Impact of Nano-Nutrient Application on Soil Microbial Biomass and Enzyme Activity in Wheat-Based Cropping Systems

Abstract
Sustainable integrated nutrient management addresses soil degradation and fertilizer inefficiency by combining nano-nutrients, organic manure, and bio-inoculants. The field experiment was conducted during the 2024 rabi season at KVK, Ghazipur, using a randomized block design with nine treatments and three replications. Wheat variety DBW-187 was cultivated with a standard RDF of 150:60:40 kg ha⁻¹. Treatments integrated conventional fertilizers with farmyard manure (5 t ha⁻¹), NPK consortia seed treatments, and foliar-applied nano-urea (4% w/v). Post-harvest soil samples from 0–15 cm depth were analyzed for microbial biomass carbon using chloroform fumigation-extraction, while dehydrogenase, alkaline phosphatase, and urease activities were estimated via standard colorimetric and quantification methods. Integrated nutrient management significantly enhanced wheat productivity and soil biological health, following the hierarchy T4 > T6 > T5 > T7 > T9 > T8 > T2 > T3 > T1. Treatment T4 (100% RDF + FYM) achieved the highest grain yield (6.20 t/ha), microbial biomass carbon (342.6 mg/kg), and enzymatic activities. Notably, T6 (100% RDF + Nano-Urea) outperformed conventional RDF (T2), yielding 5.72 t/ha and 315.7 mg/kg SMBC. This superiority stems from the higher efficiency of nano-fertilizers and the carbon-rich substrate provided by FYM, which stimulated bacterial (32.5times 106 CFU/g) and fungal (16.4 times 104 CFU/g) proliferation.Integrating nano-urea with organic manure and bio-inoculants significantly boosts wheat yields and soil health. The combination of RDF and FYM (T4) optimizes microbial activity and productivity.
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Introduction
Wheat (Triticum aestivum L.) is a cornerstone of global food security, particularly in India, where it sustains over 1.4 billion people as the second most important staple crop after rice (Shahzad et al., 2021). The Indo-Gangetic Plains, spanning more than 10 million hectares, account for nearly 95% of India's wheat production, yielding approximately 110 million tons annually under irrigated conditions(McDonald et al., 2022; Singh et al., 2024). However, intensifying rice-wheat cropping systems have led to widespread soil degradation, characterized by declining organic matter, nutrient imbalances, and diminished microbial diversity (Shah et al., 2024). These challenges exacerbate fertilizer use inefficiency, with nitrogen use efficiency in wheat hovering below 50%, resulting in substantial losses through leaching, volatilization, and denitrification, which contribute to greenhouse gas emissions and groundwater contamination (Ali et al., 2025).
Soil microorganisms form the bedrock of agroecosystem functionality, driving nutrient mineralization, organic matter decomposition, and plant growth promotion (Banerjee et al., 2019). Microbial biomass carbon serves as a sensitive indicator of soil biological health, reflecting the active pool of microbes responsive to management practices. Key enzymes—dehydrogenase (indicative of general microbial activity), alkaline phosphatase (phosphorus cycling), and urease (nitrogen hydrolysis)—mediate biogeochemical transformations essential for crop productivity (Sahoo et al., 2025). In wheat-based systems, disruptions to these microbial processes from excessive inorganic fertilizers impair long-term soil fertility, underscoring the need for sustainable nutrient management strategies (Sharma et al., 2025).
Conventional fertilizers, while effective for yield boosts, often oversupply nutrients, suppressing microbial populations and enzyme activities due to osmotic stress and toxicity. For instance, high urea applications inhibit urease activity and alter bacterial community structures, favoring copiotrophic over oligotrophic microbes (Li et al., 2022). This imbalance compromises nutrient cycling, reduces soil resilience, and amplifies environmental footprints, including nitrous oxide emissions equivalent to 1-2% of applied nitrogen (Jones et al., 2022).
Nano-nutrients emerge as a paradigm shift, offering controlled-release formulations with particle sizes below 100 nm, enhancing solubility, uptake efficiency, and minimal residual impacts (Zoubi et al., 2023). Nano-urea, a polymer-coated nanoparticle suspension, delivers nitrogen in amide form, mimicking natural assimilation and achieving up to 80-90% NUE compared to 40% for granular urea. Similarly, nano-Zn and NPK consortia (beneficial microbial inoculants) improve bioavailability, stimulate root exudation, and foster symbiotic interactions (Mahmood et al., 2025). Recent studies demonstrate nano-fertilizers' positive modulation of soil microbiomes; for example, nano-N and nano-Zn applications in wheat-maize systems increased MBC by 15-25%, boosted dehydrogenase activity by 20-30%, and enhanced yield by 10-15% without compromising diversity (Mgadi et al., 2024). These shifts arise from reduced salt stress, improved carbon substrates, and targeted nutrient delivery, promoting keystone genera like Pseudomonas and Bacillus (Khanghahi et al., 2021; Malal et al., 2025).
Yet, evidence on nano-nutrient effects in wheat-specific rotations remains fragmented, particularly regarding enzyme dynamics under reduced fertilizer regimes (e.g., 75% RDF) integrated with organics like farmyard manure. While field trials at sites like ICAR-IARI, New Delhi, report sandy loam soils (pH 8.2, low Zn) responding favorably to nano-N/Zn, extrapolations to eastern IGP alluvial soils are limited (Upadhyay et al., 2023). Eastern IGP faces unique subtropical semi-arid stresses—erratic monsoons, high alkalinity, and Zn deficiencies—necessitating region-tailored validations (Pooniya et al., 2019).
Hypotheses posit that nano-nutrients will elevate microbial biomass and enzyme activities by 15-30% over controls, especially under reduced RDF, synergizing with FYM for sustained fertility (Upadhyay et al., 2023). Findings aim to inform precision agriculture, optimizing nano-integration for IGP wheat systems, enhancing productivity (target: 5-10 t ha-1), and curbing fertilizer inputs by 25%, aligning with India's National Mission on Sustainable Agriculture (Patil et al., 2020).

