


Effect of Irrigation Scheduling and Nutrient Management on Growth, Yield Attributes and Productivity of Direct-Seeded Rice under Vindhya Plateau Conditions of Madhya Pradesh, India

ABSTRACT
Rice is a key global staple crop, but conventional transplanting systems face increasing challenges from water scarcity and rising production costs, making direct-seeded rice a more sustainable and resource-efficient alternative. A field investigation was carried out during the Kharif seasons of 2021 and 2022 at the Agriculture Research Farm, Faculty of Agriculture, Rabindranath Tagore University, Raisen (Madhya Pradesh), to evaluate the influence of irrigation scheduling and nutrient management on growth, yield attributes and yield of direct-seeded rice (Oryza sativa L., cv. PB-1). The experiment consisted of three irrigation regimes, viz., continuous flooding with 5 cm water depth, maintenance of soil saturation up to tillering followed by flooding from tillering to flowering and thereafter saturation till harvest, and alternate wetting and drying at 10-day intervals, along with five nutrient levels ranging from control to 125% recommended dose of fertilizers (RDF: 120:60:40 NPK), replicated thrice.
Among irrigation treatments, maintenance of saturation up to tillering followed by flooding exhibited superior performance, recording higher plant height (97.2 and 98.4 cm), grain yield (52.9 and 54.3 q ha⁻¹), and harvest index (43.59 and 42.18%) during 2021 and 2022, respectively, whereas continuous flooding resulted in higher tiller density (224.1 and 229.2 m⁻²). Application of 125% RDF significantly enhanced growth and yield attributes, producing maximum plant height (97.5 and 98.7 cm), tiller density (239.6 and 246.5 m⁻²), and dry matter accumulation (598.2 and 602.5 g m⁻²). Yield attributes such as panicle length (27.2 and 27.8 cm), panicle weight (3.25 and 3.32 g), and grain filling (89.28 and 90.36%) were also maximized under this treatment. The highest grain yield (56.4 and 57.1 q ha⁻¹) and biological yield (130.56 and 132.64 q ha⁻¹) were recorded with 125% RDF. The interaction effect indicated that the combination of saturation up to tillering followed by flooding with 125% RDF was most effective in enhancing productivity under Vindhya Plateau conditions.
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INTRODUCTION
Rice (Oryza sativa L.) is a fundamental component of global food security, particularly in South and Southeast Asia, where it serves as the primary dietary staple. In India, rice cultivation occupies a substantial share of irrigated agriculture; however, conventional puddled transplanting systems are increasingly challenged by declining water availability, rising labor costs, and concerns over soil degradation. It is estimated that rice cultivation consumes nearly 25–30% of total freshwater resources used in agriculture, necessitating the adoption of water-efficient production systems (FAO, 2020; Bouman et al., 2007; Kumar et al., 2023). In this context, direct-seeded rice (DSR) has emerged as a promising alternative, offering advantages such as reduced water use, lower labor requirement, and timely crop establishment. Recent studies indicate that DSR can reduce irrigation water requirement by 20–40% without significantly affecting yield under appropriate management (Farooq et al., 2011; Kaur et al., 2024).
The increasing pressure on water resources and the need for sustainable intensification of agriculture have made the optimization of irrigation and nutrient management practices critically important for ensuring food security (Bouman et al., 2007; Ladha et al., 2016). Efficient resource management in DSR systems not only enhances productivity but also improves water use efficiency and reduces environmental footprints (Zhang et al., 2022). Furthermore, region-specific studies are essential to develop location-based recommendations, particularly under diverse agro-climatic conditions such as the Vindhya Plateau. Therefore, understanding the combined influence of irrigation scheduling and nutrient management is vital for improving the sustainability and profitability of rice-based systems.
Despite these advantages, the performance of DSR is highly dependent on effective irrigation management. Unlike transplanted systems, DSR is more sensitive to fluctuations in soil moisture, particularly during germination and early vegetative stages. Improper water management can adversely affect crop establishment, tillering, and biomass accumulation. Research has demonstrated that irrigation strategies such as alternate wetting and drying (AWD) and controlled soil saturation improve water productivity while maintaining yield levels comparable to continuous flooding (Lampayan et al., 2015; Kaur et al., 2024). Maintaining soil saturation up to tillering followed by controlled flooding during reproductive stages has been reported to optimize both vegetative growth and yield attributes.
Nutrient management is another critical factor influencing the productivity of DSR systems. Adequate and balanced application of nitrogen, phosphorus, and potassium is essential for enhancing plant growth, tiller formation, and grain development. However, nutrient dynamics in DSR differ from conventional systems due to aerobic soil conditions, which influence nutrient availability and uptake efficiency. Recent findings emphasize that optimizing fertilizer levels, particularly nitrogen, can significantly improve growth parameters, dry matter accumulation, and yield components (Ladha et al., 2016; Yadav et al., 2023). Excessive or imbalanced fertilization, however, may reduce nutrient use efficiency and increase environmental risks.
The interaction between irrigation scheduling and nutrient management is particularly crucial in DSR, as water availability directly affects nutrient solubility, mobility, and uptake by plants. Integrated management approaches that synchronize irrigation and fertilization have been shown to enhance crop performance, improve resource use efficiency, and stabilize yields under variable agro-climatic conditions (Zhang et al., 2022; Liu et al., 2025). Such synergistic effects are essential for maximizing productivity while ensuring sustainability. Considering these aspects, the present study was undertaken to evaluate the combined effect of irrigation scheduling and nutrient management practices on growth, yield attributes, and yield of direct-seeded rice under the agro-climatic conditions of the Vindhya Plateau of Madhya Pradesh.
MATERIALS AND METHODS
The field experiment
The present investigation was carried out at the Agriculture Research Farm, Faculty of Agriculture, Rabindranath Tagore University, Raisen (M.P.) during the Kharif seasons of 2021 and 2022. Geographically, Raisen is situated at 23°20′ North latitude and 77°35′ East longitude with an altitude of approximately 450 meters above mean sea level (AMSL). The region falls under the Vindhya Plateau agro-climatic zone and is characterized by a subtropical climate, with hot summers and mild winters. The maximum temperature during summer reaches up to 45°C, while the minimum temperature during winter may fall below 8°C. The average annual rainfall ranges between 1000 and 1200 mm, the majority of which is received from June to September through the southwest monsoon.
The experiment was laid out in a split plot design with three irrigation regimes assigned to main plots and five nutrient levels to subplots, replicated thrice. The irrigation treatments comprised: IR₁ – continuous flooding with 5 cm depth of water; IR₂ – maintenance of soil saturation up to tillering (50–55 DAS), followed by flooding from tillering to flowering (55–100 DAS) and thereafter saturation till harvest; and IR₃ – alternate wetting and drying (irrigation at 10-day intervals with 5 cm depth of water). The nutrient treatments included: F₁ - control (no fertilizer), F₂ - 75% recommended dose of fertilizers (RDF), F₃ - 100% RDF, F₄ -125% RDF, and F₅ - farmers’ practice (150:60:0 NPK). The recommended dose of fertilizers was 120:60:40 kg ha⁻¹ of N: P₂O₅ K₂O.
The rice variety PB-1 was used for the study. Sowing was carried out under direct-seeded conditions using a seed rate of 20 kg ha⁻¹. The gross plot size was 6.0 m × 3.4 m, while the net plot size was 5.0 m × 2.9 m, with a bund width of 0.5 m. A row spacing of 20 cm was maintained throughout the experiment. The total number of plots was 45, with a spacing of 1.0 m between plots to avoid lateral movement of water. Irrigation channels of 1.0 m width for main channels and 0.5 m for sub-channels were provided to facilitate efficient water distribution. All recommended agronomic practices were followed uniformly across treatments. Nitrogen was applied in split doses as per crop requirement, while the full dose of phosphorus and potassium was applied as basal. Weed management was carried out using recommended pre- and post-emergence herbicides, supplemented with manual weeding as needed. Irrigation was applied according to the treatment schedule to ensure proper crop establishment and growth.
Observations recorded
Five representative plants were randomly selected from the net plot area of each treatment for recording observations. Growth parameters such as plant height and number of tillers were recorded at different growth stages. At harvest, yield attributes including panicle length, panicle weight, grain filling percentage, and test weight were measured. Grain yield and straw yield were recorded on plot basis and subsequently converted into q ha⁻¹. Biological yield and harvest index were also computed.
The experimental data were compiled and statistically analyzed using the analysis of variance (ANOVA) technique as described by Fisher (1958). The significance of treatment effects was tested at the 5% level of probability, and standard error of mean (SEm±) and critical difference (CD) values were calculated for comparison of treatment means.

