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Abstract:
Two year field experiment was conducted during the kharif seasons of 2022 and 2023 (July-november) at the University of Calcutta Agricultural Experimental Farm, Baruipur, West Bengal, using the rice variety ‘Ajit’ (IET 22066). The experiment was laid out in a Randomized Complete Block Design (RCBD) with nine treatments and three replications, comprising T₁-Pendimethalin 30 EC (1000 g a.i. ha-1) as pre-emergence (PE) at 3 DAS, T₂-Pretilachlor 30.7 EW (500 g a.i./ha) as PE at 3 DAS, T₃-Oxadiargyl 80 WP (80 g a.i./ha) as PE at 3 DAS, T₄–Pyrazosulfuron-ethyl 10 WP (25 g a.i./ha), T₅-Bispyribac-sodium 10 SC (25 g a.i. ha-1) as post-emergence (POE) at 20 DAS, T₆-Triafamone 20% + Ethoxysulfuron 10% WG (150 g a.i. ha-1) as POE at 20 DAS, T₇-Pretilachlor 30.7 EW (500 g a.i. ha-1) as PE at 3 DAS + Bispyribac-sodium 10 SC (25 g a.i. ha-1) as POE at 20 DAS, T₈-Hand weeding at 20 and 40 DAS, and T₉-Unweeded control. The pre-germinated seeds were broadcasted on wet-puddled soils during the third week of July in mid-upland condition. The soil was fertile with clay loam in texture having pH of 6.0. The treatment T₈-Hand weeding at 20 and 40 DAS showed lowest weed biomass-(25.67, 21.22 and 23.44) g m-2 at 90 DAS and weed density-(25.09, 20.48 and 22.79) m-2. Similar treatment performed best regarding growth parameters, yield attributes and yield of (4.53 t ha-1) grain yield and (6.65 t ha-1) straw yield during the experimental years. Herbicidal treatment T₇-Pretilachlor 30.7 EW (500 g a.i. ha-1) as PE at 3 DAS + Bispyribac-sodium 10 SC (25 g a.i. ha-1) as POE at 20 DAS was the second best treatment after manual weeding in terms of weed control and yield performance. The control plot T9 indicated lowest yield due to not adoption of any weed management practices. 
Introduction
India, the country with the largest rice-growing area in the world, continues to lag behind nations such as China, Japan, and Italy in terms of overall rice productivity. In eastern India, where high rainfall is received from the south-west monsoon, rice remains the principal crop cultivated during the rainy season. The total rice area in this region typically covers about 5.50 million hectares of agricultural land. In recent years, the transition from traditional puddled transplanted rice to Direct Seeded Rice (DSR) has gained considerable momentum, emerging as a resource-conserving and sustainable alternative. This system offers several distinct advantages, including reduced water usage, lower labour requirements, and decreased greenhouse gas emissions (Ghosh et al., 2025). However, despite these advantages, weed management in DSR continues to be a major challenge that significantly influences yield outcomes. In DSR systems, the method of crop establishment—whether dry seeding, wet seeding, or water seeding—often results in the simultaneous emergence of weeds and rice seedlings (Farooq et al., 2011). This concurrent growth gives weeds a competitive advantage during the early stages of crop establishment. Poor weed control, therefore, becomes a crucial factor contributing to low productivity. A wide variety of terrestrial and semi-aquatic weed species infest rice fields, their composition depending largely on the water depth, soil type, and field conditions. Effective weed management thus requires a clear understanding of the agro-ecological niche under which the rice crop is cultivated. The futuristic composition and magnitude of weed flora are closely associated with these ecological conditions. In rainfed, unbunded upland situations, DSR fields are often severely infested with grasses, sedges, dicot weeds, and other problematic species, making management particularly challenging. Conversely, under rainfed lowland conditions, the weed flora initially resembles that of shallow, submerged fields before gradually shifting to typical aquatic weed species as water levels rise. Traditionally, manual and mechanical weeding have been the most common methods of weed control. However, these approaches are labor-intensive, time-consuming, and often inefficient, especially under adverse soil and climatic conditions. Unlike the traditional puddled transplanted rice system, the absence of standing water in DSR fields creates a more aerobic soil environment, which promotes the rapid proliferation of a diverse and competitive weed population, including grasses, sedges, and broad-leaved weeds (Singh and Singh, 2010). If left uncontrolled—particularly during the critical weed-free period between 15 and 45 days after sowing (DAS) (Chauhan and Johnson, 2011)—these weeds compete intensely with rice plants for light, nutrients, moisture, and space, leading to substantial yield losses that may exceed 50%. Therefore, adopting effective and timely weed management strategies is essential for realizing the full potential of DSR systems. Given this context, the present study was undertaken to evaluate the relative performance of wet DSR cultivation under different herbicide treatments, with the objective of identifying the most effective herbicide for achieving optimum weed control and sustainable yield performance in rice-based cropping systems.




