



Evaluation of Balanced Fertilization Practices for Enhancing Growth of Rice Crop

Abstract

A field experiment was conducted during the Kharif season of 2025 at farmers’ fields in Handiyamafi village under Krishi Vigyan Kendra Sant Kabir Nagar, Uttar Pradesh, to evaluate the effect of different nutrient management practices on the growth performance of rice (Oryza sativa L.). The study aimed to assess the performance of improved nutrient management practices under real farming conditions. The treatments included 100% recommended NPK over chemical fertilizers, 100% nitrogen over FYM, 75% nitrogen over FYM, farmers’ practice (N:50, P:25 kg ha⁻¹ over fertilizers + 2.5 t FYM ha⁻¹), 50% nitrogen over vermicompost + 50% NPK over fertilizers, 75% nitrogen over FYM + 25% NPK over fertilizers, and control.

The results revealed that application of 100% recommended NPK over fertilizers significantly enhanced plant height, number of tillers per hill, dry matter accumulation compared to other treatments. Integrated nutrient management treatments performed better than sole organic application and control but remained comparatively inferior to the recommended NPK dose. The absolute control recorded the lowest growth parameters. The study highlights the importance of balanced nutrient management for achieving optimum growth and improved performance of rice under farmers’ field conditions in Sant Kabir Nagar district.

INTRODUCTION

Rice (Oryza sativa L.) is the principal staple food crop of the world and serves as a major source of calories for nearly 40 % of the global population. India has emerged as the world’s largest producer of rice, surpassing China, with production estimated at around 150 million tonnes in 2024–25 due to increased area and favourable growing conditions (GOI, 2025). Despite its importance, the introduction of high-yielding dwarf varieties, which respond strongly to fertilizers, along with excessive and imbalanced use of inorganic fertilizers has contributed to the depletion of inherent soil fertility in many regions. Enhancing rice productivity through appropriate and balanced nutrient management has, therefore, become a central focus of Indian rice production strategies.

The stagnation or decline in rice yields in several areas has been attributed to continuous nutrient mining and reduced application of organic sources (John et al., 2021). Although inorganic fertilizers play a crucial role in increasing rice productivity and biomass accumulation, long-term experiments across India have shown that continuous and imbalanced use of chemical fertilizers can adversely affect soil health and crop performance(Patel et al., 2015). Excessive fertilizer application often results in nutrient losses through leaching, runoff, volatilization, and immobilization, ultimately reducing nutrient use efficiency (Zang et al., 2012).

Integrated nutrient management (INM) aims to maintain soil fertility and sustain high levels of productivity by combining organic and inorganic nutrient sources (Prasad et al., 1995). The integration of organic manures with chemical fertilizers not only supplies essential macro- and micronutrients but also improves soil physical properties and enhances nutrient use efficiency (Pandey et al., 2007, Yadav and Meena, 2014). Increased yield and improved nutrient efficiency under integrated approaches have also been reported by Singh and Kumar (2014).

In view of the above facts, the present study was undertaken to identify the most effective nutrient management practice and its optimum combination for enhancing  growth and sustaining productivity of rice under farmer’s field conditions.

Materials and Methods

The field experiment was conducted during the Kharif season of 2025 at farmers’ fields in Handiyamafi village under Krishi Vigyan Kendra Sant Kabir Nagar, Uttar Pradesh. The soil of the experimental field was sandy clay loam in texture, neutral in reaction (pH 7.4), which is common in the district’s alluvial soils. The soil was low in available nitrogen (248.60 kg ha⁻¹) as determined by the alkaline permanganate method (Subbiah and Asija, 1956). The available phosphorus content was medium (14.8 kg ha⁻¹), estimated by Olsen’s method (Olsen et al., 1954). The soil was found medium to moderately high in available potassium (295.40 kg ha⁻¹), determined through the flame photometric method (Metson, 1956) at 0–15 cm soil depth prior to the initiation of the experiment. These fertility levels are generally representative of the Indo-Gangetic alluvial soils of the district.
The experiment was laid out in a Randomized Block Design (RBD) with three replications comprising seven nutrient management treatments, namely: 100% nitrogen over FYM, 75% nitrogen over FYM, 100% recommended NPK over chemical fertilizers, farmers’ practice (N:50, P:25 kg ha⁻¹ through fertilizers + 2.5 t FYM ha⁻¹), 50% nitrogen over FYM + 50% recommended NPK over fertilizers, 75% nitrogen over FYM + 25% recommended NPK over fertilizers, and control.

