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ABSTRACT
	Aims: The study aimed to assess the impact of large-scale demonstrations and awareness programmes on the adoption of Direct Seeded Rice (DSR) technology in Haryana’s Fatehabad district. The primary goal was to evaluate changes in agronomic performance, economic viability, and area under DSR cultivation across a three-year period (2022–2024)..
Study design:  This was a multi-year, field-based extension and demonstration study involving comparative evaluations between traditional Transplanted Rice (TR) and Direct Seeded Rice (DSR). The design incorporated agronomic trials, farmer participation, and dissemination activities to analyze both yield and economic outcomes.
Place and Duration of Study: The study was conducted in Fatehabad district, Haryana, India, over a period of three years (2022 to 2024). Demonstrations were implemented across multiple villages and blocks within the district.
Methodology: A total of 95 farmers participated over the study period, covering 38 hectares. DSR plots utilized standardized agronomic practices recommended by CCS HAU, Hisar, with varieties PB-1121 and PB-1509. Field demonstrations employed DSR-specific sowing equipment, dry seedbed methods, and structured weed, water, and nutrient management. Yield parameters, input costs, net income, and benefit-cost ratios were recorded. Extension activities—including field days, village-level meetings, and training programs—were also organized.
Results: While DSR yields were marginally lower than TR (by 2.05–2.43%), they were not statistically significant and showed improvement over time. DSR offered higher net incomes and superior benefit-cost ratios each year, largely due to reduced labour and input costs. Technology index declined from 18.18% (2023) to 12.0% (2024), indicating improved adoption. Awareness efforts facilitated a 93.7% increase in DSR cultivation area from 13,279 acres (2022) to 25,713 acres (2024). Farmer feedback and demonstration results highlighted the viability and economic attractiveness of DSR when supported by training and adaptive extension support.
Conclusion: Large-scale demonstrations and awareness programs significantly enhanced farmer adoption of Direct Seeded Rice (DSR) in Haryana’s Fatehabad district. Despite marginal yield reductions, DSR proved more profitable due to lower input costs and higher benefit-cost ratios. Continued training and localized support are essential for scaling DSR as a sustainable alternative to traditional rice transplanting.
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1. INTRODUCTION

Rice (Oryza sativa L.) is one of the oldest cereal crops in the history of mankind. It is commercially cultivated in more than 110 countries, and about 90% of the global rice production and consumption is in Asian countries. In India, paddy is cultivated over 49.52 million hectares with a production of 137.82 million tonnes and an average yield of 2.78 tonnes per hectare (t/ha) (Department of Agriculture & Farmers Welfare, 2025). Historically, transplanting has been the dominant method of rice cultivation in many Asian countries, but it is labour-intensive, water-intensive, and contributes to environmental degradation. In India for ages, rice has been traditionally grown by transplanting seedlings in the puddled field, which requires raising of nursery about one month earlier than transplanting time, directly increasing the cost of cultivation. Moreover, in the areas with poor quality groundwater, excessive pumping causes accumulation of salts and other toxic contaminants such as arsenic and fluorides in the soil. Rice cultivation through transplanting method is not considered environmentally friendly. There are several reports that stated puddled rice field emits greenhouse gases, i.e. methane, nitrous oxide, etc. (Reiner and Aulakh, 2000; Kumar et al., 2019) and also disturb soil structure by dismantling soil aggregates, reducing the permeability of water in sub-surface soil layers, making hardpans at very shallow soil depth, high losses of nitrogenous fertilizers, etc.  
In conservation agriculture, Direct Seeded Rice (DSR) technology has emerged as a potential alternative to transplanting (Pathak et al., 2011; Kumar and Ladha, 2011). During the COVID-19 era in Punjab and Haryana, the mode of rice cultivation shifted from transplanting to DSR (direct seeded rice) due to the unavailability of labour resulting from the COVID-19 disturbance in seasonal migrant labour from Bihar and Uttar Pradesh. The shift toward DSR began as a solution to address these issues, with early adoption observed in Southeast countries like the Philippines, India, and China (Pandey and Velasco, 2002; Bordey et al., 2016; Bhandari et al., 2020). In the Philippines, for instance, the proportion of DSR adopters increased from 27% in 1996/1997 to 33–42% in 2016/2017, driven by labour savings and economic benefits (Bautista et al., 2023). However, challenges such as weed infestation (Jha et al. 2012; Singh et al., 2012), nutrient deficiencies (Kumar et al., 2024), and the need for specific water and nutrient management practices (Kamboj et al., 2012) have hindered widespread adoption (Singh & Shahi, 2015).
In India, the adoption of DSR has been facilitated by front-line demonstrations (FLDs) conducted by agricultural institutions. Farmer training and awareness Programmes have been critical in promoting DSR adoption (Bisen et al., 2024; Singh & Shahi, 2015). The state Government of Haryana and ICAR have been playing a key role in promotion of DSR technology among farmers by providing financial and technical assistance in past years. Keeping the above facts in view, the present study was performed to see the impact of large-scale DSR demonstration on its adoption by the farmers of Fatehabad district in Haryana.

