Optimizing Soil Nutrients in Pearl Millet through Combined Use of Inorganic Fertilizers and Bio-Amendments

ABSTRACT:
A two-year field experiment was conducted during the Kharif seasons of 2023 and 2024 to assess the impact of inorganic fertilizers combined with Jeevamrutha and Beejamrutha on soil physico-chemical properties and nutrient availability. The study, laid out in a Randomized Block Design comprised 11 treatments and three replications, soil bulk density, particle density, porosity, water holding capacity, pH, electrical conductivity, organic carbon, and available nitrogen, phosphorus, and potassium were evaluated at 0-15 and 15-30 cm soil depths after harvest. Results indicated that T₁₁ (100% RDF + Beejamrutha + Jeevamrutha) consistently exhibited the highest available nitrogen (296.71 and 298.69 kg ha-1) and potassium (288.10 and 258.35 kg ha-1), while T₂ (100% RDF) and T₉ (100% RDF + Beejamrutha) were superior for surface and sub-surface phosphorus, respectively. T₈ (50% RDF + Beejamrutha + Jeevamrutha) enhanced soil organic carbon (0.71% and 0.62%), porosity (48.60% and 48.74%), and maintained low bulk density (1.27 and 1.28 Mg m-³), contributing to improved soil structure and aeration, whereas water holding capacity was highest in T₁₀ at the surface and T₈ at the sub-surface. Control plots (T₁) consistently showed the lowest nutrient levels, organic carbon, and water retention, alongside higher bulk density. Overall, integrating organic amendments with inorganic fertilizers significantly improved nutrient availability and soil physical properties, with T₁₁ emerging as the most effective treatment for sustaining soil fertility and structure, demonstrating the potential of integrated nutrient management for sustainable agriculture.
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INTRODUCTION:
Sustainable agriculture is essential for addressing the increasing global food demand while simultaneously conserving natural resources and minimizing environmental degradation for future generations. Soil health is a fundamental pillar of sustainable agricultural practices, as it enhances the overall productivity, resilience, and sustainability of agricultural systems (FAO, 2015). However, conventional farming, characterized by high inputs of synthetic fertilizers, monoculture cropping systems, and suboptimal soil management practices, has contributed significantly to environmental challenges such as soil erosion, nutrient depletion, and a dramatic loss of biodiversity. These unsustainable practices threaten the future productivity of soils, thereby jeopardizing global food security and climate resilience. According to Lal (2020), over one-third of the world's soils have been degraded, diminishing their capacity to sustain agricultural productivity. Soil degradation disrupts essential ecosystem services, including nutrient cycling, water storage, and carbon sequestration. Increasing soil organic carbon (SOC) by just 0.4% per year has the potential to offset 1.2 billion tons of CO₂, a significant contribution to climate change mitigation efforts (Lal, 2019).
To contest these challenges and promote sustainable land use, beejamrutha and jeevarmutha have gained attention as an environmentally friendly solution. Beejamrutha and jeevarmutha such as Jeevamrutha and Beejamrutha composed of a mixture of beneficial microorganisms enhance soil fertility by promoting nutrient availability, suppressing soil-borne pathogens, and stimulating soil microbial activity. Jeevamrutha and Beejamrutha, commonly used in organic farming systems, are rich in beneficial microbes such as nitrogen-fixing bacteria, phosphate solubilizing bacteria, and fungi that can improve nutrient cycling and soil structure (Palekar, 2006). These Beejamrutha and Jeevamrutha contribute significantly to soil biological activity, enhancing nutrient absorption and improving the resilience of plants to biotic and abiotic stresses. Beejamrutha, in particular, has been shown to improve seed germination, root development, and disease resistance (Patel et al., 2020).
The integration of these Beejamrutha and Jeevamrutha with conventional inorganic fertilizers forms the basis of Integrated Nutrient Management (INM), an approach designed to optimize the use of both organic and inorganic inputs in a balanced and sustainable manner. INM focuses on improving soil fertility and enhancing crop productivity by combining the benefits of chemical fertilizers, organic amendments, and Beejamrutha and Jeevamrutha. This approach aims to increase soil organic carbon content, improve nutrient availability, and enhance microbial diversity, which collectively lead to enhanced soil health and sustained agricultural productivity (Sharma et al., 2020). INM has effective in boosting crop yields while mitigating the environmental impacts typically associated with chemical fertilizer use, such as nutrient leaching, acidification, and the reduction of beneficial soil microorganisms.
