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ABSTRACT:
The present study evaluated the effect of inorganic fertilizers in combination with Jeevamrutha and Beejamrutha on soil enzymatic activities, microbial biomass, and beneficial microbial populations at 0-20 cm soil depth after crop harvest during 2023 and 2024. Results revealed that across all biological parameters studied were as dehydrogenase, urease, and phosphatase activities; microbial biomass nitrogen and carbon; and populations of N fixers, P solubilizers, and actinomycetes, the treatment applied 100% RDF + Jeevamrutha + Beejamrutha (T11) consistently recorded the highest values in both years, while the control (T1) recorded the lowest. These findings demonstrate that the integrated application of inorganic fertilizers with Jeevamrutha and Beejamrutha significantly enhances soil microbial activity, biomass, and beneficial microbial populations compared to the sole application of inorganic fertilizers or no amendment.
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INTRODUCTION:
Sustainable agriculture aims to balance food production with environmental conservation, ensuring resource availability for future generations. Among its key principles, soil health is crucial for maintaining long-term productivity, improving water regulation, sequestering carbon, and supporting biodiversity (FAO, 2015). Intensive farming practices, including overuse of inorganic fertilizers and monocropping, have led to soil degradation, nutrient imbalances, and reduced microbial diversity (Lal, 2020). Pearl millet (Pennisetum glaucum), a climate-resilient cereal, thrives in arid and semi-arid regions, performing well in low-fertility soils and under extreme climatic conditions. Its adaptability makes it an important crop for ensuring food security in marginal farming systems (Rai et al., 2019; Sharma & Singh, 2020). However, sustaining and enhancing its productivity requires nutrient management strategies that also restore soil health.
Integrated Nutrient Management (INM), which combines inorganic fertilizers with organic amendments, offers a viable solution. Jeevamrutha and Beejamrutha as traditional organic preparations rich in beneficial microorganisms such as nitrogen-fixing and phosphate-solubilizing bacteria (Palekar, 2006) are known to enhance soil microbial activity, nutrient availability, and plant growth while reducing reliance on synthetic inputs (Patel et al., 2020).
In this context, the present study evaluates the combined application of inorganic fertilizers with Jeevamrutha and Beejamrutha on soil health and yield attributes of pearl millet. The objective is to determine whether such integration can enhance microbial activity, improve nutrient cycling, and boost productivity, thereby promoting sustainable agricultural practices.
MATERIALS AND METHODS:
SITE OF STUDY- The experiment was conducted at the Central Research Farm, Naini Agricultural Institute, Sam Higginbottom University of Agriculture, Technology, and Sciences, Prayagraj district (25°40′ N, 81°85′ E; 92 m above sea level.). The site lies on the eastern bank of the Yamuna River near Indalpur village, within the Middle and Upper Gangetic Plains Agro-climatic zones. The region has a humid subtropical climate, with hot summers (>40°C), mild winters (4-25°C), and an annual rainfall of 981 mm, mainly during July-September. Fertile alluvial soils and irrigation from rivers and canals make the area suitable for diverse crops, including cereals, pulses, oilseeds, and vegetables.
LAYOUT AND TREATMENT DETAILS- The experiment comprised 11 treatments and 3 replications, laid out in a Randomized Block Design (RBD) during the Kharif seasons of 2023 and 2024. The treatments were: 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 plot measured 2 m × 2 m, giving a total of 33 plots and a net cultivated area of 132 m². The total experimental area measured 25.6 m. The crop was sown at a row spacing of 45 cm and plant spacing of 15 cm, using a seed rate of 5 kg ha⁻¹. The Recommended Dose of Fertilizers (RDF) was 70:35:35 kg N:P: K ha⁻¹.
METHODS FOR DIFERENT PARAMETERS- For the estimation of soil dehydrogenase activity, the method of Cassida et al. (1964) was used. Urease activity was determined following Tabatabai and Bremner (1969). Phosphatase activity was measured using the protocol of Tabatabai and Bremner (1969). Microbial biomass nitrogen (MBN) was determined by the chloroform fumigation-extraction method (Brookes et al., 1985), while microbial biomass carbon (MBC) was estimated by the chloroform fumigation-extraction method (Vance et al., 1987). The population of actinomycetes was enumerated using the dilution plate method (Kuster and Williams, 1964). Nitrogen-fixing bacteria were isolated and counted following the serial dilution plate method on N-free medium (Dye, 1967). Phosphate solubilizing bacteria were enumerated using the serial dilution plate method on Pikovskaya’s agar (Pikovskaya, 1948).
RESULTS AND DISCUSSION-
Dehydrogenase activity (µg TPF g-1 soil-1)
In 2023, the highest dehydrogenase activity at 0-20 cm soil depth after crop harvest was recorded in T11 (µg TPF g-1 soil), while the lowest was observed in T1 (15 µg TPF g-1 soil). In 2024, the highest activity was again recorded in T11 (68 µg TPF g-1 soil), whereas the lowest was noted in T1 (µg TPF g-1 soil). The F-test showed significant differences among treatments in both years and in the pooled data, indicating that using inorganic fertilizers together with Jeevamrutha and Beejamrutha clearly and consistently increased dehydrogenase activity compared to the control.
Urease activity (µg NH₄⁺-N g-1 soil hr-1)
In 2023, the highest urease activity at 0-20 cm soil depth after crop harvest was recorded in T11 (61 µg NH₄⁺-N g⁻¹ soil hr⁻¹), while the lowest was observed in T1 (15 µg NH₄⁺-N g⁻¹ soil hr⁻¹). In 2024, the highest activity was again recorded in T11 (65 µg NH₄⁺-N g⁻¹ soil hr⁻¹), whereas the lowest was noted in T1 (11 µg NH₄⁺-N g⁻¹ soil hr⁻¹). The F-test showed significant differences among treatments in both years and in the pooled data, indicating that the application of inorganic fertilizers together with Jeevamrutha and Beejamrutha clearly and consistently increased urease activity compared to the control.
Phosphatase activity (µg PNP g-1 soil hr-1)
In 2023, the highest phosphatase activity at 0-20 cm soil depth after crop harvest was recorded in T11 (72 µg PNP g⁻¹ soil hr⁻¹), while the lowest was observed in T1 (18 µg PNP g⁻¹ soil hr⁻¹). In 2024, the highest activity was again recorded in T11 (74 µg PNP g⁻¹ soil hr⁻¹), whereas the lowest was noted in T1 (16 µg PNP g⁻¹ soil hr⁻¹). The F-test showed significant differences among treatments in both years and in the pooled data, indicating that the application of inorganic fertilizers together with Jeevamrutha and Beejamrutha clearly and consistently increased phosphatase activity compared to the control.
Microbial Biomass of Nitrogen (µg N g-1 soil)
In 2023, the highest microbial biomass nitrogen at 0-20 cm soil depth after crop harvest was recorded in T11 (46 µg N g⁻¹ soil), while the lowest was observed in T1 (15 µg N g⁻¹ soil). In 2024, the highest value was again recorded in T11 (51 µg N g⁻¹ soil), whereas the lowest was noted in T1 (13 µg N g⁻¹ soil). The F-test showed significant differences among treatments in both years and in the pooled data, indicating that the application of inorganic fertilizers together with Jeevamrutha and Beejamrutha clearly and consistently increased microbial biomass nitrogen compared to the control.
Microbial Biomass of Carbon (µg C g-1 soil)
In 2023, the highest microbial biomass carbon at 0-20 cm soil depth after crop harvest was recorded in T11 (381 µg C g⁻¹ soil), while the lowest was observed in T1 (120 µg C g⁻¹ soil). In 2024, the highest value was again recorded in T11 (411 µg C g⁻¹ soil), whereas the lowest was noted in T1 (110 µg C g⁻¹ soil). The F-test showed significant differences among treatments in both years and in the pooled data, indicating that the application of inorganic fertilizers together with Jeevamrutha and Beejamrutha clearly and consistently increased microbial biomass carbon compared to the control.