Materials and Methods
The field experiment was conducted during the kharif seasons of 2022 and 2023 at the University of Calcutta Agricultural Experimental Farm, Baruipur, West Bengal, using the rice variety ‘Ajit’ (IET 22066). The soil of the experimental site was medium fertile, clay loam in texture, and slightly acidic in reaction, representing the new Gangetic alluvial soil of West Bengal. The experiment was laid out in a Randomized Complete Block Design (RCBD) with nine treatments and three replications, comprising T₁–Pendimethalin 30 EC (1000 g a.i. ha-1) as pre-emergence (PE) at 3 DAS, T₂–Pretilachlor 30.7 EW (500 g a.i. ha-1) as PE at 3 DAS, T₃–Oxadiargyl 80 WP (80 g a.i. ha-1) as PE at 3 DAS, T₄–Pyrazosulfuron-ethyl 10 WP (25 g a.i. ha-1), T₅–Bispyribac-sodium 10 SC (25 g a.i. ha-1) as post-emergence (POE) at 20 DAS, T₆–Triafamone 20% + Ethoxysulfuron 10% WG (150 g a.i. ha-1) as POE at 20 DAS, T₇–Pretilachlor 30.7 EW (500 g a.i. ha-1) as PE at 3 DAS + Bispyribac-sodium 10 SC (25 g a.i. ha-1) as POE at 20 DAS, T₈–Hand weeding at 20 and 40 DAS, and T₉–Unweeded control. All herbicides were sprayed with a knapsack sprayer fitted with a flood jet WFN 040 nozzle using a spray volume of 600 L ha-1. The water level before herbicide application was reduced to expose weeds adequately and re-flooded within 72 hours after spraying. Fertilizers were applied at 120:60:60 kg N:P₂O₅:K₂O ha-1, with one-fourth nitrogen and the full dose of phosphorus and potassium (as SSP and MOP) applied basally, and the remaining nitrogen in two splits—half at active tillering and one-fourth at panicle initiation. The crop was harvested at full maturity when about 85% of the grains turned straw to golden yellow. Weed observations were recorded using a 0.5 m × 0.5 m quadrat placed randomly at five spots per plot, while growth parameters such as plant height and number of tillers per m² were measured at harvest. Pooled analysis of statistical analysis was performed using the standard error of mean SE m (±) and the critical difference (CD) at a 5% level of significance to compare treatment means.













Result and Discussion:
Table 1: Effect of treatments on weed count (m-2)

	 
	
	30 DAS
	
	60 DAS
	90 DAS

	 
	2022
	2023
	Pooled
	2022
	2023
	Pooled
	2022
	2023
	Pooled

	T1: 
	3.69
(13.11)
	3.51
(11.81)
	3.60 (12.46)
	4.89 (23.45)
	4.65 (21.11)
	4.77 (22.28)
	5.74 (32.45)
	5.59 (30.75)
	5.67 (31.60)

	T2: 
	3.91
(14.78)
	3.69
(13.11)
	3.80 (13.95)
	5.22 (26.75)
	4.79 (22.49)
	5.01 (24.62)
	5.91 (34.47)
	5.80 (33.18)
	5.86 (33.83)

	T3: 
	4.12
(16.51)
	3.99
(15.47)
	4.06 (15.99)
	5.41 (28.79)
	5.19 (26.46)
	5.30 (27.62)
	6.19 (37.80)
	6.00 (35.50)
	6.10 (36.65)

	T4: 
	3.46
(11.49)
	3.21
(9.82)
	3.34 (10.65)
	4.79 (22.43)
	4.46 (19.43)
	4.63 (20.93)
	5.68 (31.77)
	5.35 (28.14)
	5.52 (29.96)

	T5: 
	3.21
(9.81)
	3.00
(8.48)
	3.11 (9.15)
	4.69 (21.49)
	4.35 (18.47)
	4.53 (19.98)
	5.53 (30.07)
	5.12 (25.77)
	5.33 (27.92)

