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Abstract
A field experiment was conducted during Rabi 2024–25 at the Agronomy Farm, SAGE University, Bhopal to evaluate the effect of integrated nutrient management (INM) on growth, yield, and soil fertility of wheat (Triticum aestivum L.). The experiment comprised seven treatments laid out in randomized block design with three replications, including combinations of recommended dose of fertilizers (RDF), farmyard manure (FYM), and bio-fertilizers (Azoto-bacter, PSB, KSB).Results revealed that treatment T7 (75% RDF + 5 t FYM ha⁻¹ + Azoto-bacter + PSB + KSB) significantly enhanced growth of attributes such as plant height, tiller number, and dry matter accumulation compared to control treatment, and it was statistically at par with T2 (100% RDF) and T4 (75% RDF + FYM + Azoto-bacter). Yield attributes (grain yield, effective tillers, grain weight per plant) and economic returns (GMR, NMR, B:C ratio) were also highest under T7. Post-harvest soil fertility showed improvement in available nitrogen, phosphorus, and potassium levels. Thus, integrating 75% RDF with FYM and bio-fertilizers is not only agronomical efficient but also sustainable for long-term soil health and productivity of wheat crop.
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1. Introduction
Wheat is an annual crop that belongs to the family ‘Graminae’ Poaceae and the Triticum genus in plant systematics. The Poaceae family includes major cereal crops such as sorghum, maize, rice, millet, and barley. Wheat (Triticum aestivum L emend. Fiori & Paol) is a staple cereal crop globally and a crucial source of carbohydrates and grain. It contains about 12% protein, which is more than that in other cereals, and is of special significance to maintain the good bread-making quality due to the presence of a characteristic substance called ‘gluten.’ It also has a relatively high content of niacin and thiamine (Tabassum et al., 2024). It is primarily grown in temperate regions and at higher altitudes under tropical climatic areas in the winter season. It requires a relatively low temperature for satisfactory growth and development. (Chuahan et al., 2024). Wheat is the second most important food grain after rice, contributing nearly 20% of the total food grain supply (Patel et al., 2017). The long-term use of inorganic fertilizers without the help of organic supplements damages the soil properties, such as physical, chemical, and biological, and it causes environmental pollution (Albiach, 2000) and is a limiting factor in wheat productivity. Integrated Nutrient Management (INM) offers a balanced fertilization strategy using organic manures, chemical fertilizers, and biofertilizers to enhance productivity while maintaining soil health. Integrated Nutrient Management offers a solution by optimizing soil fertility and improving crop yields through the balanced use of organic, inorganic, and biological nutrient sources. Studies suggest that while biofertilizers alone may not significantly boost wheat yield, their combined application with organic and inorganic fertilizers results in higher nutrient efficiency and improved soil conditions (Game et al., 2020). This study evaluates the impact of INM on growth, yield, economics, and residual fertility in wheat under the agro-climatic conditions of Bhopal.

