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Effect of Nitrogen Management on Growth and Yield of Diverse Nitrogen-Efficient Genotypes of Rice (Oryza sativa L.) in the Southern Laterites of Kerala, India



ABSTRACT
A field experiment was conducted at the Department of Agronomy, College of Agriculture, Vellayani, Kerala, to evaluate the field performance of four nitrogen-efficient rice varieties (two short duration varieties and two medium duration rice varieties) selected based on a previous screening study involving 14 rice genotypes for nitrogen use efficiency (NUE). The selected varieties were evaluated under graded levels of the recommended dose of nitrogen (RDN).The experiment was laid out in a split plot design with four replications. The treatment consisted of four main plots treatments comprising levels of recommended dose of nitrogen (RDN) [n1- 100 % RDN, n2 - 75 % RDN, n3 - 50 % RDN and n4- absolute control] and four sub plot treatments nitrogen-efficient varieties [v1- Harsha (PTB 55), v2- Varsha (PTB 56), v3- Shreyas (MO 22) and v4- Aiswarya (PTB 52)]. The study revealed that levels of RDN and varieties had significant influence on growth attributes and yield of rice. Notably, varieties that sustained stable yields under reduced nitrogen application exhibited superior adaptability and nitrogen use efficiency (NUE). The present study confirmed that genetic variability exists in nitrogen response, and the interaction between variety and nitrogen levels significantly influenced yield. Hence, identifying nitrogen-efficient genotypes represents a promising strategy for optimizing nitrogen management, ensuring sustainable rice production and preserving soil health. Based on the findings of the study, among the two short duration varieties (Harsha and Varsha), the RDN for the variety Varsha (PTB 56) could be reduced by 25% without significant yield reduction. Similarly, the RDN for both the medium duration varieties (Shreyas and Aiswarya) could be reduced by 25% (75% RDN) since the two varieties proved to be equally N efficient in terms of productivity.
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1. INTRODUCTION
Rice (Oryza sativa L.) is a staple crop for more than three billion people and contributes nearly 20% to the global dietary energy supply (Birla et al., 2017). Asia accounts for about 90% of global rice production, with India being the second-largest producer and leading exporter (Fukagawa and Ziska, 2019). Meeting the food demand of a growing population, projected to reach 9.7 billion by 2050, necessitates significant increases in food production without expanding agricultural land. Nitrogen (N) is a critical nutrient that often limits nutrient limiting crop productivity and is vital for achieving high yields (Fageria and Baligar, 2005). However, excessive and inefficient application of nitrogen fertilizers has led to substantial environmental concerns, including nitrate leaching, greenhouse gas emissions, and contamination of water bodies (Erisman et al., 2013; Huang et al., 2018). On an average, crops plants absorb only about 50% of the nitrogen fertilizer applied, while approximately 25% is lost from the soil-plant system through leaching, volatilization, and denitrification. Globally, nitrogen use efficiency (NUE) remains low, with crops utilizing only 30–50% of the applied nitrogen (Sapkota and Takele, 2023). Consequently, farmers often resort to applying excessive amounts of nitrogen fertilizers to maintain yields, leading to both economic losses and environmental degradation.
