


Evaluation of Rice (Oryza sativa L) Varieties in relation to various integrated nutrient modules for Crop Growth, Yield and Yield attributes under SRI method


ABSTRACT
A field experiment was conducted in the the year 2017 Kharif season at the Agronomy Research Farm of Narendra Deva University of Agriculture & Technology, Narendra Nagar (Kumarganj), Faizabad (Uttar Pradesh) to assess the Rice (Oryza sativa L.) varieties for crop growth, yield, and yield attributes under various integrated nutrient modules using the SRI method. The experimental design comprised three prominent rice varieties (M1- NDR-97, M2- Sarjoo-52, and M3- Mahsuri) as primary treatments, alongside three distinct nutrient levels (N1- 100% RDF, N2- 75% RDF + 25% FYM, and N3- 75% RDF + 25% Vermicompost) as subplot treatments, arranged in a split-plot design and replicated four times. The findings demonstrated that all growth parameters, including plant height (cm), number of tillers (m-2), dry matter accumulation (g m-1), and yield attributes such as effective tillers per hill, panicle length, number of grains per panicle, test weight (g), and grain and straw yield (t ha-1), were highest in the Mahsuri variety, which outperformed the Sarjoo-52 and NDR-92 varieties. The application of N1-100% RDF resulted in considerably superior growth parameters, yield attributes, and both grain and straw yields compared to the treatments of (N2) 75% RDF + 25% FYM and (N3) 75% RDF + 25% Vermicompost. The results indicate that the incorporation of inorganic fertilizer with organic manure (FYM) improved rice output. The utilization of 100% RDF in conjunction with the Mahsuri variety was advantageous in enhancing growth parameters, yield attributes, and overall productivity of the rice crop.
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1. INTRODUCTION
Rice (Oryza sativa L.) serves as a vital food source for over 60 percent of the global population and is among the most promising grain crops cultivated and consumed in Asia, with the capacity to aid in achieving food security (Singh et al., 2024; Singh et al. 2023). A variety of abiotic and biotic conditions, including drought, nutritional deficits, and pathogen infections, can constrain output. The use of organic amendments, fertilizers, or a combination of inorganic and organic amendments can substantially influence growth characteristics, yield components, and rice production. In this context, India must generate 380 million tons of food grains by 2025 to sustain a population of 1.3 billion (Singh et al. 2024; Ghazaryan et al., 2024, Subba Rao et al., 2015). To produce 1 kg of rice, a volume of 2.5 to 5.0 m³ of water is necessary, but only 0.4 to 0.7 m³ of water is needed for 1 kg of sorghum (Bouman 2009). A considerable portion of the total water utilized at the field level is lost through evapotranspiration, seepage, and percolation (Cabangon et al., 2004; Chandra et al., 2020). To mitigate these challenges, innovative rice cultivation methods, referred to as water-saving technologies, can diminish the irrigation water requirements linked to conventional rice agriculture, specifically by minimizing water losses at the field level and optimizing the utilization of available water (Chandra et al., 2020). The system of rice intensification has arisen as an alternate method for enhancing rice production while utilizing reduced quantities of water, seeds, chemical fertilizers, and labor within water management strategies (Kesh et al., 2017). The SRI methodology emphasizes the augmentation of the rice plant's growth environment, both aerially and subterraneously, through the optimization of plant, soil, water, and fertilizer management to foster the development of more extensive and superior root systems, alongside the proliferation and activity of advantageous soil organisms (Hidayati et al., 2016).
Rice production is affected by various elements, such as climate, soil physical properties, soil fertility, water management, planting date, cultivar, seed rate, weed control, and fertilization. Effective nitrogen management is essential for enhancing plant growth and development (Subash et al., 2023; Sachan, et al. 2023; Senthilvalavan and Ravichandran, 2016.). Formulating accurate nitrogen recommendations for nitrogen-intensive crops, such as rice, is increasingly essential due to rising concerns regarding the elevated costs of this input, nitrate contamination, and the necessity to enhance profitability through improved crop yield. Integrated nutrient management encompasses soil fertility preservation, sustainable crop production, and the beneficial impact of integrated plant nutrient supply (IPNS) in lowland rice, as reported by many researchers (Kumar et al., 2014). SRI has been advocated for over a decade as a collection of agronomic management techniques for rice cultivation that enhances growth and yield in rice-based cropping systems, minimizes water consumption, boosts input productivity, is attainable for smallholders, and is more environmentally sustainable than traditional methods that depend significantly on inorganic fertilizers and continuous flooding of fields (Senthilvalavan and Ravichandran, 2016). The ubiquitous and continual application of inorganic