	T6:
	3.10
(9.12)
	2.75
(7.08)
	2. 93 (8.10)
	4.47 (19.48)
	4.15 (16.76)
	4.32 (18.12)
	5.44 (29.11)
	4.96 (24.14)
	5.21 (26.63)

	T7: 
	2.89
(7.85)
	2.31
(4.83)
	2.62 (6.34)
	4.35 (18.43)
	3.77 (13.76)
	4.07 (16.10)
	5.35 (28.14)
	4.79 (22.44)
	5.08 (25.29)

	T8:
	2.75
(7.09)
	1.98
(3.44)
	2.40 (5.27)
	4.15 (16.79)
	3.20 (9.76)
	3.71 (13.27)
	5.06 (25.09)
	4.58 (20.48)
	4.83 (22.79)

	T9: 
	5.23
(26.88)
	5.38
(28.45)
	5.31 (27.67)
	6.54 (42.29)
	6.66 (43.88)
	6.60 (43.09)
	7.35 (53.55)
	7.40 (54.24)
	7.38 (53.89)

	SEm±
	0.07
	0.07
	0.13
	0.09
	0.09
	0.14
	0.07
	0.08
	0.10

	CD at 5%
	0.22
	0.20
	0.43
	0.28
	0.27
	0.47
	0.22
	0.23
	0.33




Influence of weed management practices on weed count: 
	From the Table no. 1 the weed count data clearly revealed significant variation among the treatments where T8-(Hand weeding at 15 and 35 DAS)-(7.09, 3.44 and 5.27); (16.79, 9.76 and 13.27) and (25.09, 20.48 and 22.79) had lowest denisty of weed flora at 30 DAS, 60 DAS and 90 DAS also pooled analysis which was followed by herbicide treated plot T7-(Pretilachlor at 3 DAS and Bispyribac sodium at 15 DAS)-(7.85, 4.83 and 6.34); (18.43, 13.76 and 16.10); (28.14, 22.44 and 25.29). On the other hand, most weed count was found in the herbicide treated plot treatment T3-(Oxadiargyl at 3 DAS)-(16.51, 15.47 and 15.99); (28.79, 26.46 and 27.62); (37.80, 35.50 and 36.65) and the T9-(Unweeded plot)-(26.88, 28.45 and 27.67); (42.29, 43.88 and 43.09) and (53.55, 54.24 and 53.89) recorded highest weed denisty. At 30 DAS, 60 DAS and 90 DAS T8-(Hand weeding at 15 and 35 DAS)-(7.09, 3.44 and 5.27); (16.79, 9.76 and 13.27) and (25.09, 20.48 and 22.79) had significant difference with T7-(Pretilachlor at 3 DAS and Bispyribac sodium at 15 DAS)- (7.85, 4.83 and 6.34); (18.43, 13.76 and 16.10); (28.14, 22.44 and 25.29) followed by other treatments respectively. 
Twice hand-weeding at 15 and 35 DAS effectively kept weed population under control during critical  crop-weed competition due to complete uprooting of weeds that resulted in lower intensity of weed flora to develop throughout the crop growth period also the sequential application of bispyribac sodium after pretilachlor application provided effectiveness in controlling all weed species and pretilachlor as pre-emergence selective herbicide controlled the first phase of weed germination that includes annual and perennial grasses and bispyribac sodium as post-emergence managed the weeds developed at later stages.  This result are in conformity with Prasad et al., (2001); Raghavendra et al., (2012) and Singh et al., (2016).
Table 2: Effect of treatments on weed dry matter (g m‑2)
	 
	30 DAS
	60 DAS
	90 DAS

	 
	2022
	2023
	Pooled
	2022
	2023
	Pooled
	2022
	2023
	Pooled

	T1: 
	3.08 (8.99)
	2.71 (6.83)
	2.90 (7.91)
	4.96 (24.15)
	4.43 (19.14)
	4.71 (21.65)
	5.78 (32.94)
	5.27 (27.38)
	5.54 (30.16)

	T2: 
	3.13 (9.31)
	2.82 (7.49)
	2.98 (8.40)
	5.06 (25.06)
	4.67 (21.34)
	4.87 (23.20)
	5.90 (34.35)
	5.40 (28.71)
	5.66 (31.53)

	T3: 
	3.33 (10.57)
	3.03 (8.69)
	3.18 (9.63)
	5.35 (28.08)
	4.84 (22.96)
	5.10 (25.52)
	6.05 (36.07)
	5.46 (29.44)
	5.77 (32.75)

