Effect of weed control practices for yield and yield attributing traits in direct seeded rice 

ABSTRACT
Direct seeding of rice is the most traditional technique, having been the primary method used in developing nations prior to 1950. In India, dry sowing occurs in lowland, upland, and rain-fed regions, whereas wet sowing is a prevalent practice under irrigated circumstances. The current research entitled “Effect of weed management practices on production and productivity in direct seeded Rice (Oryza sativa L.)” during both season of 2023 and 2024 at Research Farm of LNCT University, Bhopal (M.P.). This investigation included twelve treatments of rice variety – Kranti in randomized block design (RBD) with three replications. During Kharif season 2023 and 2024, significantly highest yield parameters i.e., number of panicle/m2, number of grains/panicle, number of fertile grains/panicle, panicle length (cm), test weight (g), grain yield (q/ha) and straw yield (q/ha) were recorded with T9. Treatment T9 {Pretilacholr 750 g/ha (2 DAS) fb Bispyribac sodium 20 g /ha (20 DAS)} is recommended for farmers under Bhopal region of Madhya Pradesh, because it results in better yield and higher profits, making it a good and economical option for improving direct seeded rice production.
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INTRODUCTION
Rice is the most important crop in the whole world where most of the people use it as a staple food. There are 158.89 million hectares of rice production in the whole world, from which its annual production is 471.83 metric tons. (Anonymous, 2016). In direct seeded rice, weeds can reduce the yield of rice grain up to 95 per cent if not managed timely. Due to less availability of effective herbicides for weed management during initial stages of crop weed competition where weeding by hand was found to be very fruitful. Moreover, the labour availability is also very difficult during period of agricultural operation in monsoon period and labour charges are too high. Hence this constraint necessitates the use of chemicals in weed management, which is cost effective and less labour dependent is recommended under direct seeded rice. Thus, weed growth is serious in DSR and is one of the restricting factors in achieving the potential of yield in DSR (Rao et al., 2007).
Mechanical methods of weed control i.e. hand weeding, hoeing, mower, tiller and cultivator, manual uprooting is very expensive, difficult and very laborious as more than 20-50 labours may be required during the season. Management of weeds is very important as these are very harmful to rice plants. Although, hand weeding is considered the best but it is time consuming which is not beneficial. Therefore, more predominance is given to the development of effective herbicides to obtain timely and effective weed control. It is essential to manage the weeds in time in order to avoid inefficient use of growth factors to enable the crop plant to express fully to achieve maximum production potential. Herbicides are more effective on mimicry weeds which are more common in rice crop. Hence, there is a need to develop very low-cost weed management technology for sustainable production of rice. To obtain the highest yield in rice, the field should be kept free from weeds for 30 days. The lack of modern herbicides will be responsible for losses of about 500 per cent in the future. The use of pre-emergence herbicides suppresses weed growth and reduces competition with economic rice plants. Combined application of mechanical and chemical methods was not found to be effective for controlling weeds after they have emerged (Kiran and Subramanian, 2010).
Four herbicides namely Quinclorac, Pretilachlor, Oxadiargyl and Bispyribac-sodium are mostly used for weed control in rice crops. All four are widely used in the agricultural fields of farmers all over India. Quinclorac and Pretilachlor are pre-emergence herbicides that control most types of weeds before the seeds germinate after germination as both these herbicides interfere with cell division immediately after contact. Quinclorac contains a type of chemical named Quinolinecarboxylic acid which works before and after the weeds emerge. It is mostly used to control barnyard grass and broadleaf weeds. Quinclorac is like an auxin hormone which increases the growth of the plant very fast due to which the weeds die in a very short time due to not being able to take proper nutrients. Bispyribac-sodium belongs to pyrimidinyl carboxy group which inhibits ALS enzyme thereby inhibiting the growth of weeds. It requires very low dosage and broad-spectrum control. Oxadiargyl is a pre-emergence herbicide which affects the chlorophyll of the weed and eventually the weed dies due to inhibition of photosynthesis (Kiran and Subramanyam, 2010). Hence, the main objective of this experiment was to increase the production and productivity of rice in DSR practice with different treatments of weed control.
MATERIALS AND METHODS 