N Fixers, P Solubilizers, and Actinomycetes (CFU g-1)
In 2023, the highest population of N fixers at 0-20 cm soil depth after crop harvest was recorded in T11 (5.0 × 10⁶ CFU g⁻¹), while the lowest was observed in T1 (3.1 × 10⁵ CFU g⁻¹). In 2024, the highest was again in T11 (7.9 × 10⁶ CFU g⁻¹), and the lowest in T1 (3.9 × 10⁵ CFU g⁻¹).
For P solubilizers, the highest count in 2023 was in T11 (4.0 × 10⁶ CFU g⁻¹) and the lowest in T1 (1.6 × 10⁵ CFU g⁻¹); in 2024, the highest was in T11 (6.3 × 10⁶ CFU g⁻¹) and the lowest in T1 (2.0 × 10⁵ CFU g⁻¹). For Actinomycetes, the highest count in 2023 was in T11 (7.9 × 10⁶ CFU g⁻¹) and the lowest in T1 (6.3 × 10⁵ CFU g⁻¹); in 2024, the highest was in T11 (1.3 × 10⁷ CFU g⁻¹) and the lowest in T1 (7.9 × 10⁵ CFU g⁻¹). Overall, the results indicate that inorganic fertilizers in combination with Jeevamrutha and Beejamrutha (T11) consistently supported the highest beneficial microbial populations, while the control (T1) recorded the lowest across both years.
CONCLUSION
The combined use of inorganic fertilizers with Jeevamrutha and Beejamrutha proved highly effective in improving soil biological health indicators, as evidenced by substantial increases in enzyme activities, microbial biomass, and beneficial microbial populations. The treatment T11 (100% RDF + Jeevamrutha + Beejamrutha) outperformed all other treatments in both years, highlighting the synergistic effect of integrating organic bioenhancers with recommended fertilizer doses. This integrated nutrient management approach not only supports enhanced microbial functioning but also has potential to sustain soil fertility and productivity in the long term. The results suggest that adopting such combinations in crop production systems could contribute to improved soil health and sustainable agricultural practices.

