[bookmark: _Hlk211831196]Original Research Article
Effect of crop establishment methods and weed management practices on growth characteristics and grain quality of rice (Oryza sativa L.)


ABSTRACT 
The field experiment was carried out to study the effect of crop establishment methods and weed management practices on growth characteristics and grain quality of rice (Oryza sativa L.) at Student's Instructional Farm, Department of Agronomy, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, Uttar Pradesh during kharif season 2023 and 2024. The experiment was laid out in a split plot design with three replications and three crop establishment methods and seven weed management practices. The main plot treatments included Conventional transplanting (P1), Direct seeded rice (Dry) (P2), and Drum seeded rice (wet/sprouted seed) (P3), and sub-plots included Un – weeded check (W1),  Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1 as pre-emergence (W2), Bentazone 48 SL @ 0.96 kg a.i. ha-1as post emergence (30 DAS/DAT) (W3), Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1as pre-emergence + one hand weeding (45 DAS/DAT) (W4), Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1as pre-emergence b Bentazone 48 SL @ 0.96 kg a.i. ha-1 (30 DAS/DAT) (W5), Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1 as pre-emergence b Bentazone 48 SL @ 0.96 kg a.i. ha-1 (30 DAS/DAT) + one hand weeding (45 DAS/DAT) (W6) and Weed free (hand weeding at 25 and 45 DAS/DAT) (W7). Results revealed that maximum plant population with Drum seeded rice (wet/sprouted seed) (P3) and maximum growth characteristics viz, plant height, number of tillers was recorded at 90 days after sowing/transplanting and highest nitrogen content, protein content and protein yield was recorded under Conventional transplanting  with the combination of weed free (hand weeding at 25 and 45 DAS/DAT) (W7) followed by Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1 as pre-emergence b Bentazone 48 SL @ 0.96 kg a.i. ha-1 (30 DAS/DAT) + one hand weeding (45 DAS/DAT) (W6) during 2023 and 2024 respectively, However, lowest value are found under  combinations of Direct seeded rice (Dry) with Un – weeded check (W1),  during both year of experimentation. 	Comment by Nagendra Chary Kairoju: italic	Comment by Nagendra Chary Kairoju: italic	Comment by Nagendra Chary Kairoju: fb
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1. Introduction
Rice (Oryza sativa L.) is a vital staple food for nearly half of the global population, playing a critical role in food security, livelihoods, and rural economies. Rich in carbohydrates, with moderate protein and low-fat content, rice forms a dietary staple in much of Asia, which accounts for over 90% of global rice production (Bandumula, 2018). India, as one of the major producers, is projected to require approximately 156 million metric tons of rice by 2030, yet current production increases are insufficient to meet this growing demand (Dass et al., 2016).	Comment by Nagendra Chary Kairoju: Missing reference
Globally, rice is grown in more than 120 countries across 167.2 million hectares, producing approximately 756.7 million tons annually, with an average productivity of 4.68 t ha⁻¹ (FAO, 2021). While India cultivates rice on a larger area than China, its productivity remains significantly lower, averaging 2.80 t ha⁻¹ compared to China’s 7.03 t ha⁻¹. In 2021–22, rice covered 46.38 M ha area in India, with a total production of 130.29 Mt and an average yield of 2809 kg ha⁻¹ (DA&FW, 2023). Traditional rice cultivation in India relies heavily on puddled transplanting, a labour and water-intensive method that also degrades soil health. In response to labor shortages, declining water availability, and the need for sustainable intensification, Direct Seeded Rice (DSR) has emerged as a viable alternative. DSR offers several agronomic and environmental benefits, including reduced water use (up to 57% savings), earlier crop maturity, lower methane emissions, decreased labor demand, and improved soil conditions for subsequent crops (Peng et al., 2006; Bhushan et al., 2007; Mishra et al., 2023). Studies have shown that, under optimal conditions, DSR can achieve yields comparable or even superior to those of transplanted rice (Husain et al., 2008). Despite its advantages, the primary constraint in DSR systems is weed infestation, particularly during early crop stages when the absence of standing water allows weeds to establish rapidly. Weeds compete aggressively for moisture, nutrients, and light, often reducing yields by up to 80% if not properly managed (Gopinath & Kundu, 2008). Conventional weed control methods, such as manual weeding, are effective but labour-intensive and impractical on large farms. Chemical herbicides—though effective—require careful use to avoid environmental contamination, herbicide resistance, and non-target toxicity.
Weed flora and competition dynamics vary significantly with crop establishment methods and nutrient management practices. In DSR, weed seeds present in the soil germinate simultaneously with rice, increasing competition. Additionally, organic amendments and fertilizers can inadvertently promote weed growth by altering competitive dynamics (Shendage et al., 2019). Therefore, integrated weed management (IWM)—combining cultural, mechanical, and chemical approaches—offers a sustainable and efficient solution. Sequential application of pre- and post-emergence herbicides has shown promise in maintaining weed populations below economic thresholds. The growing interest in DSR as a sustainable rice production strategy, there is an urgent need to optimize crop establishment methods in combination with effective weed management practices. Tailoring these approaches to local agro-ecological conditions can significantly enhance resource-use efficiency, nutrient uptake, and overall productivity (Kumar et al., 2022). Hand weeding is the conventional weed management method used in rice cultivation. However, due to high labour costs, labour scarcity, and the time required for manual removal of weed, farmers are forced to choose chemical weed control as the most effective alternative. Pyrazosulfurone as a pre-emergence herbicide and Bentazone as a post-emergence herbicide are both successfully utilized for weed control in rice. Weed flora shifts and pesticide resistance develops in weeds. In this backdrop, a field experiment at Student's Instructional Farm of Department of Agronomy, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, was conducted to Studies on crop establishment methods and weed management practices on growth, yield and productivity of rice (Oryza sativa L.)	Comment by Nagendra Chary Kairoju: remove 	Comment by Nagendra Chary Kairoju: remove	Comment by Nagendra Chary Kairoju: Missing reference	Comment by Nagendra Chary Kairoju: No significance in this situation, remove	Comment by Nagendra Chary Kairoju: Mentioned to many times remove this part.