Improving NUE is thus essential to enhance crop productivity while minimizing environmental impact. One promising approach is the identification and cultivation of nitrogen-efficient rice varieties that can maintain high yields under reduced nitrogen input (Liang et al., 2021). Most improved rice varieties have been bred under high-input systems with ideal management conditions. However, evaluating their performance under limited nitrogen availability offers a more accurate assessment of their nitrogen use efficiency. Significant genetic variation exists among rice genotypes in terms of NUE, and their performance is largely influenced by the interaction between varietal traits and nitrogen availability (Ju et al., 2015). Integrating such varieties with optimized nitrogen management practices represents a sustainable strategy to meet food security goals while mitigating nitrogen-induced environmental degradation (Sutton and Bleeker, 2013). Hence, the objective of this study was to evaluate the performance of four N efficient varieties, selected from a prior screening experiment, under graded levels of the recommended dose of nitrogen.
2. MATERIALS AND METHODS 
The field performance of the four nitrogen-efficient rice varieties [two short duration (SDVs) and two medium duration varieties (MDVs)] was evaluated in the wetlands of the Integrated Farming System Research Station (IFSRS), Karamana, from 20 July 2024 to 19 November 2024. The experiment was laid out in split plot design with four main plots comprising different levels of recommended dose of nitrogen (RDN) [n1- 100 % RDN, n2 - 75 % RDN, n3 - 50 % RDN and n4- absolute control] and four sub plots comprising nitrogen-efficient varieties [v1- Harsha (PTB 55), v2- Varsha (PTB 56), v3- Shreyas (MO 22) and v4- Aiswarya (PTB 52)], The treatments were replicated four times. The RDN being 70 kg ha-1 for short duration varieties [Harsha (v1) and Varsha (v2)] and 90 kg ha-1 for medium duration rice varieties [Shreyas (v3) and Aiswarya (v4)].  
The soil of the experimental site was sandy clay loam in texture, moderately acid in reaction (pH 5.6), low in available nitrogen (208 kg ha-1), high in organic carbon (1.28%) and available phosphorus (37.60 kg ha-1), and medium in available potassium (182 kg ha-1). Lime was applied at the rate of 600 kg ha-1 in two split doses (350 kg ha-1 at the time of the first ploughing and the remaining 250 kg ha-1 one month after planting). Well-decomposed FYM at 5 t ha-1 was incorporated during land preparation. The fertilizer recommendation followed was 70: 35: 35 kg NPK ha-1 for short duration varieties and 90: 45: 45 kg ha-1 for medium duration varieties. 
For short duration varieties, two-thirds dose of N, full P and half K were applied as basal at the time of transplanting and the remaining one-third N and half K were applied one week prior to panicle initiation. In the case of medium duration varieties, half the dose of N and K, and full dose of P were applied as basal, one-fourth N was applied at active tillering stage, and the remaining N and K were applied one week prior to panicle initiation.
The experimental site experienced a warm humid climate, with the maximum temperature ranging from 29.76 °C to 31.51 °C, and minimum temperature between 23.74 °C and 25.41 °C. The mean RH I ranged from 89.76 per cent to 94.66 per cent and mean RH II varied between 76.54 per cent and 83.07 per cent. A total rainfall of 862.31mm was received over 54 rainy days.
The  data  on  observations  the made  were  statistically analyzed using standard procedures based on   analysis   of variance  (ANOVA) for  experiment  laid  out  in split plot design.  The data were analyzed using the General R based Analysis Platform Empowered by Statistics (GRAPES) 1.1.0 software, developed by Kerala Agricultural University     (Gopinath et     al.,     2020).     The significance  was  tested  with  the  F  test,  and  the critical  difference  at  the  5  percent  level was calculated and reported whenever the results were found to be significant.
3. RESULTS AND DISCUSSION

