


Influence of Integrated Nutrient Management on Soil Health and Nutrient Dynamics under Wheat Cultivation

Abstract
Intensive cropping and nutrient imbalances often lead to soil degradation, making long-term sustainability a central concern for modern agriculture. Integrated Nutrient Management (INM), which combines organic, inorganic, and bio-fertilizers, is a promising strategy to address this challenge. In light of this concern, a two-year field investigation was executed during the rabi seasons of 2023–24 and 2024–25 at Chandra Shekhar Azad University of Agriculture and Technology, Kanpur. The experiment, laid out in a randomized block design with three replications, evaluated nineteen INM treatments to determine their impact on soil physico-chemical properties. While statistical analysis revealed non-significant treatment effects on the parameters measured (electrical conductivity (EC), pH, and available nitrogen, phosphorus, and potassium), a clear numerical trend emerged. The treatment (T18) comprising 100% NP + FYM + S + Zn + Fe + liquid bio-fertilizer (LB) soil application yielded the most favorable outcomes. Compared to the control (T1), this optimal treatment (T18) showed the highest pooled increases in available nitrogen (230.63 kg/ha; a 21.3% increase), available phosphorus (13.24 kg/ha; a 3.7% increase), and available potassium (177.65 kg/ha; a 3.6% increase). It also recorded the highest electrical conductivity (0.40 and 0.41dS/m in the year 2023-24 and 2024-25 respectively) and the lowest soil pH (8.07 and 8. in the year 2023-24 and 2024-25 respectively). Although statistical differentiation was not achieved, the consistent numerical improvements highlight the potential of this specific INM combination as a practical strategy. It demonstrates a clear, quantitative trend towards enhancing soil fertility, offering a viable pathway for improving long-term agricultural sustainability.      
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Introduction 
Soil serves as a crucial foundation for life across terrestrial ecosystems, underpinning many essential natural processes. Ensuring long-term sustainability is a central challenge for the contemporary agricultural sector (Sandhu et. al.). The capacity of soil to execute its vital roles—such as sustaining plant life, acting as a reservoir for water and essential nutrients, supporting vast microbial communities, and regulating global biogeochemical cycles—is fundamentally governed by its inherent physico-chemical characteristics (Dewangan et. al.). Consequently, maintaining healthy soil is imperative for the viability of all ecosystems, particularly agricultural systems, enabling them to meet food production needs while simultaneously supplying necessary ecosystem services (Bhuyan et. al.). The performance and health of the soil are thus defined by its integrated physical features—like texture, structure, porosity, color, and moisture content—and its chemical attributes, including pH, electrical conductivity (EC), organic matter content, and the balance of available nutrients

Physical and physico-chemical properties of soil like electrical conductivity, pH and nutrient levels etc. are affected by the management practices that we adopt for cultivation (Pagliai et. al. 2004). Conventional agriculture, which depends heavily and unevenly on synthetic inorganic fertilizers, successfully boosts crop yields but often results in long-term negative consequences. These adverse effects include a decrease in soil organic carbon, changes in soil pH (such as acidification or alkalinization, causing high pH problems especially in semi-arid areas like Uttar Pradesh), the immobilization of nutrients, and, eventually, a decline in how effectively the applied fertilizers are used. Consequently, it is imperative to shift to nutrient management approaches that are both comprehensive and environmentally sustainable.
Environmentally sustainable nutrient management approaches include combine use of organic manure and bio-fertilizers along with inorganic manure. Organic manures, such as farmyard manure (FYM), enhance the physical condition of soil, soil buffering capacity improves aggregate stability, and acts as a reservoir of slowly available nutrients, directly contributing to the soil’s organic carbon pool and support beneficial microbial activity. FYM is regarded as a viable option to improve soil health (Tadesse et al., 2013)., In contrast, inorganic fertilizers supply essential nutrients like nitrogen (N), phosphorus (P), sulfur (S), zinc (Zn), and iron (Fe), which are crucial for achieving higher yields but may have adverse effects on soil health when used in isolation. Complementarily, bio-fertilizers—particularly Azotobacter and phosphate-solubilizing bacteria (PSB) in both liquid and carrier formulations contribute to nutrient cycling by fixing atmospheric nitrogen and solubilizing insoluble phosphates, thereby enhancing nutrient availability and maintaining soil fertility in an eco-friendly way. 
Therefore, the present investigation was undertaken to evaluate the effects of organic manure, inorganic fertilizers, and bio-fertilizer formulations on the physico-chemical properties of soil, particularly focusing on EC, pH, available N, P and K status of soil under wheat cultivation in the Central Plain Zone of Uttar Pradesh. This study aims to provide a scientific basis for sustainable soil management practices and improved nutrient use efficiency in wheat-based cropping systems. 