The present experiment was conducted to evaluate the " Effect of weed control practices for yield and yield attributing traits in direct seeded rice (Oryza sativa L.)" at the Experimental Farm, School of Agriculture Science, LNCT University, Bhopal, (M.P.) during two consecutive years of kharif season 2023 and 2024. The experiment was laid out in Randomized Block Design with three replications and twelve treatments i.e. T1 (Control), T2 {Hand Weeding (20 and 40 DAS)}, T3 {Mechanical weeding (20 and 40 DAS)}, T4 (Brown manuring), T5 {Pretilacholr 750 g/ha (2 DAS)}, T6 {Quintrione 300 g/ha (20 DAS)}, T7 {Pretilacholr 750 g/ha (2 DAS) fb Quintrione 300 g/ha (20 DAS)}, T8 {Sodium-bispyribac 20 g /ha (20 DAS)}, T9 {Pretilacholr 750 g/ha (2 DAS) fb Sodium-bispyribac 20g/ha (20 DAS)}, T10 {Oxadiarygyl 80 g/ha (2 DAS)}, T11 {Oxadiarygyl 80g/ha (2 DAS) fb Quintrione 300g/ha (20 DAS) } and T12 {Oxadiarygyl 80 g /ha (2 DAS) fb Sodium-bispyribac 20g/ha}. During the study, the observations were recorded on number of panicle/m2, number of grains/panicle, number of fertile grains/panicle, panicle length (cm), test weight (g), grain yield (q/ha) and straw yield (q/ha) in five tagged plants. 
STATISTICAL ANALYSIS
The Department of Mathematics Statistics at CCS HAU in Hisar, Haryana, developed the OPSTAT software for data analysis at 5 % of significance. From this, to examined the growth data gathered during the experiment.
RESULTS AND DISCUSSION
The yield and yield attributing traits during the both years of kharif season, significantly affected by the different treatments of weed control practices (Table-1 and Figure-1). The results of yield parameters are given below with appropriate discussion.
NUMBER OF PANICLE/M2
The number of panicle/m2 during both years of Kharif seasons (2023 and 2024) was found significant. The significantly highest number of panicle/m2 (269.38 and 256.44) was found in T9 {Pretilacholr 750 g/ha (2 DAS) fb Sodium salt of bispyribac (Sodium-bispyribac) 20 g /ha (20 DAS)} and while the significantly lowest number of panicle/m2 (191.55 and 182.34) was recorded with Check (T1), respectively.
It has been found that the T9 {Pretilacholr 750 g/ha (2 DAS) fb Sodium salt of bispyribac (Sodium-bispyribac) 20 g /ha (20 DAS)} showed the highest number of panicles due to less competition of weeds with crops after application of different herbicides/weedicides. The rice crops take proper nutrients, air, water and other resources in that was taken by weeds. Due to lack of competition, these promote the growth and developments of panicles after absorbance of proper water and nutrients. Some other studies also conducted by Chakraborti et al. (2017) and Singh et al. (2023).
NUMBER OF GRAINS/PANICLES
During Kharif season (2023 and 2024), the significantly highest number of grains/panicles (168.90 and 173.06) was recorded in T9 {Pretilacholr 750 g/ha (2 DAS) fb Sodium salt of bispyribac (Sodium-bispyribac) 20 g /ha (20 DAS)}, which was found to be statistically at par with T11 {Oxadiarygyl 80 g /ha (2 DAS) fb Quintrione 300 g /ha (20 DAS)} (163.18 and 167.20), respectively. While the significantly lowest value of number of grains/panicles (120.09 for kharif 2023 and 123.05 for kharif 2024) was recorded with T1 (Check), respectively.
The highest number of grains/panicles was observed in treatment T9. This treatment indicates that application of herbicides done with sequentially ensured effective suppression of weed during pre and post stages of crop growth, providing the crop a favourable environment for grain production. In contrast, the control plot T1, which was suffering with weed during whole crop season, recorded the lowest number of grains/panicles and the values were clearly inferior to every other treatment. In this experiment, it has been found that after application of various herbicides/weedicides, the highest number of grains/panicles was observed in T9 {Pretilacholor 750 g /ha (2 DAS) fb Sodium salt of bispyribac (Sodium-bispyribac) 20 g /ha (20 DAS)} due to less competition of weeds with the crops. Some other studies have also been done by Chakraborti et al. (2017) and Singh et al. (2023)
NUMBER OF FERTILE GRAINS/ PANICLES
The number of fertile grains/panicles at 90 DAS showed the significantly highest value (151.86 and 150.24) in T9 {Pretilacholr 750 g/ha (2 DAS) fb Sodium salt of bispyribac (Sodium-bispyribac) 20 g /ha (20 DAS)}, which was found to be statistically at par with T11 {Oxadiarygyl 80 g /ha (2 DAS) fb Quintrione 300 g /ha (20 DAS)} (146.71 and 145.15), while the significantly lowest value of number of fertile grains/panicles (107.98 for kharif 2023 and 106.83 for kharif 2024) was recorded with T1 (Check), respectively.
In this experiment, it has been found that after application of various herbicides/weedicides, the highest number of grains/panicles was observed in T9 {Pretilacholor 750 g /ha (2 DAS) fb Sodium salt of bispyribac (Sodium-bispyribac) 20 g /ha (20 DAS)} due to less competition of weeds with the crops. Rice crops absorb sufficient amount of nutrients, air, water and other resources taken up by the weeds. Due to lack of competition, these promote the growth and development of roots and absorb proper water and nutrients. Some other studies were also conducted by Nath et al. (2014) and Chakraborti et al. (2017).
PANICLE LENGTH (CM)
The panicle length during both years of Kharif seasons (2023 and 2024) was found significant. The significantly highest panicle length (16.48 cm and 19.36 cm) was found in T9 {Pretilacholr 750 g/ha (2 DAS) fb Sodium salt of bispyribac (Sodium-bispyribac) 20 g /ha (20 DAS)}, while the significantly lowest panicle length (11.72 cm and 13.76) was recorded with Check (T1), respectively.