Keeping all the facts, present experiment was taken to address the issues.  
2.0 Materials & Methods
2.1. Experimental Site
[bookmark: _Hlk211830705]The experiment was carried out during kharif season 2023 and 2024 at Student's Instructional Farm, Department of Agronomy, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, study location is situated at 26°20'35" N latitude and 80°18'35" E longitudes, with an elevation of 125.9 meters above mean sea level. 	Comment by Nagendra Chary Kairoju: italic
2.2 Geography and Climate
Geographically, the experimental site lies in the Northern Gangetic Alluvial region of central Uttar Pradesh, within the Indo-Gangetic plain. The field had a level topography with good drainage, uniform soil texture, consistent fertility, and assured irrigation. Total rainfall during crop season 747.8 and 922.6 mm. both years respectively. The weekly minimum and maximum temperature range from 14.5, 17.4 and 42.2, 44.8 ˚C during the crop season 2023 and 2024 respectively, and average relative humidity, evaporation, and sunshine hours ranged from 70.11, 70.34, 30.40, 23.35 and 4.97, 4.69 both year during crop season 2023 and 2024 respectively.
2.3 Experimental details 
[bookmark: _Hlk211441569]The experiment was laid out in a split plot design with three replications and twenty treatments combinations comprised of three crop establishment methods in the main plot and seven weed management practices in subplots. The main plot treatments included Conventional transplanting (P1), Direct seeded rice (Dry) (P2), and Drum seeded rice (wet/sprouted seed) (P3), and sub-plots included Un – weeded check (W1),  Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1 as pre-emergence (W2), Bentazone 48 SL @ 0.96 kg a.i. ha-1as post emergence (30 DAS/DAT) (W3), Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1as pre-emergence + one hand weeding (45 DAS/DAT) (W4), Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1as pre-emergence b Bentazone 48 SL @ 0.96 kg a.i. ha-1 (30 DAS/DAT) (W5), Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1 as pre-emergence b Bentazone 48 SL @ 0.96 kg a.i. ha-1 (30 DAS/DAT) + one hand weeding (45 DAS/DAT) (W6) and Weed free (hand weeding at 25 and 45 DAS/DAT) (W7). The size of each plot was (15 m2) 5.0 m in length and 3.0 m in width each treatment included 63 treatment plot.
 2.4 Crop Management Practices
The rice variety 27P37c selected clean and healthy seeds was sown. In Conventional transplanting remains the most widely practiced method of rice establishment. Seedlings were uprooted from the nursery at 21 to 25 days after sowing (DAS) and transplanted into the puddled main field at a rate of 1-2 seedlings per hill, placed at shallow depth with a spacing of 20 cm × 20 cm (row-to-row and plant-to-plant). Gap filling was carried out at 7–10 days after transplanting (DAT) using seedlings of the same age, in both years of the study. In the Direct-seeded rice method, dry rice seeds were sown in lines directly into puddled fields. DSR involves sowing seeds directly in the main field, eliminating the need for transplanting seedlings from a nursery. Drum seeding involves the direct sowing of pre-germinated rice seeds using fibre drums, ensuring uniform placement in rows spaced 20 cm apart in puddled fields. The seeds are soaked overnight, sprouted by storing in gunny bags for 24 hours, and then lightly air-dried in the shade for less than 30 minutes before sowing	Comment by Nagendra Chary Kairoju: check this
2.5 Application of fertilizers
All the fertilizers were applied separately at the rate of 150:60:40 kg ha⁻¹ of N, P₂O₅, and K₂O, respectively. Half dose of the nitrogen, along with the full doses of phosphorus and potassium (using urea, DAP, and MOP), was applied as a basal dose. The remaining nitrogen was split into two equal applications at 20 and 40 days after sowing/transplanting (DAS/DAT).
2.6 Biometric Observations
The observed parameters plant population, plant height, number of tillers, nitrogen content, protein content and yield had to be determined. 
2.6.1 Plant population (plant m-2) 
[bookmark: _Hlk211785310]Plant population (plant m-2) were counted at two random places within the plot with the help of one-meter quadrates at initial growth stage and final at harvest stage.
2.6.2 Plant height (cm): 
The height of five randomly selected tag plants was measured in centimetres from ground level up to tip of the plant with the help of a meter scale in each plot. Plant height was measured at 30, 60, 90 days after sowing/transplanting and at harvest stage of crop and the mean plant height was recorded. 
2.6.3 Number of tillers (m-2)
Total number of tillers was taken at 30, 60, 90 DAS/DAT and at harvest stage of crop the number of tillers were counted at two random locations within the plot over a 0.5 m row length, and the counts were converted to tillers per square meter and their mean was determined. 
2.6.4 Nitrogen content (%)
The nitrogen content in grain is determined by modified Kjeldahl method as described by Jackson in 1973. The data was recorded in terms of the percentage of the total nitrogen content. The total nitrogen content using formula 	Comment by Nagendra Chary Kairoju: Jackson (1973)
Nitrogen (%) =      
Where- 𝑉1 = volume of acid used for sample titration (mL), 𝑉2 = volume of acid used for blank (mL), N = normality of acid, 14.007 = atomic weight of nitrogen, W = weight of the grain sample (g) 

