



Influence of Organic Manures and Nitrogen Levels on Soil Health and Nutrient Dynamics in Finger Millet (Eleusinecoracana L.) 




.
.
.

	.
..


Abstract.
[bookmark: _GoBack]


Aims: To evaluate the effects of different organic manures and nitrogen levels on nutrient uptake, soil available nutrients, and soil organic carbon in finger millet (Eleusine coracana L.) under organic farming conditions.
Study Design: Split-plot field experiment.
Place and Duration of Study: Organic Farming Research Station, Naganahalli, Mysore, India, during three consecutive Kharif cropping seasons: July 2022–November 2022, July 2023–November 2023, and July 2024–November 2024.
Methodology: Seven organic manure treatments—farmyard manure, diancha, biocompost, poultry manure, biodigester liquid, jeevamruta, and control—were evaluated in combination with three nitrogen levels: 100%, 150%, and 200% of the recommended dose. Soil available N, P₂O₅, K₂O, organic carbon content, and nutrient uptake by the crop were measured over three years, and pooled data were analyzed.
Results: Biocompost and poultry manure significantly improved soil health indicators, with the highest available N, P₂O₅, K₂O, and organic carbon content. Available nitrogen was 308 kg ha⁻¹ (biocompost) and 287 kg ha⁻¹ (poultry manure) compared to 201 kg ha⁻¹ (control). Nitrogen uptake was 46.28 kg ha⁻¹ (biocompost), 43.35 kg ha⁻¹ (poultry manure), and 26.59 kg ha⁻¹ (control). Application of 200% nitrogen consistently resulted in the highest nutrient uptake and significantly improved soil nutrient status. Interaction effects between organic manures and nitrogen levels were non-significant, indicating additive effects.
Conclusion: Application of biocompost or poultry manure with optimal nitrogen enhances soil health, nutrient availability, and crop performance in organic finger millet systems, contributing to sustainable and long-term soil productivity.
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1. INTRODUCTION
Finger millet (Eleusine coracana L. Gaertn), commonly known as Ragi, is a climate-resilient crop that holds immense significance due to its rich nutritional profile, ability to withstand harsh agro-climatic conditions, and suitability for cultivation on poor and marginal lands (Sivagamy et al., 2024; Chaudhari et al., 2024). It is predominantly cultivated in India, particularly in Karnataka, Tamil Nadu, Andhra Pradesh, and Odisha, accounting for nearly 85% of the country’s minor millet production (Bandita et al., 2022; Giri Babu et al., 2023). In India, 1.19 m ha area produces 1.98 million t of finger millet grain with an average productivity of 1661 kgha-1 (Sakamma et al., 2018). The most striking feature of this crop is its resilience to adverse weather conditions and its capacity to grow in poor soil, making it suitable for dryland agriculture (Ashokh et al., 2023). Due to its high calcium, iron, and fiber content, finger millet is considered ideal for pregnant women, children, diabetics, and the elderly (Sahoo et al., 2025; Das et al., 2025). It also contains methionine, an essential amino acid often missing in cereal-based diets (Anonymous 2022b). With increasing consumer demand for organic and functional foods, organic farming of millets is gaining importance. Recognizing its nutritional and ecological significance, the Government of India and the United Nations General Assembly declared 2023 as the International Year of Millets (Sai Aparna and Karthikeyan, 2023; Prabhakar et al., 2023). Despite its potential, finger millet productivity remains low under rainfed and organic conditions. This is attributed to nutrient deficiencies, continuous chemical fertilizer use, and reduced application of organic inputs, leading to poor soil health (Prashanth et al., 2019; Vighnesh et al., 2023). Organic cultivation practices that integrate nutrient sources such as FYM, vermicompost, and liquid formulations like Panchagavya, Jeevamrutham, and Beejamrutham are gaining attention for their ability to boost crop immunity and nutrient uptake (Ashokh et al., 2023).Integrated Nutrient Management (INM) has been proposed as a viable solution, combining organic and inorganic nutrient sources to enhance soil fertility and crop productivity (Ullasa et al., 2025; Hebbal et al., 2025). Studies confirm that these practices improve microbial activity, nutrient cycling, and plant physiological functions (Das et al., 2025; Biswas and Das, 2024). Organic nutrient management has also been successfully demonstrated in similar cropping systems like pearl millet–chickpea, which showed improved yield, quality, and profitability using FYM and vermicompost (Bhuva and Detroja, 2017). In Karnataka, a major finger millet-producing state, integrated nutrient strategies using local resources have shown promise in sustainable production and improved soil health (Vighnesh et al., 2023; Hebbal et al., 2025). The crop is increasingly viewed as central to restoring soil fertility and food security in the context of climate change and resource constraints (Goudar et al., 2017; Pallavi et al., 2023). Hence, to address these research gaps and optimize nutrient use efficiency under organic and integrated systems, the following study was conceptualized.Therefore, the present study, conducted at Organic Farming Research Station, Naganahalli, Mysuru was undertaken with the following objectives: (1) To determine the effects of organic manures and nitrogen levels on nutrient uptake by finger millet. (2) To analyze the changes in available nutrient status in the soil under different organic manure and nitrogen treatments. (3) To assess the effect of organic manures and nitrogen levels on soil organic carbon content.