3.1. Effect of levels of recommended dose of nitrogen and varieties on growth and yield of rice
Growth attributes of rice viz., plant height, tillers m-2, leaf area per hill, total dry matter production, productive tillers m-2 and grain yield were significantly influenced by the levels of RDN and varieties. 
3.1.1. Plant height
Application of 100 per cent RDN resulted in taller plants (43.64 cm and 98.33 cm) which remained statistically comparable to 75 per cent (43.30 cm and 96.95 cm) and 50 per cent RDN (38.39 cm and 96.56 cm) at both active tillering (AT) and flowering (FL) stages. The increased plant height under higher nitrogen levels may be attributed to enhanced photosynthetic efficiency, improved biomass accumulation, and greater internodal elongation facilitated by adequate nitrogen availability (Yoshida, 1981). The statistically comparable performance of the crop at 75 per cent RDN (n₂) and 100 per cent RDN (n₁) pointed towards the possibility of efficient nitrogen uptake and utilization even at reduced nitrogen levels, indicating the potential for optimizing nitrogen input without compromising growth. Similar findings were reported by Mrudhula et al. (2020), who observed that moderate nitrogen levels were sufficient to achieve optimum plant height in nitrogen-efficient rice genotypes. Further, the response observed at FL stages reinforced the importance of adequate early nitrogen availability in maintaining vegetative vigor throughout the crop growth period. Similar conclusions were made by Rao et al. (2014). 	Comment by Dr SK Pathak: Indicate not clear	Comment by Dr SK Pathak: Not clear
At the active tillering stage, plant height of both SDVs [Harsha (v1) and Varsha (v2)] and MDVs [Shreyas (v3) and Aiswarya (v4)] were statistically comparable. However, at FL stage Varsha (v2) and Aiswarya (v4) recorded taller plants (85.56 cm and 110.17 cm respectively). These differences in plant height across varieties could be attributed to inherent genotypic variation in growth potential and nitrogen responsiveness. Harsha (v1) and Shreyas (v₃) exhibited vigorous early growth, contributing to taller plants during AT stage. Whereas, Varsha (v2) and Aiswarya (v₄), on the other hand, maintained sustained vegetative growth and internodal elongation, which resulted in taller plants at FL stage. Such varietal differences in morphological traits are often associated with differences nutrient uptake efficiency, photosynthetic capacity and overall growth habit. Similar findings were reported by Surekha et al. (2016), who documented significant varietal variation in plant height under uniform nutrient regimes. 	Comment by Dr SK Pathak: ?
Interaction effects between nitrogen levels and varieties revealed that Harsha at 75 per cent RDN recorded taller plants (39.89 cm at AT, 85 cm at FL  stages) which were on par with 100 per cent RDN (32.33 at AT and 79.78 cm at FL). Varsha (v2) and Shreyas (v3) recorded taller plants at 100 per cent RDN which were statistically comparable to 75 per cent and 50 per cent RDN at both stages. Aiswarya recorded significantly the tallest plants under 100 per cent RDN (56.67 cm at AT and 116.44 cm at FL), though values under 75 per cent (112.44 cm) and 50 per cent RDN (112.01 cm) were also on par at the FL stage. The observed interaction effect on plant height may be attributed to the efficient nitrogen uptake and utilization efficiency under optimum nitrogen availability, which possibly enhanced vegetative growth and internodal elongation. The statistical comparability of certain variety-nitrogen combinations at moderate RDN levels indicates the potential of certain varieties to perform efficiently even under reduced nitrogen inputs. Such interaction effects between nitrogen levels and genotypes have been reported by Kumar et al. (2021), who observed significant varietal differences in nitrogen responsiveness influencing plant height. 	Comment by Dr SK Pathak: Check values
3.1.2. Tillers m-2
The number of tillers m⁻² was significantly influenced by levels of RDN and varieties at all growth stages (Table 1). Application of 100 per cent RDN (n1) produced significantly more number of tillers m-2, recording 328 at AT stage, and 425 at FL stage. This could be attributed to the role of nitrogen in promoting cell division and elongation, enhancing chlorophyll content and photosynthetic activity, and improving overall vegetative vigor, which in turn favours greater tiller production. These results are in accordance with the results of Hussain et al. (2013) and Pramanik and Bera (2013).
Among the SDVs, Harsha (v1) recorded significantly more number of tillers m-2 (366) at AT stage. At FL stage, Harsha (v1) maintained more number of tillers m-2 (397) which was comparable to Varsha (v2) (393). Among the MDVs, Aiswarya (v4) recorded more number of tillers m-2 (249) at AT stage which was on par with Shreyas (v3) (243). At FL stage, Aiswarya (v4) recorded significantly more number of tillers m-2 (316). The observed varietal differences in tillering may be due to genotypic differences in early vigour, resource allocation, and responsiveness to nitrogen under the prevailing conditions.
Among the interactions, Harsha, Varsha, Shreyas and Aiswarya at 100 per cent RDN produced more number of tillers m-2 both at AT (399, 401, 256, 258) and FL stages (478, 483, 371, 367). However, at AT stage, number of tillers m-2 of Harsha (v1) and Shreyas (v3) at 100 per cent RDN was comparable to that of 75 per cent RDN and Aiswarya at 100 percent RDN was on par with its performance under 75 and 50 per cent RDN. These findings highlight the potential of certain varieties to maintain tillering ability even under reduced nitrogen levels, which is an important trait for nitrogen use efficiency.
Table 1. Effect of levels of recommended dose of nitrogen and varieties on plant height and tillers m-2 of rice
	
