with foliar application of bio-stimulants must be highlighted in the region. Further, such studies must be carried out at different locations with different agro-climatic conditions having texturally divergent soils.
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Figure 1. Detailed layout of the conducted experiment. 
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Figure 2. Weekly average meteorological conditions for crop growth (A) during 2017–2018 and (B) during 2018–2019 at experimental location. 
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Figure 3. Plant height (cm) and population (no m−1) during 2017–2018 (A) and 2018–2019 (B), and tillers (no m−1 row length) during 2017–2018 (C) and 2017–2018 (D). 
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Figure 4. Yield attributes (ear length, spikelets per spike, grains per spikelets and 1000 grain wt) during 2017–2018 (A) and 2017–2018 (B). 
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Figure 5. Dry matter accumulation (g/m) during 2017–2018 (A) and 2018–2019 (B), and leaf area index (no m−1 row length) during 2017–2018 (C) and 2017–2018 (D). 






Figure 5. Dry matter accumulation (g/m) during 2017–2018 (A) and 2018–2019 (B), and leaf area index (no m−1 row length) during 2017–2018 (C) and 2017–2018 (D).
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Figure 6. Economic analysis of imposed treatments during 2017–2018 (A) and 2018–2019 (B). 
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Table 1. The conditions of the experiment.






Table 1. The conditions of the experiment.





	a)
	Statistical Design
	:
	Randomised Block Design



	b)
	No. of treatments
	:
	14



	c)
	No. of replication
	:
	03



	d)
	No. of plot (Total)
	:
	42



	e)
	Gross plotsize
	:
	4.0 m × 3.0 m = 12.0 m2



	f)
	Net plot size
	:
	3.0 m × 1.8 m = 5.4 m2



	g)
	Row spacing
	:
	20 cm



	h)
	Total number of rows
	:
	15



	i)
	Variety
	:
	DBW-71



	j)
	Seed rate
	:
	125 kg/ha



	k)
	Recommended NPK dose
	:
	80:60:40 (kg/ha)
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Table 2. Nutrient management strategies effects on leaf area duration and crop growth rate at various crop stages.






Table 2. Nutrient management strategies effects on leaf area duration and crop growth rate at various crop stages.





	
Symbol

	
Leaf Area Duration

	
Crop Growth Rate (g m−2 L and Area d−1)




