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Effects of Rice Straw Mulching and Urea-Rhizobium Combinations on Weed Infestation in Groundnut (Arachis hypogaea L.)
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ABSTRACT 
	This study was conducted to evaluate the effects of mulching and combinations of different urea levels with rhizobium inoculation on weed infestation in groundnut (Arachis hypogaea L.) at the Oil Seed Crops Research Section, Department of Agricultural Research (DAR), Myanmar, during the post-monsoon seasons from December to March in 2024-2025 and 2025-2026. Field experiments were conducted using a split-plot design with three replications. The mulching treatments, consisting of rice straw mulch at 6000 kg ha⁻¹ and no mulch, were assigned to the main-plot factor, while combinations of different urea levels with rhizobium (Rh) inoculation (100% U without Rh, 100% U with Rh, 75% U with Rh, 50% U with Rh, and 25% U with Rh, and 0% U with Rh) were assigned to the sub-plot factor. Sinpadathar-11 was used as the tested variety. The weed density of grasses, sedges, and broadleaf weeds was lower with rice straw mulching than with no mulch in both experiments. Similarly, rice straw mulching resulted in lower weed dry weight for all weed groups compared with no mulch. Grasses and sedges accounted for a higher proportion of the relative weed density than broadleaf weeds under both mulching and no mulch conditions across both experiments. The combinations of urea levels with rhizobium inoculation and their interaction with mulching did not significantly influence most weed infestation parameters, except for broadleaf weeds at 75 DAS in the second experiment. Based on the results, rice straw mulching can be considered an effective and sustainable weed management practice for groundnut production during the post-monsoon season in the study area.  
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1. INTRODUCTION 
Weed infestation is one of the major biotic constraints limiting groundnut production because weeds compete with the crop for light, water, nutrients, and space, particularly during the early stages of crop growth. Groundnut is relatively slow in developing a canopy during the initial growth period, making it less competitive against weeds (Chauhan, 2020). Therefore, effective weed management is essential for reducing crop–weed competition in groundnut production (Chauhan, 2020; Lagoke et al., 1981). Among the various weed-management practices, mulching is considered an effective non-chemical approach for reducing weed infestation. Mulch materials, particularly crop residues such as rice straw, can form a physical barrier on the soil surface that reduces light availability and may interfere with weed seed germination and seedling emergence (Abouziena & Haggag, 2016; Kaur et al., 2021). In addition to suppressing weeds, mulching reduces soil water loss through evaporation and helps maintain more favourable soil moisture conditions, thereby reducing the competitive advantage of weeds and supporting crop growth (Kader et al., 2017). Thus, the use of organic mulch can provide multiple benefits for crop production while reducing the reliance on chemical and mechanical weed-control methods (Abouziena & Haggag, 2016; Kader et al., 2017; Nwagwu et al., 2020). Therefore, rice straw mulching may contribute to effective weed suppression while providing additional benefits for groundnut production.
Recent field evidence indicates that rice straw mulch can reduce weed emergence and improve soil conditions, although the magnitude of suppression depends on mulch rate and management context (Gómez de Barreda et al., 2023). Non-chemical weed-management studies have likewise shown that rice-straw mulching can contribute to lower weed pressure when integrated with other cultural practices (Nagargade et al., 2024). Laboratory evidence also suggests that rice straw can exert allelopathic effects that inhibit weed germination and early growth, providing a complementary mechanism to its physical barrier effect (John et al., 2026).
Nutrient management is also an important component of groundnut production because adequate nutrient availability is essential for normal crop growth and development (Li et al., 2024). Nitrogen is particularly important for vegetative growth and canopy development; however, its effects on weed infestation may vary depending on crop and weed characteristics, fertilizer rate, timing, and environmental conditions (Little et al., 2021). Therefore, nitrogen management should be integrated with other agronomic practices to optimise crop growth and productivity (Li et al., 2024; Little et al., 2021). In this regard, the effects of nutrient management and mulching on weed infestation may not be independent. While mulch can directly restrict weed emergence, different levels of nitrogen supply may have varying effects on crop and weed growth. Therefore, the response of weed infestation to nitrogen management should be evaluated under specific crop, soil, and environmental conditions rather than assuming that increased or reduced nitrogen application will necessarily increase or decrease weed infestation (Little et al., 2021). Recent research in peanut and groundnut further emphasizes that weed-management outcomes depend on the integration of agronomic and weed-control practices rather than on a single intervention (Daramola et al., 2026; Narwal & Yenagi, 2026).
Weed infestation is a major constraint to groundnut production because weeds compete with the crop for essential resources, including water, nutrients, light, and space. Although rice straw mulching has the potential to suppress weed growth, its effectiveness in combination with different urea levels and rhizobium inoculation has not been adequately investigated in groundnut production during the post-monsoon season in the study area. Consequently, limited information is available on the combined effects of these management practices on weed infestation in groundnut. Therefore, this study was conducted to evaluate the effects of mulching and combinations of different urea levels with rhizobium inoculation on weed infestation in groundnut during the post-monsoon season.