Pearl millet (Pennisetum glaucum) is a highly resilient cereal crop that has gained importance in both tropical and semi-arid regions due to its ability to withstand extreme weather conditions, including drought, and its adaptability to a wide range of soil types. Pearl millet is a highly nutritious crop, rich in essential micronutrients such as iron, zinc and protein, making it an important food source for populations facing malnutrition (FAO, 2018; Yadav et al., 2019). Its high biomass production and suitability for marginal soils make it a critical crop for food security in arid and semi-arid regions. Furthermore, pearl millet is also valuable as fodder for livestock and plays an essential role in livestock feed systems (Rai et al., 2019).
While inorganic fertilizers have contributed to substantial increases in pearl millet yields, their overuse has led to several agronomic issues, such as soil acidification, nutrient imbalances, nitrate leaching, and the depletion of soil microbial populations (Gupta et al., 2022). The reliance on chemical fertilizers alone has resulted in unsustainable agricultural practices, leading to a decrease in soil fertility and long-term environmental degradation. In India, a significant portion of the country's phosphorus (P) and potash needs are met through imports, with government subsidies exceeding ₹2.25 lakh crore annually (DAC&FW, 2023). This dependence on imported fertilizers, combined with the environmental cost of their use, highlights the need for more sustainable fertilizer management strategies.
The integration of Beejamrutha and Jeevamrutha with chemical fertilizers represents a more sustainable approach to managing soil fertility. This approach can not only reduce the dependency on imported fertilizers but also mitigate the negative environmental impacts associated with excessive fertilizer use. The role of Beejamrutha and Jeevamrutha in improving nutrient cycling, enhancing microbial biodiversity, and increasing soil organic carbon content makes them a crucial component of sustainable agricultural systems. By integrating these Beejamrutha and Jeevamrutha with chemical fertilizers, farmers can improve nutrient efficiency, promote soil health, and achieve higher, more sustainable yields.
MATERIALS AND METHODS:
Field study was conducted at the Central Research Farm of the Naini Agricultural Institute, Sam Higginbottom University of Agriculture, Technology, and Sciences, located in Prayagraj district (25°40′ N, 81°85′ E, and 92 m above sea level), India during the Kharif seasons of 2023 and 2024. Prior to sowing the experiment, soil physical and chemical properties were determined using standard procedures. The soil at the experimental site is alluvial, with fertile characteristics, supporting the cultivation of a wide range of crops, including cereals, pulses, oilseeds, and vegetables. The experiment was designed following a Randomized Block Design (RBD) with 11 treatments and 3 replications. The treatment structure included: T₁ - Absolute control, T₂ - 100% RDF, T₃ - 0% RDF + Beejamrutha, T₄ - 0% RDF + Jeevamrutha, T₅ - 0% RDF + Beejamrutha + Jeevamrutha, T₆ - 50% RDF + Beejamrutha, T₇ - 50% RDF + Jeevamrutha, T₈ - 50% RDF + Beejamrutha + Jeevamrutha, T₉ - 100% RDF + Beejamrutha, T₁₀ - 100% RDF + Jeevamrutha, and T₁₁ - 100% RDF + Beejamrutha + Jeevamrutha. Each experimental plot measured 2 m × 2 m, with a total of 33 plots covering a net cultivated area of 132 m². The overall experimental area spanned 25.6 m². The crop was sown with a row spacing of 45 cm and a plant spacing of 15 cm, using a seed rate of 5 kg ha-1. The Recommended Dose of Fertilizers (RDF) applied was 70:35:35 N:P: K kg ha-1. Soil physical properties such as bulk density, particle density, porosity, and water holding capacity were measured following the methods outlined by Muthuval et al. (1992). Chemical parameters, including soil pH and electrical conductivity, were determined according to Jackson (1973). Organic matter content was estimated using the Walkley and Black (1934) method. Available nitrogen was assessed using the alkaline permanganate method of Subbaiah and Asija (1956), available phosphorus using the Olsen et al. (1954) method, and available potassium using the flame photometric method described by Toth and Prince (1949).
RESULTS AND DISCUSSION:
Physical Parameters of Soil