	T4: 
	3.04 (8.77)
	2.49 (5.72)
	2.78 (7.25)
	4.73 (21.93)
	4.18 (17.02)
	4.47 (19.48)
	5.72 (32.17)
	5.04 (25.04)
	5.39 (28.61)

	T5: 
	2.92 (8.03)
	2.32 (4.86)
	2.64 (6.45)
	4.56 (20.27)
	3.92 (14.89)
	4.25 (17.58)
	5.52 (30.03)
	4.99 (24.59)
	5.27 (27.31)

	T6:
	2.62 (6.37)
	2.21 (4.40)
	2.43 (5.39)
	4.37 (18.60)
	3,68 (13.07)
	4.04 (15.83)
	5.44 (29.09)
	4.79 (22.63)
	5.13 (25.86)

	T7: 
	2.37 (5.15)
	2.06 (3.75)
	2.23 (4.45)
	4.17 (16.87)
	3.51 (11.85)
	3.85 (14.36)
	5.36 (28.22)
	4.76 (22.20)
	5.07 (25.21)

	T8:
	2.09 (3.90)
	1.81 (2.80)
	1.96 (3.35)
	3.67 (12.96)
	3.21 (9.83)
	3.45 (11.39)
	5.12 (25.67)
	4.65 (21.22)
	4.89 (23.44)

	T9: 
	4.14 (16.65)
	4.26 (17.65)
	4.20 (17.15)
	6.47 (41.41)
	6.55 (42.40)
	6.51 (41.91)
	7.33 (53.40)
	7.59 (57.20)
	7.47 (55.30)

	SEm±
	0.07
	0.08
	0.10
	0.08
	0.09
	0.12
	0.12
	0.20
	0.12

	CD at 5%
	0.21
	0.25
	0.33
	0.23
	0.27
	0.37
	0.36
	0.61
	0.34



Influence of weed management practices on weed dry weight (g m-2): 
	The Table no. 2 for weed dry weight expressed in g m-2 showed that T8-(Hand weeding at 15 and 35 DAS)-(3.90, 2.80 and 3.35) g m-2; (12.96, 9.83 and 11.39) g m-2 and (25.67, 21.22 and 23.44) g m-2 had lowest biomass of weed flora at all the periods of observations viz., 30 DAS, 60 DAS and 90 DAS also pooled analysis which was followed by herbicide treated plot T7-(Pretilachlor at 3 DAS and Bispyribac sodium at 15 DAS)-(5.15, 3.75 and 4.45) g m-2; (16.87, 11.85 and 14.36) g m-2and (28.22, 22.20 and 25.21) g m-2. T₆–Triafamone 20% + Ethoxysulfuron 10% WG (150 g a.i./ha) as POE at 20 DAS-(6.37, 4.40 and 5.39) g m-2, (18.60, 13.07 and 15.83) g m-2 and (29.09, 22.63 and 25.86) g m-2 at 30, 60 and 90 DAS respectively showed lower weed dryweight. The un-weeded plot T9-(15.88, 41.52 and 54.14) g m-2 recorded highest biomass compared to treated plots. At 30 DAS, 60 DAS and 90 DAS T8-(Hand weeding at 15 and 35 DAS)-(3.90, 2.80 and 3.35) g m-2; (12.96, 9.83 and 11.39) g m-2 and (25.67, 21.22 and 23.44) g m-2 showed significant difference with T7-(Pretilachlor at 3 DAS and Bispyribac sodium at 15 DAS)-(5.15, 3.75 and 4.45) g m-2; (16.87, 11.85 and 14.36) g m-2and (28.22, 22.20 and 25.21) g m-2 followed by other treatments respectively.
The timely weed control through hand-weeding resulted to keep the weed population under check that ultimately resulted in lowest biomass for weed population whereas the application of bispyribac sodium which is a selective herbicide that controls all grasses, sedges and broad leaf weeds in rice effectively controlled them as it is a member of pyridiminyloxy benzoic family inhibits aceto lactate synthase (ALS) in weeds. Restricting transport of photosynthate from source to sink causing weed moratility. The unweeded plot where weed persisted throughout the crop growth stages This result are similar with the findings of Schmidt et al., (1999); Ferrero et al., (2002); Sheeja and Elizabeth, (2017); Rawat et al., (2012); Kumar et al., (2013).