After application of various weedicides, the highest panicle length was observed in T9 {Pretilacholor 750 g /ha (2 DAS) fb Sodium salt of bispyribac (Sodium-bispyribac) 20 g /ha (20 DAS)} due to less competition of weeds with the crops. Rice crops absorb sufficient amount of nutrients, air, water and other resources taken up by the weeds. Due to lack of competition, these promote the growth and development of roots and absorb proper water and nutrients and increase the panicle length (Shah et al., 2025). Some other studies have also been done by Nath et al. (2014), Chakraborti et al. (2017) and Singh et al. (2023).
TEST WEIGHT (G)
During Kharif season (2023 and 2024), the significantly highest test weight (24.98 g and 25.53 g) was recorded in T9 {Pretilacholr 750 g/ha (2 DAS) fb Sodium salt of bispyribac (Sodium-bispyribac) 20 g /ha (20 DAS)}, respectively. While the significantly lowest value of test weight (17.77 g for kharif 2023 and 17.20 g for kharif 2024) was recorded with T1 (Check), respectively. 
In this experiment, it has been found that after application of various herbicides, the highest test weight was observed in T9 {Pretilacholor 750 g /ha (2 DAS) fb Sodium salt of bispyribac (Sodium-bispyribac) 20 g /ha (20 DAS)} due to less competition of weeds with the crops. Rice crops absorb sufficient amount of nutrients, air, water and other resources that taken up by the weeds. Due to lack of competition, these promote the growth and development of roots and absorb proper water and nutrients that promote the 1000 seed weight. Some other studies have also been done by Kaur and Singh (2015) and Singh et al. (2023).
GRAIN YIELD (Q/HA)
The grain yield during Kharif seasons of 2023 was found significant. The significantly highest grain yield (48.87 q/ha) was found in T9 {Pretilacholr 750 g/ha (2 DAS) fb Sodium salt of bispyribac (Sodium-bispyribac) 20 g /ha (20 DAS)}, which was found to be statistically at par with T11 {Oxadiarygyl 80 g /ha (2 DAS) fb Quintrione 300 g /ha (20 DAS)} (46.19 q/ha). The Check (T1) showed the significantly lowest grain yield (34.00 q/ha).
The yield of direct seeded rice is affected by several factors such as number of panicle/m2, number of grains/panicles, number of fertile grains/ panicles and panicle length and overall health of the plant, which are extremely important. Grain yield per plant is also affected by biotic and abiotic factors. On in-depth study of the yield in the field, it was found that it depends on various factors. It is observed that the yield produced per plant from T9 treatment {Pretilacholr 750 g/ha (2 DAS) fb Sodium salt of bispyribac (Sodium-bispyribac) 20 g /ha (20 DAS)} is very different from the control treatment and this chemical herbicide treatments gives the highest seed yield. Similar findings have also been made by some following researchers i.e., Singh et al. (2018), Singh et al. (2023) and Ramachandıran and Balasubramaman (2024).
STRAW YIELD (Q/HA)
During Kharif season (2023 and 2024), the significantly highest straw yield (72.98 q/ha and 73.49 q/ha) was recorded in T9 {Pretilacholr 750 g/ha (2 DAS) fb Sodium salt of bispyribac (Sodium-bispyribac) 20 g /ha (20 DAS)} and while the significantly lowest value of straw yield (47.89 q/ha for kharif 2023 and 45.91 q/ha for kharif 2024) was recorded with T1 (Check), respectively. 
The use of different herbicides in DSR rice has been shown to have the highest impact on crop yield as it optimizes nutrient availability and absorption due less competition of crop with weeds. The use of different herbicides such as Quintrione, Pretilacholr, Oxadiarygyl and Sodium salt of bispyribac (Sodium-bispyribac) etc., increases better plant growth and biomass build-up. According to various studies, treatments with these combinations, especially T9, gave higher dry weight than control. Moreover, these combinations promote root growth and photosynthesis efficiency, resulting in increased total dry weight. Similar findings were also given by Teja et al. (2015) and Singh et al. (2018).
CONCLUSION
Pre-emergence and post-emergence herbicides are crucial for controlling weeds, leading to improved plant growth and development. Various combinations of herbicides showed distinct differences among the treatments when compared to the control or single application concerning quantitative traits. Treatments that included two types of herbicides resulted in higher yields than the control (T1). Consequently, the impact of treatment T9 {Pretilachlor 750 g/ha (2 DAS) fb Sodium-bispyribac 20 g/ha (20 DAS)} along with mechanical practices generated better yields with minimal environmental impact during both kharif seasons (2023 and 2024). This treatment is advantageous for commercial agriculture in the Bhopal region of Madhya Pradesh.
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Table 1. Effect of weed management practices on yield and yield attributing traits in direct seeded rice
	Treatments
	Number of panicle/m2
	Number of grains/panicles
	Number of fertile grains/ panicles
	Panicle length (cm)
	Test weight (g)
	Grain yield (q/ha)
	Straw yield (q/ha)