fertilizers has resulted in diminished soil fertility, pollution, reduced activity of soil organisms, and heightened costs of plant production (Sunarpi et al., 2021). The persistent application of high-analysis chemical fertilizers and reduced recycling of crop residues and manure has led to nutrient deficiencies, especially of micronutrients, jeopardizing the sustainability of agricultural production and contributing to pollution that adversely affects the physicochemical properties of soil (Virmani, 1994). The persistent application of excessive amounts of chemical fertilizers adversely affects the sustainability of agricultural production and leads to environmental pollution (Dhaliwal et al., 2012). By employing both traditional and contemporary biotechnology to create novel varieties that withstand biotic and abiotic stress, rice yields can be enhanced to satisfy global demand (Khush, 2005). Various rice cultivars possess distinct physiological and physical traits that influence its yield (Ashrafuzzaman et al., 2009). Enhancements in fertilization, irrigation management, and pest and disease control can augment rice output and quality (Hussain et al. 2014). This study aimed to examine the response of rice (Oryza sativa L.) on crop development, yield, and yield characteristics under different integrated nutrient modules utilizing the SRI method in Uttar Pradesh.
2. MATERIALS AND METHOD
2.1 Location
The field experiment was executed in the 2017 kharif season at the Agronomy Research Farm of Narendra Deva University of Agriculture & Technology, located in Narendra Nagar (Kumarganj), Faizabad, Uttar Pradesh, India. The terrain was adequately leveled and exhibited favorable soil characteristics. Faizabad (Kumarganj) is located in a subtropical climate at a latitude of 26.470° North and a longitude of 82.120° East, with an elevation of 113 meters above mean sea level. 
2.2 Treatments and design
The experiment utilized a split plot design featuring three distinct rice varieties as main plots and three nutrient levels as subplots, reproduced four times. The treatment combinations comprised three prevalent rice types (M1- NDR-97, M2- Sarjoo-52, and M3- Mahsuri) as primary treatments and three distinct nutritional levels (N1- 100% RDF, N2- 75% RDF + 25% FYM, and N3- 75% RDF + 25% vermicompost) as subplot treatments. The dimensions of the experimental plot were 5.0 m by 3.0 m. Seedlings of various rice kinds, aged 21 days, were transplanted using a spacing of 25 cm × 25 cm. The experimental field was equipped with enough irrigation channels, and the individual plots were delineated by bunds. 
2.3 Soil properties and Fertilizer application
The experimental soil exhibited a silty loam texture, an alkaline response, non-salinity, low organic carbon content, low available nitrogen (N - 161.43 kg ha-1), and medium levels of accessible phosphorus (P2O5 - 14.71 kg ha-1) and potassium (K2O - 240.33 kg ha-1) during the kharif season of 2017. Nutrient application was conducted in accordance with the therapy. The advised application rates of fertilizer, specifically N, P2O5, K2O, and ZnSO4 at 150, 60, 60, and 25 kg ha-1, respectively, were utilized. In the primary plots, fifty percent of the total nitrogen, together with the complete dosage of phosphorus and potassium, was applied just prior to transplanting on a puddled surface and manually mixed into the upper 15 cm of soil using a spade. Zinc sulfate was additionally applied at a rate of 25 kilogram per hectare. The remaining half of the nitrogen was administered as urea fertilizer, delivered in two equal installments during vigorous tillering and retained for 5-7 days prior to panicle commencement. Farmyard manure and vermicompost were manually integrated into the plots in accordance with the treatment protocol.
2.4 Calculations and statistical analysis
All data acquired from the experiment, executed under a randomized block design, were statistically analyzed utilizing the F-test, in accordance with the methodology outlined by Gomez and Gomez (1984). Critical difference (CD) values at P = 0.05 were employed to ascertain the significance of disparities among treatment means. Non-significant differences in treatment are indicated by NS. Data on crop growth, yield, and yield attributes were captured, analyzed, and summarized following statistical testing.
3. RESULT AND DISCUSSION:
3.1 Growth Parameters
3.1.1. Plant Height (cm):
Plant height was measured at 30, 60, and 90 days post-transplanting (DAT) and at the time of harvest. Data concerning plant height were documented at multiple growth phases (Table 1). Shoot elongation persisted in its increase with plant age, and a swift rise in plant height was noted during the initial growth stages up to 60 days after transplanting (DAT). The subsequent elongation proceeded at a reduced pace and thereafter diminished gradually till maturity. An analysis of the data distinctly shown a substantial impact of different kinds, NPK levels, and organic fertilizer sources on plant height at all developmental phases.
Table-1: Plant height (cm) as affected by various treatments at successive growth stages of rice.
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Treatments
	Plant height (cm)