REFERENCE- 
Brookes, P. C., Landman, A., Pruden, G., and Jenkinson, D. S. (1985). Chloroform fumigation and the release of soil nitrogen: A rapid direct extraction method to measure microbial biomass nitrogen in soil. Soil Biology and Biochemistry, 17(6), 837-842.
Cassida, K. A., Klug, M. J., & Reddy, C. A. (1964). Determination of dehydrogenase activity in soil by the triphenyl tetrazolium chloride method. Soil Science Society of America Journal, 28(5), 258-261
Dye, D. W. (1967). Isolation and Identification of Nitrogen-Fixing Bacteria in Soil. Journal of Applied Microbiology, 19(4), 773-778.
FAO. (2015). Status of the World's Soil Resources (SWSR)-Main Report. Food and Agriculture Organization of the United Nations.
Kuster, E., and Williams, S. T. (1964). Selection of media for isolation of actinomycetes from soil. Nature, 202(4939), 928-929.
Lal, R. (2020). Managing soils for resolving the global food crisis. Nature Reviews Earth and Environment, 1(4), 300-301.
Palekar, S. (2006). The Philosophy of Spiritual Farming. Maharashtra, India: Zero Budget Natural Farming Foundation.
Patel, M. J., Chauhan, N. M., and Mehta, D. V. (2020). Traditional farming practices for sustainable agriculture: Role of Jeevamrutha and Bijamrita. International Journal of Agricultural Sciences, 12(1), 25-30.
Pikovskaya, R. I. (1948). Mobilization of phosphorus in soil in connection with the vital activity of some microbial species. Microbiologiya, 17(4), 362-370
Rai, K. N., Yadav, O. P., and Rajpurohit, B. S. (2019). Pearl millet: A climate-resilient cereal for marginal environments. Advances in Agronomy, 155, 187-247.
Sharma, A., and Singh, B. (2020). Nutritional significance and economic importance of pearl millet. Agricultural Science Digest, 40(3), 210-216.
Tabatabai, M. A., and Bremner, J. M. (1969). Use of p-nitrophenyl phosphate for assay of soil phosphatase activity. Soil Biology and Biochemistry, 1(4), 301-307.
Vance, E. D., Brookes, P. C., and Jenkinson, D. S. (1987). An extraction method for measuring soil microbial biomass C. Soil Biology and Biochemistry, 19(6), 703-707.


Table.1 Effects of Jeevamrutha and Beejamrutha with Inorganic Fertilizers on Soil Microbial and Enzymatic Properties in 2023 Pearl Millet
	Treatments
	Dehydrogenase activity (µg TPF g-1 soil-1)
	Urease activity (µg NH₄⁺-N g-1 soil hr-1)
	Phosphatase activity (µg PNP g-1 soil hr-1)
	Microbial Biomass of Nitrogen (µg N g-1 soil)
	Microbial Biomass of Carbon (µg C g-1 soil)

	Depth
	0-20 cm
	0-20 cm
	0-20 cm
	0-20 cm
	0-20 cm

	T1
	15
	15
	18
	15
	120

	T2
	25
	28
	32
	26
	250

	T3
	30
	30
	38
	32
	263

	T4
	38
	38
	48
	35
	289

	T5
	45
	45
	53
	40
	302

	T6
	43
	42
	51
	38
	328

	T7
	48
	50
	58
	41
	357

	T8
	55
	56
	64
	43
	378

	T9
	48
	53
	59
	39
	329

	T10
	55
	57
	63
	43
	359

	T11
	62
	61
	72.
	46
	381

	F-Test
	S
	S
	S
	S
	S

	SE(m)
	0.75
	0.74
	0.85
	0.73
	5.11

	SE(d)
	1.06
	1.05
	1.21
	1.03
	7.22

	C.V(%)
	3.09
	2.97
	2.92
	3.47
	2.90










Table.2 Effects of Jeevamrutha and Beejamrutha with Inorganic Fertilizers on Soil Microbial and Enzymatic Properties in 2024 Pearl Millet
	Treatments
	Dehydrogenase activity (µg TPF g-1 soil-1)
	Urease activity (µg NH₄⁺-N g-1 soil hr-1)
	Phosphatase activity (µg PNP g-1 soil hr-1)
	Microbial Biomass of Nitrogen (µg N g-1 soil)
	Microbial Biomass of Carbon (µg C g-1 soil)

