Effect of Organic Manure, Inorganic Fertilizer and Bio-fertilizer Formulations on Soil Micronutrient Availabilty and Growth Attributes of Wheat (Triticum aestivum L.)


Abstract
A two-year (2023–25) field study in Kanpur, India, evaluated the effect of integrated nutrient management (INM) on wheat growth and soil fertility. Using a randomized block design with nineteen treatments, the experiment assessed impacts on plant population, height, and available soil zinc (Zn) and iron (Fe). The results consistently demonstrated that a holistic approach combining 100% NP + FYM + S + Zn + Fe + LB- Soil Application was superior. This treatment recorded the highest pooled values for plant population (48.48 m-2), final plant height (99.50 cm), available soil Zn (0.600 ppm), and Fe (4.50 ppm). These findings affirm that a balanced, integrated nutrient strategy is highly effective, not only for maximizing the vegetative vigor and growth of wheat but also for concurrently improving soil fertility. This approach offers a viable pathway for sustainable wheat production, enhancing nutrient use efficiency and contributing to a more resilient agricultural system.
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Introduction 
Wheat (Triticum aestivum L.) is a globally significant staple crop, providing a substantial portion of the world’s food calories and protein, and securing its production is paramount for global food security. In India, it is the second most consumed staple grain after rice, nourishing nearly 65% of the population (Mishra et al. 2011), and holds the foremost position in dietary intake in northern India, particularly in the Gangetic plains (Joshi et al. 2007).
In India, wheat stands as the most nutritionally vital food for humans, as it is a popular item for both vegetarians and non-vegetarians. For the vast majority of people, it supplies nearly half of their required calories and protein (Khandare et al. 2020). The nutritional profile of the mature wheat kernel is robust, typically composed of about 12% water. Its dry matter is rich in carbohydrates (60-80%, mainly starch), a significant source of protein (8-15% which includes essential amino acids), fats (1.5-2 %), minerals (1.5-2 %), essential vitamins (notably B-complex vitamins and Vitamin E), and crude fiber (2.2%). Given this high nutritional value, the crop naturally has relatively high nutrient demands during its growth cycle. To achieve optimal growth and maximum productivity, these demands are commonly met through the application of various fertilizer sources—chemical, biological, or organic—often deployed in different synergistic formulations. 

Historically, the drive for higher yields following the green revolution led to the intensive use of inorganic chemical fertilizers, particularly Nitrogen (N), Phosphorus (P), and Potassium (K). While effective in the short term, the imbalanced and exclusive application of these fertilizers has resulted in several long-term challenges, including deterioration of soil health reduced nutrient use efficiency, widespread secondary and micronutrient deficiencies, and significant environmental pollution. This reliance on singular nutrient sources necessitates a shift towards more sustainable agricultural practices.
To address the limitations of chemical-only fertilization, the concept of integrated fertility management has emerged as a crucial, sustainable strategy. It encompasses a holistic approach that advocates for the judicious and combined use of inorganic fertilizers, organic manures, and bio-fertilizers to sustain soil fertility and optimize crop productivity. These specific chemical fertilizer formulations are engineered to provide nutrients in precise concentrations, allowing them to meet the immediate nutritional demands of the crop. This is especially beneficial during critical phases of wheat growth, such as tillering, jointing, heading, and grain filling. They are designed to deliver essential macro- and micronutrients—including Nitrogen (N), Phosphorus (P), Potassium (K), Sulphur (S), Zinc (Zn), and Iron (Fe)—in highly soluble forms that plants can easily and rapidly absorb. Recognized as a viable option for better soil health (Tadesse et. al., 2013), organic manures like farmyard manure (FYM) work by improving the soil's physical properties, increasing organic carbon, and promoting crucial microbial activity. The judicious combination of organic and chemical fertilizers is essential, providing a dual benefit by simultaneously boosting yields and ensuring the sustainability of soil quality (Weber et al., 2007; Pullicinoa et al., 2009).
Apart from these organic and inorganic fertilizers, bio-fertilizers viz. Azotobcter and PSB can also be considered as an alternative/additive to increase nitrogen and phosphorus availability to plants. Bio-fertilizers, also known as microbial inoculants, consist of microorganisms that facilitate the conversion of essential soil nutrients from unavailable forms into forms that are readily usable by crop plants. This mobilization occurs through the natural biological processes of the microbes. Over the past decade, their popularity in agriculture and food production has significantly increased, primarily because they are recognized as a renewable, low-cost, and environmentally friendly solution (MeCarty et al. 2017). A key component of bio-fertilization, phosphate-solubilizing bacteria (PSB), encompasses various microbes that work to transform complex, insoluble phosphorus in the soil into a readily available, soluble form (Raju and Reddy, 1999; Sundara et al., 2002). This technology, as noted by Galal et al. (2001), is recognized for its ability to cut production expenses and mitigate environmental risks. Azotobacter increases the availability of nitrogen to crops by fixing atmospheric nitrogen. These bio-fertilizers are now present in liquid formulations also. These inoculants are formulations that contain viable cells of specific microorganisms within a nutrient medium. This medium is supplemented with cell-protecting chemicals designed to enhance the microbes' survival during storage and following its application (Kumawat et al. 2021). 
            Consequently, effective nutrient management is known to significantly enhance various soil fertility parameters and growth attributes of wheat, including plant population and plant height, which are fundamental to the crop's successful growth and development. This research aims to precisely assess the influence of different combinations and ratios of organic manure, inorganic fertilizers, and bio-fertilizer formulations on the key growth attributes (plant population and plant height) of wheat and soil fertility parameters viz. available iron and zinc. The ultimate findings are critical for formulating an ecologically sound and economically viable nutrient management strategy that promotes optimal wheat growth in the local region.