Result and Discussion
4.1 Growth Parameters
4.1.1 Plant Height (cm)
Plant height increased progressively from vegetative stage to maturity, reflecting normal crop growth behavior (Table 1). Among irrigation treatments, IR₂ (maintenance of saturation up to tillering followed by flooding) recorded significantly higher plant height (24.2 and 24.8 cm at 30 DAS and 97.2 and 98.4 cm at harvest during 2021 and 2022, respectively) compared to IR₁ and IR₃. This improvement can be attributed to optimum soil moisture conditions, which enhance cell elongation, nutrient mobility, and root activity, thereby promoting vegetative growth.
Fertilizer levels significantly influenced plant height, with F₄ (125% RDF) recording maximum values (26.1 and 26.7 cm at 30 DAS; 97.5 and 98.7 cm at harvest). The increased plant height under higher fertilizer levels is mainly due to greater nitrogen availability, which enhances chlorophyll synthesis, photosynthetic rate, and cell division (Zhang et al., 2022).
The interaction effect (Table 2A and 2B) showed that IR₂ × F₄ recorded the highest plant height (97.6 cm in 2021 and 98.7 cm in 2022), indicating a synergistic effect of optimal water regime and higher nutrient supply. Similar trends were reported by Liu et al. (2025), who observed enhanced vegetative growth under combined irrigation and nutrient management.
4.1.2 Number of Tillers (m⁻²)
The number of tillers was significantly affected by irrigation and fertilizer treatments (Table 3). Among irrigation regimes, IR₁ (continuous flooding) recorded higher tiller density (224.1 and 229.2 m⁻² at harvest), which may be due to favorable moisture conditions during early vegetative stage, promoting tiller initiation and survival.
Fertilizer application significantly enhanced tillering, with F₄ (125% RDF) producing maximum tillers (239.6 and 246.5 m⁻²). This may be attributed to adequate nitrogen supply, which plays a crucial role in axillary bud development and tiller formation (Singh et al., 2022).
The interaction (Table 4A and 4B) revealed that IR₁ × F₄ recorded the highest tiller density (242.1 and 248.1 m⁻²), indicating that adequate moisture during early growth combined with higher nutrient availability enhances tiller production (Kumar et al., 2023).
4.1.3 Dry Matter Accumulation (g m⁻²)
Dry matter accumulation increased steadily with crop growth (Table 5). Irrigation treatments did not show significant differences at any stage, as indicated by non-significant CD values, suggesting that water availability was not a limiting factor under experimental conditions.
In contrast, fertilizer levels significantly influenced dry matter production. The highest accumulation was observed under F₄ (598.2 and 602.5 g m⁻² at harvest), followed by F₃. This may be due to enhanced nutrient uptake, improved leaf area index, and higher photosynthetic efficiency, leading to greater biomass production.
Interaction effects (Table 6A and 6B) showed relatively higher values under IR₂ × F₄, although differences remained statistically non-significant, indicating that nutrient availability had a more dominant role than irrigation in determining biomass accumulation.
4.2 Yield Attributes
4.2.1 Panicle Length (cm)
Panicle length was significantly influenced by both irrigation and fertilizer treatments (Table 7). IR₂ recorded higher panicle length (26.8 and 27.5 cm), which may be attributed to better moisture availability during reproductive stage, enhancing panicle elongation and spikelet differentiation. Fertilizer treatment F₄ recorded maximum panicle length (27.2 and 27.8 cm), likely due to improved nutrient availability supporting reproductive growth.
The interaction (Table 8) indicated that IR₂ × F₄ recorded the highest values (28.2 and 28.8 cm), suggesting that combined optimal water and nutrient supply enhances panicle development. These findings are in agreement with Wang et al. (2023).
4.2.2 Panicle Weight (g)
Panicle weight was significantly influenced by treatments (Table 9). IR₂ recorded higher values (3.18 and 3.25 g), which can be attributed to efficient assimilate translocation during grain development under optimal moisture conditions.
Among fertilizer levels, F₄ recorded the highest panicle weight (3.25 and 3.32 g), likely due to enhanced photosynthate production and partitioning towards reproductive organs.
The interaction effect (Table 10) revealed that IR₂ × F₄ recorded maximum panicle weight (3.47 and 3.54 g), indicating that balanced water and nutrient supply improves source–sink relationship and grain filling efficiency (Chen et al., 2022).
4.2.3 Grain Filling (%)
Grain filling percentage was significantly influenced by treatments (Table 11). IR₂ recorded higher grain filling (86.47 and 87.36%), which may be due to adequate moisture during grain filling stage, reducing spikelet sterility.
Fertilizer treatment F₄ recorded maximum grain filling (89.28 and 90.36%), likely due to improved assimilate supply and nutrient availability during reproductive phase.
The interaction (Table 12) showed that IR₂ × F₄ recorded the highest grain filling (90.15 and 91.28%), indicating efficient translocation of assimilates to grains. Similar findings have been reported by Yoshida (1981) and Fageria (2007), who highlighted the role of balanced nutrition in improving grain filling.
4.2.4 Test Weight (g)
Test weight was not significantly influenced by irrigation treatments (Table 13), indicating that grain size is genetically regulated and less affected by moisture variations.
However, fertilizer levels significantly influenced test weight, with F₄ recording the highest values (25.12 and 24.95 g). This may be due to adequate nutrient supply enhancing grain development and density (Yadav et al., 2023).
Interaction effects (Table 14) were non-significant, suggesting that test weight is relatively stable across treatment combinations.
4.3 Yield
4.3.1 Grain Yield (q ha⁻¹)
Grain yield was significantly influenced by irrigation and fertilizer treatments (Table 15). IR₂ recorded higher grain yield (52.9 and 54.3 q ha⁻¹), which may be due to optimum moisture availability during critical growth stages, enhancing both vegetative and reproductive growth.
Fertilizer treatment F₄ recorded maximum grain yield (56.4 and 57.1 q ha⁻¹), indicating the importance of adequate nutrient supply for achieving higher productivity.