2. MATERIALS AND METHODS 
The experiments were conducted at Oilseed Crops Research Section, Department of Agricultural Research (DAR), Myanmar, during the post-monsoon seasons, from December to March in 2024–2025 and from November to March in 2025-2026. The experiments were laid out in a split-plot design with three replications. The groundnut variety Sinpadathar-11 (100-105 days) was used as the tested variety. The total experimental area was (18.98 × 29) m², while each plot measured (2.13 × 4) m² and contained seven rows. Row-to-row and plant-to-plant spacings were 30 cm and 10 cm, respectively. Twelve treatment combinations were included in each experimental block. The main-plot factor comprised rice straw mulching (6000 kg ha-1) and no mulch, while the sub-plot factor included urea with rhizobium (Rh) inoculation (U1-100% U without Rh, U2-100% U with Rh, U3-75% U with Rh, U4-50% U with Rh, U5-25% U with Rh, and U6- 0% U with Rh). Land preparation involved two rounds of ploughing and harrowing, followed by levelling. Urea was applied at 100% of the recommended urea rate (31.45 kg ha⁻¹) as a basal fertiliser, following the guidelines of the Department of Agricultural Research (DAR), Myanmar. Rhizobium inoculant was supplied by DAR, Myanmar, and applied to groundnut seeds at a rate of 2 kg ha-1 before sowing. For the rhizobium-inoculated treatments, the seeds were uniformly coated with the rhizobium inoculant mixed with distilled water prior to sowing. Based on the recommendations of the DAR, basal fertilisers were applied at 62.89 kg P₂O₅ ha-1 and 31.45 kg K₂O ha-1. Two seeds were planted per hill, followed by thinning at 14 DAS to maintain one healthy seedling per hill. Rice straw mulch was subsequently applied at 21 DAS in accordance with the assigned treatments. 
Prior to sowing, five soil samples were randomly collected from a depth of 0-15 cm at different locations within the experimental site and combined to form a composite sample. The composite sample was stored in a cold room until laboratory analysis. Soil physicochemical properties, including texture, pH, organic matter, and available N, P, and K, were determined at the Soil Science, Water Utilization and Agricultural Engineering Division, Department of Agricultural Research (DAR), Yezin. The soil was characterised as loamy sand, with a slightly acidic pH (6.3). It contained 0.79% organic matter, 45 mg kg⁻¹ available N, 25 mg kg⁻¹ available P, and 60 mg kg⁻¹ available K. Based on the analytical results, organic matter and available N and K were classified as low, whereas available P was classified as high. Monthly maximum and minimum temperatures and average rainfall at the experimental site during the crop growing period are shown in Figures 1 and 2.