The physical parameters values in soil at both 0-15 cm and 15-30 cm depths for 2023 and 2024 are summarized in Table 1. The Beejamrutha and Jeevamrutha along with RDF in 2023, at the 0-15 cm depth, the highest bulk density (1.32 Mg m-³) was recorded in T₄, while the lowest (1.28 Mg m-³) was observed in T₇, and T₈. At the 15-30 cm depth, the highest bulk density (1.31 Mg m-³) was found in T₁, T₃, and T₅, with the lowest (1.29 Mg m-³) recorded in T7 and T₈. In 2024, at the 0-15 cm depth, the highest bulk density (1.30 Mg m-³) was observed in T₁, T₃, T₄, and T₅, while the lowest (1.26 Mg m-³) was found in T₈. At the 15-30 cm depth, the highest bulk density (1.33 Mg m-³) was recorded in T₄, while the lowest (1.29 Mg m-³) was observed in T₇. For the pooled data, at the 0-15 cm depth, the highest bulk density (1.31 Mg m-³) was observed in T₄, with the lowest (1.27 Mg m-³) in T₈. At the 15-30 cm depth, the highest bulk density (1.32 Mg m-³) was found in T₄, while the lowest (1.28 Mg m-³) was in T₈. The F-test results indicated significant differences among treatments only for the 0-15 cm depth in 2024 (p < 0.01). For all other cases, differences were non-significant, suggesting that the observed variations could be attributed to natural variability rather than the treatment effects. The results indicate that beejamrutha and jeevarmutha, particularly Beejamrutha and Jeevamrutha, significantly reduce soil bulk density, especially at the 0-15 cm depth. In 2024, T₈ (50% RDF + Beejamrutha + Jeevamrutha) had the lowest bulk density (1.26 Mg m-³), suggesting improved soil structure and porosity due to the combined effect of beejamrutha and jeevarmutha and inorganic fertilizers. In contrast, the control treatment (T1) and treatments with only inorganic fertilizers showed higher bulk densities, indicating less favorable soil conditions. No significant differences were observed at the 15-30 cm depth, suggesting that biofertilizer effects are more pronounced in the surface soil layer. The significant reduction in bulk density with beejamrutha and jeevarmutha highlights their role in enhancing soil health, improving root growth, and promoting sustainable agricultural practices.
The analysis of particle density (PD) showed no significant treatment effects in 2023 for both 0-15 cm and 15-30 cm depths (p > 0.05), indicating that particle density remained relatively unaffected by the different treatments. The values for most treatments in 2023 ranged around 2.47 to 2.50 Mg m-³, reflecting stable soil characteristics in terms of mineral content. However, significant differences were observed in 2024 for particle density at both depths, with the F-test showing significant treatment effects at the 0-15 cm and 15-30 cm depths (p < 0.01). In 2024, treatments such as T6 (50% RDF + Beejamrutha) and T7 (50% RDF + Jeevamrutha) exhibited slightly increased particle density, but no significant variation was observed between most treatments. This suggests that while biofertilizer application did not drastically alter the solid fraction of the soil, subtle changes in soil compaction and aggregation may have occurred.
In terms of porosity, significant effects were observed in 2024, particularly at the 0-15 cm depth, where treatments such as T6 and T7 exhibited the highest porosity values (48.57% and 48.49%, respectively), indicating enhanced soil aeration and improved soil structure. These treatments, which combined 50% RDF with Beejamrutha and Jeevamrutha, showed significant improvement compared to the control (T1), which had lower porosity values (47.86%). The increased porosity suggests that Beejamrutha and Jeevamrutha, in combination with inorganic fertilizers, improve soil aggregation and reduce compaction, leading to better water retention and root growth. However, at the 15-30 cm depth, no significant treatment effects on porosity were found, indicating that the influence of Beejamrutha and Jeevamrutha is more pronounced in the upper soil layers where root activity and nutrient uptake are most active.
In 2023, at the 0-15 cm depth, the highest water holding capacity (WHC) of 46.10% was recorded in T10, while the lowest (44.61%) was observed in T3. At the 15-30 cm depth, the highest WHC (46.64%) was found in T8, while the lowest (45.31%) was recorded in T1. In 2024, at the 0-15 cm depth, the highest WHC (48.31%) was found in T10, while the lowest (46.10%) was observed in T1. At the 15-30 cm depth, the highest WHC (48.96%) was observed in T8 and T9, while the lowest (47.37%) was found in T1. For the pooled data, at the 0-15 cm depth, the highest WHC (47.21%) was observed in T10, while the lowest (45.67%) was found in T1. At the 15-30 cm depth, the highest WHC (47.80%) was found in T8, while the lowest (46.34%) was in T1. The F-test results indicated significant differences in 2024 at the 0-15 cm depth (p < 0.01), with biofertilizer treatments, especially T8, significantly enhancing water retention compared to the control and RDF treatments. The results highlight that the integration of beejamrutha and jeevarmutha, particularly Beejamrutha and Jeevamrutha, with inorganic fertilizers improves soil water holding capacity, especially in the surface layer, contributing to better moisture retention and enhanced soil health.