Table 3: Effect of treatments on weed control efficiency (%) (WCE)
	 
	30 DAS
	60 DAS
	90 DAS

	 
	2022
	2023
	Average
	2022
	2023
	Average
	2022
	2023
	Average

	T1: 
	45.81
	61.22
	53.52
	41.35
	54.60
	47.98
	37.22
	52.08
	44.65

	T2: 
	44.08
	57.42
	50.75
	39.28
	49.30
	44.29
	34.75
	49.71
	42.23

	T3: 
	36.53
	50.76
	43.65
	31.71
	45.58
	38.64
	31.30
	48.42
	39.86

	T4: 
	47.14
	67.64
	57.39
	46.72
	59.60
	53.16
	38.67
	55.94
	47.30

	T5: 
	51.60
	72.39
	62.00
	50.93
	64.59
	57.76
	42.87
	56.97
	49.92

	T6:
	61.67
	75.01
	68.34
	54.86
	68.98
	61.92
	44.69
	60.45
	52.57

	T7: 
	69.14
	78.79
	73.96
	59.15
	71.81
	65.48
	46.45
	61.03
	53.74

	T8:
	76.49
	84.16
	80.33
	68.51
	76.63
	72.57
	50.99
	63.05
	57.02

	T9: 
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00



Influence of weed management practices on weed control efficiency: 
	The weed control efficiency Table no. 3 clearly depicts that at 30 DAS, 60 DAS and 90 DAS also pooled analysis, T8-(Hand weeding at 15 and 35 DAS)-(76.49, 84.16 and 80.33); (68.51, 76.63 and 72.57) and (50.99, 63.05 and 57.02) with highest percentage that was followed by T7-(Pretilachlor at 3 DAS and Bispyribac sodium at 15 DAS)-(69.14, 78.79 and 73.96); (59.15, 71.81 and 65.48) and (46.45, 61.03 and 53.74) whereas T2-(Pretilachlor at 3 DAS)- (44.08, 57.42 and 50.75); (39.28, 49.30 and 44.29) and (34.75, 49.71 and 42.23) T3-(Oxadiargyl at 3 DAS)- (36.53, 50.76 and 43.65); (31.71, 45.58 and 38.64) and (31.30, 48.42 and 39.86) recorded lower magnitude of weed control efficiency. The (Un-weeded plot) T9 due to more weed biomass recorded nil percentage for weed control efficiency. 
This might be due to reduced weed competition by efficiently controlled weed population through twice hand-weeding and among herbicide treated plot the combination of pre and post-emergence herbicide greatly controlled the weeds during first and flush of their emergence. The bispyribac sodium inhibited the enzyme ALS disrupting amino acid biosynthesis that restricted cell division and caused necrosis, chlorosis and death of weed species. But the unweeded condition resulted in obtaining lowest weed control efficiency as the biomass was very high compared to the treated plots. This result are in conformity with Singh et al., (2009); Singh et al., (2014); Rathika and Ramesh (2019) and Shah et al., (2021).




Table 4: Effect of treatments on Weed persistence index (WPI)at 60 DAS and Weed index (%) at harvest
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	WPI at 60 DAS
	Weed index at harvest

