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Evaluation of Integrated Nutrient Management Practices for Improving Yield and Yield Attributes of Rice


Abstract 
Rice is a staple food crop for a large global population, providing energy and essential nutrients, but its productivity remains low in many regions. With the population expected to rise, sustainable nutrient management strategies like Integrated Nutrient Management (INM) are crucial to enhance yield and maintain soil fertility. The study aims to evaluate the effect of Integrated Nutrient Management (INM) practices on yield and yield attributes of rice (Oryza sativa L.). The field experiment was conducted at the Main Experimental Station of Narendra Deva University of Agriculture and Technology, Kumarganj, Uttar Pradesh, India. The experiment was laid out in a Randomised Block Design with ten treatments and three replications using rice variety NDR-97. Treatments included different combinations of recommended dose of fertilisers (RDF), farmyard manure (FYM), biofertilizers (PSB, Azotobacter, BGA), and brown manuring. Results revealed that INM practices significantly improved yield-contributing characters such as the number of effective tillers m⁻², panicle length, number of grains per panicle⁻¹, and test weight compared to the control. The treatment comprising 100% RDF + FYM @ 5 t ha⁻¹ + PSB + Azotobacter + brown manuring (T10) recorded the highest values of yield attributes, grain yield, and straw yield, followed by T9. The improvement was attributed to balanced and sustained nutrient supply, enhanced nutrient use efficiency, and improved soil physical, chemical, and biological properties. Overall, the integrated application of inorganic fertilisers with organic manures and biofertilizers proved superior to the sole application of chemical fertilisers for enhancing rice productivity and sustaining soil health.
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Introduction
“Rice (Oryza sativa L.) is one of the most important staple food crops of the world and serves as the primary source of food and livelihood for a large proportion of the global population. It is a rich source of energy and provides a substantial amount of nutrients, containing approximately 6–10 per cent protein, 70–80 per cent carbohydrates, 1.2–2.0 per cent minerals, and essential vitamins such as riboflavin, thiamine, niacin, and vitamin E. Owing to its high nutritive value and versatility, rice plays a crucial role in ensuring food and nutritional security, particularly in developing countries. More than 90 per cent of the world’s rice is grown and consumed in Asia, often referred to as the “rice bowl of the world,” where about 60 per cent of the global population and nearly two-thirds of the world’s poor reside. Rice is the principal food crop of people inhabiting the humid tropics and subtropics and is extensively cultivated in tropical and subtropical regions under diverse agro-ecological conditions. With the continuous increase in population and changing dietary patterns, global rice demand is projected to reach about 880 million tonnes by the year 2050, necessitating significant improvements in productivity and sustainability. There is no way to increase the net cultivable land for agricultural production, as the world population is growing at an alarming rate right now. Using agronomic management to maximise the production potential of high-yielding rice cultivars is one of the solutions for feeding the world's expanding population” (Kumar et al., 2023).
According to FAO (2014), “the worldwide production of rice was approximately 719.74 million metric tonnes, cultivated over an area of about 160.6 million hectares. India is one of the leading rice-producing countries, cultivating rice over an area of nearly 43.9 million hectares with an annual production of around 88.02 million tonnes. India contributes nearly 21 per cent of the global rice production from about 28 per cent of the world’s rice-growing area, highlighting the relatively low productivity compared to other rice-producing nations. Rice occupies a central position in Indian agriculture and diet, serving as a staple food for the majority of the population. In addition to grain, rice straw has significant economic value and is used as fodder, packing material, insulation, and in the manufacture of cardboard and other industrial products”.
“In Uttar Pradesh, one of the major rice-growing states of India, rice is cultivated over an area of about 5.964 million hectares with a production of approximately 2.50 million tonnes and an average productivity of 2358 kg ha⁻¹” (FAO, 2014). Despite the large area under rice cultivation, productivity remains relatively low, emphasising the need for improved crop management practices and sustainable nutrient management strategies to enhance yield and maintain soil fertility.
“Under the present scenario, food and nutritional security are increasingly under threat due to rapid population growth, land degradation, nutrient depletion, and climate change. Therefore, it has become imperative to adopt a holistic approach to crop production by improving the soil–plant–atmosphere continuum rather than focusing solely on crop nutrition. Continuous and imbalanced use of chemical fertilisers in intensive cropping systems has resulted in the depletion of soil organic matter, nutrient imbalances, deterioration of soil physical properties, and declining crop productivity” (Kumar et al., 2023).