Chemical Parameters of Soil
The chemical parameters values in soil at both 0-15 cm and 15-30 cm depths for 2023 and 2024 are summarized in Table. 2. In 2023, the highest pH at the 0-15 cm depth was observed in T1 (Control), with a value of 7.09 ± 0.02, indicating slightly alkaline soil conditions. The lowest pH was recorded in T2 (100% RDF), with a value of 6.80 ± 0.03, suggesting a slightly acidic soil condition. Similar were observed in 2024, where T1 exhibited the highest pH (6.99 ± 0.06) and T2 the lowest (6.65 ± 0.05), although these differences were not statistically significant for the 0-15 cm depth (F-stat = 2.26, p > 0.05). For the pooled data, the highest pH (7.04 ± 0.03) was recorded in T1 at the 0-15 cm depth, with T2 showing the lowest pH (6.72 ± 0.04), which was significantly different from the other treatments (p < 0.01). At the 15-30 cm depth, T1 had the highest pH (7.08 ± 0.03), while treatments such as T2 (6.99 ± 0.02) and T9 (6.94 ± 0.00) showed lower pH values, but differences were not significant (p > 0.05). The results indicate that treatments with only inorganic fertilizers (T2, T9, T10, and T11) generally resulted in slightly lower pH values compared to those with Beejamrutha and Jeevamrutha, particularly at the surface depth. This suggests that Beejamrutha and Jeevamrutha like Beejamrutha and Jeevamrutha may help neutralize acidity in the soil, promoting a more favorable pH for plant growth.
The electrical conductivity (EC) of the soil across different treatments and depths was assessed in 2023 and 2024, with significant variations observed between treatments. In 2023, at the 0-15 cm depth, the highest EC (0.36 ± 0.01 dS m⁻¹) was recorded in T2 (100% RDF), followed by T6 (0.36 ± 0.00 dS m⁻¹), while the lowest EC (0.32 ± 0.01 dS m⁻¹) was found in T3 and T11, indicating that the application of inorganic fertilizers alone led to slightly higher EC compared to treatments with Beejamrutha and Jeevamrutha. Similarly, at the 15-30 cm depth, T2 again showed the highest EC (0.36 ± 0.01 dS m⁻¹), while the lowest (0.33 ± 0.00 dS m⁻¹) was recorded in T10 and T11. In 2024, at the 0-15 cm depth, the highest EC (0.38 ± 0.00 dS m⁻¹) was observed in T2, while the lowest (0.32 ± 0.01 dS m⁻¹) was found in T11. At the 15-30 cm depth, the highest EC (0.35 ± 0.01 dS m⁻¹) was recorded in T2, while T10 showed the lowest EC (0.31 ± 0.01 dS m⁻¹). For the pooled data, the highest EC (0.37 ± 0.01 dS m⁻¹) was found in T2, indicating that the application of RDF with or without Beejamrutha and Jeevamrutha led to a higher salt concentration in the soil. In contrast, T10 and T11 showed the lowest EC (0.32 ± 0.01 dS m⁻¹) in the pooled data, suggesting that treatments with a combination of Beejamrutha and Jeevamrutha and reduced RDF may have a moderating effect on soil salinity. The F-test results indicated significant differences in EC for all years and depths (p < 0.01), confirming that the application of Beejamrutha and Jeevamrutha and RDF influences soil salinity. The post-hoc comparisons (CD = 0.02) revealed that treatments with higher RDF content (such as T2) had significantly higher EC compared to other treatments. 
In 2023, the highest SOC at the 0-15 cm depth was observed in T7 (50% RDF + Jeevamrutha) and T8 (50% RDF + Beejamrutha + Jeevamrutha), with values of 0.69 and 0.70, respectively, indicating a substantial increase in organic carbon due to the integration of Beejamrutha and Jeevamrutha with RDF. The lowest SOC was found in T1 (Control), with 0.42. At the 15-30 cm depth, T7 and T8 again showed the highest SOC values, 0.62 ± 0.02 and 0.61 ± 0.01, respectively, which were significantly higher compared to the control treatment (0.38 ± 0.03). In 2024, at the 0-15 cm depth, T8 recorded the highest SOC (0.72 ± 0.02), followed by T7 (0.71 ± 0.00), and the lowest value was observed in T1 (0.39 ± 0.04). At the 15-30 cm depth, T8 and T7 also showed the highest SOC (0.63 ± 0.02 and 0.62 ± 0.01, respectively). The F-test results showed highly significant differences for all years and depths (p < 0.01), indicating that Beejamrutha and Jeevamrutha significantly contribute to increasing organic carbon content in the soil. The treatments with Beejamrutha and Jeevamrutha, especially T7 and T8, enhanced soil organic matter, which is crucial for improving soil fertility, water retention, and overall soil health. These results align with previous studies that highlight the role of Beejamrutha and Jeevamrutha in enhancing soil organic carbon, thereby supporting sustainable agricultural practices by improving nutrient cycling and soil structure.