The interaction (Table 16a) showed that IR₂ × F₄ recorded the highest grain yield (59.8 and 60.4 q ha⁻¹), demonstrating that integrated water and nutrient management maximizes crop productivity (Kumar et al., 2022).
4.3.2 Straw Yield and Biological Yield
Straw yield and biological yield followed trends similar to grain yield (Table 15). The highest values were recorded under F₄, indicating that higher nutrient supply enhances total biomass production.
The interaction (Table 16b and 16c) showed that IR₂ × F₄ recorded maximum biological yield (135.3 and 136.3 q ha⁻¹), suggesting that optimum irrigation combined with higher nutrient levels improves overall crop growth and biomass accumulation.
4.3.3 Harvest Index (%)
Harvest index was significantly influenced by treatments (Table 15). IR₂ recorded higher values (43.59 and 42.18%), indicating better partitioning of assimilates towards grain under optimal moisture conditions.
Fertilizer treatment F₄ recorded maximum harvest index (43.20 and 42.52%), suggesting efficient conversion of biomass into economic yield.
The interaction (Table 16d) showed that IR₂ × F₄ recorded the highest harvest index (44.20 and 44.31%), indicating improved source–sink balance and assimilate partitioning towards grain production.
CONCLUSION
The present investigation clearly established that irrigation scheduling and nutrient management significantly influenced the growth, yield attributes, and productivity of direct-seeded rice under Vindhya Plateau conditions. The irrigation treatment involving maintenance of soil saturation up to tillering (50-55 DAS), followed by flooding from tillering to flowering (55-100 DAS) and thereafter saturation till harvest (IR₂) proved superior in enhancing plant height, grain yield, and harvest index. Among nutrient levels, application of 125% recommended dose of fertilizers (120:60:40 NPK) (F₄) consistently recorded maximum growth parameters, yield attributes, and grain yield. The interaction of IR₂ × F₄ emerged as the most efficient combination for achieving higher productivity and improved resource use efficiency in direct-seeded rice.
Disclaimer (Artificial Intelligence)
The author(s) hereby declare that no generative artificial intelligence (AI) technologies, including but not limited to large language models (e.g., ChatGPT, Copilot) or text-to-image generators, were used in the writing, preparation, or editing of this manuscript.
REFERENCES
Bouman, B. A. M., Humphreys, E., Tuong, T. P., & Barker, R. (2007). Rice and water. Advances in Agronomy, 92, 187–237.
Bouman, B. A. M., Peng, S., Castañeda, A. R., & Visperas, R. M. (2005). Yield and water use of irrigated tropical aerobic rice systems. Agricultural Water Management, 74(2), 87–105.
Chen, X., Wang, H., Zhang, Y., & Liu, L. (2022). Effects of water and nitrogen management on grain filling and yield formation in rice. Agricultural Systems, 195, Article 103305.
De Datta, S. K. (1981). Principles and practices of rice production. New York: John Wiley & Sons.
Dobermann, A., & Fairhurst, T. (2000). Rice: Nutrient disorders and nutrient management. Los Baños: International Rice Research Institute.
Food and Agriculture Organization. (2020). FAOSTAT database.
Fageria, N. K. (2007). Yield physiology of rice. Journal of Plant Nutrition, 30(6), 843–879. https://doi.org/10.1080/01904160701356231
Fageria, N. K., Baligar, V. C., & Li, Y. C. (2008). The role of nutrient efficient plants in improving crop yields in the twenty first century. Journal of Plant Nutrition, 31(6), 1121–1157.
Farooq, M., Siddique, K. H. M., Rehman, H., Aziz, T., Dong-Jin, L., & Wahid, A. (2011). Rice direct seeding: Experiences, challenges and opportunities. Soil and Tillage Research, 111(2), 87–98.
Fisher, R. A. (1958). Statistical methods for research workers (13th ed.). Oliver and Boyd.
Kaur, S., Singh, S., & Sandhu, H. S. (2024). Irrigation scheduling strategies for improving water productivity in direct-seeded rice. Agricultural Water Management, 289, Article 108512.
Kumar, S., Singh, R., & Yadav, R. (2022). Effect of nutrient management on yield and nutrient uptake of rice. Journal of Plant Nutrition, 45(8), 1123–1135.
Kumar, V., Ladha, J. K., & Gupta, R. K. (2023). Resource conservation technologies in rice–wheat systems: A review. Field Crops Research, 298, Article 108965.
Ladha, J. K., Pathak, H., Krupnik, T. J., Six, J., & van Kessel, C. (2016). Efficiency of fertilizer nitrogen in cereal production: Retrospects and prospects. Advances in Agronomy, 87, 85–156.
Lampayan, R. M., Rejesus, R. M., Singleton, G. R., & Bouman, B. A. M. (2015). Adoption and economics of alternate wetting and drying water management for irrigated lowland rice. Field Crops Research, 170, 95–108.
Liu, X., Zhang, H., Chen, Z., & Wang, J. (2025). Integrated water and nutrient management for sustainable rice production. Agronomy Journal, 117(2), 845–858.
Mae, T. (1997). Physiological nitrogen efficiency in rice: Nitrogen utilization, photosynthesis, and yield potential. Plant and Soil, 196(2), 201–210.
Peng, S., Khush, G. S., Virk, P., Tang, Q., & Zou, Y. (2008). Progress in ideotype breeding to increase rice yield potential. Field Crops Research, 108(1), 32–38.
Singh, R., Kumar, A., & Singh, B. (2022). Effect of nutrient levels on tiller dynamics and yield of rice. International Journal of Agronomy, 2022, 1–8.
Singh, Y., Singh, B., Timsina, J., & Humphreys, E. (2005). Crop residue management for nutrient cycling and improving soil productivity in rice-based cropping systems. Advances in Agronomy, 85, 269–407.
Tuong, T. P., & Bouman, B. A. M. (2003). Rice production in water-scarce environments. In Water productivity in agriculture: Limits and opportunities for improvement (pp. 53–67). CAB International.
Wang, Y., Li, X., Zhang, Q., & Chen, H. (2023). Influence of nutrient management on panicle architecture and yield of rice. Field Crops Research, 295, Article 108887.
Yadav, G. S., Devi, A., Das, A., Kandpal, B. K., Babu, S., & Lal, R. (2023). Nutrient management strategies in direct-seeded rice for sustainable productivity. Journal of Plant Nutrition, 46(5), 987–1002.
Yoshida, S. (1981). Fundamentals of rice crop science. Los Baños, Philippines: International Rice Research Institute.
Zhang, H., Xue, Y., Wang, Z., Yang, J., & Zhang, J. (2022). Effects of irrigation and nitrogen management on yield and water use efficiency of rice. Agricultural Systems, 196, Article 103321.