	
30–60 DAS

	
60–90 DAS

	
30–60 DAS

	
60–90 DAS

	
90-At Harvest




	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019






	
T1

	
29.3

	
29.8

	
75.9

	
76.9

	
1.99

	
2.06

	
0.33

	
0.28

	
0.01

	
0.01




	
T2

	
32.4

	
33.1

	
86.8

	
88.3

	
2.28

	
2.34

	
0.34

	
0.26

	
0.02

	
0.02




	
T3

	
32.8

	
33.3

	
87.2

	
88.9

	
2.33

	
2.37

	
0.34

	
0.30

	
0.02

	
0.02




	
T4

	
34.9

	
35.2

	
92.2

	
93.0

	
2.71

	
2.77

	
0.46

	
0.49

	
0.02

	
0.02




	
T5

	
34.4

	
34.7

	
91.5

	
92.0

	
2.60

	
2.72

	
0.39

	
0.41

	
0.02

	
0.02




	
T6

	
34.3

	
34.4

	
90.4

	
91.5

	
2.57

	
2.69

	
0.39

	
0.40

	
0.02

	
0.01




	
T7

	
35.5

	
35.7

	
93.5

	
94.0

	
2.96

	
2.99

	
0.54

	
0.58

	
0.04

	
0.02




	
T8

	
32.9

	
33.4

	
88.1

	
89.1

	
2.42

	
2.50

	
0.35

	
0.36

	
0.02

	
0.01




	
T9

	
35.2

	
35.4

	
92.9

	
93.3

	
2.84

	
2.88

	
0.51

	
0.49

	
0.02

	
0.02




	
T10

	
33.5

	
34.0

	
89.8

	
90.3

	
2.51

	
2.59

	
0.38

	
0.37

	
0.03

	
0.02




	
T11

	
33.3

	
33.7

	
89.1

	
90.1

	
2.46

	
2.55

	
0.36

	
0.35

	
0.01

	
0.03




	
T12

	
36.0

	
36.2

	
94.6

	
94.9

	
3.10

	
3.16

	
0.60

	
0.58

	
0.03

	
0.02




	
T13

	
36.2

	
36.6

	
95.4

	
97.8

	
3.13

	
3.21

	
0.64

	
0.59

	
0.03

	
0.03




	
T14

	
37.8

	
38.1

	
100.5

	
103.5

	
3.27

	
3.28

	
0.64

	
0.68

	
0.05

	
0.04




	
SEM (±)

	
1.27

	
1.28

	
3.37

	
3.41

	
0.10

	
0.10

	
0.02

	
0.02

	
0.01

	
0.01




	
C.D. (p = 0.05)

	
3.63

	
3.67

	
9.61

	
9.74

	
0.29

	
0.30

	
0.05

	
0.05

	
0.03

	
0.03
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Table 3. Nutrient management strategies effects on relative growth rate (g g−1 day−1) and net assimilation rate (g m−2 leaf area day−1) at various crop stages.






Table 3. Nutrient management strategies effects on relative growth rate (g g−1 day−1) and net assimilation rate (g m−2 leaf area day−1) at various crop stages.





	
Symbol

	
Relative Growth Rate (g g−1 day−1)

	
Net Assimilation Rate (g m−2 Leaf Area day−1)




	
30–60 DAS

	
60–90 DAS

	
90-At Harvest

	
30–60 DAS

	
60–90 DAS




	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019






	
T1

	
0.0441

	
0.0445

	
0.0040

	
0.0040

	
0.0002

	
0.0001

	
7.23

	
7.31

	
0.48

	
0.36




	
T2

	
0.0437

	
0.0438

	
0.0039

	
0.0040

	
0.0001

	
0.0002

	
7.87

	
7.98

	
0.49

	
0.41




	
T3

	
0.0436

	
0.0440

	
0.0048

	
0.0043

	
0.0002

	
0.0003

	
7.86

	
8.06

	
0.50

	
0.43




	
T4

	
0.0444

	
0.0438

	
0.0031

	
0.0026

	
0.0002

	
0.0002

	
8.54

	
8.55

	
0.71

	
0.67




	
T5

	
0.0444

	
0.0447

	
0.0035

	
0.0032

	
0.0002

	
0.0002

	
8.26

	
8.36

	
0.63

	
0.67




	
T6

	
0.0439

	
0.0440

	
0.0046

	
0.0048

	
0.0002

	
0.0001

	
8.08

	
8.38

	
0.60

	
0.61




	
T7

	
0.0451

	
0.0453

	
0.0031

	
0.0023

	
0.0001

	
0.0003

	
9.19

	
9.28

	
0.74

	
0.78




	
T8

	
0.0429

	
0.0433

	
0.0038

	
0.0039

	
0.0002

	
0.0001

	
7.99

	
8.18

	
0.52

	
0.50




	
T9

	
0.0447

	
0.0458

	
0.0032

	
0.0027

	
0.0002

	
0.0002

	
8.85

	
8.87

	
0.58

	
0.82




	
T10

	
0.0439

	
0.0440

	
0.0033

	
0.0032

	
0.0001

	
0.0001

	
8.06

	
8.27

	
0.57

	
0.57




	
T11

	
0.0430

	
0.0437

	
0.0045

	
0.0043

	
0.0003

	
0.0002

	
7.97

	
8.27

	
0.55

	
0.51




	
T12

	
0.0459

	
0.0463

	
0.0043

	
0.0040

	
0.0002

	
0.0002

	
9.42

	
9.30

	
0.81

	
0.78




	
T13

	
0.0460

	
0.0467

	
0.0038

	
0.0039

	
0.0002

	
0.0002

	
7.96

	
12.06

	
0.87

	
0.79




	
T14

	
0.0464

	
0.0461

	
0.0042

	
0.0045

	
0.0003

	
0.0001

	
9.25

	
18.71

	
0.85

	
0.88




	
SEM (±)