2. Materials and Methods

2.1. Experimental site description

The study was conducted at the Student’s Instructional Farm, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, (25°26’and 26°58’north latitude and 79°31’ and 80°34’ East longitude) over two consecutive cropping cycles: 2023-2024 and 2024-2025. The research utilized a fixed plot arrangement on a site characterized by uniform soil fertility, a level topography, and excellent irrigation and drainage infrastructure. Water for irrigation was reliably sourced from a tube-well. Geographically, the experimental location is situated within the Central Plain Zone of Uttar Pradesh, which is defined by a subtropical, semi-arid climate. This climate is distinctively marked by intense, hot summers and cold winters. The region receives an average annual rainfall of approximately 850-900 mm, with almost 80% of this precipitation concentrated during the monsoon season.

2.2. Initial soil fertility condition
A composite soil sample was meticulously collected from the 0–15 cm depth of the experimental field before the commencement of the study. This was achieved by randomly gathering sub-samples from five distinct locations using a khurpi. This composite sample was then prepared and subjected to laboratory analysis to establish the baseline physico-chemical characteristics of the soil, the results of which are summarized in 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

	vii
	Available Zinc 
	(ppm)
	0.534

	viii
	Available Iron 
	(ppm)
	3.95





2.3. Experiment details
The experimental plan utilized a Randomized Block Design (RBD) with three replications to investigate the effects of diverse nutrient sources on the test crop, wheat. The study incorporated 19 distinct treatment combinations created by interacting three main components: organic manure (specifically farm yard manure), inorganic fertilizers (N, P, K, S, Zn, and Fe), and bio-fertilizers applied in both carrier and liquid formulations. These comprehensive details of the 19 unique treatment combinations are fully 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.
      Inorganic nutrient delivery relied on standard sources: urea for nitrogen, diammonium phosphate (DAP) for phosphorus (P), and muriate of potash (MOP) for potassium (K). The nutrients were applied at the baseline rates of 150 kg ha-1 for N, 75 kg ha-1 for P, and 60 kg ha-1 for K. To address potential secondary and micronutrient limitations and maximize plant uptake, sulphur was supplied at a rate of 30 kg ha-1 using a combination of elemental sulphur, zinc sulphate, and ferrous sulphate. Specifically, zinc was provided via zinc sulphate at 5 kg ha-1 and iron through ferrous sulphate at 15 kg ha-1.
Organic supplementation was achieved through the application of farmyard manure (FYM) at a rate of 5 t ha-1. This organic input was crucial for contributing to better soil structure, boosting microbial activity, and increasing the organic carbon content. The bio-fertilizers employed included Azotobacter and phosphate-solubilizing bacteria (PSB), with both carrier-based powder and liquid formulations used. For the carrier-based inoculants, they were used for seed treatment at a rate of 200 g per kg of seed, or applied directly to the soil at 200 g per acre. Conversely, liquid bio-fertilizers were applied as a seed coating at 50 ml per one-acre seed batch, and for soil application at 250 ml ha-1. Liquid formulation of Azotobacter and PSB had shelf life of one year.
2.4. Observations recorded 
       	To quantify the impact of the nutrient treatments, data on several plant characteristics were systematically collected across the study. Five plants were randomly selected and permanently tagged within each net plot for consistent monitoring of growth attributes throughout the crop's development, specifically tracking plant population and plant height at 45 Days after Sowing (DAS), 90 DAS, and at final harvest. Also to analyse availability status of soil zinc and iron, soil samples were collected after the harvesting of crop.
Measurement of Growth Attributes
Plant Population (Stand Density): This was determined by randomly selecting and marking two distinct one-square-meter areas within the net boundaries of each plot. The plants within these marked areas were counted, totalled, and the resulting sum was divided by two to establish the average plant stand per square meter. This value was then recorded and converted to a per-plot basis for analysis.
Plant Height: Measurements were taken using a meter scale at three stages: 45 DAS, 90 DAS, and at harvest. For each plot, the heights of the five previously tagged plants were recorded. Height measurement protocols varied by growth stage: up to the point of ear emergence, height was measured from the soil surface to the tip of the tallest leaf. After the spike had emerged (heading), height was measured up to the tip of the spike, excluding the awns.
Measurement of soil fertility parameter
	Available iron and zinc was quantified using an atomic absorption spectrophotometer with DTPA extractant, following the method described by Lindsay and Norvell (1978).
2.5. Statistical analysis
The experimental data were 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 Plant Population

(Please refer Table No. 3) The statistical analysis indicated that the various integrated nutrient management treatments had a non-significant (NS) effect on the plant population (plants per m2) across both years and the pooled mean. Despite the non-significance, a clear numerical trend emerged, showing the most robust plant stand in plots receiving the most comprehensive nutrient package. The lowest pooled plant population was recorded in the control (T1) at 44.95 m-2.The highest pooled plant population 48.48 m-2 was achieved by treatment T18 (100% NP + FYM + S + Zn + Fe + LB- Soil Application). This treatment maintained the highest stand density in both 2023-24 (48.20 m-2) and 2024-25 (48.75 m-2). It may be due to increase availability of nutrients with integrated use of organic and bio-fertilizers.