 Table 1. Effect of Irrigation Methods and fertilizer levels on Plant Height of Rice (cm) during Kharif 2021 and 2022
	Treatments
	30 DAS
	60 DAS
	90 DAS
	at Harvest

	Irrigation Methods
	2021
	2022
	2021
	2022
	2021
	2022
	2021
	2022

	IR1
	22.6
	23
	58.6
	59.2
	77.5
	78.2
	93.9
	95.1

	IR2
	24.2
	24.8
	60.9
	61.5
	80.1
	80.8
	97.2
	98.4

	IR3
	23.1
	23.5
	59.8
	60.4
	78.9
	79.5
	95.9
	97.1

	SEm±
	0.41
	0.32
	0.51
	0.43
	0.61
	0.51
	0.71
	0.62

	CD (P=0.05)
	1.23
	0.96
	1.54
	1.31
	1.83
	1.54
	2.12
	1.82

	Fertilizer Levels
	

	F1- Control (No fertilizer)
	20.3
	20.7
	55.3
	56.1
	73.6
	74.2
	89.8
	90.6

	F2- 75% RDF
	22.1
	22.5
	58.1
	58.7
	76.9
	77.4
	92.5
	93.3

	F3- 100% RDF
	24.6
	25.2
	60.4
	61.2
	79.6
	80.3
	94.8
	96.2

	F4-125% RDF
	26.1
	26.7
	62.9
	63.5
	82.7
	83.4
	97.5
	98.7

	F5- Farmers Practices
	22.8
	23.2
	58.8
	59.4
	77.4
	78.1
	93.2
	93.8

	SEm±
	0.51
	0.41
	0.57
	0.50
	0.70
	0.61
	0.92
	0.81

	CD (P=0.05)
	1.51
	1.31
	1.72
	1.52
	2.11
	1.83
	2.68
	2.45



Table 2(A). Interaction Effect (I × F) on Plant Height of Rice (cm) during Kharif 2021 
	 
2021

	 
	30 DAS
	60 DAS
	90 DAS
	Harvest

	Fertilizer Levels
	IR1
	IR2
	IR3
	IR1
	IR2
	IR3
	IR1
	IR2
	IR3
	IR1
	IR2
	IR3

	F1 – Control
	20
	20.8
	20.1
	55.1
	55.6
	55.2
	73.2
	74.1
	73.4
	89.6
	90.1
	89.7

	F2 – 75% RDF
	22
	22.4
	22
	58
	58.3
	58.1
	76.5
	77
	76.6
	92.3
	92.6
	92.4

	F3 – 100% RDF
	24.5
	24.8
	24.5
	60.3
	60.5
	60.4
	79.1
	79.5
	79.3
	94.6
	94.9
	94.8

	F4 – 125% RDF
	26
	26.3
	26
	62.8
	63
	62.9
	82.2
	82.6
	82.3
	97.4
	97.6
	97.5

	F5 – Farmers’ practice
	22.5
	23
	22.9
	58.7
	58.9
	58.8
	77
	77.4
	77.1
	92.9
	93.1
	93

	Mean
	23
	23.9
	23.1
	59
	59.3
	59.1
	77.6
	78.1
	77.7
	93.4
	93.7
	93.5

	SEm±
	0.64
	0.78
	0.85
	1.14

	CD (P=0.05)
	1.32
	1.61
	1.75
	2.35



Table 2(B). Interaction Effect (I × F) on Plant Height of Rice (cm) during Kharif 2022
	
2022

	 
	30 DAS
	60 DAS 
	90 DAS
	Harvest

	Fertilizer Levels
	 IR1
	 IR2
	 IR3
	IR1
	IR2
	 IR3
	 IR1
	 IR2
	 IR3
	 IR1
	 IR2
	 IR3

	F1 – Control
	20.4
	21
	20.6
	55.9
	56.3
	56.1
	74.2
	74.7
	74.4
	90.4
	90.8
	90.6