2.6.5 Protein content in grains (%)
The Protein content was measuring by multiplying the nitrogen content of grain which was determined by Kjeldahl method, with the factor 6.25 for rice. 
2.4.6 Protein yield (kg ha-1)
For determination of protein yield (kg ha-1) in rice, the protein content in grain was multiplied by its grain yield and it was obtained by the following formula.  
Protein yield (kg ha-1) 
The collected data on various aspect of crop during experimentation were subjected to statistical analysis the proper method for statistical analysis of variance difference among mean of different treatments as described by by Gomez and Gomez (1984). The treatments means were compared using the Least Significant Differences (LSD) test at 5% level of probability by using the split plot Design (SPD). 

2. Result & Discussion 
3.1 Plant population
[bookmark: _GoBack]The data of initial and final plant population (m-2) is presented in Table 1. The data revealed that there was no significant effect of different irrigation levels and nutrient management practices on initial plant population taken at 20 DAS and final plant population at harvest during the both years of study as well as pooled basis in mustard crop. Similar finding was also reported by Mahajan et al., 2011; Kumar and Ladha (2011), Yadav et al. (2019), Choudhary et al., (2020). The interaction effect of irrigation levels and nutrient management practices on initial and final plant population does not show any significant difference Similar observations were reported by Rana et al. (2018)	Comment by Nagendra Chary Kairoju: Change it write about your research	Comment by Nagendra Chary Kairoju: ?
3.2 Plant height (cm)
The data on plant height recorded at 30, 60, 90 DAS and at harvest stage of both the year during the investigation. The crop growth has been presented in table 2. clearly recorded that the plant height increases consistently from 30th days to harvest stage under different crop establishment methods and weed management practices during both the year. However, the rate of plant height was differed with different treatment.   
At 30 DAS during 2023, 2024 and pooled basis under the crop establishment methods did not significantly affect the height of plant. and under the weed management practices significantly recorded maximum plant height (40.13, 41.33, 40.73 cm) under treatment (W7) weed free (hand weeding at 25 and 40 DAS/DAT). Which was being statistically at pat W6, W5, W4 and W2 and lowest plant height recorded with treatment (W1) Un – weeded check (36.32, 37.05 and 36.68 cm) respectively years. 
At 60 DAS during 2023, 2024 and pooled basis under the crop establishment methods significantly observed maximum plant height (86.16, 88.53 and 87.34 cm) with application of treatment (P1) Conventional transplanting. Followed by Drum seeded rice (P3) (wet/sprouted seed) and lowest under (P2) Direct seeded rice (Dry) (71.09, 73.09 and 72.05 cm). The weed management practices significantly recorded maximum plant height (40.13, 41.33, 40.73 cm) under treatment (W7) weed free (hand weeding at 25 and 40 DAS/DAT). Which was being statistically at pat W6, W5, W4 and W2. And lowest plant height recorded with treatment (W1) Un – weeded check (36.32, 37.05 and 36.68 cm) respectively years. 
       At 90 DAS during 2023, 2024 and pooled basis under the crop establishment methods significantly observed maximum plant height (111.14, 113.33 and 112.24 cm) with application of treatment (P1) Conventional transplanting. Followed by Drum seeded rice (P3) (wet/sprouted seed) and lowest under (P2) Direct seeded rice (Dry) (95.72, 97.20 and 96.46 cm). the weed management practices significantly recorded maximum plant height (113.49, 115.55 and 114.52 cm) under treatment (W7) weed free (hand weeding at 25 and 40 DAS/DAT). Which was being statistically at pat W6.  And lowest plant height recorded with treatment (W1) Un – weeded check (87.50, 89.09 and 88.29 cm) respectively years.	Comment by Nagendra Chary Kairoju: in	Comment by Nagendra Chary Kairoju: respective
At harvest during 2023, 2024 and pooled basis under the crop establishment methods significantly observed maximum plant height (108.91, 112.46 and 110.68 cm) with application of treatment (P1) Conventional transplanting. Followed by Drum seeded rice (P3) (wet/sprouted seed) and lowest under (P2) Direct seeded rice (Dry) (93.04, 95.95 and 94.49 cm). the weed management practices significantly recorded maximum plant height (110.30, 114.35 and 112.32 cm) under treatment (W7) weed free (hand weeding at 25 and 40 DAS/DAT). Which was being statistically at pat W6.  Followed by treatment W5, W4, W3. And lowest plant height recorded with treatment (W1) Un – weeded check (85.95, 88.06 and 87.00 cm) respectively years. Similar results were also reported by Raj et al., (2013), Reddy et al. (2018), Sumit et al. (2020), Rashmi et al. (2020), Ritesh et al. (2020), Tirkey et al., (2022). The interaction effect between crop establishment methods and weed management practices was shows not-significantly impact plant height during both years and in pooled basis.