	
	30 DAT
	60 DAT
	90 DAT
	At harvest

	Varieties

	V1:NDR-97
	41.83
	75.16
	82.70
	87.17

	V2:Sarjoo-52
	46.20
	72.83
	91.03
	95.83

	V3:Mahsuri
	54.20
	87.73
	109.67
	115.50

	S.Em+
	1.29
	2.11
	2.93
	3.09

	C.D.(p=0.05)
	5.08
	8.29
	11.52
	1.69

	Nutrient Level

	N1:100% RDF
	49.20
	79.31
	99.13
	104.40

	N2:75% RDF + 25% FYM
	45.77
	72.05
	90.07
	94.90

	N3:75% RDF +  25%Vermicompost
	47.27
	75.36
	94.20
	99.20

	S.Em+
	1.06
	1.53
	1.61
	1.69

	C.D.(p=0.05)
	3.27
	4.72
	4.95
	5.21



All three types exhibited significant variances in plant height. The Mahsuri variety exhibited the greatest height of 54.2, 87.73, 109.67, and 115.50 cm at 30, 60, 90 days post-transplanting and at harvest, whereas the NDR-97 variety had the least height of 41.83, 75.16, 82.70, and 87.17 cm at the same intervals. Additionally, it was observed that the variety Sarjoo-52 exhibited heights of 46.20, 72.83, 91.03, and 115.50 cm at various growth stages, which were significantly greater than those of NDR-97 throughout the trial. This may be attributed to the heterogeneity in the genetic traits of each variety and their longevity. Yadav et al. (2002) reported analogous results.
The data clearly indicate that the application of the full prescribed dose of fertilizer (150, 60, 60 kg NPK ha-1) resulted in much taller plants at all growth stages compared to treatments N3 (75% RDF + 25% vermicompost) and N2 (75% RDF + 25% FYM). The highest plant height was recorded in treatment N3 (75% RDF + 25% vermicompost), which greatly surpassed treatment N2 (75% RDF + 25% FYM) at all phases of the study. This outcome is corroborated by the findings of Singh, A. K. (2017), Singh et al. (2018), and Tomar et al. (2018). 
3.1.2. Tillers/hill (no.): 
The count of tillers per hill climbed gradually from 30 to 60 days after transplanting (DAT), reaching a peak at 90 DAT, followed by a progressive decrease at harvest (Table 2).
The statistics unequivocally reveal significant disparities among the three categories. The Mahsuri variety produced the greatest number of tillers per hill (6.57, 21.40, 21.87, 21.71 at 30, 60, 90 days post-transplanting, and at harvest), significantly exceeding the Sarjoo-52 variety (5.47, 18.03, 18.40, 18.26 at 30, 60, 90 days post-transplanting, and at harvest). The minimum number of tillers per hill was observed in NDR-97 (4.50, 14.67, 15.00, and 14.85) at different assessment stages. This may be due to the plant's genetic characteristics. Yadav et al. (2002) documented comparable findings. The increased tiller count per hill in the SRI method can be ascribed to optimal spacing, timely transplanting, and enhanced water management, which improved nutrient availability, hence promoting superior root development and resulting in a higher tiller count per hill.
The data unequivocally demonstrate that tiller output per hill was significantly affected by diverse combinations of inorganic and organic nutritional sources at all stages. The application of 100% RDF produced the greatest quantity of tillers per hill in comparison to the other treatments. Throughout the trial, treatment N3 (75% RDF + 25% vermicompost) continuously shown a statistically significant advantage in the number of tillers per hill compared to treatment N2 (75% RDF + 25% FYM). The augmented presence of nitrogen, phosphate, and potassium led to the improved synthesis of carbohydrates in the plant's green tissues, which were then converted into amino acids and finally into proteins. The accumulating protein facilitated the plant's production of supplementary tillers. Similar findings were recorded by Gandhi and Sivakumar (2010), Singh et al. (2018), and Tomar et al. (2018) singh et al. (2023).
Table-2: Tillers/hill (no.) as affected by various treatments at successive growth stages of rice.
	Treatments
	Tillers/hill (no.) 