	F2 – 75% RDF
	22.3
	22.8
	22.4
	58.5
	58.8
	58.6
	77.2
	77.6
	77.4
	93.1
	93.4
	93.2

	F3 – 100% RDF
	25.1
	25.5
	25.1
	61
	61.3
	61.1
	80.3
	80.6
	80.4
	95.9
	96.2
	96

	F4 – 125% RDF
	26.6
	27
	26.6
	63.4
	63.7
	63.5
	83.4
	83.8
	83.5
	98.4
	98.7
	98.5

	F5 – Farmers’ practice
	23.4
	23.8
	23.5
	59.4
	59.7
	59.5
	78
	78.4
	78.1
	93.7
	94
	93.8

	Mean
	23.6
	24
	23.6
	59.6
	59.96
	59.8
	78.6
	79
	78.76
	94.3
	94.62
	94.42

	SEm±
	0.56
	0.71
	0.81
	1.05

	CD (P=0.05)
	1.68
	2.31
	2.24
	3.16



Table 3: Effect of Irrigation Methods and fertilizer levels on Number of Tillers of Rice  (m⁻²) during Kharif 2021 and 2022
	Treatments
	30 DAS
 
	60 DAS
 
	90 DAS
 
	At Harvest
 

	Irrigation Methods
	2021
	2022
	2021
	2022
	2021
	2022
	2021
	2022

	IR1
	99.1
	100.5
	417.3
	424.6
	375.4
	382.1
	224.1
	229.2

	IR2
	96.8
	98.3
	409.2
	415.8
	369.1
	375.9
	218.9
	222.4

	IR3
	94.3
	95.7
	403.1
	410.2
	360.5
	367.2
	210.8
	215.4

	SEm±
	1.25
	1.12
	4.12
	3.85
	3.75
	3.5
	2.18
	2.05

	CD (P=0.05)
	3.76
	3.64
	13.12
	12.25
	11.92
	11.26
	7.35
	6.94

	Fertilizer Levels
	

	F1- Control (No fertilizer)
	83.4
	84.6
	368.2
	372.1
	334.1
	337.5
	188.9
	191.2

	F2- 75% RDF
	92.2
	93.8
	397.3
	401.9
	355.1
	359.4
	205.1
	208.2

	F3- 100% RDF
	100.3
	103.1
	425.5
	432.8
	381.5
	389.4
	230.3
	236.1

	F4-125% RDF
	104.7
	107.6
	442.6
	450.3
	397.1
	405.7
	239.6
	246.5

	F5- Farmers Practices
	95.1
	97.1
	405.4
	410.9
	364.9
	370.2
	214
	218.3

	SEm±
	1.53
	1.35
	5.04
	4.59
	4.6
	4.1
	2.8
	2.6

	CD (P=0.05)
	4.78
	4.18
	15.26
	14.16
	13.58
	12.65
	8.94
	8.35



Table 4(A). Interaction Effect (I × F) on Number of tillers of Rice (m-2) during Kharif 2021 
	 
2021

	 
	30 DAS
	60 DAS 
	90 DAS
	Harvest

	Fertilizer Levels
	 IR1
	 IR2
	 IR3
	IR1
	IR2
	 IR3
	 IR1
	 IR2
	 IR3
	 IR1
	 IR2
	 IR3

	F1 – Control
	86.2
	82.4
	81.6
	373.4
	367.8
	363.4
	339.2
	333.8
	329.2
	191.4
	188.2
	187.1

	F2 – 75% RDF
	94.6
	91.3
	90.7
	401.2
	397.8
	392.9
	359.8
	355.3
	350.4
	207.3
	204.1
	203.9

	F3 – 100% RDF
	103.7
	100.6
	96.6
	430.8
	424.7
	421.1
	386.7
	380.9
	377.3
	233.2
	229.8
	228

	F4 – 125% RDF
	108.1
	104.3
	101.6
	447.2
	441.5
	439.2
	402.2
	396.8
	392.1
	242.1
	238.4
	238.3

	F5 – Farmers’ practice
	103
	95.4
	86.9
	433.8
	413.9
	368.6
	398.2
	361
	335.6
	228.5
	208
	205.5

	Mean
	99.1
	96.8
	94.3
	417.3
	409.2
	403.1
	375.4
	369.1
	361.4
	224.1
	218.9
	210.8

	SEm±
	1.98
	6.51
	5.94
	3.55

	CD (P=0.05)
	4.08
	13.41
	12.24
	7.31


Table 4(b). Interaction Effect (I × F) on Number of tillers of Rice (m-2) during Kharif 2022 
	 
2022

	 
	30 DAS
	60 DAS 
	90 DAS
	Harvest

	Fertilizer Levels
	 IR1
	 IR2
	 IR3
	IR1
	IR2
	 IR3
	 IR1
	 IR2
	 IR3
	 IR1
	 IR2
	 IR3

	F1 – Control
	87.4
	83.7
	83
	377.8
	372.2
	370.1
	343.7
	338.2
	331
	193.9
	191
	188.6

	F2 – 75% RDF
	96.1
	92.9
	92.4
	406.3
	402
	397.4
	364.8
	360.3
	353
	210.2
	207.3
	207.1

	F3 – 100% RDF
	107.4
	104.1
	98.2
	436.5
	430.4
	431.6
	392.8
	386.6
	389
	238.6
	235.2
	234.5

	F4 – 125% RDF
	111.6
	108.2
	103.2
	454.1
	448.2
	448.6
	409.3
	403.9
	404
	248.1
	244.5
	246.9

	F5 – Farmers’ practice
	100.2
	97.2
	94.2
	426.4
	416.2
	390.2
	392.1
	368.4
	350
	233.4
	218.8
	202.8

	Mean
	100.5
	98.3
	95.7
	424.6
	415.8
	410.2
	382.1
	375.9
	367
	229.2
	222.4
	215.4

	SEm ±
	1.14
	4.09
	3.53
	3.25

	CD (P=0.05)
	3.52
	12.18
	11.12
	9.73



Table 5 Effect of Irrigation Methods and fertilizer levels on Dry matter accumulation of Rice  (g m⁻²) during Kharif 2021 and 2022
	Treatments
	30 DAS
	60 DAS
	90 DAS
	At Harvest