Treatments
	Plant height (cm)
	Tillers m-2 (nos.)

	
	Active tillering stage
	Flowering stage
	Active tillering stage
	Flowering stage

	Levels of RDN (N)
	

	n1 - 100 per cent RDN
	43.64a
	98.33a
	328a
	425a

	n2- 75 per cent RDN
	43.30a
	96.95a
	306b
	410b

	n3 - 50 per cent RDN
	38.39a
	96.56a
	287c
	307c

	n4 -  Absolute control
	31.08b
	92.03b
	283c
	266d

	SE m(±)
	1.63
	0.90
	3.91
	3.24

	CD (0.05)
	5.652
	3.102
	13.524
	11.219

	Varieties (V)
	

	v1-  Harsha (PTB 55)
	30.89b
	82.39d
	366a
	397a

	v2-  Varsha (PTB 56)
	33.17b
	85.56c
	346b
	393a

	v3-  Shreyas (MO 22)
	46.28a
	105.75b
	243c
	302c

	v4-  Aiswarya (PTB 52)
	46.08a
	110.17a
	249c
	316b

	SE m (±)
	1.06
	1.02
	3.58
	4.58

	CD (0.05)
	3.084
	2.977
	10.455
	13.364

	Levels of RDN (N) × Varieties (V)
	