The available nitrogen (N) content in soil in 2023, at the 0-15 cm depth, the highest available nitrogen (291.73 ± 1.22 kg ha-¹) was recorded in T2 (100% RDF), followed by T6 (289.15 ± 1.20 kg ha-¹) and T7 (289.72 ± 0.54 kg ha-¹). The lowest available nitrogen (197.25 ± 0.06 kg ha-¹) was found in the control treatment (T1). Similarly, at the 15-30 cm depth, the highest available nitrogen (298.83 ± 0.60 kg ha-¹) was observed in T2, with the lowest (190.37 ± 0.69 kg ha-¹) in T1. In 2024, at the 0-15 cm depth, the highest available nitrogen (299.00 ± 10.68 kg ha-¹) was found in T11 (100% RDF + Beejamrutha + Jeevamrutha), followed by T10 (297.17 ± 3.36 kg ha-¹) and T8 (293.60 ± 12.53 kg ha-¹). The lowest nitrogen value (182.10 ± 10.98 kg ha-¹) was recorded in T1. The pooled data for both years confirmed that treatments with Beejamrutha and Jeevamrutha, especially those combined with RDF (T6, T7, T8, T10, and T11), resulted in significantly higher available nitrogen compared to the control and other treatments. T11 (100% RDF + Beejamrutha + Jeevamrutha) recorded the highest available nitrogen (296.71 ± 5.30 kg ha-¹) in the pooled data, indicating the synergistic effect of combining Beejamrutha and Jeevamrutha with inorganic fertilizers. The F-test results were highly significant for all depths (p < 0.01), confirming that the application of Beejamrutha and Jeevamrutha, especially in combination with RDF, significantly increased the nitrogen content in soil.
The available phosphorus (P) content in soil showed significant variations across treatments, in 2023, at the 0-15 cm depth, the highest available phosphorus (18.81 ± 0.58 kg ha-¹) was recorded in T2 (100% RDF), followed by T11 (17.44 ± 0.16 kg ha-¹). The lowest phosphorus content (10.31 ± 0.95 kg ha-¹) was found in the control (T1). At the 15-30 cm depth, T2 also recorded the highest phosphorus (14.23 ± 0.47 kg ha-¹), with the lowest value again found in T1 (12.33 ± 3.67 kg ha-¹). In 2024, the highest available phosphorus at the 0-15 cm depth was observed in T11 (21.28 ± 0.82 kg ha-¹), followed by T10 (20.85 ± 0.73 kg ha-¹) and T8 (20.19 ± 0.36 kg ha-¹), while the lowest was recorded in T1 (10.37 ± 0.56 kg ha-¹). At the 15-30 cm depth, the highest available phosphorus was recorded in T11 (19.25 ± 0.51 kg ha-¹), with the lowest found in T8 (18.48 ± 1.17 kg ha-¹). For the pooled data, T11 (100% RDF + Beejamrutha + Jeevamrutha) showed the highest available phosphorus (19.36 ± 0.35 kg ha-¹), significantly outperforming other treatments, while T1 consistently exhibited the lowest phosphorus content (10.34 ± 0.74 kg ha-¹). The F-test results showed significant differences for all years, depths, and pooled data (p < 0.01), confirming that treatments with Beejamrutha and Jeevamrutha, especially T2 and T11, significantly increased available phosphorus levels. These results indicate that the application of Beejamrutha and Jeevamrutha in combination with inorganic fertilizers improves phosphorus availability in soil, which is crucial for promoting plant growth. The higher phosphorus availability in biofertilizer-amended treatments suggests that these amendments might enhance phosphorus solubilization and improve nutrient uptake, supporting sustainable nutrient management practices.
The available potassium (K) content in soil showed significant treatment in 2023, at the 0-15 cm depth, the highest available potassium (285.77 ± 0.48 kg ha-¹) was recorded in T2 (100% RDF), followed by T11 (287.12 ± 0.39 kg ha-¹). The lowest potassium content (205.74 ± 0.60 kg ha-¹) was found in the control (T1). Similarly, at the 15-30 cm depth, T2 the highest potassium (255.48 ± 1.56 kg ha-¹), with T1 showing the lowest value (174.47 ± 0.59 kg ha-¹). In 2024, at the 0-15 cm depth, the highest available potassium (289.09 ± 8.80 kg ha-¹) was observed in T11, followed by T10 (287.76 ± 1.03 kg ha-¹) and T9 (286.96 ± 6.94 kg ha-¹), while the lowest was recorded in T1 (182.10 ± 10.98 kg ha-¹). At the 15-30 cm depth, the highest potassium was observed in T11 (258.88 ± 5.09 kg ha-¹), while the lowest was in T1 (163.92 ± 1.75 kg ha-¹). For the pooled data, T11 (100% RDF + Beejamrutha + Jeevamrutha) consistently showed the highest available potassium (288.10 ± 4.45 kg ha-¹), significantly outperforming the other treatments, while T1 recorded the lowest (197.30 ± 0.59 kg ha-¹). The F-test results were highly significant for both years and depths (p < 0.01), confirming that treatments with Beejamrutha and Jeevamrutha, especially in combination with RDF, significantly enhanced the availability of potassium. These results suggest that Beejamrutha and Jeevamrutha, when used alongside inorganic fertilizers, can improve nutrient availability in soil, which is essential for optimal plant growth and yield. Similar results on the enhancement of nutrient availability and soil fertility through integrated nutrient management have been reported by Guru et al. (2024), where the application of biofertilizers and inorganic fertilizers significantly improved soil nitrogen, phosphorus, and potassium levels, supporting the efficacy of such practices in sustainable agricultural systems.