	Irrigation Methods
	2021
	2022
	2021
	2022
	2021
	2022
	2021
	2022

	IR1
	29.8
	32
	128.3
	142
	414.6
	442.4
	476.8
	518.1

	IR2
	28.5
	31.2
	126.1
	138.3
	404.7
	442.7
	467.2
	519.3

	IR3
	29.3
	31.1
	125.5
	141.1
	411.9
	445.9
	471.4
	522.1

	SEm±
	0.62
	0.73
	1.41
	2.02
	4.91
	9.32
	5.64
	6.72

	CD (P=0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	Fertilizer Levels

	


	F1- Control (No fertilizer)
	24.4
	27.4
	94.1
	114.3
	272.9
	319.1
	330.9
	364.5

	F2- 75% RDF
	27
	30.3
	107.2
	124.6
	310.8
	343.3
	371.9
	393.7

	F3- 100% RDF
	31.5
	35.1
	150
	165.6
	519.2
	569.1
	577.2
	632.2

	F4-125% RDF
	33.9
	32.8
	156.1
	157.5
	538.8
	543.2
	598.2
	602.5

	F5- Farmers Practices
	29.3
	31.1
	125.5
	141.1
	411.9
	445.9
	471.4
	522.1

	SEm±
	0.41
	0.64
	1.31
	1.42
	6.12
	7.21
	6.81
	7.92

	CD (P=0.05)
	1.24
	1.92
	3.93
	4.36
	18.37
	21.64
	20.44
	23.27


Table 6(A) Interaction Effect (I × F) on Dry matter accumulation of Rice (g m⁻²) during Kharif 2021 
	 
2021

	 
	30 DAS
	60 DAS
	90 DAS
	Harvest

	Fertilizer Levels
	IR1
	IR2
	IR3
	IR1
	IR2
	IR3
	IR1
	IR2
	IR3
	IR1
	IR2
	IR3

	F1 – Control
	24.2
	25.4
	26.1
	93
	96.8
	98.5
	268.4
	275.2
	279
	325.1
	334.8
	338

	F2 – 75% RDF
	27.1
	28.8
	29.6
	106.2
	110.5
	113.2
	308
	316.4
	320
	366.2
	376
	380.5

	F3 – 100% RDF
	31
	32.8
	33.4
	148.4
	152.7
	155
	513.5
	524.2
	529
	570
	582.7
	587.5

	F4 – 125% RDF
	33.6
	35.2
	36
	154.6
	159
	161.8
	533.4
	545.6
	550
	592
	606.4
	611

	F5 – Farmers’ practice
	28.9
	30.4
	31.2
	125.8
	129.4
	131.5
	407.4
	417.2
	422
	466.8
	477.3
	481.5

	Mean
	29
	30.5
	31.3
	125.6
	129.7
	132
	406.1
	417.7
	420
	464
	475.4
	479.7

	SEm±
	0.61
	1.42
	4.92
	5.62

	CD (P=0.05)
	1.84
	4.27
	14.77
	16.87


Table 6(B): Interaction Effect (I × F) on Dry matter accumulation of Rice (g m⁻²) during Kharif 2022
	 
2022

	 
	30 DAS
	60 DAS
	90 DAS
	Harvest

	Fertilizer Levels
	IR1
	IR2
	IR3
	IR1
	IR2
	IR3
	IR1
	IR2
	IR3
	IR1
	IR2
	IR3

	F1 – Control
	28.5
	26.7
	27
	116
	112
	115
	324.5
	316
	317
	370.5
	361
	362

	F2 – 75% RDF
	31
	29.8
	30.1
	128.9
	123.8
	125
	350.8
	340
	339
	400.9
	391
	389.2

	F3 – 100% RDF
	36.2
	34.8
	34.3
	169.8
	164.2
	162.8
	576
	567
	564
	639.5
	631
	626.1

	F4 – 125% RDF
	34
	33.1
	31.3
	160.9
	156.4
	155.2
	548
	543
	539
	606
	601
	600.5

	F5 – Farmers’ practice
	32.3
	31
	30
	146.5
	140
	137
	453.6
	448
	436
	527.6
	522
	516.7

	Mean
	32
	31.2
	31.1
	142
	138.3
	141.1
	442.4
	442.7
	446
	518.1
	519.3
	522.1

	SEm±
	0.71
	2.02
	9.32
	6.72

	CD (P=0.05)
	2.04
	6.07
	27.97
	20.76



Table.7 Effect of Irrigation Methods and fertilizer levels on Panicle Length (cm) during Kharif 2021 and 2022
	 
Panicle Length (cm)

	Irrigation Methods
	2021
	2022

	IR1
	25.6
	26.2

	IR2
	26.8
	27.5

	IR3
	24.9
	25.5

	SEm±
	0.18
	0.2

	CD (P=0.05)
	0.55
	0.61

	Fertilizer Levels
	
	

	F1 – Control
	23.5
	24.1

	F2 – 75% RDF
	25.1
	25.7

	F3 – 100% RDF
	26.5
	27.1

	F4 – 125% RDF
	27.2
	27.8

	F5 – Farmers practice
	25.8
	26.4

	SEm±
	0.21
	0.23

	CD (P=0.05)
	0.63
	0.69



Tables 8: Interaction Effect (I × F) on Panicle Length (cm) of Rice during Kharif 2021 and 2022
	                            Panicle Length (cm)

	 
	2021
	2022

	Irrigation × Fertilizer
	IR1
	IR2
	IR3
	Mean
	IR1
	IR2
	IR3
	Mean

	F1
	24
	24.8
	22
	23.6
	24.6
	25.4
	22.6
	24.2

	F2
	25.2
	26.3
	23.8
	25.1
	25.8
	26.9
	24.4
	25.7

	F3
	26.1
	27.4
	26
	26.5
	26.7
	28
	26.6
	27.1

	F4
	26.8
	28.2
	26.7
	27.2
	27.4
	28.8
	27.3
	27.8

	F5
	25.9
	26.9
	24.5
	25.8
	26.5
	27.5
	25.1
	26.4

	Mean (I)
	25.6
	26.7
	24.6
	
	26.2
	27.3
	25.2
	

	SEm± (I×F)
	0.36
	0.39

	CD (P=0.05) (I×F)
	1.05
	1.13



Table 9. Effect of Irrigation Methods and fertilizer levels on Panicle Weight (g) during Kharif 2021 and 2022
	 