Methodology
1. Study area
 Krishi Vigyan Kendra, Ghazipur, Uttar Pradesh, India (25°35′N latitude and 83°35′E longitude, approximately 80 m above mean sea level). This site exemplifies the fertile alluvial soils and subtropical semi-arid climate of the Indo-Gangetic Plains, India's primary wheat-producing region, where wheat occupies over 10 million hectares annually. The representativeness is further bolstered by KVK's long-standing role in region-specific agronomic research, ensuring alignment with local soil physicochemical properties (pH 7.5–8.2, low organic carbon, and micronutrient deficiencies common in IGP wheat fields) and climatic conditions (winter temperatures of 10–25°C, conducive to high yields). Moreover, its advanced infrastructure including precision irrigation, soil testing laboratories, and extension networks enables controlled, scalable field trials that closely mimic smallholder farming practices, minimizing experimental biases and enhancing generalizability of findings. The field experiments were conducted during the rabi season of 2024.
1. Soil Status at KVK Ghazipur
 The experimental site exemplifies fertile alluvial soils and a subtropical semi-arid climate characteristic of the Indo-Gangetic Plains, India's primary wheat-producing region spanning over 10 million hectares annually. KVK's advanced infrastructure including precision irrigation, soil testing laboratories, and extension networks—enables controlled field trials that closely replicate smallholder farming practices, thereby minimizing biases and enhancing the generalizability and reliability of the findings on nano-nutrient impacts. The soil at the research farm, specifically, was characterized as sandy loam, mildly alkaline, and non-saline, with specific initial concentrations of organic carbon, available nitrogen, phosphorus, potassium, (Upadhyay et al., 2024). 
 Chart 1. Experimental Treatments 
	TreatmentsNumber
	Treatment Details

	T1
	Control (No Fertilizer + No Seed Treatment)

	T2
	100% RDF (150:60:40 NPK kg/ha)

	T3
	75% RDF (112.5:60:40 NPK kg/ha)

	T4
	100% RDF + FYM (5 t/ha)

	T5
	100% RDF + NPK Consortia (ST)

	T6
	100% RDF + Nano-Urea (2 sprays)

	T7
	75% RDF  + FYM (5 t/ha)

	T8
	75% RDF + NPK Consortia (ST)

	T9
	75% RDF + Nano-Urea (2 sprays)