2. Materials and Methods

2.1. Experimental site description
The field trial was carried out at the Student’s Instructional Farm in Kanpur Nagar, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, over two successive cropping seasons—2023-2024 and 2024-2025 employing a fixed plot arrangement. The site featured uniform soil fertility, a level surface, and reliable irrigation and drainage infrastructure. Irrigation was provided through a tube-well. The experimental site lies in the Central Plain Zone of Uttar Pradesh, which experiences a subtropical, semi-arid climate marked by hot summers and cool winters. The area receives an average annual rainfall of about 850–900 mm, with nearly four-fifths of the total precipitation occurring during the monsoon season.

2.2. Initial soil fertility condition
 Before the experiment began, a composite soil sample was taken from the 0–15 cm depth by randomly collecting samples from five different spots across the experimental field using an auger or khurpi. The sample was then analyzed to determine its key physico-chemical characteristics, which are presented in the Table 1.

Table 1: Physico-chemical properties of the experimental soil before sowing (0–15 cm depth)

	S. No.
	Soil parameter
	Unit
	Value

	i
	Soil Texture
	-
	Sandy loam

	ii
	Soil pH
	–
	8.18

	iii
	Electrical conductivity (EC)
	dS m⁻¹ (25°C)
	0.36

	iv
	Available Nitrogen 
	Kg ha-1
	192.60

	v
	Available Phosphorus 
	Kg ha-1
	12.80

	vi
	Available Potassium 
	Kg ha-1
	172.40




2.3. Experiment details
The experiment was conducted using a Randomized Block Design (RBD) with three replications, consisting of 19 treatment combinations derived from the interaction of organic manure (FYM), inorganic fertilizers (N, P, K, S, Zn, and Fe), and bio-fertilizers applied in two forms—carrier and liquid formulations. Wheat was selected as the test crop to evaluate the impact of these treatments. The detailed treatment combinations are outlined in Table 2. 

Table 2: Treatment combination 
	S. No.
	Treatments

	T1
	Control

	T2
	75% NP

	T3
	75% NP + FYM

	T4
	75% NP + FYM + S

	T5
	75% NP + FYM + S + Zn

	T6
	75% NP + FYM + S + Zn + Fe

	T7
	75% NP + FYM + S + Zn + Fe + CB- Soil Application

	T8
	75% NP + FYM + S + Zn + Fe + CB-Seed Treatment

	T9
	75% NP + FYM + S + Zn + Fe + LB- Soil Application

	T10
	75% NP + FYM + S + Zn + Fe + LB-Seed Treatment

	T11
	100% NP

	T12
	100% NP + FYM

	T13
	100% NP + FYM + S

	T14
	100% NP + FYM + S + Zn

	T15
	100% NP + FYM + S + Zn + Fe

	T16
	100% NP + FYM + S + Zn + Fe + CB- Soil Application

	T17
	100% NP + FYM + S + Zn + Fe + CB-Seed Treatment

	T18
	100% NP + FYM + S + Zn + Fe + LB- Soil Application

	T19
	100% NP + FYM + S + Zn + Fe + LB- Seed Treatment



NOTE: CB- carrier based Azotobacter and PSB, LB- liquid based Azotobacter and PSB.     
              RDK is applied as basal dose in all the treatments except control.