[bookmark: _Toc238940558]Figure 1 Monthly maximum and minimum temperature and monthly rainfall during the experimental period (November-December 2024-202)











Figure 2 Monthly maximum and minimum temperature and monthly rainfall during the experimental period (November-December 2025-2026)
2.1 Data Collection 
Weed infestation was measured at 45, 60, and 75 days after sowing (DAS) by placing 1 m² quadrats randomly twice along the diagonal of each plot. The observations from the two quadrats were averaged to obtain the mean value for each weed parameter for each plot. The weeds were pulled out from each 1 m² quadrat and then counted. Weed density was determined for sedges, grasses, and broadleaves. The collected weeds were oven-dried at 70℃ for 72 hours to obtain total weed dry weight (g m⁻²) (Demjanova et al., 2009). The relative weed density of each weed group (grasses, sedges, and broadleaf weeds) was determined based on its proportion of the total weed density using the formula proposed by Kim and Moody (1980).



Statistical Analysis
The data were subjected to analysis of variance using Statistix (version 8) software, and treatment means were compared using the Least Significant Difference (LSD) test at the 5% level of significance (Gomez & Gomez, 1984).

3. RESULTS AND DISCUSSION
3.1 Weed density
Weed density refers to the number of weed plants per unit area in a crop field, indicating the level of weed infestation. Weed density (sedges, grasses, and broadleaves) was assessed at 45, 60, and 75 DAS in both experiments. Grasses and sedges had higher weed densities than broadleaves at all sampling times. Grasses and sedges were the dominant weed groups in the study area due to their vigorous root systems, efficient utilisation of water and nutrients, and tolerance to high temperatures and reduced light conditions, whereas broadleaves consistently exhibited the lowest weed density in both experiments. 
There was a significant difference in the main-plot factor. Across both experiments, higher weed densities (grasses, sedges, and broadleaves) were recorded under no mulch, while mulching significantly reduced weed density at all sampling intervals (Tables 1 and 2). At 45 DAS, differences in weed populations were observed among sedges, grasses, and broadleaves in both experiments. Grasses had the highest density, followed by sedges and broadleaves, indicating that grasses were the dominant weed group at the early growth stage across both experiments. At 60 DAS, grasses showed the highest weed density among the weed species in the first season. In contrast, sedges had the highest weed density in the second experiment. Broadleaves consistently exhibited the lowest weed density in both seasons. At 75 DAS, sedges showed the highest weed density in the first season. However, grasses had the highest weed density in the second experiment. Grasses were dominant in almost all cases. This may be because grasses can propagate through abundant seed production and vegetative parts, which may enhance their persistence and increase population density in agricultural fields. Zimdahl (2018) reported that many grass weeds reproduce effectively by producing large numbers of seeds and through vegetative structures such as tillers and rhizomes, allowing rapid colonization and long-term survival. Higher total weed density was recorded under no mulch than under mulching at all sampling times (Figures 3 and 4). It can be assumed that weeds may not receive full sunlight due to the mulch layer, which acts as a physical barrier and suppresses their emergence and growth. Aung et al. (2022) reported a similar finding, observing that unmulched plots showed the highest weed infestation, likely because conditions favoured weed germination and growth. Additionally, mulches may act as physical barriers to weed emergence (Htwe et al., 2024).
No significant difference was observed for the sub-plot factor in either experiment. It could be assumed that weed germination and growth may depend on soil moisture, temperature, and light conditions. These results are in agreement with the findings previously reported by Chauhan and Johnson (2010). Similarly, Travlos et al. (2020) reported that weed germination and emergence are strongly influenced by environmental conditions. There was no significant interaction between mulching and urea with rhizobium inoculation on weed density in both experiments.
