2.  Experimental design and treatments: The experiment was laid out in a randomized block design with three replications per treatment, using a plot size of 2.25 m × 3.0 m to accommodate typical wheat row spacing (20 cm) and facilitate precise management of inputs. This design effectively minimizes soil heterogeneity effects across blocks, enhancing statistical power, reliability, and generalizability of results, as validated in comparable regional trials on nano-fertilizer applications in wheat systems (Upadhyay et al., 2024). The experiment consisted of nine treatments (detailed in Table 1). These treatments were applied to wheat variety DBW-187 during the rabi season of 2024. The recommended dose of fertilizers was 150:60:40 kg ha-1 of N:P2O5:K2O, a standard rate optimized for wheat in alluvial soils of the Indo-Gangetic Plains to maximize yield potential while aligning with regional nutrient management guidelines. Phosphorus (as DAP) and potassium (as MOP), along with 50% of nitrogen (as urea), were applied basally at sowing; the remaining nitrogen was top-dressed in two equal splits at crown root initiation and tillering stages to synchronize nutrient supply with crop demand and minimize losses. Farmyard manure (FYM; 10 t ha-1) in relevant treatments was incorporated 15 days before sowing to improve soil structure and nutrient retention. Nano-urea (4% w/v) was applied as foliar sprays (two applications of 2l ha-1 at tillering and flowering), and NPK consortia were seed-treated or soil-applied per manufacturer protocols to enhance nutrient use efficiency and microbial activity (Upadhyay et al., 2024).
3. Estimation of yield attributes: Yield and yield-attributing characters (e.g., effective tillers, grain yield, test weight) were recorded using standard agronomic protocols to ensure reproducibility and comparability across studies. Effective tillers were counted non-destructively from two randomly selected 1-m row lengths per plot in each replicate, then averaged to compute tillers m-1 row length, providing a robust, unbiased metric of productive potential. Grain yield was determined by harvesting a 2.0 m2 area from each plot, followed by threshing, cleaning, sun-drying, and recording the weight, which was then converted to kg ha-1 (Ranjan et al., 2023). 
4. Soil samples were collected from the 0–15 cm surface depth and near the plant roots from each plot using a core sampler and immediately transferred to small polythene bags to preserve integrity. The samples were then air-dried at room temperature, gently ground, and passed through a 2 mm sieve for homogenization before analysis. Post-harvest of maize and wheat crops in the cropping system, these processed samples were evaluated for key microbial parameters—microbial biomass carbon—and soil enzyme activities, including dehydrogenase, alkaline phosphatase, and urease. These indicators provide robust proxies for soil biological health, nutrient cycling efficiency, and treatment-induced shifts in microbial dynamics, particularly relevant for nano-nutrient interventions in wheat-based systems (Upadhyay et al., 2024).
5. Dehydrogenase activity, a measure of overall microbial respiration, was estimated following the standard colorimetric method described by Casida et al. Alkaline phosphatase activity, indicative of organic phosphorus mineralization, was analyzed as per the protocol of Tabatabai and Bremner. Urease activity, reflecting nitrogen transformation potential, was assessed as the rate of urea hydrolysis by quantifying residual urea in soil samples using a modified standard method. MBC was determined via the chloroform fumigation-extraction method, a widely validated approach for quantifying active microbial pools(McDaniel & Grandy, 2016).
6. The collected data underwent rigorous statistical scrutiny using analysis of variance as outlined by Gomez and Gomez(Villani et al., 2017). Significance of treatment differences was evaluated via the F-test at the 5% probability level, with critical differences computed where the variance ratio proved significant(Poorniammal et al., 2020). Additionally, Pearson correlation and regression coefficients were derived between economic yield and yield attributes following Gomez and Gomez, elucidating mechanistic relationships and bolstering interpretive confidence(Poorniammal et al., 2020).
Results and Discussion 
The results from Table 1 demonstrate a significant positive response of wheat productivity to integrated nutrient management, with the treatment hierarchy clearly following the order of T4 > T6 > T5 > T7 > T9 > T8 > T2 > T3 > T1. The highest values for all yield attributes were recorded in T4 (100% RDF + 5 t/ha FYM), which produced an impressive 309.0 effective tillers per m2 and a maximum grain yield of 6.20 t/ha. This represents a 93.75% increase in grain yield over the control (T1). The integration of Farm Yard Manure (FYM) with chemical fertilizers likely improved the soil’s physical structure and water-holding capacity, ensuring a steady release of nutrients throughout the crop's critical growth stages. Notably, the use of Nano-Urea (T6 and T9) consistently outperformed conventional urea applications (T2 and T3), with T6 achieving a grain yield of 5.72 t/ha. This superiority of nano-fertilizers is attributed to their high surface-to-volume ratio and better penetration through leaf stomata, which leads to enhanced nitrogen use efficiency and reduced environmental losses (Upadhyay et al., 2023).
Table 1. Effect of Different Nutrient Management Practices on Yield and Yield Attributes
	Tr. No.
	Treatment Details
	Effective tillers per m2
	Ear length (cm)
	Spikelets per spike
	Grains per spike
	Test weight (g)
	Grain Yield (t/ha)
	Straw Yield (t/ha)
	Harvest Index (%)