	 
	2022
	2023
	Average
	2022
	2023
	Average

	T1: 
	1.06
	0.94
	1.00
	20.64
	18.10
	19.37

	T2: 
	0.96
	0.99
	0.98
	26.66
	25.50
	26.08

	T3: 
	1.02
	0.91
	0.96
	31.97
	25.83
	28.90

	T4: 
	1.00
	0.92
	0.96
	20.22
	15.81
	18.02

	T5: 
	0.97
	0.85
	0.91
	18.42
	13.33
	15.87

	T6:
	0.98
	0.81
	0.90
	16.36
	10.09
	13.23

	T7: 
	0.94
	0.90
	0.92
	7.77
	7.68
	7.73

	T8:
	0.80
	1.07
	0.93
	0.00
	0.00
	0.00

	T9: 
	1.00
	1.00
	1.00
	51.01
	54.76
	52.88




Influence of weed management practices on weed persistant index and weed index: 
	The data on weed persistant index from Table 4 indicated at 60 DAS and pooled data that T8-(Hand weeding at 15 and 35 DAS)- (0.80, 1.07 and 0.93) recorded lowest compared to other treatments whereas T7-(Pretilachlor at 3 DAS and Bispyribac sodium at 15 DAS)-(0.94, 0.90 and 0.92) also showed lower magnitude of weed persistant index. The unweeded plot due to no weed management practices showed higher dryweight and count of weed that results in WPI of (1.00) during both the years and pooled data. Lower weed persistant index means good management of weeds leading to lower weed count and density that ultimately lowers crop-weed competition thus the crop achieves higher yield compared to plots where weed persistant index was more. Similar result was observed by Debbarma et al., (2025).
Weed Index: 
	The weed index from Table 4 was found to be lowest in T8-(Hand weeding at 15 and 35 DAS) compared to other herbicide treated plots where T7-(Pretilachlor at 3 DAS and Bispyribac sodium at 15 DAS) -(7.77, 7.68 and 7.73) % showed lower weed index followed by T6-(Triafamone 20% + Ethoxysulfuron 10% WP at 15 DAS) -(16.36, 10.09 and 13.23) %. The (Unweeded plot) T9-(51.01, 54.76 and 52.88) % produced highest weed index among all the treatments. 
Due to very low interference or low crop-weed competition in T8-(Hand weeding at 15 and 35 DAS) as hand-weeding was provided twice incomparison, the weed index was found low that led to higher grain yield whereas on the other hand the huge weed pressure in unweeded plot led to lower yield of grain as a result the weed index was the most. Also, among the herbicide treated plot that showed T7-(Pretilachlor at 3 DAS and Bispyribac sodium at 15 DAS) to be effective among other herbicide treated plots due to combined action of pre-emergence and post-emergence herbicide. Similar findings were reported by Khippal et al., (2019) and Singh et al., (2017).

Table 5: Effect of treatments on plant height and tiller m-2
	
	Plant height (cm)
	Tiller m-2

	
	30
	60
	90
	30
	60
	90

	T1:
	64.94
	72.88
	102.36
	326.32
	469.76
	455.24

	T2:
	64.77
	72.40
	101.09
	319.77
	466.18
	447.37

	T3:
	64.45
	71.33
	99.90
	313.17
	454.25
	441.27

	T4:
	66.14
	75.06
	103.20
	331.98
	461.73
	456.50

	T5:
	66.36
	76.95
	104.07
	336.99
	482.96
	463.43

	T6:
	68.06
	78.50
	105.13
	345.40
	491.10
	479.99

	T7:
	68.99
	80.07
	105.92
	356.07
	499.95
	485.93

	T8:
	71.37
	81.49
	107.96
	370.92
	512.99
	497.64

	T9:
	60.25
	60.76
	73.15
	277.81
	355.30
	340.95

	SEm±
	1.11
	1.61
	1.29
	12.67
	12.34
	18.78

	CD at 5%
	3.20
	4.64
	3.71
	41.32
	35.56
	61.26



Influence of weed management practices on growth parameters of wet direct-seeded kharif rice:
Plant Height (cm):
Plant height at 30, 60, and 90 DAS from Table 5 exhibited significant variation among different weed management treatments in wet direct-seeded rice (pooled data of 2022 and 2023). The tallest plants were observed under T8 (Hand weeding at 15 + 35 DAS), which recorded heights of 71.37 cm, 81.49 cm, and 107.96 cm at 30, 60, and 90 DAS, respectively. This treatment remained statistically at par with T7 (Pretilachlor at 3 DAS + Bispyribac at 15 DAS) at all stages, indicating that the sequential use of pre- and post-emergence herbicides provided weed control efficiency comparable to manual weeding. At 30 DAS, T7 produced a height of 68.99 cm, closely followed by T6 with 68.06 cm. By 60 DAS, the advantage of these treatments became more pronounced, with T7, T6, and T8 recording 80.23 cm, 78.50 cm, and 81.49 cm, respectively. A similar trend was maintained at 90 DAS, where T6 (105.13 cm) and T7 (106.55 cm) remained statistically comparable to T8 (107.96 cm). Among the single post-emergence herbicide treatments, T5 performed relatively well, attaining 76.95 cm plant height at 60 DAS. In contrast, the pre-emergence herbicides T1, T2, and T3 exhibited comparatively lower plant heights across stages, ranging from 64.45 to 64.94 cm at 30 DAS, 71.33 to 72.88 cm at 60 DAS, and 99.90 to 102.36 cm at 90 DAS.
The unweeded control (T9) consistently produced the shortest plants 60.25 cm, 60.76 cm, and 73.15 cm at 30, 60, and 90 DAS, respectively indicating intense competition from weeds that hindered nutrient and light availability, ultimately suppressing plant growth throughout the season. Similar trends of increased plant height under efficient weed management have been reported by Singh et al., (2025), Kumar et al., (2025), Yadav et al., (2019), who also observed significant enhancement of plant growth with integrated or sequential weed control approaches.