	
0.02

	
0.02

	
0.0001

	
0.0001

	
0.0001

	
0.0001

	
0.31

	
0.37

	
0.03

	
0.03




	
C.D. (p = 0.05)

	
NS

	
NS

	
0.0003

	
0.0004

	
0.0002

	
0.0002

	
0.88

	
1.06

	
0.07

	
0.07
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Table 4. Nutrient management strategies effects on crop yield (kg/ha).






Table 4. Nutrient management strategies effects on crop yield (kg/ha).





	
Symbol

	
Yield (kg/ha)




	
Grain

	
Straw

	
Biological

	
Harvest Index (%)




	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019






	
T1

	
2634

	
2654

	
4214

	
4299

	
6848

	
6953

	
38.5

	
38.2




	
T2

	
3214

	
3226

	
4821

	
5162

	
8035

	
8388

	
40.0

	
38.5




	
T3

	
3420

	
3428

	
5062

	
5416

	
8482

	
8844

	
40.3

	
38.8




	
T4

	
3958

	
3967

	
5581

	
5831

	
9539

	
9798

	
41.5

	
40.5




	
T5

	
3862

	
3878

	
5484

	
5778

	
9346

	
9656

	
41.3

	
40.2




	
T6

	
3716

	
3721

	
5314

	
5622

	
9030

	
9343

	
41.2

	
39.8




	
T7

	
4110

	
4124

	
5722

	
5939

	
9832

	
10063

	
41.8

	
41.0




	
T8

	
3562

	
3575

	
5236

	
5613

	
8798

	
9188

	
40.5

	
38.9




	
T9

	
4087

	
4096

	
5672

	
5856

	
9759

	
9952

	
41.9

	
41.2




	
T10

	
3631

	
3657

	
5274

	
5619

	
8905

	
9276

	
40.8

	
39.4




	
T11

	
3612

	
3627

	
5229

	
5595

	
8841

	
9222

	
40.9

	
39.3




	
T12

	
4172

	
4183

	
5674

	
5856

	
9846

	
10,039

	
42.4

	
41.7




	
T13

	
4463

	
4477

	
6025

	
6178

	
10,488

	
10,655

	
42.6

	
42.0




	
T14

	
4751

	
4764

	
6319

	
6479

	
11,070

	
11,243

	
42.9

	
42.4




	
SEM (±)

	
145.0

	
145.5

	
203.1

	
212.0

	
348.1

	
357.4

	
1.52

	
1.48




	
C.D. (p = 0.05)

	
414.2

	
415.5

	
580.2

	
605.6

	
994.1

	
1020.8

	
NS

	
NS
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Table 5. Nutrient management strategies impacts on N content (%), uptake (kg/ha) in grain and straw of wheat, and protein content (%) and protein yield (kg/ha) and biological properties of soils.






Table 5. Nutrient management strategies impacts on N content (%), uptake (kg/ha) in grain and straw of wheat, and protein content (%) and protein yield (kg/ha) and biological properties of soils.





	
Symbol

	
N Content in Grain

(%)

	
N Content in Straw

(%)

	
N Uptake in Grain

(kg/ha)

	
N Uptake in Straw

(kg/ha)

	
Protein (%)

	
Protein Yield

(kg/ha)

	
Bacteria

(105 CFU g−1)

	
Fungi

(104 CFU g−1)

	
Actinomycetes (10 6 CFU g−1)




