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ABSTRACT
A field study titled, “Integrated Nutrient Management Practices on Growth and Yield of Maize” was conducted over two consecutive years (2020–2022) at the Research Farm of Agronomy, Alpine Institute of Technology, Premnagar, Dehradun, Uttarakhand. The primary aim of the study was to evaluate the effects of different integrated nutrient management (INM) treatments on the growth, yield attributes, and economic viability of maize cultivation. The experiment was laid out in a Randomized Block Design (RBD) with three replications to ensure statistical accuracy. Seven treatments were evaluated: T1 (Control), T2 (50% RDF + FYM + Bio-fertilizer consortium), T3 (75% RDF + FYM + Bio-fertilizer consortium), T4 (100% RDF + FYM + Bio-fertilizer consortium), T5 (100% RDF), T6 (125% RDF), and T7 (FYM + Bio-fertilizer consortium). Growth parameters such as plant height and dry matter accumulation were recorded at regular intervals, while yield-contributing traits including cob weight, cob length, cob girth, number of grain rows per cob, and number of grains per cob were observed at harvest. Among all treatments, T4 (100% RDF + FYM + Bio-fertilizer consortium) consistently outperformed the others, recording the highest values in key yield attributes. Specifically, T4 recorded a plant height of 179.2 cm, dry matter accumulation of 448.4 g, cob weight of 192.7 g, cob length of 17.8 cm, cob girth of 4.4 cm and 454 grains per cob. Grain and stover yields were calculated on a per-hectare basis to assess overall productivity.
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1. INTRODUCTION
Maize (Zea mays L.) stands as a corn keystone crop in global agriculture, serving not only as a vital staple for human consumption but also as a crucial feed source for livestock. Often hailed as the "queen of cereals," its significance is underscored by its widespread cultivation across (APEDA 2025) India, where it occupies area of 10.744 million ha with production of 38.085 million metric tons (USDA 2023). However, realizing maize's full potential hinges significantly on effective fertilizer management practices. As one of the most nutrient-demanding crops after sugar cane, maize necessitates a balanced supply of both micro and macro nutrients to achieve robust growth and optimal yields. Given its heavy reliance on nutrients, the management of these resources becomes paramount in maximizing productivity  (Li et al. 2023).
Integrated Nutrient Management (INM) emerges as a strategic approach to address the intricate nutrient requirements of maize. By judiciously combining chemical fertilizers with organic manures, INM not only ensures the efficient utilization of resources but also fosters sustainable crop production and enhances soil fertility. This integration capitalizes on the complementary effects of organic and inorganic inputs, thereby promoting a harmonious nutrient balance conducive to healthy plant growth (Dhaliwal et al. 2021). Past agricultural practices, characterized by excessive reliance on agrochemicals at the expense of organic sources, have precipitated a decline in soil fertility and productivity over several decades Mandal et al. (2020).However, the adoption of a balanced approach leveraging both chemical fertilizers and organic manures which holds the promise of rejuvenating soil health and promoting sustainable agricultural practices. Furthermore, amidst contemporary challenges such as energy shortages, escalating fertilizer costs, and financial constraints among farming communities, the imperative to explore alternative strategies becomes increasingly pronounced (Gram et al., 2020). INM not only offers a viable solution but also underscores its efficacy in enhancing crop yield efficiency per unit of applied nutrients. By fostering an optimal physical, chemical, and microbial environment, INM stands poised to revolutionize nutrient management practices and mitigate the impact of resource constraints on agricultural productivity. (Paramesh et al. 2023) In light of these considerations, the primary objective of this research is to delve into the specific effects of INM on the growth and yield parameters of maize. Through meticulous investigation and analysis, the study aims to elucidate the tangible benefits of INM, ultimately paving the way for informed decision- making and sustainable agricultural practices in maize cultivation. 