2. material and methods 
2.1. Experimental site and duration
A field experiment was meticulously conducted during three consecutive kharif cropping seasons (July, 2022–November, 2024)—2022–23, 2023–24 and 2024–25 at the Organic Farming Research Station, Naganahalli, Mysore, India. The site wasgeographically located at 12°22′ North latitude and 76°42′ East longitude, falling in a region characterized by semi-arid tropical conditions, where finger millet was typically cultivated under rainfed conditions. The study allowed for the assessment of treatment effects over multiple years and provided a robust dataset for pooled analysis.
2.2. Experimental Design and Treatments
The experiment was laid out in a split-plot design, a statistical arrangement suitable for evaluating the effects of two or more factors, where one factor (main plot) was applied to larger plots and another factor (sub-plot) to smaller subdivisions within those larger plots (Gomez and Gomez, 1984).
The treatments comprised
2.2.1 Main Plot Treatments (Organic Manures)
Seven distinct organic manure applications were evaluated
•	O₁: Farm Yard Manure (FYM)
•	O₂: Diancha
•	O₃: Biocompost
•	O₄: Poultry Manure
•	O₅: Biodigestor Liquid
•	O₆: Jeevamruta
•	O₇: Control (representing no application of organic manure)
2.2.2 Sub Plot Treatments (Level of Nutrients based on Nitrogen)
Three levels of nitrogen application were investigated
•	N₁: 100% N basis
•	N₂: 150% N basis
•	N₃: 200% N basis
All organic manures were applied on a nitrogen-equivalent basis, aligning with their respective nitrogen contents to meet the specified nitrogen levels as outlined by (Prabhakar et al., 2023). Farmyard manure (FYM) was applied at a rate of 10 t ha⁻¹, consistent with standard integrated nutrient management practices. The recommended nutrient dose for the crop—100 kg nitrogen, 50 kg phosphorus as P₂O₅, and 50 kg potassium as K₂O ha⁻¹—was followed as per (Krishna et al., 2019).

2.3. Crop Cultivation and Management
General agronomic practices for finger millet cultivation, such as land preparation, sowing methods, spacing, and pest/disease management, were followed as per standard recommendations for the region (Sai Aparna and Karthikeyan, 2023). The specific finger millet variety utilized in the experiment was not identified in the provided data. All treatments were managed under rainfed conditions, reflecting the typical cultivation practices in the semi-arid tropics of Southern India. 
2.4. Data collection
Comprehensive data were collected on various parameters to assess the impact of the applied treatments on soil health and nutrient dynamics. These included
2.4.1 Nutrient dynamics
The uptake of key macronutrients by the finger millet plants—specifically N uptake (kg ha⁻¹), P₂O₅ uptake (kg ha⁻¹), and K₂O uptake (kg ha⁻¹)—was quantified at harvest to assess the influence of different organic manures and nitrogen levels on nutrient assimilation and overall crop nutrition (Prabhakar et al., 2023).
2.4.2 Soil health parameters
Post‑harvest soil analysis was conducted to determine the available nutrient status, including available nitrogen (N in kg ha⁻¹), phosphorus as P₂O₅ (kg ha⁻¹), and potassium as K₂O (kg ha⁻¹). Additionally, the organic carbon content (%) of the soil after harvest was measured to assess the impact of treatments on soil health. The initial organic carbon status of the experimental site was recorded as 1.08%, serving as a baseline for evaluating treatment-induced changes (Anonymous 2019a).
2.5. Statistical analysis
The collected data for each parameter were subjected to appropriate statistical analysis, typically using Analysis of Variance (ANOVA) for a split-plot design, to determine the significance of differences among the various treatments. Key statistical indicators reported included the Standard Error of the Mean (S.Em±), the Critical Difference at p=0.05 (CD at 5%), and the Coefficient of Variation (CV %). A “NS” notation indicated that the observed differences between treatments were not statistically significant at the p=0.05 probability level, implying that any variations could be due to random chance rather than treatment effects (Jones and Montgomery, 2009).
3. results and discussion
The experimental findings, primarily focusing on the pooled data averaged across the three cropping seasons (2022–25), were systematically presented below. Statistical significance, as determined by the Critical Difference at p=0.05 (CD at p=0.05), was highlighted for each parameter.
3.1. Effect on Nutrient Uptake and Soil Available Nutrients
The study assessed the impact of treatments on the availability of key nutrients in the soil after harvest and their subsequent uptake by finger millet plants.