2. material and methods
For the demonstration of Direct Seeded Rice (DSR) technology, well-levelled and uniformly prepared farmer fields were selected across various villages in the Fatehabad district of Haryana. A specially designed DSR sowing machine was employed to ensure uniform seed placement and spacing. A total of 50 farmers (covering 20 hectares) in 2022, 25 farmers (10 hectares) in 2023, and 20 farmers (8 hectares) in 2024 were selected for the demonstrations. The quality seed of Basmati rice varieties, PB-1121 and PB-1509 were provided to farmers. Most farmers adopted the dry seedbed method, in which seeds were sown in dry soil and then immediately irrigated. Other practices such as seed treatment, sowing, weed and water management, etc., were performed as per activities given in Table 1. In addition to DSR-specific interventions, all other agronomic practices recommended by CCS HAU, Hisar, were followed. Key economic indicators, including grain yield (q/ha), cost of cultivation (Rs./ha), net income (Rs./ha), and total area shifted to DSR from transplanted rice (acre) during the years of study, were recorded. 

Table 1: Differences in practices between transplanted rice (TR) and Direct Seeded Rice (DSR) 
	Technology 
	Transplanted rice (Farmer’s practice)
	Direct Seeded Rice (Demonstrated technology)

	Seed Rate 
	4 kg/acre 
	8-10 kg/acre 

	Seed treatment
	Seed treatment is generally not practiced, which results in ‘Bakane disease’ in plants.
	Seed was treated with Carbendazim 50 WP @10 g and Streptomycin @1 g by soaking in 10 L of water for 24 hours, followed by shade drying. 

	Time of sowing/transplanting
	Mid-June to July 
	25 May-15 June

	Method of sowing 
	Nursery is sown and after 25-30 days, seedlings are transplanted.
	Seeds are directly sown using a seed drill at a depth of 2-3 cm as per dry sowing method.

	Cost of nursery raising 
	₹ 1500
	Nil 

	Spacing
	Uneven 
	20 x 5cm

	Plant population 
	Comparatively Less 
	Comparatively More 

	Irrigation 
	Flooding is required during most of the cropping season.
	First irrigation immediately after sowing and 2nd & 3rd irrigation after 3 & 7 days of sowing. Afterwards, irrigation is given to maintain optimum moisture in the field. 

	Weed management 
	[bookmark: _GoBack]Pretilachlor @ 800 ml/ acre within 0-3 days after sowing, followed by application of Nominee Gold at 100 ml/acre 20-25 days after sowing.
	Pendimethalin 30 EC at 1200 ml/acre within 3 days of sowing, followed by application of Nominee Gold at 100 ml/acre 20-25 days after sowing.

	Labour requirement for sowing 
	More labour is required, especially at the time of puddling and transplanting.
	Less labour is required as seeds are directly sown in the field.

	Crop duration 
	Normal duration as per the variety
	Crop matures 7-10 days early



For detailed yield analysis, percent increase in yield (%), technology gap, extension gap, and technology index were calculated according to the formula suggested by Samui et al. (2000),  Sagar and Chandra (2004) & Yadav et al. (2004), which are mentioned as follows:
[bookmark: _Hlk203550651]
Demonstration average plot yield- Farmer’s average plot yield
% Yield Increase = -------------------------------------------------------------------------------------
Farmer’s average plot yield

Technology yield gap = Potential yield - Demonstration plot yield

Extension yield gap = Demonstration plot yield - Farmer’s plot average yield

Technology yield gap
Technology Index = ------------------------------------------------  X 100
      				Potential yield

Additionally, extension activities, viz. farmer group meetings and awareness Programmes, were also organized in the selected villages and other prominent paddy growing villages, along with field days to provide technical know-how to the farmers at regular intervals.

