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Integrated Weed Management Using New Generation Herbicides for Enhancing Growth and Yield of Direct Seeded Rice (Oryza sativa L.)

ABSTRACT 
	Background: Rice is a major staple crop globally and plays a vital role in India’s food security and agricultural economy. However, the increasing shift from puddled transplanted rice to direct-seeded rice due to water and labour constraints has intensified weed management challenges, which significantly affect crop growth and yield.
Aims: The current study aimed to assess the efficacy of new generation herbicides combined with manual and mechanical weed management practices on growth attributes and yield of direct seeded rice (Oryza sativa L.)
Place and Duration of Study: The field study was conducted in the Experimental Farm, Department of Agronomy, Annamalai University, Annamalai Nagar, Tamil Nadu from June - October, 2023. 
Methodology: The experiment was laid out in a randomized block design with three replications and comprised of nine treatments viz., bensulfuron methyl 0.6% + pretilachlor 6% GR @ 10 kg ha-1, triafamone 20% + ethoxysulfuron 10% WG @ 225 g ha-1, bispyribac sodium 10% SC @ 200 ml ha-1 with manual and cono weeding.
Results: Among the various weed management practices, bensulfuron methyl 0.6% + pretilachlor 6% GR @ 10 kg ha-1 on 7 DAS followed by manual weeding on 40 DAS recorded higher plant height (105.14 cm), no of tillers (12.56 hill-1), leaf area index (5.79), crop dry matter production (11.94 t ha-1), grain yield (5.30 t ha-1) and straw yield (7.55 t ha-1). 
Conclusion: The study suggests that integrating pre-emergence herbicide application with timely manual weeding is an effective and sustainable weed management strategy for improving the productivity of direct-seeded rice.
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1. INTRODUCTION
Rice (Oryza sativa L.) is one of the most important staple food crops for a large proportion of the world’s population, especially in Southeast Asia. In India, rice alone accounts for 42 per cent of total food grain production and 45 per cent of cereal production. Paddy cultivation plays a significant role in Indian agriculture, positioning the nation as the second-largest producer and consumer globally. Puddled transplanted rice (PTR) is the predominant method of rice production in India, involving the cultivation of seedlings in nurseries before transplanting into puddled fields, but it is increasingly challenged by water scarcity, labour shortages during critical periods and lower profitability (Toppo et al., 2023; Sivanantha and Sunil, 2021). In response to these challenges, a gradual shift from conventional transplanting towards direct seeding method has been observed across several Asian countries. Direct-seeded rice (DSR) offers a feasible solution with benefits such as eliminating nurseries and transplanting while hastening maturity by 7 to 10 days earlier than transplanted rice (Kaur et al., 2025). However, the absence of standing water in DSR makes weed management crucial, requiring efficient strategies for success (Tirkey et al., 2024; Ajaykumar et al., 2025). Uncontrolled weed infestation in direct-seeded rice may cause yield losses ranging from 30 to 80 per cent depending on weed density and duration of competition (Javed et al., 2021).
Among the various weed management options, herbicides are widely considered as economical and operationally efficient due to their timely application, higher efficacy and ability to reduce labour drudgery and overall production costs (Guru et al., 2020; Sivanantha et al., 2024). The introduction of new-generation herbicide mixtures with broader weed control spectrum has further improved weed management in rice ecosystems (Jehangir et al., 2024). However, continuous dependence on a single herbicide may lead to incomplete weed control and the emergence of herbicide-resistant weed populations. Therefore, integrating herbicides with mechanical or manual methods can ensure sustained weed suppression, improved crop growth and enhanced productivity. Recent studies have reported that improved herbicide efficiency combined with integrated weed management practices involving chemical and mechanical methods can effectively suppress weed flora and enhance crop productivity in direct-seeded rice systems (Jehangir et al., 2024; Gogoi, 2023). Therefore, the present study was undertaken to evaluate the efficacy of new-generation herbicides in combination with different weed management practices on growth attributes and yield of direct-seeded rice.
2. materialS and methods