2. Materials and Methods:-
The present field investigation was conducted during the Rabi season of 2024–25 at the SAGE experimental farm of the School of Agriculture, Sanjeev Agrawal Global Educational University, Bhopal, Madhya Pradesh, India. It comes under the agro-climate region classified as the Vindhya Hills Zone. The experimental site is located in the east direction at a latitude of 23.185547 N and a longitude of 77.527366 E, with an average elevation of 405.07 meters above mean sea level. The climate of the region is characterized as subtropical, with hot and subhumid weather in the summer season and cool weather in the winter season. The temperature varies significantly across seasons, and the average winter rainfall is recorded as 1000 - 1500 mm.  With seven treatments of different integrated nutrient management, viz., T1 control, T2 100% RDF, T3 75% RDF + 5 t FYM ha⁻¹, T4 75% RDF + 5 t FYM ha⁻¹ + Azotobacter, T5 75% RDF + 5 t FYM ha⁻¹ + PSB, T6 75% RDF + 5 t FYM ha⁻¹ + KSB, and T7 75% RDF + 5 t FYM ha⁻¹ + Azotobacter + PSB + KSB.  The experiment was laid out in three replications under randomized block design (RBD). The various soil physicochemical characteristics of experimental soil are loamy clay with pH 7.02, electrical conductivity (0.20 dS/m²), low organic carbon (0.47%), low nitrogen (190 kg/ha), available phosphorous (19.5 kg/ha), and available potassium 275.5 (available), which was found in a low range. A recommended dose of 100 kg N, 50 kg P₂O₅, and 50 kg K₂O/ha was applied through urea, single super phosphate, muriate of potash, and other combinations of vermicompost, azatobacter, and biofertilizer. All the observations were recorded, and the recommended package of practices as adopted in Sanjeev Agrawal Global Education, Bhopal, was followed to raise the crops. Data were analyzed using standard statistical procedures. Other computations were made using the following relationships: FYM was applied prior to the second harrowing to enhance soil fertility by providing essential macro- and micronutrients.
3. Results and Discussion
Different yield parameters were appreciably affected by the different treatments of INM. The number of effective tillers pertaining to different treatments recorded at harvest has been presented in table 1. Number of effective tillers varied significantly due to INM. Among the different treatments, T7 (75% RDF + 5 t FYM ha⁻¹ + Azotobacter + PSB + KSB) registered the maximum value for the number of effective tillers (81.97), which was at par with treatment T2 - 100% RDF (81.02) and T4 - 75% RDF + 5 t FYM ha⁻¹ + Azotobacter (80.12), while the significantly lowest number of effective tillers was recorded in T1 – Control (41.49). It was reported that the combined application of biofertilizers in the wheat crop caused a considerable increase in the number of effective tillers. Tillering is an important trait for grain production and is thereby an important aspect of rice growth improvement. Effective tillering depends primarily on soil physical conditions that were superior due to the addition of organic manure (Sarma et al., 2007; Gupta et al., 2006). Significant variation was observed on the tillers of wheat when the field was incorporated with different doses of FYM and biofertilizers. Similar results have been reported by Singh et al. (2016) and Kushare et al. (2009). Number of grains per head varied significantly due to INM. Among the different treatments, T7 (75% RDF + 5 t FYM ha-1 + Azotobacter + PSB + KSB) registered the maximum value for the number of grains per head (39.76), which was at par with treatment T4 (75% RDF + 5 t FYM ha-1 + Azotobacter) (38.08), while the significantly lowest number of grains per head was recorded in T1 – Control (29.36). This might be due to organic nutrient sources supplying directly available nutrients to the plant and improving water-stable aggregates of the soil. This was attributed to the cementing action of polysaccharides and other organic compounds released during the decomposition of various organic sources, thus leading to increased growth and yield attributes and yield.  Similar results have been reported by Singh et al. (2018) and Mahato and Kafle (2018). Test weight varied significantly due to INM. Among the different treatments, T7 (75% RDF + 5 t FYM ha-1 + Azotobacter + PSB + KSB) registered the maximum value for test weight (39.76), which was at par with treatment T4 (75% RDF + 5 t FYM ha-1 + Azotobacter) (38.08), while the significantly lowest test weight was recorded in T1 (Control) (29.36). It was reported that the combined application of biofertilizers in the wheat crop caused a considerable increase in test weight. Similar results have been reported by Game et al. (2020) and Singh et al. (2020). Grain yield varied significantly due to INM. Among the different treatments, T7 (75% RDF + 5 t FYM ha⁻¹ + Azotobacter + PSB + KSB) registered the maximum value for grain yield (81.97), which was at par with treatment T2—100% RDF (81.02) and T4—75% RDF + 5 t FYM ha⁻¹ + Azotobacter (80.12), while significantly lower grain yields were recorded in T1—Control (41.49). Because it is a well-established fact that the incorporation of organic manure not only acts as a storehouse of major and micronutrients but also influences the physical, chemical, and biological properties of soil (Yadav et al. 2009). Organic manure contains almost all the essential plant nutrients; its incorporation in soil in conjunction with inorganic fertilizers promotes rapid vegetative growth and tillering, thereby increasing the sink size in terms of ear and grain growth. Similar findings have been reported by Shah and Kumar (2014), Neelam et al. (2015), and Dalvi et al. (2020). Straw yield varied significantly due to INM. Among the different treatments, T7 (75% RDF + 5 t FYM ha-1 + Azotobacter + PSB + KSB) registered the maximum value for straw yield (81.97), which was at par with treatment T2—100% RDF (81.02) and T4—75% RDF + 5 t FYM ha-1 + Azotobacter (80.12), while significantly lower straw yields were recorded in T1—Control (41.49). This might be due to the improvement seeming to have manifested in greater physiological and metabolic activities in the presence of organic and inorganic sources of nutrients either alone or in combination, thereby increasing plant height and ultimately leading to higher dry matter accumulation. Similar findings have been reported by Shah and Kumar (2014), Neelam et al. (2015), and Dalvi et al. (2020). Harvest index application of different treatments of integrated nutrient management had no significant influence on the harvest index. However, being non-significant, the highest harvest index value (39.76) was recorded with T7 (75% RDF + 5 t FYM ha⁻¹ + Azotobacter + PSB + KSB), while the lowest value (29.36). This result has also been confirmed by Shahi et al. (2016), Kakraliya et al. (2017), and Saleem et al. (2015).
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        Table 1 :Effect of Integrated Nutrient Management on Growth and yield of wheat
	Treatments
	Number of effective tillersm-1 row length
	Number of grains earhead-1
	Test weight
(g)
	Grain yield 
(kg ha-1)
	Straw yield 
(kg ha-1)
	Harvest index 
(%)

	T1- Control
	41.94
	29.36
	36.29
	15.41
	22.33
	38.63

	T2 – 100 % RDF
	81.02
	35.31
	37.38
	24.47
	35.15
	41.49

	T3 – 75 % RDF + 5t FYM ha-1
	57.89
	33.14
	36.96
	20.12
	29.58
	41.14

	T4 – 75 % RDF +5t FYM ha-1+ Azotobacter
	80.12
	38.08
	37.83
	25.03
	36.37
	42.63

	T5 – 75 % RDF + 5t FYM ha-1+ PSB
	62.98
	35.78
	38.57
	20.93
	23.83
	41.70

	T6 – 75 % RDF +5t FYM ha-1+ KSB
	68.03
	34.10
	37.04
	21.93
	31.51
	41.47

	T7 – 75 % RDF  + 5t FYM ha-1+Azotobacter + PSB + KSB
	81.97
	39.76
	42.15
	26.98
	36.94
	42.89

	SE (m)±
	0.47
	0.69
	0.75
	0.43
	0.63
	0.82

	CDat5%
	1.47
	2.17
	2.33
	1.36
	1.96
	NA
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