CONCLUSION
The study highlighted the significant effects of integrating Beejamrutha and Jeevamrutha biofertilizers with inorganic fertilizers on soil fertility, particularly in improving organic carbon (OC) and the availability of major nutrients nitrogen (N), phosphorus (P), and potassium (K). In 2023, the highest organic carbon (0.70) was recorded in T8. The highest available nitrogen (299.00 ± 10.68 kg ha-¹) was found in T11 (100% RDF + Beejamrutha + Jeevamrutha). Similarly, T11 showed the highest available phosphorus (21.28 ± 0.82 kg ha-¹), potassium (289.09 ± 8.80 kg ha-¹), and potassium (188.87 ± 1.61 kg ha-¹). In 2024, T8 again recorded the highest organic carbon (0.72 ± 0.02), and T11 showed the highest available nitrogen (299.00 ± 10.68 kg ha⁻¹), phosphorus (21.28 ± 0.82 kg ha-¹), and potassium (289.09 ± 8.80 kg ha-¹). The especially T11, results underline the effectiveness of combining bio inputs with inorganic fertilizers to significantly improve soil fertility, enhance nutrient availability, and promote sustainable farming practices. The integration of Beejamrutha and Jeevamrutha with RDF not only improves soil structure and nutrient cycling but also contributes to better crop yield, making it a valuable strategy for sustainable agriculture.
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Table.1 Effect of Beejamrutha and Jeevamrutha conjugated with Inorganic fertilizers on Physical parameter of soil under pearl millet crop after harvest
	Treatments
	Bulk Density
(Mg m-3)
	Particle Density
(Mg m-3)
	Porosity
(%)
	Water Holding Capacity
(%)