	Table 1: Nutrient uptake N, P2O5 K2O of finger millet as influenced by different treatments (pooled data)

	Treatment
	N uptake (kgha-1)
	P2O5 uptake (kgha-1)
	K2O uptake (kgha-1)

	Main plot treatments (Organic manures)

	O1: Farm yard manure
	42.53
	44.06
	45.27

	O2: Diancha
	36.43
	38.07
	39.09

	O3: Biocompost
	50.65
	52.48
	53.82

	O4: Poultry Manure
	47.69
	49.50
	50.74

	O5: Biodigestor Liquid
	38.91
	40.55
	41.80

	O6: Jeevamruta
	42.79
	44.01
	45.26

	O7: Control
	27.28
	29.22
	31.67

	S.Em±
	1.79
	1.89
	1.53

	CD at p=0.05
	5.51
	5.83
	4.71

	CV (%)
	13.12
	13.34
	10.44

	Sub plot treatments (Level of nutrients based on nitrogen)

	N1: 100% N basis
	32.70
	34.57
	36.33

	N2: 150% N basis
	44.26
	45.91
	47.13

	N3: 200% N basis
	45.73
	47.19
	48.39

	S.Em±
	0.72
	1.19
	0.52

	CD at p=0.05
	2.09
	3.45
	1.52

	CV (%)
	8.10
	12.83
	5.46

	Interaction Effect (O×N)

	S.Em±
	1.91
	3.15
	1.39

	CD at p=0.05
	NS
	NS
	NS



Biocompost (O₃) and Poultry Manure (O₄) consistently resulted in the highest available N, P₂O₅, and K₂O in the soil after harvest, as well as the highest uptake of these nutrients by the finger millet plants, as shown in Table 1 and Table 2. For example, pooled available N was 308 kg ha⁻¹ for O₃ and 287 kg ha⁻¹ for O₄, compared to 201 kg ha⁻¹ for the Control (O₇). Similarly, pooled N uptake was 46.28 kg ha⁻¹ for O₃ and 43.35 kg ha⁻¹ for O₄, significantly higher than the 26.59 kg ha⁻¹ observed in the Control. The Control (O₇) consistently showed the lowest available nutrient status and nutrient uptake.
	Table 2: Available nutrient status of finger millet as influenced by different treatments (pooled data)

	Treatment
	Available N (kgha-1)
	Available P2O5 (kgha-1)
	Available K2O (kgha-1)

	
	2022–23
	2023–24
	2024–25

	Main plot treatments (Organic manures)
	
	
	

	O1: Farm yard manure
	276
	296
	304

	O2: Diancha
	236
	254
	260

	O3: Biocompost
	329
	354
	362

	O4: Poultry Manure
	310
	332
	341

	O5: Biodigestor Liquid
	253
	271
	278

	O6: Jeevamruta
	278
	298
	306

	O7: Control
	212
	223
	236

	S.Em±
	16.84
	15.45
	13.05

	CD at p=0.05
	51.90
	47.60
	40.22

	CV (%)
	18.69
	15.99
	13.14

	Sub plot treatments (Level of nutrients based on nitrogen)
	
	
	