3.2 Effect on Plant Height

3.2.1 Plant Height at 45 DAS
           (Please refer Table No. 4) The data for plant height at 45 DAS revealed non-significant (NS) effects among the 19 treatment combinations during both 2023-24 and 2024-25, as shown by the statistical analysis. The lowest height was recorded in the control (T1) with a pooled mean of 24.95 cm. In contrast, the highest pooled mean height (31.45 cm) was achieved by treatment T18 (100 % NP+ FYM + S + Zn + Fe+ LB- Soil Application), which recorded 30.85 cm in the first year and 32.05 cm in the second. This numerical advantage, while not statistically distinct, is likely due to the immediate and sustained availability of nutrients, indicating a positive response to the comprehensive holistic nutrient strategy.
3.2.2 Plant Height at 90 Days after Sowing (DAS)
           (Please refer Table No. 5) Similar to the early growth stage, the plant height at 90 DAS also showed non-significant (NS) differences across all treatments in both years. Numerically, however, the control (T1) again maintained the lowest pooled mean height (82.10 cm). The maximum pooled plant height (92.23 cm) was consistently obtained under treatment T18 (100 % NP+ FYM + S + Zn + Fe+ LB- Soil Application), with individual year means of 90.80 cm (2023-24) and 93.65 cm (2024-25). The numerical increase in plant height in T 18 over the control demonstrates the cumulative benefit of the integrated nutrient supply, where the sustained release of nutrients from FYM and the enhanced mobilization by bio-fertilizers supported robust stem and leaf development throughout the middle growth period.
3.2.3 Plant Height at Harvest
           (Please refer Table No. 6) In stark contrast to the earlier stages, the plant height measured at harvest showed statistically significant differences among the treatments. The lowest harvest height was observed in the Control (T1), with a pooled mean of 88.30 cm. The maximum plant height at harvest was significantly recorded under treatment T18 (100 % NP+ FYM + S + Zn + Fe+ LB- Soil Application), achieving a pooled mean of 99.50 cm (individual means: 98.70 cm and 100.30 cm). The significant increase at harvest suggests that the full integrated nutrient management package sustained vegetative growth and vertical development longer, likely by providing a continuous supply of N and P (mobilized by bio-fertilizers) and essential S and micronutrients (Zn, Fe) during the crucial grain-filling and maturation phases, confirming the strong role of the complete nutrient strategy in achieving optimal final plant stature.
3.3 Effect on available Zinc
            (Please refer Table No. 7) The pooled mean data for available zinc concentration in the soil demonstrated a clear numerical increase across the integrated nutrient management (INM) treatments compared to the control. The control (T1) recorded the lowest available Zn (0.528ppm) on pooled mean basis with individual mean of 0.530ppm and 0.526 ppm in year 2023-24 and 2024-25 respectively. The maximum available Zn was achieved in treatment T18 (100 % NP+ FYM + S + Zn + Fe+ LB- Soil Application) at 0.600 ppm with individual mean of 0.597 ppm and 0.603 ppm for year 2023-24 and 2024-25 respectively. Generally, treatments that included the full dose of NP, farm yard manure (FYM), and applied Zn (T14-T19) recorded the highest values, notably surpassing the treatments based on 75 % NP. 