     The nutrient management schedule for the experiment involved the application of both organic and inorganic sources, along with bio-inoculants, as summarized in the table. Nitrogen (N) and phosphorus (P) were supplied through urea and diammonium phosphate (DAP), while muriate of potash (MOP) served as the source of potassium (K). The nutrients were applied at rates of 150, 75, and 60 kg ha⁻¹ for N, P, and K, respectively. Sulfur (S) was supplied at 30 kg ha⁻¹ using a combination of elemental sulfur, zinc sulfate, and ferrous sulfate. Micronutrients zinc (Zn) and iron (Fe) was provided through zinc sulfate and ferrous sulfate at rates of 5 kg ha⁻¹ and 15 kg ha⁻¹, respectively, to address potential deficiencies and enhance nutrient uptake.

     Bio-fertilizers used in the study included Azotobacter and phosphate-solubilizing bacteria (PSB), each applied in both carrier-based and liquid formulations. For carrier-based inoculants, seed treatment was done at 200 g per 10 kg of seed, while soil application was performed at 200 g per acre of land. In contrast, liquid bio-fertilizers were applied as seed treatment at 50 ml per one-acre seed batch and for soil application at 250 ml ha⁻¹. Organic nutrient supplementation was provided through farmyard manure (FYM) applied at a rate of 5 t ha⁻¹, contributing to improved soil structure, enhanced microbial activity, and increased organic carbon content.

2.4. Observations recorded 
       	Prior to starting an experiment, soil samples were collected from each plot at a depth of 0–15 cm to form a composite sample, which were analyzed in the laboratory for various physicochemical properties. After crop harvesting, samples were taken again from each net plot to assess any changes in EC, pH and organic carbon of soil. Soil pH was measured in a 1:2.5 soil-water suspension using a digital pH meter. EC was evaluated in a 1:2.5 soil-water suspension with a conductivity meter, following the method described by Jackson (1973).  Available nitrogen was quantified using the alkaline potassium permanganate method, as described by Subbiah and Asija (1956). While available phosphorus was determined using Olsen’s method with 0.5 M NaHCO₃, as outlined by Olsen et al. (1954) and available potassium by using neutral normal ammonium acetate (pH 7.0) with a flame photometer, following Jackson (1973).
2.5. Statistical analysis

The experimental data was statistically analyzed using a Randomized Block Design (RBD) to evaluate the significance of various treatments on soil and plant parameters, following the methodology outlined by Gomez & Gomez, (1984). Standard errors of the mean were calculated for each parameter studied, and critical differences (CD) at a 5% significance level were determined to compare treatment means when the 'F' test indicated significance.

3. Results and Discussion
3.1 Effect on EC
Data from Table 1 showed that soil Electrical Conductivity (EC) was not significantly (P > 0.05) influenced by any treatment in 2023-24 or 2024-25, with a pooled SEm of 0.01.The overall EC values consistently remained low, spanning from 0.35 to 0.41 (pooled data). It is interesting to report that the integration of organic and bio-fertilizers showed a slight increase in EC values (0.38 - 0.41 pooled) in comparison to the Control. The highest pooled EC value of 0.41was achieved under the full integrated treatment of 100% NP + FYM + S + Zn + Fe + LB (Soil/Seed Treatment) (T18). Also no significant variation was seen between values of liquid and carrier based bio-fertilizer.
The slight decrease in EC with sole NP application compared to the control is likely due to the rapid uptake of these readily available chemical ions by the crop immediately following application. The efficient and quick assimilation of these salts by the plants may have momentarily lowered the concentration of soluble ions in the soil solution at the time of sampling. The slight increase in EC observed with the integration of FYM and micronutrients is a result of the slow and sustained release of ions. The decomposition of organic materials like FYM releases essential mineral ions and organic acids, all of which contribute to the overall concentration of dissolved salts and thus elevate the EC. Furthermore, the addition of organic matter from FYM is known to improve the soil's cation exchange capacity (CEC). A higher CEC allows the soil to hold onto these newly mineralized nutrient ions, preventing their leaching and maintaining a slightly higher, more stable concentration of soluble nutrients in the soil solution. This was in line with research findings of Madhurya et. al. (2022), Singh et. al. (2015) and Yadav et. al. (2017).
3.2 Effect on pH
The soil reaction, measured as pH (Table 2), indicated that the experimental field was alkaline, with pooled values ranging from a maximum of 8.18 (Control) to a minimum of 8.07 (Treatment 18: 100% NP + FYM + S + Zn + Fe + LB- Soil Application). The data showed a narrow and non-significant variation (P > 0.05)  in pH values across all treatments during both seasons (2023-24 and 2024-25) (CD 5% = NS), with a pooled SEm of 0.23. In contrast to the control (pooled 8.18), all fertilizer and amendment treatments, whether inorganic or integrated, resulted in a slight decrease in the soil pH during both years. It was also noted that no significant variation was seen between values of liquid and carrier based bio-fertilizer.
The soil pH remained stable within the narrow alkaline band of 8.07 to 8.18, demonstrating the soil's strong buffering capacity and leading to a Non-Significant (NS) statistical difference among all treatments. This stability is crucial as it confirms that the applied nutrients did not negatively disrupt the soil's fundamental chemistry. Critically, all Integrated Nutrient Management (INM) applications induced a favourable numerical drop in pH (a moderate acidifying effect), mainly driven by the release of organic acids from the decomposition of FYM and the production of H+ ions from N and S fertilization. This movement toward a more neutral range pH 7.0 is highly advantageous in alkaline environments, as it enhances the accessibility and mobilization of essential micronutrients like Zn and Fe, which are typically locked down at higher pH levels. This was in line with research findings of Madhurya et. al. (2022), Kumar and Thomas (2017) and Pandey and Awasthi (2014).