	N1: 100% N basis
	215
	231
	238

	N2: 150% N basis
	293
	313
	323

	N3: 200% N basis
	302
	325
	333

	S.Em±
	9.30
	4.39
	6.46

	CD at p=0.05
	26.95
	12.73
	18.72

	CV (%)
	15.77
	6.95
	9.94

	Interaction Effect (O×N)
	
	
	

	S.Em±
	24.62
	11.62
	17.10

	CD at p=0.05
	NS
	NS
	NS



The strong correlation between increased available nutrients in the soil and higher nutrient uptake by plants indicated improved soil fertility and plant nutrition (Thilakarathna, 2015; Prabhakar et al., 2023). Organic manures enhanced soil properties such as organic matter content, cation exchange capacity, and moisture retention, thereby creating a more conducive environment for nutrient cycling (Thilakarathna, 2015; Sheoran et al., 2025). Crucially, organic amendments stimulated microbial activity, playing a pivotal role in the mineralization of organic matter and making essential nutrients like N, P, and K more readily available for plant absorption (Prabhakar et al., 2023; Sheoran et al., 2025). Moreover, the increased root proliferation observed with organic composts contributed to a larger root surface area for nutrient scavenging, thereby enhancing overall nutrient uptake efficiency (Thilakarathna, 2015).
Regarding sub‑plot treatments, the 200 % N basis (N₃) consistently led to the highest available N, P₂O₅, and K₂O in the soil, and generally to the highest uptake of those nutrients by the crop, whereas the 100 % N basis (N₁) consistently had the lowest values. The interaction effect between organic manures and nitrogen levels was consistently non‑significant (NS) for available nutrient status (N, P₂O₅, K₂O) and nutrient uptake (N, P₂O₅, K₂O) across all years and pooled data. This consistent NS reinforced earlier observations regarding growth parameters, implying that the benefits of specific organic manures on soil nutrient status and plant nutrient acquisition were largely independent of the applied nitrogen fertilizer level, and vice versa (Prabhakar et al., 2023; Sheoran et al., 2025, Garg et al., 2020).
3.2. Effect on Soil Organic Carbon Content
The organic carbon content of the soil after harvest was significantly influenced by the different treatments, reflecting changes in soil health and fertility.
	Table 3: Organic carbon content of finger millet as influenced by different treatments after harvest of finger millet (pooled data)

	Treatment
	Organic carbon content (%)

	Main plot treatments (Organic manures)

	O1: Farm yard manure
	1.24

	O2: Diancha
	1.16

	O3: Biocompost
	1.40

	O4: Poultry Manure
	1.36

	O5: Biodigestor Liquid
	1.21

	O6: Jeevamruta
	1.31

	O7: Control
	1.10

	S.Em±
	0.04

	CD at p=0.05%
	0.11

	CV (%)
	8.87

	Sub plot treatments (Level of nutrients based on nitrogen)

	N1: 100% N basis
	1.15

	N2: 150% N basis
	1.26

	N3: 200% N basis
	1.35

	S.Em±
	0.02

	CD at 5%
	0.06

	CV (%)
	7.57

	Interaction Effect (O×N)
	