3. results and discussion

3.1 Yield analysis
The data on yield from the demonstration field and farmer field were collected for three consecutive years (2022-24), and it was observed that the total yield of DSR demonstration was comparatively lower than the transplanted rice fields; however, these differences were not statistically significant. Lower yield of DSR demonstrations may correspond to relatively slow initial plant growth in both Basmati rice varieties (PB-1121 and PB-1509) in all demonstration plots during each study year. This may be attributed to sluggish early development due to elevated ambient temperatures during the sowing period. However, following root establishment, plant growth improved significantly under the DSR (Direct Seeded Rice) system, indicating adequate adaptation post-germination, resulting in no statistically significant yield differences. However, lodging incidence was lower in DSR fields compared to conventional transplanted rice (TR) plots. This could be linked to better root anchorage and reduced transplanting shock under DSR (Nayak et al., 2020). During Kharif 2023 and 2024, a prolonged dry spell post-monsoon resulted in a severe outbreak of leaf folder (Cnaphalocrocis medinalis), with higher infestation rates recorded in TR plots. The more uniform and synchronized crop development in DSR fields may have conferred resilience, while uneven transplanting depths in TR likely led to asynchronous growth and increased vulnerability.

Table 2: Yield of paddy at farmer’s field and demonstration field from 2022-24 in Fatehabad district of Haryana.
	Year
	Variety
	Yield (q/ha)
	Average Yield increase/ decrease (%) in demonstration plot

	
	
	Transplanted rice (Farmer’s practice)
	Direct Seeded Rice (Demonstrated technology)
	

	
	
	Lowest
	Highest
	Average
	Lowest
	Highest
	Average
	

	2022
	PB-1121
	45.6
	54
	51.25
	45.5
	53.8
	50
	-2.43

	2023
	PB-1121
	40.5
	48.4
	46
	41.2
	48.7
	45
	-2.17

	2024
	PB-1509
	56.8
	60.2
	58.40
	54.8
	59.8
	57.2
	-2.05



Table 2 presents yield comparisons between Transplanted Rice (TPR)- the conventional farmer practice, and Direct Seeded Rice (DSR) under demonstration plots over three years (2022-2024), across two key Basmati varieties, i.e. PB-1121 and PB-1509. From 2022 to 2024, a consistent trend was observed wherein the yields under Direct Seeded Rice (DSR) were slightly lower than those obtained through the conventional Transplanted Rice (TPR) method. In 2022, using the variety PB-1121, the average yield under DSR was recorded at 50.0 q/ha compared to 51.25 q/ha under TPR, reflecting a marginal decrease of 2.43%. This trend continued in 2023 with the same variety, where DSR yielded 45.0 q/ha against 46.0 q/ha from TPR, indicating a 2.17% reduction. By 2024, with the adoption of variety PB-1509, the yield under DSR improved to 57.2 q/ha, slightly below the 58.4 q/ha recorded for TPR, marking the smallest decline at 2.05%. Although the differences in average yields were marginal (all under 2.5%), the narrowing yield gap from 2022 to 2024 suggests that farmers became more proficient with DSR management over time, likely due to cumulative training and exposure through demonstration Programmes.
The slightly lower DSR yields can be attributed to initial farmer inexperience with DSR agronomy (especially weed control, irrigation scheduling, and seed placement), Higher technical demand of DSR compared to TPR, particularly during early growth stages when weed pressure is more acute, and soil moisture and field levelling requirements, which may not be uniformly available in all demonstration areas (Kahlown et al., 2007; Jat et al., 2006). However, despite the minor reduction in yield, the range of yields (lowest to highest) for DSR was comparable to that of TPR across all years. For instance, in 2024, DSR yields ranged from 54.8 to 59.8 q/ha, nearly matching TPR’s range of 56.8 to 60.2 q/ha. This consistency indicates that DSR is technically viable and capable of delivering competitive yields under proper management. Moreover, the progressive reduction in the yield gap from -2.43% in 2022 to -2.05% in 2024 demonstrates the positive impact of large-scale demonstrations and awareness efforts. As farmers become more skilled and confident in the DSR method, performance parity with TPR is likely to improve further.
The results emphasize the critical role of demonstration plots and training Programmes in accelerating the learning curve. Farmers exposed to live demonstrations not only adopt the technology more readily but also optimize input use and management practices.