3.3 Number of tillers 
The data on number of tillers m-2 recorded at 30, 60, 90 DAS and at harvest stage of both the year during the investigation. The crop growth has been presented in table 3. clearly recorded that the number of tillers m-2 increases consistently from 30th days to harvest stage under different crop establishment methods and weed management practices during both the year. However, the rate of number of tillers m-2 was differed with different treatment.   
At 30 DAS during 2023, 2024 and pooled basis under the crop establishment methods did not significantly affect the number of tillers m-2. and under the weed management practices significantly recorded maximum number of tillers m-2 (229.79, 234.90 and 232.35) under treatment (W7) weed free (hand weeding at 25 and 40 DAS/DAT). Which was being statistically at pat W6, W5, W4 and W2. And lowest number of tillers m-2 recorded with treatment (W1) Un – weeded check (199.16, 203.01 and 201.09) respectively years. 
At 60 DAS during 2023, 2024 and pooled basis application of treatment (P1) Conventional transplanting significantly recorded maximum number of tillers m-2 (365.91, 372.52 and 369.22) under the crop establishment methods. Followed by Drum seeded rice (P3) (wet/sprouted seed) and lowest under (P2) Direct seeded rice (Dry) (342.47, 347.54 and 345.00). The weed management practices significantly recorded maximum number of tillers m-2 (384.03, 390.45 and 387.24) under treatment (W7) weed free (hand weeding at 25 and 40 DAS/DAT). Which was being statistically at pat W6, W5. And lowest number of tillers m-2 recorded with treatment (W1) Un – weeded check (303.67, 308.16 and 305.92) respectively years. 
At 90 DAS during 2023, 2024 and pooled basis with application of treatment (P1) Conventional transplanting significantly recorded higher number of tillers m-2 (385.55, 393.86 and 389.70) under the crop establishment methods. Followed by Drum seeded rice (P3) (wet/sprouted seed) and lowest under (P2) Direct seeded rice (Dry) (368.15, 373.77 and 370.96). The weed management practices significantly recorded higher number of tillers m-2 (413.78, 421.21 and 417.49) under treatment (W7) weed free (hand weeding at 25 and 40 DAS/DAT). Which was being statistically at pat W6, W5. And lowest number of tillers m-2 recorded with treatment (W1) Un – weeded check (317.87, 323.46 and 320.66) respectively years. 
At harvest during 2023, 2024 and pooled basis under the crop establishment methods significantly observed maximum number of tillers m-2 (371.41, 379.44 and 375.42) with application of treatment (P1) Conventional transplanting. Followed by Drum seeded rice (P3) (wet/sprouted seed) and lowest under (P2) Direct seeded rice (Dry) (357.41, 364.43 and 360.92). The weed management practices significantly recorded maximum number of tillers m-2 (399.86, 408.11 and 403.99) under treatment (W7) weed free (hand weeding at 25 and 40 DAS/DAT). Which was being statistically at pat W6, W5. Followed by treatment W4, W3, W2. And lowest number of tillers m-2 recorded with treatment (W1) Un – weeded check (298.51, 304.67 and 301.59) respectively years. Similar results were also reported by Raj et al., (2013), Sumit et al. (2020), Rashmi et al. (2020), Ritesh et al. (2020), Tirkey et al., (2022). The interaction between crop establishment methods and weed management practices was found to be non-significant for number of tillers during experimentation. 