2. MATERIALS AND METHODS
A field experiment was conducted in 2021 at the Research Farm of Agronomy, Alpine Institute of Technology, Premnagar, Dehradun, with the objective of evaluating the impact of different nutrient management strategies on maize cultivation. The study site is geographically located at 30.33° N latitude and 77.96° E longitude, experiencing a sub-tropical climate with maximum temperatures ranging between 32–34°C and minimum temperatures between 20–22°C. The region receives an annual rainfall of approximately 260 mm to 630 mm, and relative humidity levels typically range from 82% to 87%.The soil of the experimental field was sandy clay loam in texture. Prior to sowing, a detailed initial soil analysis was conducted, which revealed an organic carbon content of 0.42%, available nitrogen at 200 kg/ha, phosphorus at 9.1 kg/ha, potassium at 181 kg/ha and a neutral pH of 7.12. These baseline conditions were considered while designing the nutrient application strategies.
The experiment was laid out in a Randomized Block Design (RBD) with three replications. Seven different treatments combinations were evaluated:
· T1    : Control (no fertilizer application)
·  T2 : 50% Recommended Dose of Fertilizer (RDF) + FYM + Bio-fertilizer consortium
·  T3 : 75% Recommended Dose of Fertilizer (RDF)  + FYM + Bio-fertilizer consortium
·  T4 : 100% Recommended Dose of Fertilizer (RDF)  + FYM + Bio-fertilizer consortium
·  T5 : 100% Recommended Dose of Fertilizer (RDF)  
·  T6 : 125% Recommended Dose of Fertilizer (RDF)  
·  T7 : FYM + Bio-fertilizer consortium
 The bio-fertilizer consortium used in the experiment comprised Azotobacter, Phosphate Solubilizing Bacteria (PSB) and Potassium Releasing Bacteria (PRB), each applied at the rate of 500 ml per acre. In addition to this, vermicompost was also incorporated into the soil at the rate of 1 tonne per hectare.
Maize was sown using a seed rate of 25 kg per hectare with a row-to-row spacing of 60 cm and a plant-to-plant spacing of 20 cm, ensuring optimal plant density and light interception. A uniform fertilizer dose of 120 kg N, 60 kg P₂O₅, and 40 kg K₂O per hectare was applied across all relevant treatments. At sowing, half the nitrogen dose along with the full dose of phosphorus and potassium was applied as a basal application. The remaining half of the nitrogen was top-dressed in two equal splits at 30 and 45 days after sowing (DAS), aligning with the crop’s critical nutrient demand periods. All agronomic practices including weeding, irrigation, and plant protection measures were carried out uniformly across all plots during the investigation to maintain consistency. Harvesting was done at physiological maturity, which was indicated by the drying of the cobs and yellowing of the plants. Post-harvest, the produce from each plot was bundled and tagged separately for easy identification and precise yield estimation. The harvested cobs were then sun-dried for ten days to ensure proper curing and storage, which also helped in maintaining grain quality. 
3. RESULT AND DISCUSSION
The maize crop showed significant result under different Integrated Nutrient Management (INM) treatments. Notably, the tallest plant was observed (179.20 cm), was observed under the treatment T4 (100 % RDF + FYM + Bio-fertilizer consortium). In contrast shortest plant was observed in T1 (Control)149.3 cm due to the availability of balanced and synergetic supply of nutrients from all three sources because chemical fertilizer provided the readily available nutrients FYM improved soil structure and enhanced nutrient mobilization and bio fertilizer consortium promotes nutrient cycling by fixing atmospheric nitrogen, solubilizing P and mobilizing K which increased the root development, vegetative growth and thereby increasing the plant height. This is in comparison with Balasubramanian et al. (2020).
Cob weight was significantly influenced by the Integrated Nutrient Management (INM) treatments. Among the different treatments highest cob weight 192.7g was obtained in
 (T4) 100% RDF + FYM + Bio-fertilizer consortium, whereas least cob weight 158.9 g  was found in (T1) control. This is because RDF provided the macro and micro nutrients available for optimum vegetative and reproductive development particularly during grain filling stage, FYM promoted better nutrient absorption and root growth and bio fertilizer consortium supported protein synthesis and cell division, increased availability of phosphorus which is essential for energy transfer and grain development it also increased potassium availability which plays a vital role in enzyme activation, photosynthate translocation and turgor maintenance in reproductive tissues. This finding are similar with Nayak et al. (2019) and Abdo et al. 2022
Cob length was significantly influenced by the Integrated Nutrient Management (INM) treatments. Height cob length 17.8 cm was obtained in the treatment (T4) 100% RDF + FYM + Bio-fertilizer consortium and the least cob length was found in (T1) control. This might be due to availability of full dose of RDF which ensures the adequate supply of macro nutrients at critical growth stages especially during silking and grain filling stages which directly influenced cob size. FYM improved the soil porosity which enhanced cation exchange capacity there by increasing root development and microbial activity. Bio fertilizer consortium increased the activity of micro-organisms which secretes the plant growth promoting substances like auxins and gibberellins which enhance cell elongation and division contributing to better cob length. (Ghosh et al. 2019)
Cob girth was significantly affected Integrated Nutrient Management (INM) treatments (T4) 100% RDF + FYM + Bio-fertilizer consortium 4.4 and the least cob girth was found in (T1) control which was similar to the trend followed by cob length.
3.1 Influence of INM on Yield Attributes of Maize
Grains per cob and Grain per row were significantly influenced by the Integrated Nutrient Management (INM) treatments. Among the different treatments height no. of grains per cob 454 and grains per row 13.7 were found in the treatment (T4) 100% RDF + FYM + Bio-fertilizer consortium and the least no. of grains per cob and rows per cob were found in (T1) control. This might be due to improved vegetative and reproductive growth characteristics promoted by balanced and synergistic nutrient availability. The combination of inorganic (RDF) and organic sources (FYM and bio-fertilizers) enhanced root development, chlorophyll content, and photosynthetic efficiency, which in turn supported better ear initiation, silk emergence, and pollen viability. This led to improved fertilization and grain setting. In contrast, poor vegetative growth due to nutrient deficiency in T1 (control) limited assimilate production and reproductive organ development, thereby reducing grains per cob and grains per row. This in comparison with Ramesh et al. (2023)
Among the different Integrated Nutrient Management (INM) treatments height dry matter was observed in the in the treatment (T4) 100% RDF + FYM + Bio-fertilizer consortium 448.4g where as the least dry matter was found in (T1) control 409.3. The 100% Recommended Dose of Fertilizers (RDF) ensured immediate availability of essential macro-nutrients such as nitrogen, phosphorus, and potassium, which are vital for cell division, expansion, and biomass production. The incorporation of Farm Yard Manure (FYM) improved the soil's physical structure, water retention, and microbial population, creating a favorable environment for root growth and nutrient absorption. Additionally, the bio-fertilizer consortium, consisting of Azotobacter, Phosphate Solubilizing Bacteria (PSB), and Potassium Releasing Bacteria (PRB), enhanced nutrient availability through biological nitrogen fixation, phosphorus solubilization, and potassium mobilization, respectively. These microbial processes maintained a consistent and slow release of nutrients throughout the crop growth period, promoting higher photosynthetic activity and, consequently, greater dry matter accumulation. Kumar et al. (2023).