                                                           Panicle Weight (g)

	Irrigation Methods
	2021
	2022

	IR1
	2.98
	3.05

	IR2
	3.18
	3.25

	IR3
	2.85
	2.92

	SEm±
	0.04
	0.04

	CD (P=0.05)
	0.12
	0.13

	Fertilizer Levels
	
	

	F1 – Control
	2.6
	2.68

	F2 – 75% RDF
	2.85
	2.92

	F3 – 100% RDF
	3.12
	3.18

	F4 – 125% RDF
	3.25
	3.32

	F5 – Farmers practice
	2.98
	3.05

	SEm±
	0.05
	0.05

	CD (P=0.05)
	0.15
	0.16





Table 10 Interaction Effect (I × F) on Panicle Weight (g) of Rice during Kharif 2021 and 2022
	                                                               Panicle Weight (g)

	 
	2021
	2022

	Irrigation × Fertilizer
	IR1
	IR2
	IR3
	Mean
	IR1
	IR2
	IR3
	Mean

	F1
	2.62
	2.82
	2.49
	2.64
	2.7
	2.9
	2.57
	2.72

	F2
	2.87
	3.07
	2.74
	2.89
	2.94
	3.14
	2.81
	2.96

	F3
	3.14
	3.34
	3.01
	3.16
	3.2
	3.4
	3.07
	3.22

	F4
	3.27
	3.47
	3.14
	3.29
	3.34
	3.54
	3.21
	3.36

	F5
	3.12
	3.21
	2.87
	3.02
	3.07
	3.27
	2.94
	3.09

	Mean (I)
	2.98
	3.18
	2.85
	
	3.05
	3.25
	2.92
	

	SEm± (I×F)
	0.061
	0.052

	CD (P=0.05) (I×F)
	1.82
	1.56



Table 11.  Effect of Irrigation Methods and fertilizer levels on Grain Filling (%) during Kharif 2021 and 2022
	                                                                                 Grain Filling %

	Irrigation Methods
	2021
	2022

	IR1
	85.12
	86.28

	IR2
	86.47
	87.36

	IR3
	83.76
	85.19

	Mean
	85.12
	86.28

	SEm±
	0.83
	0.71

	CD (P=0.05)
	2.57
	2.12

	Fertilizer Levels
	
	

	F1 – Control
	82.14
	83.27

	F2 – 75% RDF
	84.32
	85.19

	F3 – 100% RDF
	87.15
	88.42

	F4 – 125% RDF
	89.28
	90.36

	F5 – Farmers practice
	85.06
	86.14

	Mean
	85.39
	86.68

	SEm±
	0.95
	0.83

	CD (P=0.05)
	2.93
	2.54





Table 12. Interaction Effect (I × F) on Grain Filling (%) of Rice during Kharif 2021 and 2022
	 
	2021
	2022

	Irrigation × Fertilizer
	IR1
	IR2
	IR3
	Mean
	IR1
	IR2
	IR3
	Mean

	F1 – Control
	82.18
	83.05
	81.26
	82.16
	83.21
	84.12
	82.36
	83.23

	F2 – 75% RDF
	84.25
	85.17
	83.42
	84.28
	85.36
	86.22
	84.15
	85.24

	F3 – 100% RDF
	87.12
	88.24
	86.38
	87.24
	88.32
	89.14
	87.26
	88.24

	F4 – 125% RDF
	89.34
	90.15
	88.42
	89.3
	90.41
	91.28
	89.42
	90.37

	F5 – Farmer
	85.05
	86.12
	84.25
	85.14
	86.28
	87.14
	85.18
	86.2

	Mean
	85.61
	86.55
	84.75
	
	86.71
	87.58
	85.67
	

	SEm±
	1.63
	1.44

	CD (P=0.05)
	4.82
	4.32



Table 13 Effect of Irrigation Methods and fertilizer levels on test weight (g) during Kharif 2021 and 2022
	Test Weight (g)

	Irrigation Methods
	2021
	2022

	IR1
	23.45
	23.85

	IR2
	24.12
	24.28

	IR3
	23.26
	23.42

	SEm±
	0.29
	0.45

	CD (P=0.05)
	NS
	NS

	Fertilizer Levels
	
	

	F1 – Control (No fertilizer)
	22.94
	22.18

	F2 – 75% RDF
	23.45
	23.72

	F3 – 100% RDF
	23.74
	24.02

	F4 – 125% RDF
	25.12
	24.95

	F5 – Farmers practice
	23.86
	24.02

	SEm±
	0.37
	0.35

	CD (P=0.05)
	1.11
	1.04






Table 14. Interaction Effect (I × F) on test weight (g) of Rice during Kharif 2021 and 2022
	Test Weight (g)

	
	2021
	2022

	Irrigation × Fertilizer
	IR1
	IR2
	IR3
	Mean
	IR1
	IR2
	IR3
	Mean

	F1 – Control (No fertilizer)
	22.65
	23.2
	23
	22.95
	22.05
	22.4
	22.1
	22.18

	F2 – 75% RDF
	23.25
	23.55
	23.55
	23.45
	23.6
	23.8
	23.75
	23.72

	F3 – 100% RDF
	23.65
	23.85
	23.7
	23.73
	23.9
	24.2
	23.95
	24.02

	F4 – 125% RDF
	25.05
	25.3
	25
	25.12
	24.9
	25.15
	24.8
	24.95

	F5 – Farmers Practice
	23.65
	24
	23.95
	23.87
	23.8
	24.15
	24.1
	24.02

	Mean
	23.65
	23.98
	23.84
	
	23.65
	23.94
	23.74
	

	SEm±
	0.52
	0.49

	CD (P=0.05)
	NS
	NS



Table 15. Effect of Irrigation Methods and fertilizer levels on Grain, Straw, Biological yield (q ha⁻¹) and Harvest Index of rice during Kharif 2021 and 2022
	 
	Grain yield (q ha⁻¹) 
	Straw Yield (q ha⁻¹)
	Biological Yield (q ha⁻¹)
	Harvest Index