	n1v1
	30.33
	79.78
	399
	478

	n2v1
	39.89
	85.00
	390
	456

	n3v1
	27.22
	82.67
	347
	339

	n4v1
	26.11
	83.11
	330
	316

	n1v2
	34.33
	86.22
	401
	483

	n2v2
	35.55
	85.67
	336
	444

	n3v2
	32.33
	84.55
	324
	350

	n4v2
	30.44
	80.11
	324
	294

	n1v3
	53.22
	112.45
	256
	371

	n2v3
	50.67
	107.00
	247
	371

	n3v3
	48.78
	104.11
	231
	250

	n4v3
	32.44
	99.44
	224
	217

	n1v4
	56.67
	116.44
	258
	367

	n2v4
	47.11
	112.44
	253
	367

	n3v4
	45.22
	112.01
	247
	292

	n4v4
	35.33
	99.78
	239
	238

	SE m (±)
	2.11
	2.04
	7.16
	9.16

	CD [N(V)]
	6.168
	5.955
	20.910
	26.728

	CD [V(N)]
	7.749
	6.003
	22.530
	25.672



3.1.3. Leaf area per hill
The data on leaf area per hill as influenced by the levels of RDN and varieties at different growth stages are presented in Table 2. At both AT and FL stages, application of 100 per cent RDN resulted in higher leaf area per hill which was statistically on par with 75 per cent RDN. The comparable performance of 75 per cent RDN with the full dose indicates the potential to reduce nitrogen input without compromising leaf area development, a key determinant of photosynthetic efficiency.
Among the varieties, the leaf area per hill of both SDVs and MDVs was statistically comparable to each other at all growth stages. The increase in leaf area may be attributed to increased plant height and higher tiller number, which contribute to a greater total photosynthetic surface. Nitrogen plays a critical role in leaf expansion by promoting the biosynthesis of chlorophyll and enhancing hormonal activity, particularly through the cytokinin-mediated stimulation of gibberellin, which influences the growth of young leaves and terminal branches (Weiss and Ori, 2007).
Among the interaction effects, Harsha at 100 per cent RDN (n1v1) recorded significantly higher leaf area per hill at both AT (479.52 cm²) and FL (486.41 cm²) stages. In Varsha (v₂), the highest leaf area at the AT stage was observed at 75 per cent RDN (n₂v₂) (452.61 cm²), which was statistically on par with 100 per cent (n₁v₂) (438.95 cm²) and 50 per cent RDN (n₃v₂) (388.98 cm²). At FL stage, Varsha at 100 per cent RDN (n1v2) recorded significantly highest leaf area per hill (834.12 cm²). In the case of MDVs, Shreyas at 100 per cent RDN (n1v3) recorded higher leaf area per hill (1358.31 cm²) at AT stage, which was statistically on par with 75 per cent RDN (n2v3) (1260.98 cm²). Aiswarya at 100 per cent RDN (n1v4) recorded significantly highest leaf area per hill (1102.36 cm²) at AT stage. However, at FL stage, Shreyas (v3) and Aiswarya (v4) recorded significantly the highest leaf area per hill at 75 per cent RDN (1778.95 cm² and 1517.23 cm² respectively). This may be due to their vigorous vegetative growth and efficient nutrient uptake capacity. Varieties with superior genetic potential for leaf development tend to exhibit increased cell expansion, prolonged leaf longevity, and greater photosynthetic surface area, all of which contribute to larger leaf area.
Table 2. Effect of levels of recommended dose of nitrogen and varieties on leaf area per hill of rice, cm2 
	
Treatments
	Leaf area per hill

	
	Active tillering stage
	Panicle initiation stage
	Flowering stage

	Levels of RDN (N)

	n1 - 100 per cent RDN
	818.59a
	1203.00a
	1056.82a

	n2- 75 per cent RDN
	735.67a
	1086.85a
	1042.32a

	n3 - 50 per cent RDN
	514.08b
	877.16b
	712.16b

	n4 -  Absolute control
	340.82c
	649.46c
	604.52b

	SE m(±)
	29.89
	42.00
	37.27

	CD (0.05)
	103.43
	145.37
	128.959

	Varieties (V)

	v1-  Harsha (PTB 55)
	341.99c
	635.64b
	499.89b

	v2-  Varsha (PTB 56)
	379.67c
	627.30b
	517.36b

	v3-  Shreyas (MO 22)
	912.56a
	1235.60a
	1197.26a

	v4-  Aiswarya (PTB 52)
	774.95b
	1317.92a
	1201.30a

	SE m (±)
	35.53
	51.85
	39.92

	CD (0.05)
	103.72
	151.34
	116.511

	Levels of RDN (N) × Varieties (V)