	
	45 DAS
	60 DAS
	75 DAS

	P value
	˂ .001
	˂ .001
	˂ .001

	LSD 0.05
	5.65
	7.29
	4.62

	CV %
	11.49
	20.10
	15.19



Figure 3. Total weed density as affected by mulching during the post-monsoon season, 2024-2025



















	
	45 DAS
	60 DAS
	75 DAS

	P value
	˂ .001
	˂ .001
	˂ .001

	LSD 0.05
	13.26
	8.85
	13.09

	CV %
	18.63
	22.97
	23.99



Figure 4. Total weed density as affected by mulching during the post-monsoon                   season, 2025-2026


Table 1. Weed density as affected by mulching and combinations of different urea levels with rhizobium inoculation during the post-monsoon season, 2024-2025

	Treatment
	45 DAS (number m-2)
	60 DAS (number m-2)
	75 DAS (number m-2)

	
	Grasses
	Sedges
	Broadleaves
	Grasses
	Sedges
	Broadleaves
	Grasses
	Sedges
	Broadleaves

	Mulching (M)
	
	
	
	
	
	
	

	M1
	21.14 a
	14.50 a
	14.78 a
	16.78 a
	13.08 a
	4.67 a
	6.97 a
	18.67 a
	7.75 a

	M2 
	  6.81 b
	  7.00 b
	  4.39 b
	  6.89 b
	  9.11 b
	0.61 b
	3.17 b
	  5.11 b
	0.78 b

	LSD 0.05
	5.63
	2.39
	3.11
	4.97
	2.93
	1.26
	1.76
	3.32
	2.08

	Urea (U)+ Rhizobium (Rh) 
	
	
	
	
	
	
	

	U1
	13.92
	9.17
	9.33
	11.17
	10.25
	2.33
	5.42
	13.25
	4.42

	U2
	13.75
	11.92
	9.33
	11.50
	11.83
	2.50
	5.58
	11.25
	5.00

	U3
	14.17
	9.92
	10.08
	11.50
	11.00
	3.17
	5.25
	12.00
	4.42

	U4
	13.75
	11.67
	8.58
	12.83
	10.67
	2.50
	4.58
	12.83
	4.83

	U5
	13.17
	10.83
	10.25
	10.83
	11.92
	2.83
	4.50
	10.83
	2.83

	U6
	15.08
	11.00
	9.92
	13.17
	10.92
	2.50
	5.08
	11.17
	4.08

	LSD 0.05
	2.42
	2.69
	2.07
	4.73
	2.81
	0.94
	0.97
	2.93
	1.64

	P value
	
	
	
	
	
	
	
	
	

	M
	˂ .001
	˂ .001
	˂ .001
	.013
	.028
	˂ .001
	.011
	˂ .001
	˂ .001

	U+Rh
	   .699
	   .295
	   .574
	.878
	.790
	   .482
	.159
	   .457
	   .131

	M×(U+Rh)
	   .491
	   .718
	   .594
	.713
	.781
	   .780
	.148
	   .381
	   .169

	CV(a)%
	28.08
	15.48
	22.66
	29.28
	18.41
	33.42
	24.22
	19.48
	34.08

	CV(b)%
	14.38
	20.75
	17.95
	33.17
	21.03
	29.42
	15.94
	20.45
	31.85



In a column, means sharing the same letters are not significantly different, M1-no mulch, M2-rice straw mulch (6 ton per ha),
 U1- 100% urea without rh, U2- 100% urea with rh, U3- 75 % urea with rh, U4- 50 %urea with rh, U5- 25% urea with rh, U6- 0% urea with rh







Table 2. Weed density as affected by mulching and combinations of different urea levels with rhizobium inoculation during the post-monsoon season, 2025-2026

	Treatment
	45 DAS (number m-2)
	60 DAS (number m-2)
	75 DAS (number m-2)

	
	Grasses
	Sedges
	Broadleaves
	Grasses
	Sedges
	Broadleaves
	Grasses
	Sedges
	Broadleaves

	Mulching (M)
	
	
	
	
	
	
	
	

	M1
	37.39 a
	31.00 a
	10.50 a
	16.17 a
	18.94 a
	8.00 a
	22.00 a
	19.33 a
	11.94 a

	M2 
	  8.94 b
	11.00 b
	  0.38 b
	  5.11 b
	  5.28 b
	0.22 b
	  4.61 b
	  4.11 b
	  0.22 b