             This is primarily attributed to the direct application of Zn and the subsequent actions of organic and biological inputs. The inclusion of FYM helps in Zn availability by creating organic chelates that protect Zn from precipitation and fixation in the soil, which is a common problem in alkaline conditions. Furthermore, the presence of liquid bio-fertilizer (LB) is crucial, as the microorganisms can produce organic acids and chelating agents that actively solubilize Zn from its fixed forms, making it more accessible. Thus, the highest Zn concentration in T18 reflects the synergistic benefits of direct input, chelation, and microbial solubilization.
3.4 Effect on available Iron
              (Please refer Table No. 8) The analysis of available iron in the soil showed that while the effects of the integrated nutrient management (INM) treatments were statistically non-significant (NS), a distinct numerical trend was observed. The control (T1) recorded the minimum available Fe (3.90 ppm) on pooled mean basis with individual mean of 3.91 ppm and 3.88 ppm in year 2023-24 and 2024-25 respectively, whereas the most comprehensive treatment, T18 (100 % NP+ FYM + S + Zn + Fe+ LB- Soil Application), yielded the highest concentration (4.50 ppm) on pooled mean basis and it’s individual mean for both the years (2023-24 and 2024-25) was 4.47 ppm and 4.52 ppm. Treatments combining 100 % NP with FYM, applied Fe, and bio-fertilizers consistently maintained higher Fe levels than the control and treatments relying only on mineral fertilizers, demonstrating a clear positive influence of the integrated approach on Fe availability.
The numerical superiority of T18 in available Fe is primarily attributed to the synergistic action of organic and biological inputs. The farm yard manure (FYM) plays a crucial role by releasing organic acids that chelate Fe ions, preventing their fixation and making them more soluble. Simultaneously, the liquid bio-fertilizer (LB) likely contributes by having microorganisms that produce siderophores, which are powerful compounds that actively scavenge and solubilize insoluble Fe from the soil matrix. This combined effect efficiently maintained a higher available Fe pool, which is vital for sustained crop nutrition despite the lack of statistical significance
Conclusion
The analysis of the integrated nutrient management (INM) treatments revealed that the most comprehensive package, T18 (100% NP + FYM + S + Zn + Fe + LB- Soil Application), consistently delivered the best results across growth and soil fertility parameters. While early plant population and plant height were non-significantly different, a strong numerical advantage in T18 favour indicated a positive trend from the sustained holistic nutrient supply. This trend culminated in statistically superior results at the final stage; with T18 achieving the highest plant height at harvest surpasses both the control and the 100 % inorganic dose. Crucially, the same comprehensive package was most effective in enhancing soil fertility, resulting in the highest numerical concentrations of available iron and zinc. This improvement in micronutrient availability is attributed to the synergistic action of FYM (organic chelation) and the liquid bio-fertilizer (LB) (microbial solubilization), which protected these vital elements from fixation. Therefore, the combined application of FYM, S, Zn, Fe, and LB integrated with 100% RDF of NP is strongly recommended as the optimal and most effective INM strategy for maximizing growth parameter and establishing a more nutrient-rich rhizosphere for wheat.
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Table 3: Effect of organic manure, inorganic fertilizers, and bio-fertilizer   formulations on plant population of wheat 