Tillers m-2:
The number of tillers m-2 from Table 5 also varied significantly across weed management treatments at all growth stages. The maximum tiller production was recorded under T8 (Hand weeding at 15 + 35 DAS), producing 370.92, 512.99, and 497.64 tillers m-2 at 30, 60, and 90 DAS, respectively. At 30 DAS, T8 was statistically similar to T7 (356.07), T6 (345.40), T5 (336.99), and T4 (331.98), suggesting that both manual and herbicidal weed control ensured better early crop establishment and tiller initiation through effective reduction of weed competition. By 60 DAS, T7 (499.95), T6 (491.10), and T5 (482.96) maintained parity with T8, indicating continued weed suppression and nutrient availability during the active tillering phase. At 90 DAS, all herbicidal treatments including T7 (485.93), T6 (479.99), T5 (463.43), T4 (456.50), and even the pre-emergence treatments T1 (455.24), T2 (447.37), and T3 (441.27) remained statistically comparable to T8, indicating that effective early-season weed control led to sustained tiller production till harvest. Sequential application treatments, particularly T7, consistently ranked second to hand weeding at all growth stages, reflecting its strong efficacy in maintaining crop vigor. Likewise, T6 showed excellent performance throughout, proving its effectiveness as a single post-emergence option.
In contrast, the unweeded control (T9) recorded substantially lower tillers number 277.81, 355.30, and 340.95 tillers m-2 at 30, 60, and 90 DAS, respectively representing reductions of 25.1%, 30.7%, and 31.5% compared to hand weeding. This clearly highlights the detrimental effect of unchecked weed growth on tillers production. Comparable findings were reported by Yogananda et al., (2017), Singh et al., (2025), (Nagargade et al., 2024), and Jehangir et al., (2024), who also observed significant improvement in tiller production and maintenance under integrated and sequential herbicidal weed management systems in direct-seeded rice.






Table 6: Effect of treatments on Panicle length (cm), filled grains per panicle, test weight, grain yield and straw yield at harvest

	 
	Panicle length (cm)
	Filled grain panicle
	Test weight (g)
	Grain yield (t/ha)
	Straw yield (t/ha)

	T1: 
	18.92
	144.13
	20.83
	3.66
	5.41

	T2: 
	18.69
	143.08
	20.58
	3.40
	5.29

	T3: 
	17.82
	140.45
	20.09
	3.27
	5.25

	T4: 
	19.04
	145.10
	20.91
	3.77
	5.56

	T5: 
	19.53
	147.29
	21.07
	3.87
	5.63

	T6:
	20.74
	148.30
	21.36
	3.93
	5.92

	T7: 
	21.03
	150.34
	21.78
	4.15
	6.14

	T8:
	21.33
	150.51
	21.84
	4.53
	6.65

	T9: 
	16.35
	114.91
	19.73
	2.20
	5.02

	SEm±
	0.45
	2.97
	0.10
	0.11
	0.10

	CD at 5%
	1.29
	8.57
	0.28
	0.33
	0.30



Influence of weed management practices on yield attributing characters and yield of wet direct-seeded kharif rice:
Panicle Length (cm):
From the Table 6 panicle length in wet direct-seeded rice varied significantly among the weed management treatments (pooled data of 2022 and 2023). The longest panicle (21.33 cm) was obtained under T8 (Hand weeding at 15 + 35 DAS), followed closely by T7 (Pretilachlor at 3 DAS + Bispyribac at 15 DAS) and T6 (Triafamone + Ethoxysulfuron at 15 DAS), which recorded 21.03 cm and 20.74 cm, respectively. These treatments provided effective and continuous weed control, which minimized crop–weed competition and ensured greater nutrient availability during the reproductive phase, resulting in longer panicles. Treatments T5 (19.53 cm), T4 (19.04 cm), T1 (18.92 cm), and T2 (18.69 cm) showed moderate panicle length due to partial weed control efficiency. The shortest panicle (16.35 cm) was found in the unweeded control (T9). Poor weed management in this treatment led to severe competition for essential growth resources, which restricted assimilate translocation and panicle development. These results are consistent with the observations of Sivanesan et al., (2023), Choudhary and Dixit (2018), and Jehangir et al., (2024), who also reported that efficient weed control enhances photosynthate partitioning, resulting in improved panicle development.