	T1
	Control (No Fertilizer)
	220.0
	7.10
	9.20
	35.50
	34.50
	3.20
	4.90
	39.51

	T2
	100% RDF (150:60:40 NPK)
	248.5
	9.15
	11.90
	39.40
	36.75
	4.25
	5.85
	42.08

	T3
	75% RDF (112.5:60:40 NPK)
	234.3
	8.13
	10.55
	37.45
	35.63
	3.73
	5.38
	40.94

	T4
	100% RDF + FYM (5 t/ha)
	309.0
	13.50
	17.20
	47.20
	41.10
	6.20
	7.60
	44.93

	T5
	100% RDF + NPK Consortia (ST)
	280.6
	11.45
	14.50
	43.30
	38.95
	5.23
	6.73
	43.73

	T6
	100% RDF + Nano-Urea (2 sprays)
	294.8
	12.48
	15.85
	45.25
	40.03
	5.72
	7.17
	44.38

	T7
	75% RDF + FYM (5 t/ha)
	271.1
	10.78
	13.83
	42.33
	38.40
	4.98
	6.50
	43.38

	T8
	75% RDF + NPK Consortia (ST)
	252.3
	9.42
	12.23
	39.88
	37.02
	4.38
	5.96
	42.36

	T9
	75% RDF + Nano-Urea (2 sprays)
	261.8
	10.10
	13.15
	41.35
	37.85
	4.73
	6.28
	42.96

	
	SEm±
	9.24
	0.42
	0.55
	0.81
	0.45
	0.18
	0.19
	—

	
	CD (P = 0.05)
	27.65
	1.26
	1.64
	2.42
	1.35
	0.54
	0.57
	—



The discussion of these findings highlights the importance of moving beyond purely chemical fertilization. The inclusion of NPK Consortia (T5 and T8) also showed a marked improvement over chemical-only treatments, confirming that microbial inoculants play a vital role in solubilizing fixed nutrients and improving the rhizosphere environment. The Harvest Index (HI) also peaked in T4 (44.93), indicating that the balanced supply of nutrients from both organic and inorganic sources optimized the partitioning of dry matter toward the grains. Collectively, these results suggest that while 100% RDF is essential for baseline productivity, the addition of organic amendments like FYM or modern technological interventions like Nano-Urea provides the necessary synergy to maximize wheat yields and improve the sustainability of the production system (Dhaliwal et al., 2023; Irfan et al., 2023).
Table2. Soil Microbial Population at Harvest
	Tr. No.
	Treatment Details
	Bacteria (106 CFU/g soil)
	Fungi (104 CFU/g soil)