	LSD 0.05
	6.89
	3.29
	0.86
	2.91
	6.25
	1.67
	4.47
	5.64
	2.69

	Urea (U)+ Rhizobium (Rh)
	
	
	
	
	
	
	

	U1
	20.83
	22.67
	6.33
	11.17
	10.17
	4.33
	14.33
	12.67
	8.00

	U2
	23.17
	17.33
	4.83
	9.67
	14.17
	4.50
	12.83
	11.83
	6.33

	U3
	24.83
	21.50
	6.00
	10.83
	11.67
	5.00
	14.50
	12.17
	4.67

	U4
	23.33
	23.17
	5.33
	9.17
	12.83
	4.17
	12.67
	12.50
	5.00

	U5
	20.00
	19.83
	6.17
	12.00
	12.67
	2.00
	13.50
	9.33
	5.33

	U6
	26.83
	21.50
	4.00
	11.00
	11.17
	4.67
	12.00
	11.83
	7.17

	LSD 0.05
	6.11
	5.76
	2.00
	2.09
	4.01
	2.04
	2.44
	4.36
	2.49

	P value
	
	
	
	
	
	
	
	
	

	M
	˂ .001
	˂ .001
	˂ .001
	˂ .001
	.011
	˂ .001
	˂ .001
	˂ .001
	˂ .001

	U+Rh
	   .241
	   .347
	   .163
	   .100
	.481
	   .072
	  .258
	   .644
	   .072

	M×(U+Rh)
	   .056
	   .266
	   .216
	   .490
	.493
	   .091
	  .184
	   .418
	   .059

	CV(a)%
	20.75
	10.91
	11.04
	19.06
	35.99
	28.38
	23.40
	33.53
	30.88

	CV(b)%
	21.89
	22.79
	30.52
	16.31
	29.53
	41.14
	15.21
	30.89
	34.11




In a column, means sharing the same letters are not significantly different, M1-no mulch, M2-rice straw mulch (6 ton per ha),
 U1- 100% urea without rh, U2- 100% urea with rh, U3- 75 % urea with rh, U4- 50 %urea with rh, U5- 25% urea with rh, U6- 0% urea with rh







3.2 Weed dry weight
Weed dry weight indicates the extent of weed biomass accumulation and reflects the competitive ability of weeds for light, moisture, nutrients, and space in the crop field. The weed dry weights of sedges, grasses, broadleaves, and total weeds were recorded at 45, 60, and 75 DAS in both experiments. Grasses had the highest weed dry weight, followed by sedges, while broadleaves exhibited the lowest dry weight at both 45 and 60 DAS in both experiments. Sedges had the highest weed dry weight in the first experiment, whereas grasses showed the highest dry weight in the second experiment at 75 DAS. Nevertheless, broadleaves showed the lowest biomass at all sampling points for both experiments. Sedges and grasses had higher dry weights than broadleaves. Zimdahl (2018) pointed out that weed competitiveness is strongly influenced by traits such as rapid early growth, efficient resource use, and extensive root systems. These characteristics enable some weed species to establish rapidly and compete effectively for available resources. In the present study, the greater suppression of broadleaf weeds may be partly attributed to species-specific responses to reduced light availability during germination and early seedling development, while straw mulch may have further restricted weed emergence through shading and physical obstruction. This interpretation is consistent with Yang et al. (2025), who reported that straw mulch effectively reduced weed germination and early growth through shading. Mulching also reduced weed dry matter accumulation throughout the crop growth period, demonstrating its potential as an eco-friendly weed management practice for suppressing weed growth and minimising weed–crop competition in groundnut production.
There were significant differences in weed infestation for the main-plot factor in both experiments (Tables 3 and 4). At all observation stages, higher weed dry weights (sedges, grasses, and broadleaves) were recorded under no mulch, while lower weed dry weights were observed under mulching. For total weed dry weight, higher values were recorded under no mulch than under mulching (Figures 5 and 6). Rice straw mulches resulted in greater weed suppression in Yezin (Htwe et al., 2024). The suppression of weeds under rice straw mulch may also be partly associated with allelopathic effects, as allelochemicals released during rice straw decomposition have been reported to affect seed germination, root elongation, and physiological processes (Rahaman et al., 2022). Moreover, the reduction in weed density and biomass under mulching may be partly associated with reduced light penetration and physical interference with seedling emergence. Previous studies have reported that mulch can suppress weed emergence by restricting light availability and acting as a physical barrier (Nesar et al., 2023). Furthermore, Htwe et al. (2024) reported that mulching significantly reduced weed density, relative weed density, and weed dry biomass in groundnut by suppressing weed emergence and growth through its physical barrier effect and the release of allelochemicals.
No significant differences were observed in the sub-plot factor for weed dry weight at all sampling times in both experiments. This may be partly attributed to the possible influence of environmental factors, such as soil moisture, temperature, and light availability, on weed growth and biomass production. These findings are consistent with Singh et al. (2022), who reported that water availability strongly influences weed germination, growth, and biomass production, while weed–crop competition for resources such as water and light can also affect weed performance.
There was no significant interaction between mulching and urea with rhizobium inoculation on weed dry weight in both experiments.