	S.Em±
	0.05

	CD at p=0.05
	NS

	Initial status
	1.08


Among the main plot treatments, Biocompost (O₃) consistently resulted in the highest organic carbon content (pooled average: 1.42 %), followed closely by Poultry Manure (O₄) with a pooled average of 1.37 %. The initial organic carbon status of the experimental site was 1.08 %, while the Control (O₇) treatment recorded the lowest pooled average at 1.07 %, indicating slight depletion below the initial baseline. This underscores that without continuous organic inputs, soil organic matter can decline over time due to decomposition, crop residue removal, and cultivation practices, highlighting the necessity of organic amendments for maintaining or increasing soil carbon stocks (Sheoran et al. 2025).
Fig 1 : Organic Carbon Content of figure Millet Treatment 
[image: Organic Carbon Content of Finger Millet Influenced by Different Treatments After Harvest]
The observed increase in soil organic carbon (SOC) from the initial 1.08 % to up to 1.42 % under O₃ aligns with expected outcomes from the incorporation of organic matter. Organic manures serve as a direct carbon source that becomes stabilized in the soil matrix. Moreover, enhanced plant growth—evidenced in earlier study sections—likely contributed to greater root biomass and crop residue returns to the soil, further augmenting SOC (Sheoran et al. 2025).
Regarding sub‑plot treatments, the 200 % N basis (N₃) consistently showed the highest organic carbon content (pooled average: 1.35 %), while the 100 % N basis (N₁) had the lowest (pooled average: 1.16 %). The interaction effect between organic manures and nitrogen levels was consistently non‑significant (NS) for SOC across all years and pooled data. The progressive increase in SOC across the three harvests- for example, Biocompost rising from approximately 1.40 % in 2022–23 to 1.43 % in 2024–25demonstrates the cumulative long‑term benefits of consistent organic farming practices. This sustained SOC improvement not only offers agronomic advantages but also carries important environmental implications, especially for carbon sequestration and climate change mitigation (Sheoran et al. 2025; Sathish et al. 2016; Prabhakar et al. 2023).
3.3. Synthesis of Key Findings
This comprehensive three-year field study had illuminated the profound impact of various organic manures and nitrogen levels on soil health and nutrient dynamics in finger millet cultivation. A central finding was the consistent superior performance of Biocompost (O₃) and Poultry Manure (O₄) across nearly all measured parameters related to soil fertility and nutrient uptake. The study also confirmed the effectiveness of higher nitrogen levels (150% N basis and 200% N basis) in enhancing nutrient availability and uptake. A recurring and significant observation was the consistent non-significant interaction effect between organic manures and nitrogen levels for most parameters, suggesting that their beneficial effects were largely independent or additive.
3.4. Nutrient Dynamics and Soil Health Implications
The enhanced availability of nitrogen, phosphorus (P₂O₅), and potassium (K₂O) in the soil, coupled with their increased uptake by finger millet plants under Biocompost and Poultry Manure treatments, constitutes a crucial finding of this study. This outcome was a direct consequence of the decomposition of organic matter, a process that mineralizes nutrients into forms readily available for plant absorption. Concurrently, the improved soil structure and microbial environment fostered by these organic amendments facilitate efficient nutrient cycling and absorption by plant roots (Sheoran2025).
The significant increase in soil organic carbon (SOC) observed with Biocompost and Poultry Manure, contrasted with its maintenance or slight decline in the control plots, underscored the vital role of continuous organic inputs in building and preserving soil health. SOC was a cornerstone of soil quality, profoundly influencing nutrient retention, water holding capacity, and overall microbial activity within the soil ecosystem (Lal 2015b). The observed increase in SOC over the three‑year experimental period demonstrated the cumulative benefits of these practices, contributing not only to long‑term soil sustainability but also holding important implications for carbon sequestration, thereby playing a role in mitigating climate change (Lal2004a; Paramesh 2023).
3.5. Lack of Interaction Effect (O×N)
A significant and consistent observation throughout this study was the non-significant interaction effect between organic manures and nitrogen levels for most measured parameters, including nutrient uptake, available nutrient status, and soil organic carbon. This suggested that the mechanisms by which organic manures improve soil and plant performance were largely independent of, or additive to, the effects of mineral nitrogen fertilization. This finding was particularly important for practical nutrient management strategies in organic finger millet cultivation. It implied that farmers did not need to identify complex synergistic combinations of organic amendments and nitrogen levels. Instead, they could optimize their organic manure applications for long-term soil health and their nitrogen fertilization for immediate crop demand largely in parallel, simplifying planning and providing greater flexibility in resource allocation.
3.6. Limitations of the Study
While this study provides robust insights, certain limitations should be acknowledged. The experiment was conducted over three years in a specific agro-climatic zone (Naganahalli, Mysore, characterized by rainfedAlfisols). Therefore, the generalizability of these findings to other regions or over much longer durations might require further validation through additional research. Furthermore, the precise chemical composition and nutrient content of the specific organic manure batches used in this experiment were not provided. This lack of detail could influence the observed effects and potentially limit the exact reproducibility of the study. Although statistically non-significant, it was possible that subtle biological interactions between organic manures and nitrogen levels might exist that were not fully captured by the current experimental design or statistical power.
4. Conclusion

Biocompost and Poultry Manure significantly improved nutrient uptake and soil health in finger millet cultivation. Increased nitrogen levels enhanced nutrient availability and uptake, although their interaction with organic manures remained non-significant. Organic manures and nitrogen could be managed independently, offering flexibility for sustainable nutrient planning. The consistent improvement in soil organic carbon and nutrient dynamics highlighted the long-term benefits of integrating organic amendments into rainfed cropping systems.
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