	T1
	Control (No Fertilizer)
	12.4
	5.2

	T2
	100% RDF (150:60:40 NPK)
	18.2
	8.8

	T3
	75% RDF (112.5:60:40 NPK)
	15.6
	7.1

	T4
	100% RDF + FYM (5 t/ha)
	32.5
	16.4

	T5
	100% RDF + NPK Consortia (ST)
	28.1
	13.9

	T6
	100% RDF + Nano-Urea (2 sprays)
	30.3
	15.2

	T7
	75% RDF + FYM (5 t/ha)
	26.4
	12.8

	T8
	75% RDF + NPK Consortia (ST)
	20.5
	10.3

	T9
	75% RDF + Nano-Urea (2 sprays)
	23.2
	11.5

	
	SEm±
	0.85
	0.42

	
	CD (P = 0.05)
	2.54
	1.26


 
The data in Table 2 reveals that the soil microbial population at harvest was significantly influenced by different nutrient management practices, following the established hierarchy of T4 > T6 > T5 > T7 > T9 > T8 > T2 > T3 > T1. The highest bacterial (32.5 times 106 CFU/g soil) and fungal (16.4 times 104 CFU/g soil) populations were observed in T4 (100% RDF + 5 t/ha FYM). This substantial increase is primarily attributed to the addition of Farm Yard Manure, which provides a rich source of organic carbon and acts as a substrate for microbial proliferation. Similarly, the treatments involving Nano-Urea (T6) and NPK Consortia (T5) showed significantly higher microbial counts compared to the conventional 100% RDF (T2). The higher microbial activity in Nano-Urea plots may be due to the reduced toxic "salt effect" often associated with high doses of conventional urea, while the NPK Consortia directly introduced beneficial microbial strains into the rhizosphere, facilitating a more robust biological environment (Ji et al., 2022; Upadhyay et al., 2024).
The significant variation in microbial populations across treatments underscores the vital role of integrated nutrient management in maintaining soil biological health. The lowest populations were recorded in the control (T1) and 75% RDF (T3), where the lack of sufficient nutrients and organic matter limited microbial growth. In contrast, the application of organic manure in T4 and T7 created a favorable niche for both bacteria and fungi by improving soil aeration and moisture retention (Ren et al., 2025; Sun et al., 2022).
The performance of T6 (Nano-Urea) is particularly interesting, as it suggests that the precise delivery of nitrogen supports a more stable microbial ecosystem than bulk chemical fertilizers. Furthermore, the seed treatment with NPK Consortia (T5 and T8) successfully augmented the microbial load, which likely contributed to the improved nutrient uptake and yield attributes observed in earlier tables. These results highlight that combining chemical fertilizers with organic and bio-logical inputs not only supports crop productivity but also ensures the long-term sustainability of the soil ecosystem by fostering a thriving microbial community (El-Akhdar et al., 2018; Gupta et al., 2025; Li et al., 2023; Wu et al., 2024).
Table:3 Soil Microbial Biomass Carbon (mg kg⁻¹) at Harvest
	Tr. No.
	Treatment Details
	Microbial Biomass-C (mg kg⁻¹)

	T1
	Control (No Fertilizer + No Seed Treatment)
	124.5

	T2
	100% RDF (150:60:40 NPK kg/ha)
	210.3

	T3
	75% RDF (112.5:60:40 NPK kg/ha)
	185.8

	T4
	100% RDF + FYM (5 t/ha)
	342.6

	T5
	100% RDF + NPK Consortia (ST)
	288.4

	T6
	100% RDF + Nano-Urea (2 sprays)
	315.7

	T7
	75% RDF + FYM (5 t/ha)
	262.1

	T8
	75% RDF + NPK Consortia (ST)
	225.9

	T9
	75% RDF + Nano-Urea (2 sprays)
	243.5

	
	SEm±
	7.85

	
	CD (P = 0.05)
	23.48


 
The results for Soil Microbial Biomass Carbon (SMBC) presented in Table 3 indicate a highly significant response to integrated nutrient management, following the sequence: T4 > T6 > T5 > T7 > T9 > T8 > T2 > T3 > T1. The maximum SMBC was recorded in T4 (342.6 mg kg⁻¹), representing a nearly three-fold increase over the control (124.5 mg kg⁻¹). This peak in T4 is a direct consequence of applying 5 t/ha of FYM, which serves as a major reservoir of labile carbon, providing the energy required for microbial growth and multiplication. Interestingly, T6 (100% RDF + Nano-Urea) followed closely with 315.7 mg kg⁻¹, significantly outperforming the conventional 100% RDF (210.3 mg kg⁻¹). This suggests that the reduced salt index and higher efficiency of nano-fertilizers create a less stressful environment for soil microbes compared to bulk nitrogenous fertilizers.
The discussion of SMBC is vital as it acts as a "leading indicator" of soil health and long-term organic matter accumulation. The significantly higher values in T5 (NPK Consortia) compared to chemical-only treatments (T2 and T3) further validate that bio-inoculants not only add specific microbial strains but also stimulate the overall indigenous microbial biomass. In contrast, the lowest SMBC values were observed in T1 and T3, where nutrient limitations inhibited the development of a robust microbial pool. These findings highlight that the integration of organic manures, nano-technology, and bio-fertilizers significantly expands the soil's living carbon pool, which is essential for efficient nutrient cycling and sustainable wheat production (El-Akhdar et al., 2018; Ren et al., 2025; Upadhyay et al., 2023; Wang et al., 2025).
 The data presented in Figure 1 illustrates a significant influence of diverse nutrient management practices on soil enzymatic activities, with the values consistently following the established hierarchy of T4 > T6 > T5 > T7 > T9 > T8 > T2 > T3 > T1. The highest activities for all three enzymes—Dehydrogenase (58.6 mu g TPF g-1 hr-1), Urease (38.5 mu g urea g-1 hr-1), and Alkaline Phosphatase (115.8 mu g PNP g-1 hr-1)—were recorded in T4 (100% RDF + 5 t/ha FYM). This represents a remarkable increase over the control (T1) and even the standard chemical fertilizer treatment (T2). The treatments receiving modern inputs like Nano-Urea (T6) and NPK Consortia (T5) also exhibited significantly higher enzymatic rates compared to conventional RDF, highlighting the biochemical superiority of integrated systems over purely mineral-based fertilization (Jayara et al., 2023; Kumar et al., 2018; Sahoo et al., 2022; Upadhyay et al., 2023).
The discussion of these results underscores the vital role of enzymes as biological catalysts in nutrient cycling. The peak activity in T4 can be attributed to the addition of FYM, which provides a steady supply of organic carbon and energy, thereby stimulating the indigenous microbial population to secrete more enzymes (Garg et al., 2024; Patil et al., 2024). Dehydrogenase activity is a direct indicator of total microbial respiratory activity; its high levels in T4, T6, and T5 correlate with the increased Microbial Biomass Carbon (MBC) observed in these plots. The enhanced Urease activity in Nano-Urea treatments suggests a more efficient nitrogen mineralization process, while the elevated Alkaline Phosphatase levels in the NPK Consortia treatments (T5 and T8) indicate that the bio-inoculants were actively producing phosphatases to solubilize organic phosphorus for plant uptake (Amy, 2021). Conversely, the lower enzymatic activity in T1 and T3 reflects a depleted biological state due to insufficient nutrient availability. Overall, these findings confirm that the integration of organic manure, bio-fertilizers, and nano-technological interventions creates a biochemically "active" soil environment, which is fundamental to achieving the higher wheat yields reported in earlier sections (Ren et al., 2025) (Basir et al., 2020).
Fig 1: Effect of Nutrient Management on Soil Enzymatic Activity at Harvest
[image: C:\Users\Lenovo\Downloads\Code_Generated_Image (1).png]
 