“Integrated Nutrient Management (INM) has emerged as a viable and sustainable approach to address these challenges. INM involves the judicious and combined use of inorganic fertilisers, organic manures, crop residues, green manures, and biofertilisers to ensure optimum nutrient availability for crops while maintaining soil health” (Paramesh et al., 2023). “The interactive advantage of combining organic and inorganic nutrient sources along with biofertilizers has been found to be superior compared to the use of individual components alone” (Palanippan and Annadurai, 2007). “Use of organic and inorganic fertilisers in a mixture which increases the nutrient use efficiency and minimises losses of nutrients. The nitrogen loss processes occur by leaching and denitrification” (Dhurve et al., 2023). Organic manures improve soil structure, water-holding capacity, and microbial activity, while inorganic fertilisers provide readily available nutrients to meet immediate crop demands. 
India’s population is expected to reach approximately 1.4 billion by the year 2025, placing immense pressure on agricultural systems to produce more food from limited land resources. Since the scope for expanding cultivated area is negligible, increasing crop productivity through efficient and sustainable nutrient management remains the most feasible option. Although India has achieved self-sufficiency in food grain production through the adoption of high-yielding varieties and intensive agricultural practices, excessive reliance on chemical fertilisers has led to the overexploitation of soil nutrient reserves.
[bookmark: _GoBack]“Integrated nutrient management favourably influences the physical, chemical, and biological properties of soil, thereby sustaining and restoring soil fertility and crop productivity. The combined use of organic and inorganic nutrient sources ensures a continuous and balanced supply of nutrients, enhances nutrient use efficiency, and minimises nutrient losses. INM technology aims to optimise the benefits derived from all available nutrient sources in an integrated manner, ensuring long-term sustainability of cropping systems” (Wolie et.al. 2016). The objective of the present study is to evaluate the effect of Integrated Nutrient Management (INM) practices on yield and yield attributes of rice (Oryza sativa L.). 
MATERIALS AND METHODS
1. Geographical situation of experimental site:
The experiment was conducted at the Main Experimental Station of Narendra Deva University of Agriculture and Technology, Narendra Nagar (Kumarganj), Faizabad, Uttar Pradesh, located on the Faizabad–Raibareilly road, approximately 42 km away from Faizabad. The experimental site falls under the subtropical agro-climatic zone of the Indo-Gangetic plains and is characterised by alluvial calcareous soil. Geographically, the site lies between 24.44°–26.56° N latitude and 82.12°–83.98° E longitude, with an elevation of about 113 m above mean sea level. The experimental field was well levelled and provided with adequate irrigation and drainage facilities. The mean annual rainfall of the region is about 1021.8 mm, of which nearly 90 per cent is received during the monsoon season.
2. Treatment details:
(A) Treatments
T1-   Control, T2-  100% RDF, T3-  125% RDF , T4 -  100% RDF + FYM @5 t ha-1, T5-  100% RDF + Brown manuring, T6-  100% RDF + BGA@10 kg ha-1 , T7- 100% RDF + PSB, T8-  Farmers practice(N100:P40:K0), T9- 100% RDF + FYM @5 t ha-1 + PSB + Azatobacter + BGA, T10-100%RDF + FYM @5 t ha-1 + PSB + Azatobacter + Brown   manuring
Details of layout:
Design: Randomised Block Design (RBD), Number of replications : 3, Number of treatments: 10, Total number of plots: 30, Net plot size: 3.2 × 4=12.8 m2, Gross plot size:4×5=20 m2, Spacing: 20 cm × 10 cm, Variety: NDR-97
3. Description of variety under investigation: 
NDR-97
It is released in 1992. Plants are medium in height, erect with green foliage. Short duration, matured in 95-100 days. Most suitable for direct seeding in rainfed conditions. Resistant to Bacterial Leaf Blight, Blast, Sheath rot and Brown spot. Grains are long and medium in size. Yield varies from 45-50 q ha-1 with a good agronomic package and practices. 
Yield contributing characters: 
3.1. Number of tillers m-2
 The number of tillers counted was 30, 60, 90 DAT and at harvest. Number of tillers per hill was counted from the place tagged for this observation and then finally counted into m-2
3.4. Effective tillers (m-2) at harvest: 
The number of tillers counted at harvest, the number of tillers per hills were counted from the place tagged for this observation, and then finally counted into m-2. 
3.5. Length of panicle (cm): 
Length of five selected panicles from each plot as measured carefully from the neck node to the tip of the last grain and averaged out to get the length of a single panicle.
3.6. Number of grains panicle-1:
Five panicles from selected plants of each plot were taken at the maturity stage for counting the number of grains per panicle and the average was calculated. 
3.7. Test weight (g):									
1000 grains were counted from the samples of grains drawn from each net plot. These counted grains were weighted and recorded as test weight.
3.8. Grain yield (q ha-1):
The grain weight of each net plot was recorded in kg plot-1, and finally each plot yield was converted to g ha-1.
3.9. Straw yield (q ha-1):
Straw yield was obtained by subtracting the seed yield from the total biological produce from each plot.
3.10. Harvest index (%):
Harvest index of each experimental plot was calculated with the help of the following formula:					     