	
	30 DAT
	60 DAT
	90 DAT
	At harvest

	Varieties

	V1:NDR-97
	4.50
	14.67
	15.00
	14.85

	V2:Sarjoo-52
	5.47
	18.03
	18.40
	18.26

	V3:Mahsuri
	6.57
	21.40
	21.87
	21.71

	S.Em+
	0.17
	0.54
	0.57
	0.57

	C.D.(p=0.05)
	0.67
	2.15
	2.26
	2.24

	Nutrient Level

	N1:100% RDF
	5.80
	19.10
	19.53
	19.40

	N2:75%RDF + 25% FYM
	5.17
	16.77
	17.10
	16.98

	N3:75%RDF+Vermicompost
	5.57
	18.33
	18.63
	18.44

	S.Em+
	0.11
	0.36
	0.33
	0.33

	C.D.(p=0.05)
	0.34
	1.11
	1.03
	1.02



The count of tillers per hill climbed gradually from 30 to 60 days after transplanting (DAT), reaching a peak at 90 DAT, followed by a progressive decrease at harvest (Table 2).
The statistics unequivocally reveal significant disparities among the three categories. The Mahsuri variety produced the greatest number of tillers per hill (6.57, 21.40, 21.87, 21.71 at 30, 60, 90 days post-transplanting, and at harvest), significantly exceeding the Sarjoo-52 variety (5.47, 18.03, 18.40, 18.26 at 30, 60, 90 days post-transplanting, and at harvest). The minimum number of tillers per hill was observed in NDR-97 (4.50, 14.67, 15.00, and 14.85) at different assessment stages. This may be due to the plant's genetic characteristics. Yadav et al. (2002) documented comparable findings. The increased tiller count per hill in the SRI method can be ascribed to optimal spacing, timely transplanting, and enhanced water management, which improved nutrient availability, hence promoting superior root development and resulting in a higher tiller count per hill.
The data unequivocally demonstrate that tiller output per hill was significantly affected by diverse combinations of inorganic and organic nutritional sources at all stages. The application of 100% RDF produced the greatest quantity of tillers per hill in comparison to the other treatments. Throughout the trial, treatment N3 (75% RDF + 25% vermicompost) continuously shown a statistically significant advantage in the amount of tillers per hill compared to treatment N2 (75% RDF + 25% FYM). The augmented presence of nitrogen, phosphate, and potassium led to the improved synthesis of carbohydrates in the plant's green tissues, which were then converted into amino acids and finally into proteins. The accumulating protein facilitated the plant's production of supplementary tillers. Similar findings were recorded by Gandhi and Sivakumar (2010), Singh et al. (2018), and Tomar et al. (2018).
3.1.3	Leaf area index (LAI):
The progressive leaf area index at various phases of crop growth was affected by distinct types and nutrient levels (Table-3). The leaf area index often rose at an accelerated rate until 60 days after treatment (DAT) during this study. Subsequently, the rate of rise in leaf area index was minimal in the 90-day stage of the crop. The various cultivars significantly influenced the leaf area index at all subsequent phases of crop development. The highest leaf area index was observed in Mahsuri (V3), comparable to Sarjoo-52 (V2) and greatly exceeding that of NDR-97 (V1). Verma et al. (2016) reported analogous findings.
Table 3:Leaf area index (LAI) as affected by various treatments at successive growth stages of rice.
	Treatment
	Leaf area index