[bookmark: _GoBack]A field experiment was conducted during June–October 2023 at the Experimental Farm of the Department of Agronomy, Annamalai University, Annamalai Nagar, Tamil Nadu. The experimental site is geographically located at 11°24′ N latitude and 79°44′ E longitude, with an elevation of +5.79 m above mean sea level (MSL). The region is characterised by a moderately warm climate, with relatively high temperatures during the summer months. The soil of the experimental field was clay loam in texture, with a pH of 7.5, low available nitrogen (248 kg ha⁻¹), medium available phosphorus (21.7 kg ha⁻¹), and high available potassium (292 kg ha⁻¹). The study adopted a randomized block design with three replications, with individual plot size of 5 × 4 m. The treatments comprised of different weed management practices viz., T1- Unweeded control, T2- Twice manual weeding on 20 and 40 DAS, T3- Twice cono weeding on 20 and 40 DAS, T4- Bensulfuron methyl 0.6% + pretilachlor 6% GR (PE) @ 10 kg ha-1 on 7 DAS followed by manual weeding on 40 DAS, T5- Bensulfuron methyl 0.6% + pretilachlor 6% GR (PE) @ 10 kg ha-1 on 7 DAS followed by cono weeding on 40 DAS, T6- Triafamone 20% + ethoxysulfuron 10 % WG (EPoE) @ 225 g ha-1 on 12 DAS followed by manual weeding on 40 DAS, T7- Triafamone 20% + ethoxysulfuron 10% WG (EPoE) @ 225 g ha-1 on 12 DAS followed by cono weeding on 40 DAS, T8- Bispyribac sodium 10% SC (PoE) @ 200 ml ha-1 on 20 DAS followed by manual weeding on 40 DAS, T9- Bispyribac sodium 10% SC (PoE) @ 200 ml ha-1 on 20 DAS followed by cono weeding on 40 DAS. 
The short-duration rice variety ADT 43 was used for the experiment. Seeds were sown at a seed rate of 40 kg ha-1 with a spacing of 25 × 10 cm in a well-prepared and levelled field. The fertilizer schedule of 120:40:40 kg N:P₂O₅:K₂O ha-1 was adopted. The entire quantity of phosphorus along with half of nitrogen and potassium was applied as basal dose, while the remaining nitrogen and potassium were top-dressed in two equal splits at the active tillering and panicle initiation stages. Herbicides were applied as per the treatment schedule using 500 L of water ha-1, whereas granular formulations were mixed uniformly with sand at 50 kg ha-1 for even distribution. Manual and cono weeding operations were carried out at 20 and 40 DAS in accordance with the treatment specifications. Growth parameters such as plant height, number of tillers, leaf area index and crop dry matter production were recorded at standard crop growth stages. Yield was recorded at harvest following standard procedures. Statistical analysis was performed using analysis of variance (ANOVA) appropriate for randomized block design as described by Gomez and Gomez (1984). Treatment means were compared using the Critical Difference (CD) at 5% probability level.
3. results and discussion
3.1. Weed Flora
The experimental site exhibited a complex and diverse weed flora characterized by a high density of grasses, sedges and broad-leaved species, which collectively posed a significant competitive threat to the direct-seeded rice crop. The field was predominantly infested with Echinochloa colona, Echinochloa crus-galli, Leptochloa chinensis (grasses); Cyperus difformis and Cyperus rotundus (sedges); and Eclipta alba (broad leaf).
3.2. Effect on Crop Growth
All the weed management practices had significant effect on the growth attributes. Among the weed management practices evaluated, bensulfuron methyl 0.6% + pretilachlor 6% GR (PE) @ 10 kg ha-1 on 7 DAS followed by manual weeding on 40 DAS (T4) registered the maximum plant height (105.14 cm), number of tillers (12.56 hill-1), LAI (5.79) and dry matter production (11.94 t ha-1) (Table 1). The next best result was achieved with bensulfuron methyl 0.6% + pretilachlor 6% GR (PE) @ 10 kg ha-1 on 7 DAS followed by cono weeding on 40 DAS (T5) which was on par with triafamone 20% + ethoxysulfuron 10 % WG (EPoE) @ 225 g ha-1 on 12 DAS followed by manual weeding on 40 DAS (T6). The slightly superior performance of bensulfuron methyl 0.6% + pretilachlor 6% GR (PE) @ 10 kg ha-1 on 7 DAS followed by manual weeding on 40 DAS (T4) compared to bensulfuron methyl 0.6% + pretilachlor 6% GR (PE) @ 10 kg ha-1 on 7 DAS followed by cono weeding on 40 DAS (T5) may be due to the more efficient removal of weeds by manual weeding. While cono weeding effectively controls inter-row weeds, manual weeding removes both inter-row and intra-row weeds, thereby minimizing crop–weed competition and improving crop growth and yield. This might be due to effective weed suppression achieved through the early elimination of germinating weeds by the pre-emergence application of bensulfuron methyl + pretilachlor combined with the removal of late-emerging weed through manual weeding maintained nearly weed-free environment throughout the critical tillering period (15–45 DAS), ensuring uninterrupted availability of nutrients, moisture, space and light. This favourable growth environment promoted vigorous vegetative development, resulting in taller plants and more productive tillers. These findings align with Mir et al. (2024), who reported that timely weed management during critical period ensures better resource availability thereby improving plant height and tiller formation.
Table 1. Effect of new-generation herbicides and integrated weed management practices on growth and yield of direct-seeded rice
	Treatments
	Plant height (cm)
	Number of tillers hill-1
	Leaf area index
	Dry matter production
(t ha-1)