	Tr. No. 
 
	treatments 
 
	Plant population / m2
	Pooled
 

	
	
	2023-24
	2024-25
	

	T1
	Control
	45.05
	44.85
	44.95

	T2
	75% NP
	46.30
	46.40
	46.35

	T3
	75% NP + FYM
	46.50
	46.65
	46.58

	T4
	75% NP + FYM + S
	46.85
	47.05
	46.95

	T5
	75% NP + FYM + S + Zn
	47.15
	47.40
	47.28

	T6
	75% NP + FYM + S + Zn + Fe
	47.40
	47.70
	47.55

	T7
	75% NP + FYM + S + Zn + Fe + CB- Soil Application
	47.50
	47.85
	47.68

	T8
	75% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	47.45
	47.80
	47.63

	T9
	75% NP + FYM + S + Zn + Fe + LB- Soil Application
	47.60
	47.95
	47.78

	T10
	75% NP + FYM + S + Zn + Fe + LB-Seed Treatment
	47.55
	47.90
	47.73

	T11
	100% NP
	46.65
	46.90
	46.78

	T12
	100% NP + FYM
	46.90
	47.20
	47.05

	T13
	100% NP + FYM + S
	47.30
	47.65
	47.48

	T14
	100% NP + FYM + S + Zn
	47.65
	48.05
	47.85

	T15
	100% NP + FYM + S + Zn + Fe
	47.95
	48.40
	48.18

	T16
	100% NP + FYM + S + Zn + Fe + CB- Soil Application
	48.10
	48.60
	48.35

	T17
	100% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	48.05
	48.55
	48.30

	T18
	100% NP + FYM + S + Zn + Fe + LB- Soil Application
	48.20
	48.75
	48.48

	T19
	100% NP + FYM + S + Zn + Fe + LB- Seed Treatment
	48.15
	48.70
	48.43

	SEm
	2.50
	2.64
	2.56

	CD 5%
	NS
	NS
	NS





Table 4: Effect of organic manure, inorganic fertilizers, and bio-fertilizer   formulations on plant height at 45 days of wheat 

	Tr. No. 
 
	treatments 
 
	Plant Height 45 days (cm)
	Pooled 
 

	
	
	2023-24
	2024-25
	

	T1
	Control
	25.10
	24.80
	24.95

	T2
	75% NP
	26.70
	27.55
	27.13

	T3
	75% NP + FYM
	27.20
	28.10
	27.65

	T4
	75% NP + FYM + S
	27.85
	28.80
	28.33

	T5
	75% NP + FYM + S + Zn
	28.45
	29.45
	28.95

	T6
	75% NP + FYM + S + Zn + Fe
	29.00
	30.05
	29.53

	T7
	75% NP + FYM + S + Zn + Fe + CB- Soil Application
	29.10
	30.20
	29.65

	T8
	75% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	29.05
	30.15
	29.60

	T9
	75% NP + FYM + S + Zn + Fe + LB- Soil Application
	29.20
	30.30
	29.75

	T10
	75% NP + FYM + S + Zn + Fe + LB-Seed Treatment
	29.15
	30.25
	29.70

	T11
	100% NP
	27.35
	28.30
	27.83

	T12
	100% NP + FYM
	28.10
	29.10
	28.60

	T13
	100% NP + FYM + S
	28.95
	30.00
	29.48

	T14
	100% NP + FYM + S + Zn
	29.75
	30.85
	30.30

	T15
	100% NP + FYM + S + Zn + Fe
	30.50
	31.65
	31.08

	T16
	100% NP + FYM + S + Zn + Fe + CB- Soil Application
	30.70
	31.90
	31.30

	T17
	100% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	30.65
	31.85
	31.25

	T18
	100% NP + FYM + S + Zn + Fe + LB- Soil Application
	30.85
	32.05
	31.45

	T19
	100% NP + FYM + S + Zn + Fe + LB- Seed Treatment
	30.75
	31.95
	31.35

	SEm ±
	1.16
	1.39
	1.23

	CD5%
	NS
	NS
	NS




Table 5: Effect of organic manure, inorganic fertilizers, and bio-fertilizer   formulations on plant height at 90 days of wheat 

	Tr. No. 
 