	
	30 DAS
	60 DAS
	90 DAS

	Varieties

	V1:NDR-97
	2.01
	3.68
	3.28

	V2:Sarjoo-52
	2.70
	4.15
	3.67

	V3:Mahsuri
	2.94
	4.43
	3.99

	S.Em+
	NS
	0.08
	0.06

	C.D.(p=0.05)
	0.19
	0.30
	0.21

	Nutrient Level

	N1:100% RDF
	2.88
	4.25
	3.88

	N2:75%RDF + 25% FYM
	2.69
	3.92
	3.66

	N3:75%RDF+Vermicompost
	2.75
	3.98
	3.47

	S.Em+
	NS
	0.10
	0.07

	C.D.(p=0.05)
	0.15
	0.32
	0.21


The leaf area index was markedly affected by varying nutrition levels. The highest leaf area index was seen with 100% RDF (N1), comparable to that of 75% RDF + 25% vermicompost (N3), and significantly greater than the treatment with 75% RDF + 25% FYM (N2) throughout the trial. This is attributable to the narrower C:N ratio of vermicompost compared to FYM, which facilitates the immediate availability of nutrients for the crop. The outcome is closely aligned with those reported by Ramakrishna et al. (2007), Borah et al. (2016), and Singh et al. (2018).
3.1.4 Dry matter accumulation (g m-2):
The considerable impact of various types including both inorganic and organic nutrition sources on dry matter accumulation was observed at all growth stages (Table-4). Dry matter accumulation consistently increased until the harvest stage, regardless of the treatment applied. Mahsuri had a much greater dry matter accumulation of 73.67 g m-2 at harvest, surpassing the other two kinds, Sarjoo-52 and NDR-97, which yielded 44.65 g m-2 and 68.65 g m-2, respectively, attributable to their genetic traits and growth time. Yadav et al. (2002) reported analogous observations.
Significant changes in dry matter accumulation were seen at all growth stages among the sub-treatments that included mixtures of inorganic and organic nutrition sources. The N1 treatment (100% RDF) yielded the highest dry matter, succeeded by N3 (75% RDF + 25% vermicompost) and N2 (75% RDF + 25% FYM). The increased dry matter is well justified and is evident from the influence of growth and yield characteristics in the later stages of the crop. A markedly greater buildup of dry matter was seen in the 100% treatment relative to the other treatments. This resulted from the enhanced absorption and utilization of available nutrients by the developing plants throughout the entire growth cycle. Among treatments with 25% of nutrients derived from organic sources, vermicompost outperformed farmyard manure (FYM). This may be attributed to the elevated NPK concentration in vermicompost and its enhanced accessibility during the rice crop's growth phase. The outcome is closely aligned with that achieved by Borkar et al. (2008), Gandhi and Sivakumar (2010), and Borah et al. (2016).
Table-4:Dry matter accumulation as affected by various treatments at successive growth stages of rice.
	Treatments
	Dry matter accumulation (gm m-2)

	
	30 DAT
	60 DAT
	90 DAT
	At harvest

	Varieties
	
	
	
	