The recommended dose of fertilizer (RDF) was 120 kg N, 60 kg P₂O₅, and 40 kg K₂O per hectare. The rice variety Pusa Sugandha 5 was transplanted during the second week of July using 24-day-old seedlings at a spacing of 20 cm × 20 cm with 2–3 seedlings per hill. Irrigation was applied uniformly to maintain a standing water depth of 2–3 cm in all plots throughout the crop growth period. Irrigation was withheld approximately 10 days before harvesting to facilitate uniform maturity.

Result and Discussion

A. Growth Parameter

1. Plant height (cm)
Plant height of rice was significantly influenced by different nutrient management practices at all the growth stages (Table 1). At 30 DAS, significantly higher plant height (18.67 cm) was recorded under T₃ (100% recommended NPK through fertilizers), which was statistically superior to all other treatments. The next best treatment was T₆ (50% N over FYM + 50% NPK over fertilizers) with 16.51 cm, followed by T₇ (75% N over FYM + 25% NPK over fertilizers) with 15.88 cm. The lowest plant height (10.71 cm) was observed under control (T₈). 

At 60 DAS, T₃ again recorded the maximum plant height (38.63 cm), which was significantly higher than T₆ (36.96 cm), T₇ (35.52 cm), T₁ (34.93 cm), T₂ (33.10 cm), and T₄ (31.71 cm). The control (25.39 cm) remained significantly inferior. 

A similar trend was observed at 90 DAS. The highest plant height (74.32 cm) was recorded under T₃, which was statistically at par with T₆ (73.21 cm). The control recorded the lowest value (62.71 cm).

At harvest, T₃ produced the tallest plants (73.21 cm), which was statistically at par with T₆ (71.30 cm) but significantly superior to other treatments. The control (61.25 cm) recorded the minimum plant height. 

The superior performance of T₃ may be attributed to balanced and adequate supply of essential nutrients, which enhanced meristematic activity, cell elongation and vegetative growth. Integrated nutrient treatments also improved plant height due to synchronized nutrient release and improved soil environment. Similar findings have been reported in earlier studies on integrated nutrient management in rice (kwami et al., 2022).
2. Number of tillers/hill
The number of tillers hill⁻¹ was significantly influenced by different nutrient management practices at all stages of observation (Table 2).

At 30 DAS, significantly higher number of tillers hill⁻¹ (8.50) was recorded under T₃ (100% recommended NPK through fertilizers), which was statistically superior to all other treatments. The next best treatment was T₆ (50% N through FYM + 50% NPK through fertilizers) with 7.53 tillers hill⁻¹, followed by T₇ (6.88 tillers hill⁻¹). The lowest number of tillers hill⁻¹ (3.38) was recorded under control (T₈). 

At 60 DAS, T₃ again produced the maximum number of tillers hill⁻¹ (13.51), which was significantly higher than T₆ (12.29), T₇ (11.64), T₁ (10.86), T₂ (10.42), and T₄ (9.82). The control (7.29) recorded the minimum value. 

At 90 DAS, the highest number of tillers hill⁻¹ (17.09) was recorded under T₃, which was statistically at par with T₆ (16.21) but significantly superior to other treatments. The control (10.21) recorded the lowest value.

At harvest, T₃ maintained its superiority by recording the maximum number of tillers hill⁻¹ (16.87), which was statistically at par with T₆ (15.88) and T₇ (15.35), but significantly superior to T₁, T₂, T₄, and T₈. The lowest number of tillers hill⁻¹ (9.99) was observed under control. 

The higher tiller production under T₃ may be attributed to balanced and adequate supply of essential nutrients, particularly nitrogen, which plays a key role in promoting vegetative growth and tiller initiation. Integrated nutrient management treatments (T₆ and T₇) also showed improved tillering due to synchronized nutrient release and improved soil physical and biological properties. The poor performance under control indicates the necessity of adequate nutrient supply for maximizing tiller production and ultimately yield under farmers’ field conditions Ashem et al. (2022)& Neti et al. (2022).

3.Dry matter production (g/plant)
Dry matter production of rice was significantly influenced by different nutrient management practices at all growth stages (Table 3).

At 30 DAS, significantly higher dry matter accumulation (2.89 g plant⁻¹) was recorded under T₃ (100% recommended NPK through fertilizers), which was statistically superior to all other treatments. It was followed by T₆ (2.71 g plant⁻¹) and T₁ (2.36 g plant⁻¹), whereas the lowest dry matter production (1.07 g plant⁻¹) was observed under control (T₈). 