	Treatments 
	Plant Height 90 days (cm)
	Pooled

	
	
	2023-24
	2024-25
	

	T1
	Control
	82.20
	82.00
	82.10

	T2
	75% NP
	86.00
	88.30
	87.15

	T3
	75% NP + FYM
	86.60
	89.00
	87.80

	T4
	75% NP + FYM + S
	87.35
	89.85
	88.60

	T5
	75% NP + FYM + S + Zn
	88.05
	90.65
	89.35

	T6
	75% NP + FYM + S + Zn + Fe
	88.70
	91.40
	90.05

	T7
	75% NP + FYM + S + Zn + Fe + CB- Soil Application
	88.85
	91.60
	90.23

	T8
	75% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	88.80
	91.55
	90.18

	T9
	75% NP + FYM + S + Zn + Fe + LB- Soil Application
	88.95
	91.70
	90.33

	T10
	75% NP + FYM + S + Zn + Fe + LB-Seed Treatment
	88.90
	91.65
	90.28

	T11
	100% NP
	86.90
	89.40
	88.15

	T12
	100% NP + FYM
	87.70
	90.30
	89.00

	T13
	100% NP + FYM + S
	88.65
	91.35
	90.00

	T14
	100% NP + FYM + S + Zn
	89.55
	92.30
	90.93

	T15
	100% NP + FYM + S + Zn + Fe
	90.40
	93.20
	91.80

	T16
	100% NP + FYM + S + Zn + Fe + CB- Soil Application
	90.65
	93.50
	92.08

	T17
	100% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	90.60
	93.45
	92.03

	T18
	100% NP + FYM + S + Zn + Fe + LB- Soil Application
	90.80
	93.65
	92.23

	T19
	100% NP + FYM + S + Zn + Fe + LB- Seed Treatment
	90.70
	93.55
	92.13

	SEm ±
	4.26
	3.99
	4.08

	CD5%
	NS
	NS
	NS



Table 6: Effect of organic manure, inorganic fertilizers, and bio-fertilizer   formulations on plant height at harvest of wheat 
	Tr. No. 
 
	Treatments 
 
	Plant Height (at harvest) (cm)
	Pooled
 

	
	
	2023-24
	2024-25
	

	T1
	Control
	88.50
	88.10
	88.30

	T2
	75% NP
	93.25
	94.45
	93.85

	T3
	75% NP + FYM
	93.95
	95.25
	94.60

	T4
	75% NP + FYM + S
	94.85
	96.25
	95.55

	T5
	75% NP + FYM + S + Zn
	95.70
	97.20
	96.45

	T6
	75% NP + FYM + S + Zn + Fe
	96.50
	98.10
	97.30

	T7
	75% NP + FYM + S + Zn + Fe + CB- Soil Application
	96.70
	98.35
	97.53

	T8
	75% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	96.65
	98.30
	97.48

	T9
	75% NP + FYM + S + Zn + Fe + LB- Soil Application
	96.80
	98.45
	97.63

	T10
	75% NP + FYM + S + Zn + Fe + LB-Seed Treatment
	96.75
	98.40
	97.58

	T11
	100% NP
	94.55
	95.70
	95.13

	T12
	100% NP + FYM
	95.40
	96.65
	96.03

	T13
	100% NP + FYM + S
	96.40
	97.75
	97.08

	T14
	100% NP + FYM + S + Zn
	97.35
	98.75
	98.05

	T15
	100% NP + FYM + S + Zn + Fe
	98.25
	99.80
	99.03

	T16
	100% NP + FYM + S + Zn + Fe + CB- Soil Application
	98.55
	100.15
	99.35

	T17
	100% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	98.50
	100.10
	99.30

	T18
	100% NP + FYM + S + Zn + Fe + LB- Soil Application
	98.70
	100.30
	99.50

	T19
	100% NP + FYM + S + Zn + Fe + LB- Seed Treatment
	98.60
	100.20
	99.40

	SEm ±
	0.13
	0.15
	0.13

	CD5%
	0.38
	0.44
	0.37




Table 7: Effect of organic manure, inorganic fertilizers, and bio-fertilizer   formulations on available zinc (ppm) of soil