	V1:NDR-97
	9.63
	21.43
	35.72
	44.65

	V2:Sarjoo-52
	13.13
	32.95
	54.92
	68.65

	V3:Mahsuri
	14.10
	35.36
	58.93
	73.67

	S.Em+
	0.37
	0.93
	1.55
	1.93

	C.D.(p=0.05)
	1.45
	3.66
	6.08
	7.60

	Nutrient levels

	N1:100% RDF
	12.77
	32.02
	53.7
	66.71

	N2:75%RDF + 25% FYM
	11.83
	28.01
	46.68
	58.35

	N3:75%RDF+ Vermicompost
	12.27
	29.71
	49.52
	61.90

	S.Em+
	0.25
	0.59
	0.88
	1.10

	C.D.(p=0.05)
	0.79
	1.83
	2.71
	3.39



3.2. Yield attributes:
3.2.1 Effective tillers hill-1:
Significant diversity in the number of effective tillers per hill was observed due to different kinds and nutrition sources (Table-5).  The variety Mahsuri exhibited the highest count of effective tillers at 19.73, whereas the medium-duration variety Sarjoo-52 generated 16.60 effective tillers. The short-duration variety NDR-97 exhibited the fewest effective tillers (13.50) among the three kinds evaluated in the study. The diverse nutrient sources significantly influenced the quantity of effective tillers. The treatment utilizing 100% RDF yielded the highest number of successful tillers (17.63), succeeded by the treatment including 75% RDF and 25% Vermicompost (16.77). The treatment comprising 75% RDF and 25% FYM yielded the lowest count of effective tillers per hill (15.43).
3.2.2. Length of the panicle:
The duration of rice panicles exhibited considerable heterogeneity attributable to distinct kinds and the sources of inorganic and organic nutrients (Table-5). The Mahsuri variety exhibited the greatest panicle length at 27.27 cm, substantially surpassing the other two kinds. Sarjoo-52 (25.83 cm) yielded longer panicles than NDR-97 (22.97 cm). The maximum panicle length of 26.23 cm was observed with 100% RDF, which was much greater than the other two combinations. The application of 75% RDF combined with 25% vermicompost resulted in longer panicles (25.70 cm) compared to the combination of 75% RDF and 25% FYM (24.13 cm) throughout the experiment.
Table-5:Yield contributing characteristics of rice as affected by various treatments.
	Treatments
	Effective tillers
(m-2)
	Length of panicle (cm)
	No. of grains per panicle
	Test weight