 Statistical analysis:
The various data recorded in the experiment were analysed statistically with the help of an electronic calculator following the procedure for randomised block design (RBD) given by Cochron and Cox (1970). The standard errors of mean were calculated in each item of investigation, and critical differences (CD) at 5% level were worked out for comparing the treatment means wherever ‘F’ test was found significant. The analysis of the variance table has been given in the appendices. The data are illustrated with the help of diagrams wherever felt necessary.
RESULT AND DISCUSSION
Yield attributes:
Effective tillers (m⁻²), panicle length, and number of grains per panicle⁻¹ are the most important yield-attributing characters determining rice productivity. In the present study, these parameters were significantly influenced by different integrated nutrient management (INM) treatments. The highest values of effective tillers, panicle length, and number of grains per panicle⁻¹ were recorded under treatment T10, which received 100% RDF + FYM @ 5 t ha⁻¹ + PSB + Azotobacter + brown manuring. All nutrient management treatments showed a significant improvement over the control (T1). The maximum increase in yield attributes was observed in T10, followed by T9, indicating the beneficial effects of combining inorganic fertilisers with organic manures and biofertilizers. Similar findings have been reported by Paramesh et al. (2023), Tiwari et al. (2023), and Shen et al. (2025).
The superiority of T10 may be attributed to balanced and continuous nutrient availability, which enhanced cell division, photosynthetic efficiency, and reproductive growth, resulting in longer panicles and a higher number of grains per panicle. Furthermore, the incorporation of FYM and brown manuring improved soil physical properties and microbial activity, leading to better utilisation of both native and applied nutrients. These findings are in close agreement with earlier reports by Mahajan and Gupta (2009), Reddy and Kumar (2006), Shankar and Laware (2011), and Barik et al. (2006), who also observed improved yield attributes of rice under integrated nutrient management practices.
Test weight:
Data pertaining to the effect of integrated nutrient management (INM) on test weight revealed that the highest test weight was recorded under treatment T10, which received 100% RDF + FYM @ 5 t ha⁻¹ + PSB + Azotobacter + brown manuring, followed by T9 (100% RDF + FYM @ 5 t ha⁻¹ + PSB + Azotobacter + BGA). The lowest test weight was observed in the control treatment. A slight increase in test weight was observed in treatments involving organic nitrogen sources and biofertilizers, which may be attributed to enhanced nutrient availability in readily assimilable forms. This improved nutrient supply promoted better plant growth and grain development, ultimately resulting in higher test weight. Similar results have also been reported by Garai et al. (2014), Khursheed et al. (2013), and Reddy and Kumar (2006).
Grain yield and straw yield:
Grain yield and straw yield of rice were significantly influenced by different integrated nutrient management systems. The maximum increase in both grain yield and straw yield was recorded under the treatment receiving 100% RDF + FYM @ 5 t ha⁻¹ + PSB + Azotobacter + brown manuring (T10), followed by T9 (100% RDF + FYM @ 5 t ha⁻¹ + PSB + Azotobacter + BGA). Grain and straw yields were comparatively higher under treatments involving brown manuring than those with BGA.
The application of RDF in combination with biofertilizers significantly increased total crop yield (grain + straw) compared to the control; however, yields were superior when inorganic fertilisers were integrated with organic manures and biofertilizers rather than applied alone. Integrated use of inorganic fertilisers with organic manures and biofertilizers enhanced nutrient availability and improved nutrient-use efficiency, leading to higher grain and straw yields. The increase in yield attributes can be attributed to the continuous and balanced supply of nutrients through organic, green manure, biofertilizers, and inorganic sources, which improved both native and applied nutrient utilisation.
These results are in close conformity with the findings of Khairnar and Thakur (2011), Khursheed et al. (2013), Swarup and Yaduvanshi (2013), and Shankar et al. (2020), who reported that the application of Azotobacter in combination with different levels of RDF significantly enhanced grain and straw yields of rice.
Table-1. Effect of integrated nutrient management on yield attributes of rice 
	