3.3 Effect on Available Nitrogen
Available nitrogen content (Table 3) was not significantly (P > 0.05) influenced by the treatments in either year, as confirmed by the pooled analysis (SEm = 8.39, CD 5% = NS). However, a strong numerical trend was observed. The pooled mean values ranged from a minimum of 190.13 kg/ha in the control (T1) to a maximum of 230.63 kg/ha in treatment T18 (100% NP + FYM + S + Zn+ Fe + LB-Soil Application). This optimal treatment (T18) recorded a 21.3% numerical increase in available N over the control. A clear dose-response was also evident, with the 100% NP treatments (T11-T19) generally resulting in higher available N than their 75% NP counterparts (T2-T10).
The incorporation of Farm Yard Manure proved crucial by supplying N and improving the soil structure necessary for microbial mineralization. Furthermore, the sequential inclusion of micronutrients S, Zn, Fe) acted as co-factors, indirectly boosting N availability by enhancing the efficiency of nitrogen-fixing bacteria and promoting better crop residue return. Ultimately, the highest numerical N values were achieved through the application of bio-fertilizers, strongly suggesting that these microbial inoculants effectively contribute to the N pool through increased atmospheric fixation and accelerated decomposition of organic residues, confirming that a balanced input approach is essential for maximizing soil nitrogen.

3.4 Effect on Available Phosphorus
The available phosphorus content in the soil exhibited only a slight numerical increase across all treatments, ranging from 12.77 Kg/ha in the control T1 up to a maximum of 13.24 Kg/ha in the fully integrated 100 % NP treatment T18 (100% NP + FYM + S + Zn + Fe + LB-Soil Application). Crucially, the statistical analysis showed that these marginal numerical differences were non-significant (P > 0.05) for both years and the pooled data. The pooled analysis confirmed this lack of statistical difference, with a standard error of the mean (SEm) of 0.27 and a non-significant (NS) result at the 5% confidence level. This limited increase is typically attributed to the high susceptibility of phosphorus to fixation in soil, where it quickly reacts with ions (like aluminium or calcium) to form highly insoluble compounds. Nevertheless, the numerical trend suggests that Integrated Nutrient Management provides practical benefits: the addition of Farm Yard Manure and, most notably, the use of liquid bio-fertilizer (soil application) in T 18, marginally improved P status. This improvement likely stems from bio-fertilizers releasing organic acids that help to solubilize fixed P compounds, or from FYM chelating P, making it temporarily more available, even if the overall effect is constrained by soil chemistry.