	
	
	
	
	

	T1
	72.99
	6.72
	3.72
	5.19

	T2
	90.34
	9.95
	4.83
	9.48

	T3
	77.65
	7.55
	4.04
	8.06

	T4
	105.14
	12.56
	5.79
	11.94

	T5
	101.19
	11.84
	5.49
	10.85

	T6
	98.35
	11.53
	5.35
	10.66

	T7
	94.37
	10.71
	5.07
	10.10

	T8
	86.04
	9.16
	4.57
	8.97

	T9
	81.93
	8.63
	4.31
	8.53

	SEm±
	1.18
	0.13
	0.06
	0.13

	CD (P = 0.05)
	3.56
	0.40
	0.19
	0.39



The increased LAI under this treatment results from better crop stand development, as effective early weed suppression enabled the crop to utilize available nutrients, moisture and sunlight more efficiently (Gao, 2026). The favourable resource environment facilitated greater leaf expansion and canopy development, thereby increasing the photosynthetically active surface area (Qiao et al., 2026). Similar findings were reported by Raj et al. (2024), who observed that early removal of weed interference promotes uninterrupted canopy growth and enhances LAI in DSR systems.
Dry matter accumulation is a cumulative result of improved plant height, tiller density and leaf area. The superior DMP observed in this treatment was a direct consequence of increased leaf area, taller plants and more tillers per square meter, which collectively enhanced the crop's ability to utilize solar radiation and soil moisture efficiently at all stages of crop growth (Karthika et al., 2019). The integration of manual weeding at 40 DAS proved crucial, as it removed surviving weeds that would have otherwise competed for resources during the reproductive phase. Recent studies by Maity et al., 2026 confirm that such integrated management practices significantly reduce weed dry weight, thereby effectively diverting biomass accumulation from weeds to the crop.
[bookmark: _Hlk174657399]3.3. Effect on Yield
All the weed management practices had significant effect on the yield of DSR (Figures 1). Among treatments, bensulfuron methyl 0.6% + pretilachlor 6% GR (PE) @ 10 kg ha⁻¹ at 7 DAS followed by manual weeding at 40 DAS recorded significantly higher grain yield (5.30 t ha⁻¹) and straw yield (7.55 t ha⁻¹). The next best result was achieved with bensulfuron methyl 0.6% + pretilachlor 6% GR (PE) @ 10 kg ha-1 on 7 DAS followed by cono weeding on 40 DAS (T5) which was on par with triafamone 20% + ethoxysulfuron 10 % WG (EPoE) @ 225 g ha-1 on 12 DAS followed by manual weeding on 40 DAS (T6). The enhanced yield under this treatment could be attributed to effective weed suppression during the critical stages of crop growth, which minimized crop–weed competition thereby creating a favourable environment for better nutrient uptake, enhanced growth and development and efficient translocation of assimilates, thereby contributing to increased source–sink relationship and ultimately higher grain and straw yield. These findings are in conformity with the results reported by Bhagavathi et al. (2021); Pattanayak et al. (2025). In contrast, the unweeded control recorded the lowest grain and straw yields, which may be due to severe weed competition resulting in reduced nutrient availability and poor crop growth, leading to lower productivity, as also reported by Mir et al. (2023); Mullaivendhan et al. (2024).

Figure 1. Effect of new-generation herbicides and integrated weed management practices on grain and straw yield (t ha-1) of direct-seeded rice
4. Conclusion
The findings of this study conclusively demonstrate that the integration of chemical and physical weed control methods is essential for optimizing the productivity of direct seeded rice (DSR). Specifically, the application of bensulfuron methyl 0.6% + pretilachlor 6% GR (PE) @ 10 kg ha⁻¹ (7 DAS), followed by a supplemental manual weeding / cono weeding at 40 DAS, emerged as the most superior management protocol. This success is attributed to the synergistic "dual-action" approach: the pre-emergence herbicide effectively neutralized the initial flushes of broad-spectrum weeds during the critical early growth phase, while the subsequent manual weeding / cono weeding eliminated late-emerging species that often escape chemical control. This sustained suppression minimized weed-crop competition for vital resources, directly facilitating enhanced physiological growth and culminating in significantly higher grain and straw yields. Consequently, this integrated strategy offers a robust, agronomically viable and economically efficient solution for farmers. It is highly recommended for adoption in similar agro-ecological regions to bridge the yield gap between direct-seeded and traditional transplanted rice systems.
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