Treatments
	Effective tillers
(m-2)at harvest
	Length of panicle (cm) at harvest
	No. of grains panicle-1
	Test weight(g)

	T1-   Control
	285.10
	10.32
	30.12
	19.22

	T2-  100% RDF
	330.68
	16.22
	53.27
	21.10

	T3-  125% RDF
	352.17
	17.98
	60.28
	21.98

	T4 - 100% RDF + FYM @5 t ha-1
	351.91
	17.70
	59.39
	21.77

	T5-  100% RDF+ Brown manuring
	350.72
	17.31
	58.92
	21.30

	T6-  100% RDF + BGA@10 kg ha-1
	351.70
	17.17
	59.11
	21.28

	T7-  100% RDF + PSB
	330.85
	16.57
	54.62
	21.02

	T8-  Farmers practice(N100:P40:K0)
	317.84
	13.75
	41.04
	20.19

	T9-  100% RDF+ FYM @5 t ha-1 + PSB + Azotobacter + BGA
	372.00
	18.76
	68.13
	21.98

	T10- 100%RDF + FYM @5 t ha-1 + PSB + Azotobacter + Brown manuring
	372.26
	18.90
	68.21
	22.17

	SEm+
	6.53
	0.58
	2.30
	0.91

	CD (P= 0.05)
	19.40
	1.72
	6.85
	NS


Table-2 Effect of integrated nutrient management on yields and harvest index of rice crop
	Treatments
	Grain yield (q ha-1)
	Straw    yield
(q ha-1)
	Harvest index
(%)

	
	
	
	

	T1-   Control
	21.20
	28.21
	42.91

	T2-  100% RDF
	38.26
	48.27
	44.22

	T3-  125% RDF
	43.16
	54.38
	44.25

	T4 - 100% RDF + FYM @5 t ha-1
	42.87
	52.73
	44.84

	T5-  100% RDF+ Brown manuring
	41.98
	52.11
	44.62

	T6-  100% RDF + BGA@10 kg ha-1
	42.72
	52.92
	44.67

	T7-  100% RDF +PSB
	39.95
	49.42
	44.70

	T8-  Farmers practice(N100:P40:K0)
	28.12
	35.46
	44.23

	T9-  100% RDF+ FYM @5 t ha-1+PSB+Azotobacter+BGA
	46.90
	59.16
	44.22

	T10- 100%RDF+FYM @5 t ha-1+PSB+Azotobacter+Brown manuring
	47.07
	59.90
	44.00

	SEm+
	1.22
	1.49
	1.45

	CD (P= 0.05)
	3.61
	4.46
	NS



Conclusion
The results of the present investigation clearly demonstrate that integrated nutrient management (INM) practices significantly influenced yield attributes, test weight, grain yield, and straw yield of rice. Among the various treatments, the combined application of 100% recommended dose of fertilisers (RDF) along with farmyard manure (FYM) @ 5 t ha⁻¹, PSB, Azotobacter, and brown manuring (T10) proved to be the most effective. This treatment consistently recorded the highest values of effective tillers, panicle length, number of grains per panicle, test weight, grain yield, and straw yield, followed closely by T9, which involved a similar nutrient combination with BGA.
The superior performance of T10 can be attributed to the balanced and continuous supply of nutrients from inorganic fertilisers, organic manures, and biofertilisers, which improved nutrient availability, nutrient-use efficiency, and soil health. The incorporation of FYM and brown manuring enhanced soil physical properties and microbial activity, resulting in better root growth, efficient nutrient uptake, and improved translocation of photosynthates to the developing grains. Consequently, these factors led to enhanced yield attributes and higher grain and straw yields compared to the control and sole application of inorganic fertilisers.
Although the harvest index was not significantly affected by the treatments, the substantial increase in biological yield under integrated nutrient management highlights its role in improving overall crop productivity. Therefore, the study concludes that the integrated use of 100% RDF with FYM, biofertilizers, and brown manuring is a sustainable and efficient nutrient management strategy for maximising rice productivity while maintaining soil fertility. Adoption of such INM practices can help achieve higher yields, improved nutrient-use efficiency, and long-term sustainability of rice-based production systems.
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