	n1v1
	374.76
	541.64
	486.41

	n2v1
	479.52
	622.32
	470.72

	n3v1
	338.38
	806.42
	575.32

	n4v1
	175.30
	572.17
	467.12

	n1v2
	438.95
	847.79
	834.12

	n2v2
	452.61
	611.77
	386.69

	n3v2
	388.98
	577.11
	469.35

	n4v2
	238.13
	472.54
	379.30

	n1v3
	1358.31
	1835.90
	1495.30

	n2v3
	1260.98
	1477.67
	1778.95

	n3v3
	679.49
	993.23
	930.58

	n4v3
	351.47
	635.61
	584.19

	n1v4
	1102.36
	1586.69
	1427.14

	n2v4
	749.56
	1635.63
	1517.23

	n3v4
	649.46
	1131.86
	873.37

	n4v4
	598.40
	917.51
	987.46

	SE m (±)
	71.07
	103.70
	79.84

	CD [N(V)]
	207.43
	302.67
	233.022

	CD [V(N)]
	206.779
	299.026
	238.829



3.1.4. Total dry matter production
The total dry matter production (DMP) of rice as influenced by the levels of RDN and varieties is presented in Table 3. Among the nitrogen levels, 100 per cent RDN (n1) recorded higher DMP (11692.83 kg ha-1) which remained statistically comparable to 75 per cent RDN (n2) (11374.17 kg ha-1). The enhanced dry matter accumulation at higher nitrogen levels may be attributed to vigorous leaf and stem development, resulting in increased canopy size and photosynthetic surface area, which collectively contributed to higher photosynthetic efficiency and biomass production. Fageria et al. (2010) observed that shoot dry weight was significantly affected with high levels of nitrogen through increased photosynthetic area and better interception of solar. These results are in accordance with the findings of Jayanthi et al. (2007).
Among the SDVs, Varsha (v1) recorded higher DMP (9367 kg ha-1) which was on par with Harsha (v3) (9256 kg ha-1). While among the MDVs, Aiswarya (v4) registered higher DMP (11865.08 kg ha-1) which was statistically comparable to Shreyas (v3) (11678.67 kg ha-1). These varietal differences in dry matter accumulation can be attributed to inherent genotypic potential for biomass production, nitrogen use efficiency, and vegetative vigor. There was no significant interaction effect of levels of recommended dose of nitrogen and varieties on total dry matter production. 
3.1.5. Productive tillers m-2
The data on productive tillers m-2 are presented in Table 3. Among the levels of RDN, 100 per cent RDN (n1) recorded the greatest number of productive tillers m-2 (375). Higher tiller count offered by highest nutrient level might have contributed to the increase in number of productive tillers also. Application of 100 per cent RDN (n₁) further enhanced tillering by improving nitrogen availability, which supports early tiller emergence, better tiller survival, and efficient conversion into productive tillers. This result was in conformity with the findings of Singh et al. (2009).
Among the SDVs, Harsha (v1) recorded more number of productive tillers m-2 (342) which was comparable to Varsha (v2) (339). While Among the MDVs, Aiswarya (v4) recorded more number of productive tillers m-2 (277) which remained on par with Shreyas (v3) (262).
Interaction effects between nitrogen levels and varieties were found to be significant. Harsha at 100 per cent RDN (n1v1) recorded significantly more number of productive tillers m-2 (427) which was on par with Varsha at 100 per cent RDN (n1v2) (416). Among MDVs, Shreyas at 100 per cent RDN (n1v3) recorded more number of productive tillers m-2 (331) which was statistically comparable to 75 per cent RDN (n2v3) (309). Aiswarya at 75 per cent RDN (n2v4) also registered more productive tillers m-2 (341) which was statistically comparable to 100 per cent RDN (n1v4) (328). These interactions suggest that certain nitrogen-efficient varieties can sustain high productivity even at moderate nitrogen levels, due to their superior nitrogen uptake and assimilation efficiency.
3.1.6. Grain yield
The data on the effect of levels of RDN and varieties on grain yield of rice are presented in Table 3. Among the nitrogen treatments, application of 100 per cent RDN (n1) recorded the highest grain yield ha-1 (4738 kg ha-1),  followed by 75 per cent RDN (n2) which recorded a marginal reduction of only 4.43 per cent in yield compared to n1 (Fig. 1). The relatively comparable performance of n₂ with n₁ indicates efficient nitrogen use and the potential to reduce nitrogen input without significant compromise in yield. Adequate nitrogen availability may have enhanced the translocation of assimilates from vegetative organs (culms and leaves) to developing panicles, thereby supporting grain formation and filling. Moreover, nitrogen application positively influenced productive tillers m⁻², leaf area per hill, photosynthetic activity, total dry matter production, and overall nutrient uptake, all of which collectively contributed to enhanced grain yield. Similar observations were reported by Ghoneim et al. (2018).

Fig. 1. Percentage reduction in grain yield at 75% RDN as compared to 100% RDN


Table 3. Effect of levels of recommended dose of nitrogen and varieties on total dry matter production, productive tillers per m2 and grain yield of rice
	
Treatments
	Total dry matter production (kg ha-1)
	Productive tillers m-2 
(nos)
	Grain yield 
(kg ha-1)