	
	45 DAS
	60 DAS
	75 DAS

	P value
	˂ .001
	˂ .001
	˂ .001

	LSD 0.05
	0.85
	0.69
	0.19

	CV %
	6.53
	8.98
	8.98



Figure 5. Total weed dry weight as affected by mulching during the post-monsoon season, 2024-2025




	
	45 DAS
	60 DAS
	75 DAS

	P value
	˂ .001
	˂ .001
	˂ .001

	LSD 0.05
	2.41
	1.19
	1.17

	CV %
	11.46
	14.82
	16.03



Figure 6. Total weed dry weight as affected by mulching during the post-monsoon season, 2025-2026







Table 3. Weed dry weight as affected by mulching and combinations of different urea levels with rhizobium inoculation during the post-monsoon season, 2024-2025

	[bookmark: _Hlk238814347]Treatment
	45 DAS (g m-2)
	60 DAS (g m-2)
	75 DAS (g m-2)

	
	Grasses
	Sedges
	Broadleaves
	Grasses
	Sedges
	Broadleaves
	Grasses
	Sedges
	Broadleaves

	Mulching (M)
	
	
	
	
	
	
	

	M1
	7.42 a
	8.12 a
	0.61 a
	4.77 a
	2.13 a
	1.15 a
	1.69 a
	1.45 a
	0.44 a

	M2 
	0.71 b
	1.26 b
	0.17 b
	1.50 b
	1.05 b
	0.03 b
	0.61 b
	0.77 b
	0.03 b

	LSD 0.05
	0.78
	1.18
	0.06
	0.85
	0.39
	0.24
	0.09
	0.23
	0.07

	Urea (U)+ Rhizobium (Rh)
	
	
	
	
	
	
	

	U1
	3.80
	4.97
	0.36
	3.04
	1.41
	0.59
	1.18
	1.18
	0.23

	U2
	4.32
	4.68
	0.43
	3.02
	1.89
	0.57
	1.08
	1.09
	0.24

	U3
	5.17
	4.56
	0.38
	3.12
	1.84
	0.59
	1.19
	1.09
	0.23

	U4
	3.76
	4.54
	0.38
	3.34
	1.51
	0.55
	1.18
	0.97
	0.23

	U5
	4.19
	4.34
	0.39
	3.24
	1.36
	0.59
	1.15
	0.92
	0.24

	U6
	3.16
	5.05
	0.38
	3.07
	1.55
	0.63
	1.13
	1.39
	0.23

	LSD 0.05
	1.40
	0.78
	0.04
	0.52
	0.4
	0.08
	0.16
	0.34
	0.04

	P value
	
	
	
	
	
	
	
	
	