	
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024

	
	0-15
	15-30
	0-15
	15-30
	0-15
	15-30
	0-15
	15-30
	0-15
	15-30
	0-15
	15-30
	0-15
	15-30
	0-15
	15-30

	T1
	1.30
	1.31
	1.30
	1.31
	2.49
	2.50
	2.49
	2.53
	47.79
	47.61
	47.92
	48.22
	45.67
	45.31
	46.10
	47.37

	T2
	1.29
	1.30
	1.28
	1.30
	2.46
	2.47
	2.47
	2.52
	47.85
	47.42
	48.38
	48.48
	45.64
	45.96
	47.67
	48.56

	T3
	1.31
	1.31
	1.30
	1.32
	2.49
	2.50
	2.49
	2.54
	47.34
	47.61
	47.72
	48.16
	44.61
	45.32
	46.74
	47.41

	T4
	1.32
	1.30
	1.30
	1.33
	2.48
	2.50
	2.49
	2.53
	46.85
	48.01
	47.72
	47.30
	44.63
	45.61
	46.71
	47.60

	T5
	1.30
	1.31
	1.30
	1.31
	2.49
	2.49
	2.49
	2.54
	47.73
	47.49
	47.92
	48.36
	44.95
	45.60
	47.19
	47.83

	T6
	1.29
	1.30
	1.28
	1.31
	2.48
	2.49
	2.49
	2.52
	48.34
	49.01
	48.79
	48.22
	44.97
	45.95
	47.19
	47.92

	T7
	1.28
	1.29
	1.27
	1.29
	2.48
	2.49
	2.48
	2.54
	48.19
	48.25
	48.79
	49.21
	45.11
	46.32
	47.41
	48.44

	T8
	1.28
	1.29
	1.26
	1.28
	2.47
	2.48
	2.48
	2.52
	48.22
	48.99
	48.99
	48.48
	45.20
	46.64
	47.25
	48.96

	T9
	1.30
	1.30
	1.29
	1.32
	2.48
	2.48
	2.48
	2.55
	47.42
	47.67
	48.05
	48.30
	45.97
	46.62
	48.04
	48.96

	T10
	1.30
	1.30
	1.28
	1.31
	2.47
	2.47
	2.47
	2.52
	47.34
	47.39
	48.38
	48.08
	46.10
	45.92
	48.31
	48.06

	T11
	1.31
	1.30
	1.28
	1.31
	2.48
	2.47
	2.47
	2.54
	47.33
	47.30
	48.31
	48.23
	46.00
	45.92
	48.21
	48.63

	F-Test
	NS
	NS
	S
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS


Note: T1- Control, T2- RDF, T3- 0% RDF + Beejamrutha, T4- 0% RDF + Jeevamrutha, T5- 0% RDF + Beejamrutha+ Jeevamrutha, T6- 50% RDF + Beejamrutha, T7- 50% RDF + Jeevamrutha, T8- 50% RDF + Beejamrutha+ Jeevamrutha, T9- 100% RDF + Beejamrutha, T10- 100% RDF + Jeevamrutha, T11- 100% RDF + Beejamrutha+ Jeevamrutha

Table.2 Effect of Beejamrutha and Jeevamrutha conjugated with Inorganic fertilizers on Chemical parameter of soil under pearl millet crop after harvest
	Treatments
	Soil pH
(w/v)
	Soil EC (d Sm-1)
	Soil Organic Carbon 
(%)

	
	2023
	2024
	2023
	2024
	2023
	2024

	
	0-15
	15-30
	0-15
	15-30
	0-15
	15-30
	0-15
	15-30
	0-15
	[bookmark: _GoBack]15-30
	0-15
	15-30