Table 3: Yield gap analysis of demonstrations under Direct Seeded Rice and Farmer’s Practice in Fatehabad district of Haryana.
	Year
	Variety
	Potential yield
	Demonstration yield
	Farmer’s yield
	Extension gap (q/ha)
	Technology gap (q/ha)
	Technology index (%)

	2022
	PB-1121
	55
	50
	51.25
	-1.25
	5
	9.09

	2023
	PB-1121
	55
	45
	46
	-1
	10
	18.18

	2024
	PB-1509
	65
	57.2
	58.40
	-1.2
	7.8
	12



3.2 Gap analysis
The gap analysis conducted over three consecutive years offers critical insights into the performance and potential of Direct Seeded Rice (DSR) as a sustainable alternative to the conventional transplanting method. Table 3 highlights key yield indicators, including extension gap, technology gap, and technology index, using two prominent Basmati varieties- PB-1121 and PB-1509. The technology gap, defined as the difference between the potential yield and the actual yield obtained under demonstration plots, was observed to be 5.0 q/ha in 2022, 10.0 q/ha in 2023, and 7.8 q/ha in 2024. The increase in the technology gap in 2023 indicates possible agronomic or environmental constraints that limited yield realization that year, despite the use of improved practices. The decrease in yield in 2023 may be attributed to the effects of floods that occurred during the year.
Interestingly, the extension gap was negative across all three years, indicating that farmer practice fields outperformed the demonstration plots. In 2022, the extension gap was -1.25 q/ha, followed by -1.0 q/ha in 2023 and -1.2 q/ha in 2024. This inversion of the expected trend suggests that farmers may have adopted DSR practices more effectively than anticipated, or that demonstration plots faced site-specific challenges (e.g., microclimatic variation, weed pressure, or field constraints). Such findings reinforce the importance of tailoring demonstrations to diverse field conditions and ensuring adaptive, real-time support.
The technology index, which reflects the percentage gap between potential and demonstrated yield, is a critical indicator of how efficiently a technology performs under real-world conditions. A lower technology index indicates better performance and adaptability. In this study, the technology index was 9.09% in 2022, rose to 18.18% in 2023, and declined to 12.0% in 2024. The sharp increase in 2023 again points to suboptimal performance during that season, likely due to abiotic stress, delayed sowing, or poor weed control, but the subsequent decline in 2024 signals recovery and improved management. These variations emphasize that while DSR holds strong potential, its successful implementation is highly dependent on site-specific agronomic factors and farmer capability. 
The results collectively indicate that while DSR does not yet achieve potential yield levels, it can come close, especially when farmers are adequately trained and supported. The negative extension gap across all years could also signal a farmer-led innovation dynamic, where individuals fine-tune DSR techniques beyond the standard demonstration protocols. Such a trend validates the importance of participatory approaches and adaptive learning in technology dissemination. While the technology gap remains a concern, the declining technology index in 2024 is a promising sign of improved adoption and adaptation. Targeted extension support, resilient variety selection, and feedback-driven demonstration design will be essential for mainstreaming DSR in the region.
Moreover, demonstration plots should ideally serve as evolving learning hubs rather than fixed, one-size-fits-all trials. The fluctuating performance across years underlines the need for continuous refinement of recommendations, better localized extension materials, and possibly, greater farmer feedback loops in designing future demonstrations. Similar observations were recorded by Dayanand and Methta (2012) during their study of large-scale front-line demonstrations on oilseed crops.
Table 4: Economic analysis of DSR demonstrations in comparison with transplanted Rice (TR) in Fatehabad district of Haryana.
	Year
	Variety
	Technology 
	Gross income (₹/ha)
	Cost of Cultivation (₹/ha)
	Net Income (₹/ha)
	B:C Ratio

	2022
	PB-1121
	Transplanted rice (TR)
	158875
	53000
	105875
	2.99

	
	
	Direct Seeded Rice (DSR)
	155000
	44000
	111000
	3.52

	2023
	PB-1121
	Transplanted rice (TR)
	151800
	56000
	95800
	2.71

	
	