Filled Grains Panicle-1:
From the Table 6 the number of filled grains per panicle was significantly affected by weed management practices. The highest number of filled grains (150.51) was recorded under T8 (Hand weeding at 15 + 35 DAS), which was statistically comparable with T7 (150.34), T6 (148.30), and T5 (147.29). These treatments ensured nearly weed-free conditions throughout the crop growth period, which facilitated better nutrient uptake and enhanced translocation of assimilates to the developing grains. The unweeded control (T9) recorded the lowest number of filled grains (114.91). The poor grain filling under this treatment was mainly due to prolonged weed competition that limited light interception and nutrient absorption during the grain filling stage. Similar findings were also reported by Arthanari et al. (2017), Prashanth et al., (2016), and Palani et al., (2020), who observed that weed-free conditions significantly improve assimilate translocation and grain filling efficiency.

Test Weight (g):
Test weight (1000-grain weight) differed significantly among the weed management treatments. The Table 6 showed that highest test weight (21.84 g) was recorded under T8 (Hand weeding at 15 + 35 DAS), which remained comparable to T7 (21.78 g). Slightly lower but still satisfactory results were observed in T6 (21.36 g), T5 (21.07 g), T4 (20.91 g), and T1 (20.83 g). The lower values in T2 (20.58 g) and T3 (20.09 g) indicated mild competition effects, while the unweeded control (T9) showed the lowest test weight (19.73 g). The reduced grain weight under high weed pressure was mainly due to competition for nutrients and reduced photosynthate availability during grain filling. On the other hand, weed-free conditions favoured better grain filling and grain density, leading to higher test weight. These results agree with the findings of Kaushik et al., (2020), Girwani et al., (2020), and Islam et al., (2024), who also observed that weed control practices significantly influence grain filling and test weight  in rice.

Grain Yield (t/ha):
Grain yield from Table 6 showed that it was significantly influenced by the weed management practices. The highest grain yield (4.53 t ha-1) was achieved under T8 (Hand weeding at 15 + 35 DAS), followed by T7 (4.15 t ha-1) and T6 (3.93 t ha-1), which recorded comparable results. Sequential application of pre- and post-emergence herbicides in T7 ensured broad-spectrum and prolonged weed control, thereby minimizing competition throughout the growing period. Treatments T5 (3.87 t ha-1), T4 (3.77 t ha-1), and T1 (3.66 t ha-1) produced moderate yields, while T2 (3.40 t ha-1) and T3 (3.27 t ha-1) showed slightly lower performance. The unweeded control (T9) recorded the lowest grain yield (2.20 t ha-1). The superior performance of weed-free and sequential herbicide treatments was due to higher tiller production, increased panicle length, and more filled grains per panicle, all contributing to higher productivity. Similar trends were reported by Akbar et al., (2011), Salam et al., (2020), Mitra et al., (2022), and Chauhan et al., (2015), who also emphasized that timely and effective weed management enhances yield performance in DSR systems.

Straw Yield (t ha-1):
The data from Table 6 indicated that the straw yield varied significantly under different weed management practices. The highest straw yield (6.65 t ha-1) was recorded under T8 (Hand weeding at 15 + 35 DAS), followed by T7 (6.14 t ha-1) and T6 (5.92 t ha-1). These treatments maintained vigorous vegetative growth due to efficient weed control and better utilization of nutrients and sunlight. Treatments T5 (5.63 t ha-1), T4 (5.56 t ha-1), and T1 (5.41 t ha-1) recorded moderate yields, while T2 (5.29 t ha-1), T3 (5.25 t ha-1), and the unweeded control (T9) (5.02 t    ha-1) remained on the lower side. The increased straw yield under effective weed management could be attributed to improved plant height, higher tiller number, and greater biomass accumulation. Similar conclusions were drawn by Akbar et al., (2011), Kumar et al., (2025:2), and Choudhary et al., (2025), who found that efficient weed control results in improved vegetative growth and straw biomass in DSR.

Conclusion: 
The weed management practices with different herbicides incomparision to T8-(twice-hand weeding at 15 and 35 DAS) also exhibited excellent control specially the treatment with 
T₇–Pretilachlor 30.7 EW (500 g a.i. ha-1) as PE at 3 DAS + Bispyribac-sodium 10 SC (25 g a.i. ha-1) as POE at 20 DAS. The herbicide treatment with T₆–Triafamone 20% + Ethoxysulfuron 10% WG (150 g a.i. ha-1) as POE at 20 DAS also registered better growth, yield and yield attributing characters along with third best weed indices. Hand-weeding proved to be very effective in controlling the weed flora and enabled the crop to attain best grain and straw yield during 2022 and 2023. 
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