	
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024

	T1
	191.55
	182.34
	120.09
	123.05
	107.98
	106.83
	11.72
	13.76
	17.77
	17.20
	28.23
	34.00
	47.89
	45.91

	T2
	207.96
	197.97
	130.39
	133.60
	117.23
	115.99
	12.72
	14.94
	19.29
	18.68
	37.16
	36.91
	56.34
	56.39

	T3
	222.15
	211.48
	139.29
	142.72
	125.23
	123.90
	13.60
	15.96
	20.60
	19.95
	38.70
	39.43
	60.18
	59.64

	T4
	200.26
	190.64
	125.56
	128.65
	112.89
	111.69
	12.25
	14.39
	18.57
	17.99
	37.78
	35.55
	54.25
	55.51

	T5
	238.16
	226.72
	149.32
	153.00
	134.26
	132.83
	14.57
	17.11
	22.09
	21.39
	42.56
	42.27
	64.52
	64.58

	T6
	227.22
	216.30
	142.46
	145.97
	128.09
	126.73
	13.90
	16.33
	21.08
	20.41
	39.60
	40.33
	61.55
	61.01

	T7
	252.96
	240.80
	158.60
	162.51
	142.60
	141.08
	15.48
	18.18
	23.46
	22.72
	46.58
	44.90
	68.52
	69.43

	T8
	248.10
	236.17
	155.55
	159.39
	139.85
	138.37
	15.18
	17.83
	23.01
	22.28
	43.33
	44.04
	67.21
	66.67

	T9
	269.38
	256.44
	168.90
	173.06
	151.86
	150.24
	16.48
	19.36
	24.98
	25.53
	48.87
	47.82
	72.98
	73.49

	T10
	235.13
	223.82
	147.42
	151.05
	132.55
	131.14
	14.39
	16.89
	21.81
	21.12
	41.01
	41.74
	63.69
	63.15

	T11
	260.26
	247.75
	163.18
	167.20
	146.71
	145.15
	15.93
	18.70
	24.14
	23.38
	46.61
	46.19
	70.50
	70.63

	T12
	249.72
	237.72
	156.57
	160.43
	140.77
	139.28
	  15.28
	17.94
	23.16
	22.43
	43.62
	44.32
	67.65
	67.11

	SE(m)±
	3.30
	4.22
	1.81
	2.85
	1.81
	2.47
	0.17
	0.31
	0.33
	0.38
	0.75
	0.78
	0.72
	1.00

	CD (5%)
	9.75
	12.48
	5.36
	8.42
	5.35
	7.31
	0.52
	0.94
	0.99
	1.12
	2.23
	2.32
	2.13
	2.95






Figure 1. Effect of practices related to management of weed on grain yield, straw yield and grain: straw ratio in DSR during Kharif season of 2023 and 2024
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