	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019






	
T1

	
1.18

	
1.20

	
0.21

	
0.23

	
31.1

	
31.9

	
8.85

	
9.89

	
7.38

	
7.47

	
194

	
198

	
0.67

	
0.68

	
0.47

	
0.49

	
0.43

	
0.45




	
T2

	
1.36

	
1.37

	
0.29

	
0.30

	
43.7

	
44.2

	
14.0

	
15.5

	
8.47

	
8.54

	
272

	
276

	
0.70

	
0.71

	
0.51

	
0.52

	
0.47

	
0.48




	
T3

	
1.37

	
1.37

	
0.31

	
0.32

	
46.9

	
47.0

	
15.7

	
17.3

	
8.53

	
8.57

	
292

	
294

	
0.72

	
0.72

	
0.52

	
0.53

	
0.48

	
0.49




	
T4

	
1.50

	
1.53

	
0.47

	
0.48

	
59.4

	
60.7

	
26.2

	
28.0

	
9.58

	
9.90

	
379

	
393

	
0.72

	
0.73

	
0.53

	
0.54

	
0.49

	
0.50




	
T5

	
1.49

	
1.51

	
0.45

	
0.45

	
57.5

	
58.6

	
24.7

	
26.0

	
9.47

	
9.66

	
366

	
375

	
0.73

	
0.74

	
0.57

	
0.57

	
0.53

	
0.53




	
T6

	
1.47

	
1.50

	
0.42

	
0.43

	
54.6

	
55.8

	
22.3

	
24.2

	
9.38

	
9.58

	
349

	
356

	
0.73

	
0.74

	
0.57

	
0.58

	
0.53

	
0.54




	
T7

	
1.53

	
1.58

	
0.50

	
0.52

	
62.9

	
65.2

	
28.6

	
30.9

	
9.33

	
9.45

	
383

	
390

	
0.76

	
0.77

	
0.58

	
0.59

	
0.54

	
0.55




	
T8

	
1.39

	
1.40

	
0.33

	
0.34

	
49.5

	
50.1

	
17.3

	
19.1

	
9.18

	
9.29

	
327

	
332

	
0.76

	
0.77

	
0.59

	
0.59

	
0.55

	
0.55




	
T9

	
1.52

	
1.55

	
0.49

	
0.50

	
62.1

	
63.5

	
27.8

	
29.3

	
9.16

	
9.34

	
374

	
383

	
0.79

	
0.79

	
0.61

	
0.62

	
0.57

	
0.58




	
T10

	
1.47

	
1.49

	
0.41

	
0.43

	
53.4

	
54.5

	
21.6

	
24.2

	
9.09

	
9.18

	
330

	
336

	
0.80

	
0.81

	
0.63

	
0.64

	
0.59

	
0.60




	
T11

	
1.46

	
1.47

	
0.38

	
0.39

	
52.7

	
53.3

	
19.9

	
21.8

	
8.69

	
8.76

	
314

	
318

	
0.82

	
0.83

	
0.64

	
0.66

	
0.60

	
0.62




	
T12

	
1.56

	
1.60

	
0.51

	
0.52

	
65.1

	
66.9

	
28.9

	
30.5

	
9.77

	
9.98

	
408

	
417

	
0.83

	
0.84

	
0.65

	
0.67

	
0.61

	
0.63




	
T13

	
1.57

	
1.61

	
0.52

	
0.53

	
70.7

	
72.1

	
31.3

	
32.7

	
9.81

	
10.03

	
438

	
449

	
0.83

	
0.84

	
0.65

	
0.68

	
0.62

	
0.64




	
T14

	
1.62

	
1.64

	
0.56

	
0.59

	
77.0

	
78.1

	
35.4

	
38.2

	
10.13

	
10.24

	
481

	
488

	
0.87

	
0.88

	
0.68

	
0.70

	
0.64

	
0.66




	
SEM (±)

	
0.05

	
0.06

	
0.02

	
0.02

	
2.19

	
2.24

	
0.94

	
1.01

	
0.34

	
0.35

	
13.7

	
14.0

	
0.03

	
0.03

	
0.02

	
0.02

	
0.02

	
0.02




	
C.D. (p = 0.05)

	
0.16

	
0.16

	
0.05

	
0.05

	
6.26

	
6.40

	
2.69

	
2.88

	
0.98

	
0.99

	
39.2

	
40.0

	
0.08

	
0.08

	
0.06

	
0.06

	
0.06

	
0.06
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Table 6. Nutrient management strategies effects on microbial C, microbial N and dehydrogenase activity of soil and nutrient use efficiency.