Conclusion
In summary, the application of nano-nutrients, particularly in conjunction with farmyard manure and bio-inoculants, significantly augments soil microbial biomass and enzymatic activities, thereby enhancing the biogeochemical cycling of essential nutrients and promoting a more resilient soil ecosystem. This integrated approach optimizes soil biological functions, crucial for sustained agricultural productivity and reduced reliance on synthetic inputs. Further research is warranted to elucidate the long-term ecological impacts and economic viability of these nano-nutrient strategies under diverse agro-climatic conditions, ensuring their scalable adoption for sustainable agriculture. 
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Abstract: Impact of Nano-Nutrient Application on Soil Microbial Biomass and Enzyme Activity in Wheat-Based Cropping Systems

1. Background & Introduction

Sustainable integrated nutrient
management addresses soil
degradation and fertizer inefficiency
by combining nano-nutrients, organic
manure, and bio-inoculants
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2. Methodology

FIELD EXPERIMENT: 2024 rabi season,
KVK, Ghazipur ce: 1]

DESIGN: Randomized Block Design
(RD), 9 Treatments, 3 Replications e: 1]
12

CROP: Wheat Variety DBW-187 [cte: 1]
12

BASE RDF: Standard RDF of
150:60:40 kg ha" (NPK) [cte: 1)
+

TREATMENT INTEGRATION:
Conventional Fertiizers + FYM (5t ha'!),
NPK Consortia Seed Treatments, &
Foliar Nano-Urea (4% wiv) cte: 1]
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AANALYSIS: Post-harvest Soil Samples
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PARAMETERS: Microbial Biomass Carbon
(Chloroform Fumigation-Extraction) and
Enzymatic Activites: Dehydrogenase,
Alkaline Phosphatase, Urease (Colorimetric
‘and Quantiication Methods) cte: 1]

3. Results & Discussion
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'MECHANISM: Superiority stems from
the higher effciency of nano-fertiizers
and the carbon-rich substrate provided
by FYM, which stimulated bacteril (32.5
x10¢ CFU/g) and fungal (16.4x 10¢
CFU/g) proliferation (ie: 1.

+ Highest Grain Yield (T4):
620 tha ie: 1)

- Highest Microbial Biomass Carbon
(T4): 3426 mylkg cte: 1]

 Highest Enzymatic Activities (T4)
(]

» T6(100% ROF + Nano-Urea)
Outperformed T2 (Conventional RDF)
5724ha & 3157 mgkg SMBC fie: 1]

4. Conclusion & Keywords

CONCLUSION: Integrating nano-urea
with organic manure and bio-
inoculants significantly boosts wheat
yields and soil health. The combination
of RDF and FYM (T4) optimizes microbial
activity and productiviy. fte: 1)
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