	Varieties

	V1:NDR-97
	13.50
	22.97
	92.01
	21.80

	V2:Sarjoo-52
	16.60
	25.83
	103.39
	25.60

	V3:Mahsuri
	19.73
	27.27
	109.10
	22.50

	S.Em+
	0.52
	0.74
	2.92
	0.72

	C.D.(p=0.05)
	2.07
	2.90
	11.47
	2.83

	Nutrient Level

	N1:100% RDF
	17.63
	26.23
	105.10
	24.20

	N2:75%RDF + 25% FYM
	15.43
	24.13
	96.53
	22.50

	N3:75%RDF+ Vermicompost
	16.77
	25.70
	102.87
	23.20

	S.Em+
	0.42
	0.57
	2.04
	0.40

	C.D.(p=0.05)
	1.31
	1.68
	6.31
	1.24


3.2.3. Number of grains panicle-1:
The quantity of filled grains per panicle was influenced by the various treatments (Table 5). An examination of the data distinctly indicated that considerable fluctuation in the number of filled grains per panicle was seen due to varied kinds and sources of nutrients, whether inorganic or organic, throughout the crop cycle. All three kinds exhibited significant variances in the number of grains per panicle. The Mahsuri variety yielded the highest number of grains per panicle, comparable to the Sarjoo-52 variety, and greatly surpassing the NDR-97 variety. The highest number of grains per panicle was observed in the sub-treatment N1 (100% RDF), succeeded by N3 (75% RDF + 25% vermicompost) and N2 (75% RDF + 25% FYM) throughout the trial.
3.2.4. Test Weight (g):
The test weight of rice exhibited considerable variance attributable to the treatments administered during the research (Table 5). The highest test weight was seen in Sarjoo-52 (25.60), which was significantly more than that of the types Mahsuri (22.50) and NDR-97 (21.80). The application of 100% RDF yielded the highest test weight of 24.20 g, whereas the treatment combining 75% RDF with 25% Vermicompost resulted in a test weight of 23.20 g. The treatment combination of 75% RDF and 25% FYM yielded the lowest test weight of 22.50 g throughout the study.
Yield results from the coordinated interaction of growth characteristics and yield features. Table 5 indicates that different cultivars and integrated nutrient modules positively affect yield parameters, including panicle length, number of panicles per square meter, number of grains per panicle, and test weight, resulting in enhanced grain and straw yield. The superior production characteristics and enhanced yield associated with the SRI approach may be attributed to adequate spacing, earlier transplanting, and improved water management, culminating in increased nutrient availability that fosters enhanced root development. The variety greatly affected the number of panicles per square meter, panicle length, number of grains per panicle, and test weight. The long-duration variety Mahsuri had markedly superior yield qualities, succeeded by Sarjoo-52 and NDR-97. This may come from improved partitioning of photosynthates from source to sink and a enough duration to complete all growth phases, leading to enhanced development and elevated yield qualities. The maximum panicle length, grains per panicle, panicles per square meter, and test weight were observed with 100% RDF, demonstrating its superiority compared to other treatments. This may be attributed to the positive association between carbohydrate synthesis and nutritional levels as well as nutrient sources. Therefore, in this study, the enhancement in yield characteristics and yield may be attributed to improved carbohydrate assimilation. The minimal values of yield-attributing traits were recorded under the 75% RDF + 25% FYM treatment, as the plants were compelled to utilize the least quantity of available nutrients, resulting in diminished translocation of photosynthates from source to sink, consequently leading to suboptimal growth and various yield-attributing characteristics. These findings align with those of Dekhane et al. (2014), Singh, A. K. (2017), and Tomar et al. (2018).
3.3. Crop Yield
 3.3.1 Grain Yield (tha-1):
The grain yield of the long-duration variety Mahsuri was the highest at 5.17 t ha-1, greatly surpassing that of NDR-97, which yielded 3.86 t ha-1. Sarjoo-52 achieved a grain yield of 4.97 t ha-1. The data demonstrate that grain yield was markedly influenced by various combinations of inorganic and organic nutrition sources (Table-6). The highest grain production of 4.76 t ha-1 was seen in the treatment with 100% RDF, which was considerably superior to the treatments N2 (75% RDF + 25% FYM) and N3 (75% RDF + 25% vermicompost). The treatment with 100% RDF (N1) exhibited a percentage improvement in grain output of 13.44% over 75% RDF + 25% FYM (N2) and 7.98% over 75% RDF + 25% vermicompost (N3).
Table-6: Yield and harvest index of rice as affected by various treatments.
	Treatments
	Grain yield (t/ha)
	Straw yield (t/ha)
	Harvest index