	Direct Seeded Rice (DSR)
	148500
	45000
	134500
	3.33

	2024
	PB-1509
	Transplanted rice (TR)
	181040
	55800
	125240
	3.24

	
	
	Direct Seeded Rice (DSR)
	177320
	46500
	130820
	3.81



3.3 Economic analysis
The economic analysis of Direct Seeded Rice (DSR) versus conventional Transplanted Rice (TR) systems over the period 2022–2024, as outlined in Table 4, offers compelling evidence supporting the economic viability and profitability of DSR technology. Despite marginal differences in gross income, DSR consistently outperformed TR in terms of net returns and benefit-cost (B:C) ratio, highlighting its cost-efficiency and practical appeal to farmers under real-world conditions. In all three years, DSR resulted in higher net income than TR, primarily due to lower costs of cultivation. In 2022, the net income from DSR was ₹111000/ha, compared to ₹105875/ha from TR, despite a slightly lower gross income. In 2023, the trend strengthened further with DSR achieving a net income of ₹134500/ha versus ₹95800/ha under TR. By 2024, with the PB-1509 variety, DSR recorded a net income of ₹130820/ha compared to ₹125240/ha under TR. The consistent economic edge of DSR can be attributed to its lower input and labour requirements. Pandey and Velasco (2002) also highlighted the significant economic benefits associated with DSR. The cost of cultivation under DSR was substantially reduced across all years, largely due to savings in labour (especially for transplanting and nursery raising), water usage, and reduced field operations as suggested by Yaduraju et al. (2021). Kumar et al. (2015) and Choudhary et al. (2016) observed a corresponding 7-8 and 9–13% labour savings in DSR compared to transplanted rice in Haryana, India. The findings of the present study also line with the observations of Tripathi et al. (2014) who stated DSR decreased cost of cultivation as less labour and input costs and enhanced use of machinery were involved.
The B:C ratio, a critical indicator of profitability, was notably higher for DSR across all study years. In 2022, DSR had a B:C ratio of 3.52 compared to 2.99 for TR while, in 2023, the advantage widened, with DSR showing a B:C ratio of 3.33, significantly higher than the 2.71 recorded for TR. Although the absolute values declined slightly in 2024 due to higher cultivation costs (likely from rising input prices or increased mechanization), DSR still maintained a superior B:C ratio of 3.81 compared to 3.24 for TR. Similar profitability was also reported by Dhakal et al. (2019) who suggested that utilization of modern machinery for DSR and reduced labour has reduced cultivation cost up to 25%.
[image: ]
Figure 1. Comparative chart visualizing the data for cost of cultivation, net income, and benefit:cost (B:C) Ratio from Transplanted rice fields (Farmer’s practice) and demonstration plots in Fatehabad district of Haryana.
The economic advantage of DSR, especially when demonstrated through structured field trials and supported by awareness campaigns, plays a crucial role in influencing farmer decision-making. The higher net income and favorable B:C ratios make DSR an attractive alternative, particularly for small and marginal farmers seeking to reduce costs while maintaining profitability. Furthermore, the economic incentives observed across multiple years and varieties suggest that DSR has the potential to offer stable and repeatable economic benefits, an important factor in scaling the technology (Kumar and Batra, 2017).
These findings align with previous reports that suggest DSR promotes greater tillering due to early sowing and uniform seed distribution, albeit with minor trade-offs in panicle size. Moreover, Bakanae disease, commonly observed in TR fields, was absent in DSR plots; possibly due to the preservation of intact root systems and reduced standing water, which limits fungal proliferation (Warda, 2002; Bisen et al., 2015; Malhi et al., 2021).
While the DSR system exhibited a slight reduction in yield across all study years, the lower input costs, reduced labour dependency, earlier crop maturity, and enhanced resilience to lodging (Nayak et al., 2020) and pest infestation collectively resulted in higher profitability and better sustainability metrics. Shorter growth durations in DSR were also recorded by Beltran et al. (2015) in Vietnam, enabling triple rice cropping in a year. Direct seeded rice technology also has the potential to allow farmers to harvest early crops and to start sowing a subsequent crop, such as wheat (Singh & Meena, 2012). These findings reinforce the potential of DSR as a climate-smart, resource-efficient alternative to traditional rice transplanting, particularly in regions facing water scarcity and labour shortages (Kumar et al., 2015; Choudhary et al., 2016).
3.4 Extension activities organized during the period of study
During the study period (2022–2024), a series of awareness Programmes were conducted at various community levels- including village, block, and district- in multiple villages across the Fatehabad district (Table 5). These initiatives aimed to enhance farmers’ awareness and provide technical guidance to support more effective implementation and adoption of Direct Seeded Rice (DSR) technology. Madhushekhar et al. (2021) also agreed on the significant role of extension activities in enhanced adoption of technologies by the farmers.
Table 5: Awareness Programmes organized by KVK Fatehabad during the study years (2022-24)
	Year 
	Type of awareness Programmes (Numbers)
	No. of farmers attended