	T1
	7.09
	7.13
	6.99
	7.03
	0.34
	0.35
	0.35
	0.35
	0.42
	0.38
	0.39
	0.37

	T2
	6.80
	7.06
	6.65
	6.93
	0.36
	0.36
	0.38
	0.34
	0.53
	0.49
	0.50
	0.48

	T3
	6.97
	7.10
	6.97
	6.99
	0.32
	0.34
	0.35
	0.34
	0.59
	0.53
	0.61
	0.54

	T4
	6.90
	7.07
	6.93
	6.96
	0.35
	0.35
	0.36
	0.33
	0.60
	0.54
	0.63
	0.55

	T5
	6.83
	7.08
	6.84
	6.90
	0.33
	0.34
	0.35
	0.35
	0.62
	0.56
	0.65
	0.56

	T6
	7.04
	7.07
	6.90
	6.93
	0.36
	0.36
	0.37
	0.35
	0.68
	0.60
	0.69
	0.61

	T7
	6.82
	7.04
	6.71
	6.94
	0.33
	0.35
	0.35
	0.35
	0.69
	0.62
	0.71
	0.62

	T8
	6.81
	7.02
	6.81
	6.93
	0.33
	0.34
	0.35
	0.35
	0.70
	0.61
	0.72
	0.63

	T9
	6.79
	7.01
	6.66
	6.87
	0.33
	0.34
	0.35
	0.34
	0.64
	0.57
	0.66
	0.58

	T10
	6.78
	7.01
	6.68
	6.89
	0.33
	0.33
	0.34
	0.31
	0.65
	0.58
	0.67
	0.59

	T11
	6.79
	7.00
	6.68
	6.88
	0.32
	0.33
	0.34
	0.34
	0.66
	0.59
	0.68
	0.60

	F-Test
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	S
	S
	S
	S

	SE(m)
	-
	-
	-
	-
	-
	-
	-
	-
	0.01
	0.01
	0.01
	0.01

	SE(d)
	-
	-
	-
	-
	-
	-
	-
	-
	0.01
	0.02
	0.01
	0.02

	C.V(%)
	-
	-
	-
	-
	-
	-
	-
	-
	2.86
	3.59
	2.80
	3.43


Note: T1- Control, T2- RDF, T3- 0% RDF + Beejamrutha, T4- 0% RDF + Jeevamrutha, T5- 0% RDF + Beejamrutha+ Jeevamrutha, T6- 50% RDF + Beejamrutha, T7- 50% RDF + Jeevamrutha, T8- 50% RDF + Beejamrutha+ Jeevamrutha, T9- 100% RDF + Beejamrutha, T10- 100% RDF + Jeevamrutha, T11- 100% RDF + Beejamrutha+ Jeevamrutha
Table.2 Effect of Beejamrutha and Jeevamrutha conjugated with Inorganic fertilizers on Chemical parameter of soil under pearl millet crop after harvest(contd)
	Treatments
	Available Nitrogen
(kg ha-1)
	Available Phosphorous
(kg ha-1)
	Available Potassium
(kg ha-1)

	
	2023
	2024
	2023
	2024
	2023
	2024

	
	0-15
	15-30
	0-15
	15-30
	0-15
	15-30
	0-15
	15-30
	0-15
	15-30
	0-15
	15-30

	T1
	197.25
	190.37
	182.10
	174.37
	10.31
	12.33
	10.37
	8.91
	205.74
	174.47
	188.87
	163.92

	T2
	291.73
	287.45
	298.83
	288.10
	18.81
	14.23
	20.88
	18.66
	285.77
	255.48
	286.06
	256.87

	T3
	257.85
	251.04
	246.66
	245.00
	14.58
	12.72
	13.97
	12.50
	245.21
	214.85
	242.42
	213.99

	T4
	268.27
	262.77
	259.29
	258.00
	16.08
	15.37
	15.70
	15.21
	256.33
	225.89
	251.64
	224.96

	T5
	273.68
	268.99
	265.12
	263.52
	17.42
	16.50
	16.58
	16.22
	261.45
	231.48
	257.10
	229.00

	T6
	289.15
	286.18
	291.04
	298.67
	16.79
	12.10
	18.76
	17.88
	283.11
	248.82
	283.88
	250.81

	T7
	289.72
	287.07
	293.55
	300.33
	15.13
	11.21
	19.34
	18.18
	283.45
	250.82
	284.31
	252.96

	T8
	291.22
	287.24
	293.60
	301.11
	16.32
	10.30
	20.19
	18.48
	284.99
	251.77
	285.82
	253.79

	T9
	292.56
	290.41
	295.00
	294.32
	17.10
	16.24
	20.36
	18.84
	286.54
	255.81
	286.96
	256.77

	T10
	293.97
	290.91
	297.17
	303.00
	16.42
	14.43
	20.85
	19.09
	286.77
	256.40
	287.76
	256.84

	T11
	294.42
	291.06
	299.00
	306.32
	17.44
	13.32
	21.28
	19.25
	287.12
	257.82
	289.09
	258.88

	F-Test
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S

	SE(m)
	0.70
	0.62
	4.58
	2.96
	1.00
	1.01
	0.53
	0.84
	0.69
	0.83
	4.25
	3.30

	SE(d)
	0.98
	0.87
	6.47
	4.18
	1.42
	1.42
	0.75
	1.18
	0.98
	1.17
	6
	4.66

	C.V(%)
	0.44
	0.39
	2.89
	1.86
	10.81
	12.88
	5.07
	8.69
	0.45
	0.60
	2.75
	2.40


Note: T1- Control, T2- RDF, T3- 0% RDF + Beejamrutha, T4- 0% RDF + Jeevamrutha, T5- 0% RDF + Beejamrutha+ Jeevamrutha, T6- 50% RDF + Beejamrutha, T7- 50% RDF + Jeevamrutha, T8- 50% RDF + Beejamrutha+ Jeevamrutha, T9- 100% RDF + Beejamrutha, T10- 100% RDF + Jeevamrutha, T11- 100% RDF + Beejamrutha+ Jeevamrutha