	Irrigation
	2021
	2022
	2021
	2022
	2021
	2022
	2021
	2022

	IR1
	50.8
	51.1
	73.92
	75.74
	124.72
	126.84
	40.73
	40.29

	IR2
	52.9
	54.3
	68.46
	74.42
	121.36
	128.72
	43.59
	42.18

	IR3
	42.1
	43.5
	64.54
	65.52
	106.64
	109.02
	39.48
	39.90

	Mean
	48.6
	49.6
	68.97
	71.89
	117.57
	121.53
	41.27
	40.79

	SEm (±)
	0.85
	0.91
	1.38
	1.45
	1.82
	1.96
	0.62
	0.66

	CD (5%)
	2.57
	2.73
	4.12
	4.31
	5.48
	5.88
	1.88
	1.96

	Fertilizer
	

	F1 – Control
	26.2
	27.4
	41.28
	42.86
	67.48
	70.26
	38.83
	37.29

	F2 – 75% RDF
	44.8
	46.2
	62.72
	64.68
	107.52
	110.88
	41.67
	40.40

	F3 – 100% RDF
	52.3
	53.7
	70.42
	72.38
	122.72
	126.08
	42.62
	41.49

	F4 – 125% RDF
	56.4
	57.1
	74.16
	75.54
	130.56
	132.64
	43.20
	42.52

	F5 – Farmers’ practice
	52.1
	52.9
	71.54
	73.16
	123.64
	126.06
	42.14
	41.33

	Mean
	46.36
	47.46
	64.02
	65.72
	110.384
	113.184
	41.69
	40.61

	SEm (±)
	1.05
	1.12
	1.65
	4.78
	2.14
	2.28
	0.74
	0.78

	CD (5%)
	3.14
	3.35
	2.34
	6.92
	6.22
	6.52
	1.96
	2.24



Table 16(a) Interaction Effect (I × F) on Grain yield (q ha⁻¹)of Rice during  Kharif  2021 and 2022
	Grain yield (q ha⁻¹)

	
	2021
	2022

	Irrigation × Fertilizer
	 IR1
	IR2
	IR3
	Mean
	IR1
	IR2
	IR3
	Mean

	F1 – Control (No fertilizer)
	28.5
	29.1
	21.12
	26.2
	29.3
	30.02
	23.01
	27.4

	F2 – 75% RDF
	46.2
	48.5
	39.8
	44.8
	47.6
	50.1
	41
	46.2

	F3 – 100% RDF
	53.6
	55.4
	48.03
	52.3
	54.9
	56.9
	49.2
	53.7

	F4 – 125% RDF
	57.5
	59.8
	52.11
	56.4
	58.2
	60.4
	52.6
	57.1

	F5 – Farmers’ practice
	54
	55.8
	46.6
	52.1
	54.6
	57
	47
	52.9

	Mean
	48
	49.7
	41.5
	46.36
	48.9
	50.9
	42.6
	47.46

	SEm ±
	1.82
	1.93

	CD (P=0.05)
	5.44
	5.79




Table 16 (b) Interaction Effect (I × F) on Straw yield (q ha⁻¹) of Rice during Kharif  2021 and 2022
	Straw yield (q ha⁻¹)

	
	2021
	2022

	Irrigation × Fertilizer
	IR1
	IR2
	IR3
	Mean
	IR1
	IR2
	IR3
	Mean

	F1 — Control (No fertilizer)
	45.1
	41.2
	37.84
	41.28
	46.8
	42.5
	39.18
	42.86

	F2 — 75% RDF
	65.8
	62.02
	60.36
	62.72
	67.4
	64.1
	62.54
	64.68

	F3 — 100% RDF
	74.2
	69.8
	67.26
	70.42
	75.9
	71.7
	69.14
	72.38

	F4 — 125% RDF
	76.4
	75.5
	70.58
	74.16
	78.6
	75.9
	72.12
	75.54

	F5 — Farmers’ practice
	76.2
	71.3
	67.12
	71.54
	76.2
	73.9
	69.38
	73.16

	Mean
	67.52
	63.52
	60.43
	63.82
	69.18
	65.24
	62.07
	65.49

	SEm ±
	1.12
	1.18

	CD (P=0.05)
	3.41
	3.59



Table 16 (c) Interaction Effect (I × F) on Biological yield (q ha⁻¹) of Rice during  Kharif  2021 and 2022
	Biological yield (q ha⁻¹)

	
	2021

	2022


	Irrigation × Fertilizer
	IR1
	IR2
	IR3
	Mean
	IR1
	IR2
	IR3
	Mean

	F1 — Control (No fertilizer)
	73.5
	70.1
	58.84
	67.48
	76.1
	72.5
	62.18
	70.26

	F2 — 75% RDF
	112
	110.5
	100.16
	107.52
	115
	114.2
	103.54
	110.88

	F3 — 100% RDF
	127.8
	125.2
	115.26
	122.72
	130.8
	128.6
	118.34
	126.08

	F4 — 125% RDF
	133.9
	135.3
	122.58
	130.56
	136.8
	136.3
	124.72
	132.64

	F5 — Farmers’ practice
	130.2
	127.1
	113.72
	123.64
	130.8
	130.9
	116.38
	126.06

	Mean
	115.52
	113.22
	101.93
	110.18
	118.08
	116.14
	104.67
	112.95

	SEm ±
	3.71
	3.95

	CD (P=0.05)
	10.81
	11.34



Table 16 (d) Interaction Effect (I × F) on Harvest Index (%)of Rice during  Kharif  2021 and 2022
	Harvest Index (%)

	
	2021
	2022

	Irrigation × Fertilizer
	IR1
	IR2
	IR3
	Mean
	IR1
	IR2
	IR3
	Mean

	F1 — Control (No fertilizer)
	38.78
	41.51
	35.69
	38.83
	38.50
	41.38
	36.99
	39.00

	F2 — 75% RDF
	41.25
	43.89
	39.74
	41.67
	41.39
	43.87
	39.60
	41.67

	F3 — 100% RDF
	41.94
	44.25
	41.64
	42.62
	41.97
	44.25
	41.58
	42.59

	F4 — 125% RDF
	42.94
	44.20
	42.42
	43.20
	42.54
	44.31
	42.17
	43.05

	F5 — Farmers’ practice
	41.47
	43.90
	40.98
	42.14
	41.74
	43.54
	40.38
	41.96

	Mean
	41.55
	43.90
	40.71
	42.08
	41.41
	43.83
	40.70
	42.02

	SEm ±
	1.28
	1.35

	CD (P=0.05)
	3.39
	3.87
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