	Varieties

	V1:NDR-97
	3.86
	4.41
	43.59

	V2:Sarjoo-52
	4.97
	6.02
	43.85

	V3:Mahsuri
	5.17
	6.62
	45.21

	S.Em+
	0.13
	0.17
	1.05

	C.D.(p=0.05)
	0.52
	0.68
	4.13

	Nutrient level

	N1:100% RDF
	4.76
	5.91
	44.74

	N2:75%RDF + 25% FYM
	4.12
	5.22
	43.74

	N3:75%RDF+ Vermicompost
	4.38
	5.52
	44.15

	S.Em+
	0.15
	0.11
	0.83

	C.D.(p=0.05)
	0.35
	0.34
	2.56


3.3.2. Straw Yield (t ha-1):
The highest straw production of 6.62 t ha-1 was recorded in the variety Mahsuri, followed by the variety Sarjoo-52, which yielded 6.02 t ha-1 (Table-6). The variety NDR-97 yielded 4.41 t ha-1 of straw, the lowest of the three types evaluated in the study.
The different nutrition sources had a substantial impact on straw yield. Treatment with 100% RDF yielded a maximum straw output of 5.91 t ha-1, greatly surpassing the yields of treatments N3 (75% RDF + 25% vermicompost) and N2 (75% RDF + 25% FYM) throughout the study. 
The yields of grain and straw from rice were markedly affected by the crop type. The Mahsuri variety produced markedly superior grain and straw yields, succeeded by Sarjoo-52 and NDR-97, respectively. Yield is determined by the intricate interplay between growth during the vegetative phase and yield characteristics.
Mahsuri exhibited superior crop growth and development owing to its genetic traits, leading to enhanced yield qualities that directly influenced grain and straw production. Enhanced vegetative development, along with superior yield characteristics, led to increased grain and straw yields. The increased density of panicles per unit area, panicle dimensions, and proportion of full grains in Mahsuri relative to other kinds may account for the efficacy of this therapy over the alternatives. Moreover, genetic composition may have resulted in considerable variance in the yields of grain and straw among different types (Singh et al. 2012 and Das and Chandra, 2013). The yield obtained with 100% RDF was markedly superior than those of the other treatments. This may result from sufficient nutrition availability that facilitated enhanced dry matter accumulation. The productivity of a crop is collectively influenced by the vigor of vegetative growth, development, and yield characteristics, which originate from enhanced transfer of photosynthates from the leaves and stems to the grains. The treatment comprising 75% RDF and 25% vermicompost yielded superior grain and straw outputs compared to the 75% RDF and 25% FYM treatment, likely attributable to the former's narrower C:N ratio and consequently enhanced nutrient availability, which may have facilitated increased yield. These findings align with those of Anchal Dass et al. (2012), Singh et al. (2013), and Tomar et al. (2018).
3.3.3. Harvest Index:
The harvest index denotes the correlation between economic yield and biological yield (Table-6). The highest harvest index of 45.21% was seen in Mahsuri, while Sarjoo-52 had an index of 43.85%. The lowest harvest index of 43.59% was recorded for the cultivar NDR-97. The statistics demonstrate that the harvest index was markedly influenced by the different nutrition combinations. The highest harvest index was recorded with 100% RDF, succeeded by N3 (75% RDF + 25% vermicompost), while the lowest was noted in (75% RDF + 25% FYM) throughout the experiment.
The harvest index is the ratio of grain yield to total biological yield (grain plus straw). The harvest index indicates the efficiency of converting dry materials into grain. All types and nutritional levels exhibited significant disparities in the grain yield of rice per unit of biological yield. The harvest index was strongly affected by various sources and nutrient levels. The elevated harvest index of 44.74% was seen with 100% RDF, attributable to the increased grain yield of rice relative to the total biological yield, resulting in a higher harvest index. Treatment N3 (75% RDF + 25% vermicompost) outperformed treatment N2 (75% RDF + 25% FYM) due to its improved grain yield compared to the biological yield of the former. Comparable findings were reported by Singh et al. (2012) and Singh A.K. (2017). 
4. Conclusion
 	The findings indicated that Mahsuri surpassed Sarjoo-52 and NDR-92 regarding plant height (cm), tiller count (m-2), dry matter accumulation (g m-1), and yield characteristics including effective tillers per hill, panicle length, grains per panicle, test weight (g), and grain and straw yield (t ha-1). The application of N1-100 percent RDF substantially surpassed the treatments of (N2) 75 percent RDF+25 percent FYM and (N3) 75 percent RDF + 25 percent vermicompost in growth parameters, yield attributes, and both grain and straw yield. The results demonstrate that the integration of inorganic fertilizer with organic manure (FYM) enhanced rice yield. The utilization of 100 percent RDF alongside the Mahsuri variety demonstrated a positive impact on rice crop growth metrics, yield-enhancing characteristics, and overall productivity.
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