3.4 Nitrogen content (%)
The data presenting on nitrogen content (%) depicted in table 4. During 2023, 2024 and pooled basis under the crop establishment methods significantly observed higher nitrogen content (%) (1.24, 1.25 and 1.25 %) with application of treatment (P1) Conventional transplanting. Followed by Drum seeded rice (P3) (wet/sprouted seed) and lowest under (P2) Direct seeded rice (Dry) (1.14, 1.15 and 1.14 %). The weed management practices significantly observed that maximum nitrogen content (%) (1.22, 1.22, and 1.22 %) under treatment (W7) weed free (hand weeding at 25 and 40 DAS/DAT). Followed by treatment W6, W5, W4. And lowest nitrogen content (%) recorded with treatment (W1) Un – weeded check (1.13,1.14 and 1.13 %) respectively years. Similar findings were reported by Reddy et al. (2018)a, Kumar et al. (2020), Patel et al. (2020).
3.5 Protein content in grains (%)
The data presenting on protein content in grains (%) depicted in table 4. During 2023, 2024 and pooled basis under the crop establishment methods significantly observed higher protein content in grains (%) (7.75, 7.83 and 7.79 %) with application of treatment (P1) Conventional transplanting. Followed by Drum seeded rice (P3) (wet/sprouted seed) and lowest under (P2) Direct seeded rice (Dry) (7.11, 7.17 and 7.14 %). The weed management practices significantly observed that maximum protein content in grains (%) (7.60, 7.66 and 7.63 %) under treatment (W7) weed free (hand weeding at 25 and 40 DAS/DAT). Followed by treatment W6, W5, W4, W3. And lowest protein content (%) observed that with treatment (W1) Un – weeded check (7.06, 7.10 and 7.08 %) respectively years. Similar results were also reported by Singh et al. (2019), Jat et al. (2019), Kumar et al. (2020), Patel et al. (2020).
3.6 Protein yield (kg ha-1)	Comment by Nagendra Chary Kairoju: Write protein content and protein yield in one flow
The data presenting on protein yield (kg ha-1) depicted in table 4. during 2023, 2024 and pooled basis with application of treatment (P1) Conventional transplanting significantly recorded maximum protein yield (477.47, 509.99 and 493.73 kg ha-1) under the crop establishment methods. Followed by Drum seeded rice (P3) (wet/sprouted seed) and lowest under (P2) Direct seeded rice (Dry) (318.16, 339.02 and 328.59 kg ha-1). The weed management practices significantly recorded maximum protein yield (455.41, 483.54 and 469.48 kg ha-1) under treatment (W7) weed free (hand weeding at 25 and 40 DAS/DAT). Which was being statistically at pat (W6) Pyrazosulfuron ethyl 10% WP @ 25g a.i. ha-1as pre-emergence b Bentazone 48 SL @ 0.96 kg a.i. ha-1 (30 DAS/DAT) + one hand weeding (45 DAS/DAT). And minimum protein yield recorded with treatment (W1) Un – weeded check (265.28, 282.47 and 2.73.88) respectively years. Similar results were also reported by Jat et al. (2019), Singh et al. (2019), Kumar et al. (2020), Patel et al. (2020)
The interaction between crop establishment methods and weed management practices was found to be non-significant for nitrogen content, protein content, and protein yield during both years. 






