	Levels of RDN (N)

	n1 -100 per cent RDN
	11693a
	375a
	4738a

	n2-75 per cent RDN
	11374a
	350b
	4538b

	n3 -50 per cent RDN
	10233b
	270c
	4212c

	n4 - Absolute control
	8867c
	223d
	3223d

	SE m(±)
	100.89
	3.10
	23.74

	CD (0.05)
	349.14
	10.74
	82.14

	Varieties (V)

	v1-  Harsha (PTB 55)
	9256b
	342a
	4061b 

	v2-  Varsha (PTB 56)
	9367b
	339a
	4090b 

	v3-  Shreyas (MO 22)
	11679a
	262b
	4260a 

	v4- Aiswarya (PTB 52)
	11865a
	277c
	4300a 

	SE m (±)
	118.83
	4.23
	22.45

	CD (0.05)
	346.84
	12.337
	65.54

	Levels of RDN (N) × Varieties (V)

	n1v1
	10868
	427
	4703

	n2v1
	9976
	383
	4427

	n3v1
	8709
	293
	4103

	n4v1
	7471
	265
	3010

	n1v2
	10712
	416
	4720

	n2v2
	10437
	369
	4603

	n3v2
	8985
	311
	4100

	n4v2
	7333
	259
	2937

	n1v3
	12400
	331
	4690

	n2v3
	12431
	309
	4567

	n3v3
	11815
	218
	4337

	n4v3
	10069
	187
	3447

	n1v4
	12790
	328
	4840

	n2v4
	12653
	341
	4753

	n3v4
	11421
	259
	4307

	n4v4
	10595
	183
	3500

	SE m (±)
	237.66
	8.45
	44.91

	CD [N(V)]
	NS
	24.67
	131.083

	CD [V(N)]
	NS
	23.864
	139.693


NS- Non- significant
Varieties also had significant influence on grain yield ha-1. Among the SDVs, Harsha recorded higher grain yield (4738 kg ha-1) which was on par with Varsha (4090 kg ha-1). Among the MDVs, Aiswarya (v4) recorded higher grain yield ha-1 (4300 kg ha-1), which was statistically comparable to Shreyas (v3) (4260 kg ha-1). The superior performance of these varieties may be attributed to their inherent nitrogen responsiveness, efficient source-sink balance and robust morphological traits such as higher number of productive tillers m-2 and greater biomass accumulation, enabling effective conversion of available nitrogen into grain yield. Similar conclusions were drawn by Xin et al. (2021)
The interaction between levels of RDN and varieties also had significant influence on grain yield. Among the SDVs, Harsha at 100% RDN (n1v1) recorded the highest grain yield (4703 kg ha-1), while Varsha at 100 per cent (n₁v₂) and 75 per cent RDN (n₂v₂) recorded statistically comparable yields of 4720 kg ha⁻¹ and 4603 kg ha⁻¹, respectively. Among the MDVs, Shreyas (v3) and Aiswarya (v4) also behaved in a similar manner with comparable yields at 100% RDN (4690 kg ha-1 and 4840 kg ha-1 respectively) and 75 % RDN (4567 kg ha-1 and 4753 kg ha-1 respectively). These results indicate that Varsha, Shreyas, and Aiswarya maintained grain yield even under reduced nitrogen levels, reflecting their superior nitrogen use efficiency (NUE). The higher yields at 100% RDN could be due to improved vegetative growth, increased dry matter production, and enhanced panicle productivity under optimal nitrogen supply (Singh et al., 2018). However, the statistically comparable yields at 75% RDN highlight the capacity of certain genotypes to efficiently utilize available nitrogen, thereby supporting the objective of reducing fertilizer input while sustaining yield.
4. CONCLUSION
The field evaluation of the nitrogen- efficient varieties revealed considerable variation in growth and yield attributes as influenced by different levels of RDN and varieties. While the productivity of Varsha (v2) could be sustained at 75 % RDN, the variety Harsha (v1) required 100% RDN. The study also revealed that, the RDN for both the medium duration varieties could be reduced by 25% (75% RDN) since the two varieties proved to be equally N efficient in terms of productivity. These findings highlight the potential of the selected rice genotypes to perform efficiently under reduced nitrogen regimes, thereby offering opportunities for sustainable and cost-effective rice production through improved nitrogen use efficiency.
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