3.5 Effect on Available Potassium	
[bookmark: _GoBack]The available potassium content across the soil profile demonstrated only a marginal numerical increase in response to the nutrient management strategies, ranging from a baseline of 171.55 Kg/ha in the control T1 to a maximum of 177.65 Kg/ha in the integrated T18 treatment (100% NP + FYM + S + Zn + Fe + LB-Soil Application). Importantly, the statistical analysis confirmed these increases were non-significant across both experimental years. The pooled analysis confirmed this, with a standard error of the mean (SEm) of 3.02 and a non-significant (NS) result at the 5% confidence level.This negligible response is typical for K, as a large fraction of it is held in fixed or non-exchangeable forms within clay minerals, making it less immediately responsive to fertilizer inputs than nitrogen or phosphorus. Nevertheless, the minor numerical uplift observed is largely attributable to the Integrated Nutrient Management components: Farm Yard Manure directly contributes small amounts of readily available K, and the liquid bio-fertilizer (LB)-Soil Application likely facilitated the marginal release of fixed K through microbial solubilization processes, confirming that INM still provides the most comprehensive strategy for improving K status over the long term.

Conclusion
This study confirmed the strong buffering capacity of the soil, resulting in non-significant statistical differences across all available macronutrients (N, P, K). However, Integrated Nutrient Management treatments yielded crucial numerical benefits: they successfully induced a favourable numerical decrease in pH, which is vital for mobilizing micronutrients like Zn and Fe in alkaline conditions. While P and K increases were marginal due to fixation, available Nitrogen showed the most substantial and consistent numerical uplift (up to 230.63 Kg/ha). This N gain highlights the synergistic effect of INM components (FYM, micronutrients, and liquid bio-fertilizers) in maximizing biological fixation and mineralization. Thus, INM is affirmed as the most comprehensive strategy for long-term fertility and physico-chemical improvement in this challenging alkaline soil environment.
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Table 1: Effect of organic manure, inorganic fertilizers, and bio-fertilizer   formulations on soil EC
	Tr.No.
	Treatments
	EC(dS/m)
	Pooled
 

	
	
	2023-24
	2024-25
	

	T1
	Control
	0.36
	0.35
	0.36

	T2
	75% NP
	0.35
	0.34
	0.35

	T3
	75% NP + FYM
	0.37
	0.38
	0.38

	T4
	75% NP + FYM + S
	0.37
	0.38
	0.38

	T5
	75% NP + FYM + S + Zn
	0.38
	0.39
	0.39

	T6
	75% NP + FYM + S + Zn + Fe
	0.39
	0.39
	0.39

	T7
	75% NP + FYM + S + Zn + Fe + CB- Soil Application
	0.39
	0.40
	0.40

	T8
	75% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	0.39
	0.40
	0.40

	T9
	75% NP + FYM + S + Zn + Fe + LB- Soil Application
	0.39
	0.40
	0.40

	T10
	75% NP + FYM + S + Zn + Fe + LB-Seed Treatment
	0.39
	0.40
	0.40

	T11
	100% NP
	0.35
	0.34
	0.35

	T12
	100% NP + FYM
	0.38
	0.39
	0.39

	T13
	100% NP + FYM + S
	0.39
	0.40
	0.40

	T14
	100% NP + FYM + S + Zn
	0.39
	0.40
	0.40

	T15
	100% NP + FYM + S + Zn + Fe
	0.40
	0.41
	0.41

	T16
	100% NP + FYM + S + Zn + Fe + CB- Soil Application
	0.39
	0.40
	0.40

	T17
	100% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	0.39
	0.40
	0.40

	T18
	100% NP + FYM + S + Zn + Fe + LB- Soil Application
	0.40
	0.41
	0.41

	T19
	100% NP + FYM + S + Zn + Fe + LB- Seed Treatment
	0.40
	0.41
	0.41

	
	SEm
	0.01
	0.02
	0.01

	
	CD 5%
	NS
	NS
	NS




Table 2: Effect of organic manure, inorganic fertilizers, and bio-fertilizer   formulations on soil pH
	Tr.No.
	Treatments
	pH
	Pooled
 