	
	Village-level 
	Block-level 
	District-level 
	Field days
	

	2022
	10
	3
	2
	1
	1940

	2023
	4
	2
	1
	1
	1241

	2024
	4
	1
	1
	1
	1185



3.5 Shift towards Direct Seeded Rice (DSR) technology in Fatehabad district
In recent years, the adoption of Direct Seeded Rice (DSR) technology has gained considerable momentum in Fatehabad district, Haryana, reflecting both agronomic benefits and policy-level interventions. According to data obtained from the State Agriculture Department, the total area under DSR in the district increased substantially from 13,279.37 acres in 2022 to 25,713.91 acres in 2024. However, the year 2023 experienced a relatively moderate rise to 14,514.61 acres, primarily due to unexpected flooding that prompted many farmers to revert from DSR to traditional transplanting methods, disrupting the expected growth trajectory. Rohila et al. (2015) also reported low to moderate adoption of DSR technology in Sadhaura block from Yamunanagar, Pundri from Kaithal, Shahbad from Kurukshetra, and Assand from Karnal their study.
Table 6: Changes in area under Direct Seeded Rice (DSR) in Fatehabad district over the years
	Name of Block
	Year (Area in acres)

	
	2022
	2023
	2024

	Fatehabad
	1781.13
	1693.23
	4212.75

	Bhattu Kalan
	19.53
	24.41
	554.03

	Ratia
	5138.23
	5341.14
	9927.14

	Bhuna
	347.93
	1402.64
	976.12

	Tohana
	1386.71
	1374.37
	4398.14

	Jakhal
	1008.89
	1203.46
	1707.53

	Nagpur
	3596.95
	3475.36
	3938.20

	Total
	13279.37
	14514.61
	25713.91



Field studies have documented a similar pattern across multiple blocks in Haryana, including Fatehabad, Bhuna, Bhattu Kalan, and Ratia, underscoring both opportunities and vulnerabilities associated with DSR deployment in flood-prone conditions. DSR’s benefits, including water savings and labour efficiency (Kumar and Ladha, 2011; Lather, 2024; Mutum et al., 2025), have been widely recognized, but climatic challenges such as unseasonal rainfall and waterlogging remain significant barriers to its full-scale adoption (Negi et al., 2024; Bordey et al., 2015; Chaudhary, et al., 2024).
Moreover, institutional frameworks and agronomic training have played a critical role in scaling DSR practices across Haryana, yet regional disparities persist due to varying climate resilience capacities and socio-economic readiness (Dey et al., 2024; Goparaju & Ahmed, 2019; Bhullar and Gill, 2020). These observations emphasize the need for targeted interventions, including climate-resilient DSR protocols and infrastructure support, particularly in vulnerable districts like Fatehabad (Kumar et al., 2024).

4. Conclusion

The adoption of DSR technology has been influenced by a combination of historical, impact, and socio-economic factors. Large-scale demonstrations and awareness Programmes have played a crucial role in disseminating information, demonstrating the benefits of DSR, and addressing the constraints faced by farmers. The yield and economic benefits, environmental advantages, and socio-economic factors have all contributed to the adoption of DSR technology. However, challenges such as weed infestation, input costs, and the need for specific management practices remain. Addressing these challenges through integrated approaches, including farmer training, extension services, and policy support, will be essential for the widespread adoption of DSR technology. The study conclusively demonstrates that Direct Seeded Rice (DSR) provides higher economic returns and better agronomic efficiency than conventional transplanted rice in Haryana. Despite a marginal decline in yield, DSR’s advantages in terms of cost-effectiveness, pest resistance, and early maturity make it a promising strategy for enhancing profitability and sustainability in Basmati rice cultivation.
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