	Depth
	0-20 cm
	0-20 cm
	0-20 cm
	0-20 cm
	0-20 cm

	T1
	9
	11
	16
	13
	110

	T2
	22
	33
	29
	24
	240

	T3
	32
	32
	41
	34
	278

	T4
	43
	40
	50
	38
	297

	T5
	50
	48
	56
	43
	315

	T6
	45
	45
	55
	40
	334

	T7
	53
	53
	61
	44
	373

	T8
	58
	59
	67
	48
	392

	T9
	52
	55
	62
	43
	334

	T10
	57
	59
	65
	47
	389

	T11
	68
	65
	74
	51
	411

	F-Test
	S
	S
	S
	S
	S

	SE(m)
	0.58
	0.84
	0.62
	0.61
	3.79

	SE(d)
	0.82
	1.18
	0.87
	0.86
	5.36

	C.V(%)
	2.26
	3.19
	2.04
	2.74
	2.08











Table 3 

Soil microbial population (N fixers, P solubilisers, and actinomycetes) under different treatments (T1–T11) at 0–20 cm depth during 2023 and 2024
	
Treatments
	N Fixers (CFU g-1)
	P Solubilizers (CFU g-1)
	Actinomycetes (CFU g-1)

	
	2023
	2024
	2023
	2024
	2023
	2024

	
	0-20cm
	0-20cm
	0-20cm
	0-20cm
	0-20cm
	0-20cm

	T1
	3.1 × 10⁵
	3.9 × 10⁵
	1.6 × 10⁵
	2.0 × 10⁵
	6.3 × 10⁵
	7.9 × 10⁵

	T2
	6.3 × 10⁵
	7.9 × 10⁵
	4.0 × 10⁵
	5.0 × 10⁵
	1.6 × 10⁶
	2.0 × 10⁶

	T3
	1.0 × 10⁶
	1.6 × 10⁶
	7.9 × 10⁵
	1.0 × 10⁶
	2.0 × 10⁶
	2.5 × 10⁶

	T4
	1.6 × 10⁶
	2.5 × 10⁶
	1.0 × 10⁶
	1.6 × 10⁶
	2.5 × 10⁶
	4.0 × 10⁶

	T5
	2.0 × 10⁶
	3.2 × 10⁶
	1.6 × 10⁶
	2.5 × 10⁶
	3.2 × 10⁶
	5.0 × 10⁶

	T6
	2.0 × 10⁶
	3.2 × 10⁶
	1.6 × 10⁶
	2.5 × 10⁶
	3.2 × 10⁶
	5.0 × 10⁶

	T7
	2.5 × 10⁶
	4.0 × 10⁶
	2.0 × 10⁶
	3.2 × 10⁶
	4.0 × 10⁶
	6.3 × 10⁶

	T8
	3.2 × 10⁶
	5.0 × 10⁶
	2.5 × 10⁶
	4.0 × 10⁶
	5.0 × 10⁶
	7.9 × 10⁶

	T9
	2.5 × 10⁶
	4.0 × 10⁶
	2.0 × 10⁶
	3.2 × 10⁶
	4.0 × 10⁶
	6.3 × 10⁶

	T10
	4.0 × 10⁶
	6.3 × 10⁶
	3.2 × 10⁶
	5.0 × 10⁶
	6.3 × 10⁶
	1.0 × 10⁷

	T11
	5.0 × 10⁶
	7.9 × 10⁶
	4.0 × 10⁶
	6.3 × 10⁶
	7.9 × 10⁶
	1.3 × 10⁷



Fig .1 Soil Enzyme Activities and Microbial Biomass Nitrogen

Dehydrogenase activity (µg TPF g-1 soil-1)	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	12	23	31	40	47	44	50	56	50	56	65	Urease activity (µg NH₄⁺-N g-1 soil hr-1)	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	13	30	31	39	46	43	51	57	54	58	63	Phosphatase activity (µg PNP g-1 soil hr-1)	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	17	30	39	49	54	53	59	65	60	64	73	Microbial Biomass of Nitrogen (µg N g-1 soil)	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	14	25	33	36	41	39	42	45	41	45	48	



Fig .2 Microbial Biomass of Carbon (µg C g-1 soil)

Microbial Biomass of Carbon (µg C g-1 soil)	
T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	115	245	270	293	308	331	365	385	331	374	396	