At 60 DAS, T₃ recorded the maximum dry matter production (9.13 g plant⁻¹), which was statistically at par with T₆ (8.69 g plant⁻¹), T₇ (8.72 g plant⁻¹), T₁ (8.08 g plant⁻¹), and T₂ (8.13 g plant⁻¹). However, T₃ was significantly superior to farmers’ practice (T₄) and control (T₈). The minimum value (6.55 g plant⁻¹) was recorded under control.

At 90 DAS, the highest dry matter accumulation (13.75 g plant⁻¹) was observed under T₃, which was statistically at par with T₆ (13.57 g plant⁻¹), T₇ (13.30 g plant⁻¹), T₂ (13.19 g plant⁻¹), and T₁ (13.05 g plant⁻¹), but significantly superior to T₄ (12.14 g plant⁻¹) and T₈ (11.26 g plant⁻¹). 

At harvest, the maximum dry matter production (14.84 g plant⁻¹) was recorded under T₆, followed closely by T₃ (14.80 g plant⁻¹). The lowest dry matter accumulation (12.78 g plant⁻¹) was recorded under control.

The higher dry matter production under T₃ and T₆ may be attributed to balanced nutrient supply and improved nutrient availability, which enhanced photosynthetic activity and assimilate accumulation. Integrated nutrient management treatments promoted sustained nutrient release and improved soil conditions, resulting in better biomass accumulation. The lowest dry matter production under control indicates nutrient deficiency leading to restricted vegetative growth and lower biomass accumulation under farmers’ field conditions (Singh et al., 2018).
Table No. 1: Effect of nutrient management on plant height (cm)
	Treatments
	30 DAS
	60DAS
	90DAS
	At harvest

	T1- 100% N over FYM
	15.08
	34.93
	70.42
	68.83

	T2-75% N over FYM
	14.24
	33.1
	69.62
	68.01

	T3-100% NPK over fertilizers
	18.67
	38.63
	74.32
	73.21

	T4-Farmers practice N:50, P:25 over fertilizers + 2.5 tonne FYM/ha
	13.35
	31.71
	67.78
	66.45

	T6-50% N over FYM + 50% NPK over fertilizers
	16.51
	36.96
	73.21
	71.3

	T7-75% N over FYM + 25% NPK over fertilizers
	15.88
	35.52
	71.89
	69.92

	T8-Control
	10.71
	25.39
	62.71
	61.25

	SEm±
	0.35
	0.58
	0.61
	0.68

	CD at 5%
	1.10
	1.82
	1.90
	2.13


Table No. 2: Effect of nutrient management on Number of tillers/hill

	Treatments
	30 DAS
	60DAS
	90DAS
	At harvest

	T1- 100% N over FYM
	6.12
	10.86
	15.01
	14.68

	T2-75% N over FYM
	5.66
	10.42
	14.44
	14.33

	T3-100% NPK over fertilizers
	8.5
	13.51
	17.09
	16.87

	T4-Farmers practice N:50, P:25 over fertilizers + 2.5 tonne FYM/ha
	5.25
	9.82
	13.88
	13.77

	T6-50% N over FYM + 50% NPK over fertilizers
	7.53
	12.29
	16.21
	15.88

	T7-75% N over FYM + 25% NPK over fertilizers
	6.88
	11.64
	15.47
	15.35

	T8-Control
	3.38
	7.29
	10.21
	9.99

	SEm±
	0.150
	0.253
	0.529
	0.496

	CD at 5%
	0.468
	0.780
	1.625
	1.533


Table No. 3: Effect of nutrient management on Dry matter production (g/plant)
	Treatments
	30 DAS
	60DAS
	90DAS
	At harvest

	T1- 100% N over FYM
	2.36
	8.08
	13.05
	14.3

	T2-75% N over FYM
	1.88
	8.13
	13.19
	14.25

	T3-100% NPK over fertilizers
	2.89
	9.13
	13.75
	14.8

	T4-Farmers practice N:50, P:25 over fertilizers + 2.5 tonne FYM/ha
	1.55
	7.04
	12.14
	13.04

	T6-50% N over FYM + 50% NPK over fertilizers
	2.71
	8.69
	13.57
	14.84

	T7-75% N over FYM + 25% NPK over fertilizers
	2.32
	8.72
	13.3
	14.2

	T8-Control
	1.07
	6.55
	11.26
	12.78

	SEm±
	0.10
	0.38
	0.48
	0.69

	CD at 5%
	0.32
	1.24
	1.52
	2.16
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