	
	
	2023-24
	2024-25
	

	T1
	Control
	8.18
	8.17
	8.18

	T2
	75% NP
	8.17
	8.16
	8.17

	T3
	75% NP + FYM
	8.16
	8.14
	8.15

	T4
	75% NP + FYM + S
	8.15
	8.13
	8.14

	T5
	75% NP + FYM + S + Zn
	8.14
	8.12
	8.13

	T6
	75% NP + FYM + S + Zn + Fe
	8.12
	8.11
	8.12

	T7
	75% NP + FYM + S + Zn + Fe + CB- Soil Application
	8.11
	8.10
	8.11

	T8
	75% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	8.12
	8.11
	8.12

	T9
	75% NP + FYM + S + Zn + Fe + LB- Soil Application
	8.10
	8.09
	8.10

	T10
	75% NP + FYM + S + Zn + Fe + LB-Seed Treatment
	8.11
	8.10
	8.11

	T11
	100% NP
	8.16
	8.15
	8.16

	T12
	100% NP + FYM
	8.14
	8.12
	8.13

	T13
	100% NP + FYM + S
	8.13
	8.10
	8.12

	T14
	100% NP + FYM + S + Zn
	8.10
	8.09
	8.10

	T15
	100% NP + FYM + S + Zn + Fe
	8.09
	8.08
	8.09

	T16
	100% NP + FYM + S + Zn + Fe + CB- Soil Application
	8.08
	8.07
	8.08

	T17
	100% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	8.09
	8.08
	8.09

	T18
	100% NP + FYM + S + Zn + Fe + LB- Soil Application
	8.07
	8.06
	8.07

	T19
	100% NP + FYM + S + Zn + Fe + LB- Seed Treatment
	8.08
	8.07
	8.08

	
	SEm
	0.23
	0.22
	0.23

	
	CD 5%
	NS
	NS
	NS



Table 3: Effect of organic manure, inorganic fertilizers, and bio-fertilizer   formulations on Available Nitrogen
	Tr.No.
	Treatments
	Available Nitrogen (Kg/ha)
	Pooled

	
	
	2023-24
	2024-25
	 

	T1
	Control
	190.80
	189.45
	190.13

	T2
	75% NP
	195.75
	197.10
	196.43

	T3
	75% NP + FYM
	202.50
	206.10
	204.30

	T4
	75% NP + FYM + S
	206.10
	209.25
	207.68

	T5
	75% NP + FYM + S + Zn
	211.50
	213.75
	212.63

	T6
	75% NP + FYM + S + Zn + Fe
	215.10
	216.45
	215.78

	T7
	75% NP + FYM + S + Zn + Fe + CB- Soil Application
	218.25
	219.60
	218.93

	T8
	75% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	216.45
	218.25
	217.35

	T9
	75% NP + FYM + S + Zn + Fe + LB- Soil Application
	220.95
	222.75
	221.85

	T10
	75% NP + FYM + S + Zn + Fe + LB-Seed Treatment
	219.60
	220.95
	220.28

	T11
	100% NP
	203.40
	207.00
	205.20

	T12
	100% NP + FYM
	207.90
	210.60
	209.25

	T13
	100% NP + FYM + S
	213.75
	215.10
	214.43

	T14
	100% NP + FYM + S + Zn
	222.75
	224.10
	223.43

	T15
	100% NP + FYM + S + Zn + Fe
	224.10
	226.80
	225.45

	T16
	100% NP + FYM + S + Zn + Fe + CB- Soil Application
	226.80
	229.50
	228.15

	T17
	100% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	225.45
	228.15
	226.80

	T18
	100% NP + FYM + S + Zn + Fe + LB- Soil Application
	229.50
	231.75
	230.63

	T19
	100% NP + FYM + S + Zn + Fe + LB- Seed Treatment
	228.15
	230.40
	229.28

	
	SEm
	8.21
	8.55
	8.39

	
	CD 5%
	NS
	NS
	NS




Table 4: Effect of organic manure, inorganic fertilizers, and bio-fertilizer   formulations on Available Phosphorus