[bookmark: _Hlk211834796]Table 1.0 Effect on plant population as influence by crop establishment method and weed management practices during 2023 and 2024. 	Comment by Nagendra Chary Kairoju: remove

	Treatments
	Initial Plant population (m-2)
	final Plant population at harvest (m-2)

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	A- Main Plot - 3 (Crop Establishment Methods)

	Conventional transplanting (P1)
	24.00
	24.29
	24.18
	21.64
	22.45
	22.05

	Direct seeded rice (Dry) (P2)
	38.46
	39.57
	39.01
	35.26
	34.93
	35.09

	Drum seeded rice (wet/sprouted seed) (P3)
	39.41
	40.59
	40.00
	36.16
	35.47
	35.82

	SE(m) ±
	0.32
	0.58
	0.43
	0.52
	0.51
	0.32

	C.D at 5%
	1.28
	2.33
	1.75
	2.08
	2.04
	1.30

	B- Sub plot -7 (Weed management practices)

	Un – weeded check (W1)
	32.13
	32.87
	32.50
	29.28
	28.99
	29.14

	Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1 as pre-emergence (W2)
	35.30
	36.23
	35.82
	32.28
	31.30
	31.79

	Bentazone 48 SL @ 0.96 kg a.i. ha-1as post emergence (30 DAS/DAT) (W3)
	32.27
	33.10
	32.72
	29.49
	29.53
	29.51

	Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1as pre-emergence + one hand Weeding (45 DAS/DAT) (W4)
	33.13
	33.97
	33.55
	30.27
	30.42
	30.34

	Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1as pre-emergence b Bentazone 48 SL @ 0.96 kg a.i. ha-1 (30 DAS/DAT) (W5)
	33.73
	34.63
	34.18
	30.86
	30.87
	30.86

	Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1as pre-emergence b Bentazone 48 SL @ 0.96 kg a.i. ha-1 (30 DAS/DAT) + one hand weeding (45 DAS/DAT) (W6)
	35.17
	36.03
	35.60
	32.11
	32.61
	32.36

	Weed free (hand weeding at 25 and 40 DAS/DAT) (W7)
	35.97
	36.87
	36.42
	32.85
	32.95
	32.90

	SE(m) ±
	1.02
	1.07
	1.08
	0.96
	1.07
	1.00

	C.D at 5%
	NS
	NS
	NS
	NS
	NS
	NS

	Interaction - A × B

	SE(m) ±
	1.66
	1.82
	1.78
	1.62
	1.78
	1.63

	C.D at 5%
	NS
	NS
	NS
	NS
	NS
	NS






Table 2. Effect on plant height (cm) as influence by crop establishment method and weed management practices during 2023 and 2024. 

	
Treatments
	Plant height (cm)

	
	30 DAS/DAT
	60 DAS/DAT
	90 DAS/DAT
	At Harvest

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	A- Main Plot - 3 (Crop Establishment Methods)
	
	
	
	
	
	

	Conventional transplanting (P1)
	39.71
	40.84
	40.28
	86.16
	88.53
	87.34
	111.14
	113.33
	112.24
	108.91
	112.46
	110.68

	Direct seeded rice (Dry) (P2)
	37.87
	38.95
	38.41
	71.01
	73.09
	72.05
	95.72
	97.20
	96.46
	93.04
	95.95
	94.49

	Drum seeded rice (wet/sprouted seed) (P3)
	38.02
	39.11
	38.57
	79.66
	81.87
	80.77
	98.51
	100.30
	99.41
	95.49
	99.30
	97.39

	SE(m) ±
	0.62
	0.64
	0.51
	1.31
	1.67
	0.66
	2.01
	1.89
	1.52
	1.55
	1.80
	1.66

	C.D at 5%
	NS
	NS
	NS
	5.26
	6.75
	2.65
	8.10
	7.60
	6.14
	6.27
	7.24
	6.71

	B- Sub plot -7 (Weed management practices)
	
	
	
	
	
	

	Un – weeded check (W1)
	36.32
	37.05
	36.68
	73.78
	75.51
	74.65
	87.50
	89.09
	88.29
	85.95
	88.06
	87.00

	Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1 as pre-emergence (W2)
	37.34
	38.46
	37.91
	75.81
	77.96
	76.88
	95.58
	97.32
	96.45
	93.38
	96.32
	94.85

	Bentazone 48 SL @ 0.96 kg a.i. ha-1as post emergence (30 DAS/DAT) (W3)
	37.91
	39.05
	38.48
	76.66
	79.06
	77.86
	97.50
	99.05
	98.28
	95.25
	98.25
	96.75

	Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1 as pre-emergence + one hand Weeding (45 DAS/DAT) (W4)	Comment by Nagendra Chary Kairoju: superscript
	38.88
	40.05
	39.47
	81.16
	83.46
	82.31
	106.62
	108.56
	107.59
	103.68
	102.96
	103.32

	Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1 as pre-emergence b Bentazone 48 SL @ 0.96 kg a.i. ha-1 (30 DAS/DAT) (W5)
	39.27
	40.44
	39.86
	79.06
	81.30
	80.18
	102.18
	103.93
	103.05
	99.60
	107.43
	103.52

	Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1as pre-emergence b Bentazone 48 SL @ 0.96 kg a.i. ha-1 (30 DAS/DAT) + one hand weeding (45 DAS/DAT) (W6)
	39.86
	41.05
	40.46
	81.77
	84.09
	82.93
	109.68
	111.78
	110.73
	105.85
	110.62
	108.24

	Weed free (hand weeding at 25 and 40 DAS/DAT) (W7)
	40.13
	41.33
	40.73
	84.35
	86.74
	85.55
	113.49
	115.55
	114.52
	110.30
	114.35
	112.32

	SE(m) ±
	0.88
	0.92
	0.78
	1.47
	1.49
	1.33
	1.78
	1.97
	1.48
	2.04
	2.54
	2.17

	C.D at 5%
	2.55
	2.66
	2.25
	4.23
	4.29
	3.84
	5.13
	5.68
	4.25
	5.89
	7.31
	6.26

	Interaction A × B
	
	
	
	
	
	

	SE(m) ±
	1.55
	1.61
	1.35
	2.69
	2.92
	2.23
	3.49
	3.68
	2.81
	3.63
	4.45
	3.86

	C.D at 5%
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS



Table 3. Effect on number of tillers (m-2) as influence by crop establishment method and weed management practices during 2023 and 2024.  
 
	Treatments
	Number of tillers (m-2)

	
	30 DAS/DAT
	60 DAS/DAT
	90 DAS/DAT
	At Harvest

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	A- Main Plot - 3 (Crop Establishment Methods)

	Conventional transplanting (P1)
	231.02
	235.49
	233.26
	365.91
	372.52
	369.22
	385.55
	393.86
	389.70
	371.41
	379.44
	375.42

	Direct seeded rice (Dry) (P2)
	204.80
	208.36
	206.58
	342.47
	347.54
	345.006
	368.15
	373.77
	370.96
	357.41
	364.43
	360.92

	Drum seeded rice (wet/sprouted seed) (P3)
	212.28
	216.22
	214.25
	349.55
	355.29
	352.42
	376.95
	383.63
	380.29
	364.48
	371.97
	368.22

	SE(m) ±
	5.42
	5.63
	5.52
	4.44
	4.72
	4.58
	2.96
	3.43
	3.14
	2.61
	2.83
	2.35

	C.D at 5%
	NS
	NS
	NS
	17.88
	19.04
	18.45
	11.93
	13.83
	12.64
	10.51
	11.41
	9.46

	B- Sub plot -7 (Weed management practices)

	Un – weeded check (W1)S
	199.16
	203.01
	201.09
	303.67
	308.16
	305.92
	317.87
	323.46
	320.66
	298.51
	304.67
	301.59

	Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1 as pre-emergence (W2)
	209.17
	213.98
	211.58
	321.38
	326.75
	324.07
	344.74
	351.30
	348.02
	335.20
	342.12
	338.66

	Bentazone 48 SL @ 0.96 kg a.i. ha-1as post emergence (30 DAS/DAT) (W3) 
	208.29
	211.39
	209.84
	339.83
	345.51
	342.67
	364.85
	371.66
	368.26
	361.56
	369.01
	365.29

	Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1as pre-emergence + one hand Weeding (45 DAS/DAT) (W4) 
	216.71
	219.94
	218.32
	368.04
	374.19
	371.11
	389.79
	396.91
	393.35
	373.66
	381.37
	377.51

	Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1as pre-emergence b Bentazone 48 SL @ 0.96 kg a.i. ha-1 (30 DAS/DAT) (W5) 
	222.55
	225.87
	224.21
	374.46
	380.71
	377.58
	398.29
	405.52
	401.91
	385.49
	393.44
	389.47

	Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1as pre-emergence b Bentazone 48 SL @ 0.96 kg a.i. ha-1 (30 DAS/DAT) + one hand weeding (45 DAS/DAT) (W6)
	226.58
	231.08
	228.83
	377.08
	383.377
	380.23
	408.86
	416.22
	412.54
	396.73
	404.91
	400.82