Table 6. Nutrient management strategies effects on microbial C, microbial N and dehydrogenase activity of soil and nutrient use efficiency.





	
Symbol

	
Soil Biological Properties

	
Nutrient Use Efficiency




	
Microbial-C (ug/g 1soil)

	
Microbial-N (ug/g 1soil)

	
Dehydrogenase Activity (ug TPF/g 1soil day−1)

	
Agronomic NPK-Use

Efficiency

	
Physiological NPK-Use

Efficiency

	
Apparent Recovery Efficiency






	

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019




	
T1

	
133.7

	
134.7

	
18.6

	
18.9

	
0.42

	
0.43

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00




	
T2

	
142.7

	
144.6

	
20.3

	
20.8

	
0.46

	
0.47

	
3.22

	
3.18

	
14.6

	
13.5

	
0.22

	
0.24




	
T3

	
144.6

	
145.4

	
20.5

	
21.1

	
0.47

	
0.48

	
3.24

	
3.19

	
18.1

	
16.8

	
0.21

	
0.22




	
T4

	
152.4

	
153.2

	
22.4

	
22.4

	
0.51

	
0.52

	
7.36

	
7.29

	
12.9

	
13.1

	
0.52

	
0.53




	
T5

	
149.3

	
150.1

	
22.2

	
22.3

	
0.50

	
0.52

	
6.82

	
6.80

	
15.4

	
14.2

	
0.48

	
0.50




	
T6

	
147.1

	
148.3

	
22.0

	
22.2

	
0.49

	
0.50

	
5.90

	
5.82

	
12.7

	
15.7

	
0.41

	
0.43




	
T7

	
156.7

	
157.7

	
23.0

	
23.1

	
0.52

	
0.53

	
6.09

	
6.06

	
11.3

	
11.6

	
0.45

	
0.47




	
T8

	
145.6

	
146.3

	
21.1

	
21.3

	
0.47

	
0.48

	
3.28

	
3.26

	
10.9

	
10.7

	
0.21

	
0.22




	
T9

	
155.6

	
156.3

	
22.8

	
22.9

	
0.51

	
0.53

	
6.32

	
6.27

	
11.6

	
11.7

	
0.46

	
0.47




	
T10

	
147.2

	
147.9

	
21.6

	
21.9

	
0.48

	
0.49

	
3.71

	
3.73

	
13.4

	
14.2

	
0.26

	
0.28




	
T11

	
146.9

	
147.2

	
21.4

	
21.8

	
0.48

	
0.48

	
3.88

	
3.86

	
4.08

	
5.12

	
0.26

	
0.28




	
T12

	
157.2

	
158.1

	
23.2

	
23.3

	
0.53

	
0.54

	
5.44

	
5.41

	
11.2

	
11.3

	
0.41

	
0.42




	
T13

	
157.3

	
159.0

	
23.4

	
23.7

	
0.53

	
0.54

	
7.25

	
7.23

	
12.5

	
12.0

	
0.55

	
0.57




	
T14

	
162.7

	
163.6

	
25.1

	
25.6

	
0.57

	
0.58

	
7.87

	
7.84

	
15.0

	
14.8

	
0.59

	
0.61




	
SEM (±)

	
5.57

	
5.60

	
0.82

	
0.83

	
0.02

	
0.02

	
0.22

	
0.21

	
0.80

	
0.48

	
0.02

	
0.02




	
C.D. (p = 0.05)

	
15.9

	
16.0

	
2.34

	
2.37

	
0.05

	
0.05

	
0.63

	
0.61

	
2.34

	
1.40

	
0.06

	
0.05
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