	Tr.No.
	Treatments
	Available phosphorus (Kg/ha)
	Pooled
 

	
	
	2023-24
	2024-25
	

	T1
	Control
	12.78
	12.75
	12.77

	T2
	75% NP
	12.82
	12.85
	12.84

	T3
	75% NP + FYM
	12.85
	12.87
	12.86

	T4
	75% NP + FYM + S
	12.90
	12.94
	12.92

	T5
	75% NP + FYM + S + Zn
	12.94
	12.96
	12.95

	T6
	75% NP + FYM + S + Zn + Fe
	13.00
	13.02
	13.01

	T7
	75% NP + FYM + S + Zn + Fe + CB- Soil Application
	13.04
	13.06
	13.05

	T8
	75% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	13.02
	13.03
	13.03

	T9
	75% NP + FYM + S + Zn + Fe + LB- Soil Application
	13.09
	13.12
	13.11

	T10
	75% NP + FYM + S + Zn + Fe + LB-Seed Treatment
	13.06
	13.08
	13.07

	T11
	100% NP
	12.88
	12.91
	12.90

	T12
	100% NP + FYM
	12.92
	12.95
	12.94

	T13
	100% NP + FYM + S
	12.97
	13.00
	12.99

	T14
	100% NP + FYM + S + Zn
	13.12
	13.16
	13.14

	T15
	100% NP + FYM + S + Zn + Fe
	13.15
	13.20
	13.18

	T16
	100% NP + FYM + S + Zn + Fe + CB- Soil Application
	13.19
	13.22
	13.21

	T17
	100% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	13.17
	13.21
	13.19

	T18
	100% NP + FYM + S + Zn + Fe + LB- Soil Application
	13.22
	13.26
	13.24

	T19
	100% NP + FYM + S + Zn + Fe + LB- Seed Treatment
	13.20
	13.23
	13.22

	 
	SEm
	0.30
	0.26
	0.27

	 
	CD 5%
	NS
	NS
	NS




Table 5: Effect of organic manure, inorganic fertilizers, and bio-fertilizer   formulations on Available Potassium
	Tr.No.
	Treatments
	Available potassium (Kg/ha)
	Pooled
 

	
	
	2023-24
	2024-25
	

	T1
	Control
	171.80
	171.30
	171.55

	T2
	75% NP
	172.90
	173.05
	172.98

	T3
	75% NP + FYM
	173.40
	173.60
	173.50

	T4
	75% NP + FYM + S
	173.95
	174.20
	174.08

	T5
	75% NP + FYM + S + Zn
	174.60
	174.75
	174.68

	T6
	75% NP + FYM + S + Zn + Fe
	175.05
	175.25
	175.15

	T7
	75% NP + FYM + S + Zn + Fe + CB- Soil Application
	175.30
	175.55
	175.43

	T8
	75% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	175.15
	175.40
	175.28

	T9
	75% NP + FYM + S + Zn + Fe + LB- Soil Application
	175.70
	176.00
	175.85

	T10
	75% NP + FYM + S + Zn + Fe + LB-Seed Treatment
	175.50
	175.75
	175.63

	T11
	100% NP
	173.80
	174.10
	173.95

	T12
	100% NP + FYM
	174.30
	174.55
	174.43

	T13
	100% NP + FYM + S
	174.85
	175.10
	174.98

	T14
	100% NP + FYM + S + Zn
	176.05
	176.35
	176.20

	T15
	100% NP + FYM + S + Zn + Fe
	176.55
	176.70
	176.63

	T16
	100% NP + FYM + S + Zn + Fe + CB- Soil Application
	176.90
	177.05
	176.98

	T17
	100% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	176.70
	176.85
	176.78

	T18
	100% NP + FYM + S + Zn + Fe + LB- Soil Application
	177.50
	177.80
	177.65

	T19
	100% NP + FYM + S + Zn + Fe + LB- Seed Treatment
	177.25
	177.35
	177.30

	
	SEm
	3.87
	2.98
	3.02

	
	CD 5%
	NS
	NS
	NS
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