	Treatment No.
	Treatments
	Available zinc(ppm)
	Pooled
 

	
	
	2023-24
	2024-25
	

	T1
	Control
	0.530
	0.526
	0.528

	T2
	75% NP
	0.536
	0.538
	0.537

	T3
	75% NP + FYM
	0.540
	0.544
	0.542

	T4
	75% NP + FYM + S
	0.548
	0.551
	0.550

	T5
	75% NP + FYM + S + Zn
	0.562
	0.566
	0.564

	T6
	75% NP + FYM + S + Zn + Fe
	0.568
	0.572
	0.570

	T7
	75% NP + FYM + S + Zn + Fe + CB- Soil Application
	0.571
	0.574
	0.573

	T8
	75% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	0.570
	0.573
	0.572

	T9
	75% NP + FYM + S + Zn + Fe + LB- Soil Application
	0.574
	0.576
	0.575

	T10
	75% NP + FYM + S + Zn + Fe + LB-Seed Treatment
	0.572
	0.575
	0.574

	T11
	100% NP
	0.544
	0.547
	0.546

	T12
	100% NP + FYM
	0.550
	0.554
	0.552

	T13
	100% NP + FYM + S
	0.564
	0.570
	0.567

	T14
	100% NP + FYM + S + Zn
	0.584
	0.589
	0.587

	T15
	100% NP + FYM + S + Zn + Fe
	0.591
	0.594
	0.593

	T16
	100% NP + FYM + S + Zn + Fe + CB- Soil Application
	0.593
	0.597
	0.595

	T17
	100% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	0.592
	0.596
	0.594

	T18
	100% NP + FYM + S + Zn + Fe + LB- Soil Application
	0.597
	0.603
	0.600

	T19
	100% NP + FYM + S + Zn + Fe + LB- Seed Treatment
	0.595
	0.599
	0.597

	
	SEm
	0.020
	0.020
	0.020

	
	CD 5%
	NS
	NS
	NS




Table 8: Effect of organic manure, inorganic fertilizers, and bio-fertilizer   formulations on available iron (ppm) of soil  

	Treatment No.
	Treatments
	Available iron (ppm)
	Pooled
 

	
	
	2023-24
	2024-25
	

	T1
	Control
	3.91
	3.88
	3.90

	T2
	75% NP
	3.96
	3.97
	3.97

	T3
	75% NP + FYM
	3.98
	3.99
	3.99

	T4
	75% NP + FYM + S
	4.01
	4.03
	4.02

	T5
	75% NP + FYM + S + Zn
	4.07
	4.09
	4.08

	T6
	75% NP + FYM + S + Zn + Fe
	4.19
	4.23
	4.21

	T7
	75% NP + FYM + S + Zn + Fe + CB- Soil Application
	4.21
	4.25
	4.23

	T8
	75% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	4.20
	4.24
	4.22

	T9
	75% NP + FYM + S + Zn + Fe + LB- Soil Application
	4.24
	4.28
	4.26

	T10
	75% NP + FYM + S + Zn + Fe + LB-Seed Treatment
	4.22
	4.26
	4.24

	T11
	100% NP
	3.99
	4.01
	4.00

	T12
	100% NP + FYM
	4.04
	4.05
	4.05

	T13
	100% NP + FYM + S
	4.11
	4.13
	4.12

	T14
	100% NP + FYM + S + Zn
	4.27
	4.30
	4.29

	T15
	100% NP + FYM + S + Zn + Fe
	4.38
	4.44
	4.41

	T16
	100% NP + FYM + S + Zn + Fe + CB- Soil Application
	4.42
	4.46
	4.44

	T17
	100% NP + FYM + S + Zn + Fe + CB-Seed Treatment
	4.40
	4.45
	4.43

	T18
	100% NP + FYM + S + Zn + Fe + LB- Soil Application
	4.47
	4.52
	4.50

	T19
	100% NP + FYM + S + Zn + Fe + LB- Seed Treatment
	4.44
	4.48
	4.46

	
	SEm
	0.15
	0.15
	0.15

	
	CD 5%
	NS
	NS
	NS




