4. CONCLUSION
Based on the findings from this field study, it can be concluded that the integrated application of 100% Recommended Dose of Fertilizers (RDF) along with Farm Yard Manure (FYM) and a bio-fertilizer consortium proved to be the most effective strategy for enhancing the overall growth and yield performance of maize. This combination not only supplied immediate nutrients through chemical fertilizers but also improved soil health and sustained nutrient availability through organic and microbial sources. As a result, plants under this treatment showed superior growth parameters, higher dry matter accumulation, and better yield outcomes compared to other treatments. These results highlight the importance of adopting a balanced and integrated nutrient management approach for achieving sustainable and productive maize cultivation, especially in soils with moderate fertility levels like those observed at the study site.
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Table 1 Effect Of INM On Yield And Yield Attributes of Maize (Zea mays L.)  

	Treatment
	Treatment Description
	Plant Height(cm)
	Cob Weight(g)
	Cob Length(cm)
	Cob Grith(cm)
	Grain Row-1
	Grains Cob-1
	Dry Matter(g)

	T1
	
	149.3
	158.3
	15.2
	3.3
	12.1
	421
	409.3

	T2
	
	157.6
	176.4
	16.1
	3.7
	12.6
	431
	418.5

	T3
	
	163.6
	181.6
	16.5
	4.1
	12.8
	437
	427.7

	T4
	
	179.2
	192.7
	17.8
	4.4
	13.7
	454
	448.4

	T5
	
	166.7
	178.5
	16.4
	3.9
	13.1
	442
	429.1

	T6
	
	173.2
	186.4
	17.1
	4.2
	13.4
	447
	434.2

	T7
	
	151.6
	163.9
	15.7
	3.5
	12.3
	429
	415.6

	SE (d)
	
	3.81
	4.15
	0.38
	0.09
	0.30
	3.59
	10.00

	CD
	
	8.41
	9.16
	0.84
	0.2
	0.66
	7.92
	22.03




