	Weed free (hand weeding at 25 and 40 DAS/DAT) (W7)
	229.79
	234.90
	232.35
	384.03
	390.45
	387.24
	413.78
	421.21
	417.49
	399.86
	408.11
	403.99

	SE(m) ±
	4.50
	4.23
	4.33
	4.84
	4.94
	4.89
	8.05
	8.18
	8.11
	5.20
	5.24
	5.00

	C.D at 5%
	12.95
	12.18
	12.48
	13.93
	14.22
	14.08
	23.18
	23.54
	23.36
	14.97
	15.08
	14.41

	Interaction - A × B

	SE(m) ±
	9.02
	8.82
	8.88
	8.94
	9.22
	9.08
	13.24
	13.55
	13.38
	8.73
	8.86
	8.36

	C.D at 5%
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS



Table 4. Effect on Nitrogen (%), Protein Content in grain (%), and 	Protein yield (kg ha-1) as influence by crop establishment method and weed management practices during 2023 and 2024. 
	Treatments
	Plants analysis

	
	Nitrogen (%)
	Protein Content in grain (%)
	[bookmark: _Hlk208302690]Protein yield (kg ha-1)

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	A- Main Plot - 3 (Crop Establishment Methods)

	[bookmark: _Hlk211829242]Conventional transplanting (P1)
	1.24
	1.25
	1.25
	7.75
	7.83
	7.79
	477.47
	509.99
	493.73

	Direct seeded rice (Dry) (P2)
	1.14
	1.15
	1.14
	7.11
	7.17
	7.14
	318.16
	339.02
	328.59

	Drum seeded rice (wet/sprouted seed) (P3)
	1.15
	1.16
	1.15
	7.17
	7.23
	7.20
	347.74
	369.96
	358.85

	SE(m) ±
	0.03
	0.03
	0.03
	0.20
	0.21
	0.20
	9.60
	12.81
	10.44

	C.D at 5%
	0.13
	0.13
	0.13
	0.83
	0.83
	0.80
	38.69
	51.62
	42.09

	B- Sub plot -7 (Weed management practices)

	Un – weeded check (W1)
	1.13
	1.14
	1.13
	7.06
	7.10
	7.08
	265.28
	282.47
	273.88

	Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1 as pre-emergence (W2)
	1.15
	1.17
	1.16
	7.20
	7.31
	7.26
	347.26
	373.19
	360.22

	Bentazone 48 SL @ 0.96 kg a.i. ha-1as post emergence (30 DAS/DAT) (W3) 
	1.17
	1.17
	1.17
	7.29
	7.34
	7.31
	370.27
	393.68
	381.98

	Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1as pre-emergence + one hand Weeding (45 DAS/DAT) (W4) 
	1.19
	1.20
	1.19
	7.43
	7.49
	7.46
	407.85
	433.99
	420.92

	Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1as pre-emergence b Bentazone 48 SL @ 0.96 kg a.i. ha-1 (30 DAS/DAT) (W5) 
	1.17
	1.18
	1.18
	7.33
	7.39
	7.36
	390.20
	416.19
	403.19

	Pyrazosulfurone ethyl 10% WP @ 25g a.i. ha-1as pre-emergence b Bentazone 48 SL @ 0.96 kg a.i. ha-1 (30 DAS/DAT) + one hand weeding (45 DAS/DAT) (W6)
	1.20
	1.21
	1.21
	7.50
	7.57
	7.53
	431.59
	461.21
	446.40

	Weed free (hand weeding at 25 and 40 DAS/DAT) (W7)
	1.22
	1.22
	1.22
	7.60
	7.66
	7.63
	455.41
	483.54
	469.48

	SE(m) ±
	0.05
	0.05
	0.05
	0.30
	0.33
	0.31
	16.31
	18.89
	17.34

	C.D at 5%
	0.14
	0.15
	0.14
	0.87
	0.95
	0.89
	46.77
	54.19
	49.74

	Interaction - A × B

	SE(m) ±
	0.22
	0.24
	0.23
	1.39
	1.51
	1.42
	74.73
	86.58
	79.47

	C.D at 5%
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS



Conclusion 
In conclusion, among crop establishment techniques, conventional transplanting with pyrazosulfuron ethyl 10% WP at 25 g a.i. ha⁻¹ as pre-emergence, bentazone 48 SL at 0.96 kg a.i. ha⁻¹ 30 days after sowing/transplanting, and hand weeding 45 days after sowing or transplanting (W6) recorded significantly maximum plant height, number of tillers at all growth stage and higher protein content and yield of rice grain after weed free treatment.  	Comment by Nagendra Chary Kairoju: Add more give conclusion of crop establishment also
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