	M
	˂ .001
	˂ .001
	˂ .001
	˂ .001
	.01
	˂ .001
	˂ .001
	.010
	˂ .001

	U+Rh
	   .120
	   .412
	   .115
	   .754
	.056
	   .437
	   .642
	.096
	   .982

	M×(U+Rh)
	   .154
	   .060
	   .829
	   .750
	.503
	   .564
	   .968
	.065
	   .197

	CV(a)%
	13.34
	28.67
	11.58
	18.93
	16.90
	27.95
	5.66
	14.70
	21.83

	CV(b)%
	28.66
	13.84
	9.42
	13.89
	21.07
	11.54
	11.36
	25.19
	14.90




In a column, means sharing the same letters are not significantly different, M1-no mulch, M2-rice straw mulch (6 ton per ha),
 U1- 100% urea without rh, U2- 100% urea with rh, U3- 75 % urea with rh, U4- 50 %urea with rh, U5- 25% urea with rh, U6- 0% urea with rh







Table 4. Weed dry weight as affected by mulching and combinations of different urea levels with rhizobium inoculation during the post-monsoon season, 2025-2026

	Treatment
	45 DAS (g m-2)
	60 DAS (g m-2)
	75 DAS (g m-2)

	
	Grasses
	Sedges
	Broadleaves
	Grasses
	Sedges
	Broadleaves
	Grasses
	Sedges
	Broadleaves

	Mulching (M)
	
	
	
	
	
	
	

	M1
	18.76 a
	5.36 a
	2.11 a
	6.03 a
	2.96 a
	0.79 a
	5.23 a
	2.88 a
	1.09 a

	M2 
	  2.29 b
	0.80 b
	0.03 b
	1.03 b
	0.46 b
	0.00 b
	0.51 b
	0.45 b
	0.03 b

	LSD 0.05
	3.59
	1.03
	0.22
	0.88
	0.43
	0.89
	0.92
	0.50
	0.19

	Urea (U)+ Rhizobium (Rh)
	
	
	
	
	
	
	

	U1
	11.57
	2.82
	1.03
	3.68
	1.60
	0.32
	2.95
	1.68
	0.50

	U2
	10.60
	2.80
	0.90
	3.23
	1.78
	0.35
	1.98
	1.45
	0.57

	U3
	11.49
	3.66
	0.97
	3.87
	1.65
	0.43
	3.40
	1.57
	0.57

	U4
	9.23
	3.33
	1.19
	3.68
	2.11
	0.40
	3.40
	2.12
	0.62

	U5
	8.37
	3.02
	1.38
	3.46
	1.71
	0.49
	3.20
	1.60
	0.52

	U6
	11.90
	2.87
	0.96
	3.26
	1.43
	0.41
	2.28
	1.58
	0.60

	LSD 0.05
	3.58
	1.09
	0.39
	0.99
	0.58
	0.14
	1.22
	0.53
	0.15

	P value
	
	
	
	
	
	
	
	
	

	M
	˂ .001
	˂ .001
	˂ .001
	˂ .001
	˂ .001
	˂ .001
	˂ .001
	˂ .001
	˂ .001

	U+Rh
	   .273
	   .519
	   .139
	   .716
	   .287
	   .216
	   .101
	   .178
	   .568

	M×(U+Rh)
	   .268
	   .161
	   .134
	   .780
	   .217
	   .203
	   .078
	   .260
	   .919

	CV(a)%
	23.83
	23.27
	14.49
	17.30
	17.61
	15.23
	23.34
	21.00
	23.58

	CV(b)%
	28.30
	29.28
	30.23
	23.40
	28.00
	23.49
	35.21
	26.18
	22.35




In a column, means sharing the same letters are not significantly different, M1-no mulch, M2-rice straw mulch (6 ton per ha),
 U1- 100% urea without rh, U2- 100% urea with rh, U3- 75 % urea with rh, U4- 50 %urea with rh, U5- 25% urea with rh, U6- 0% urea with rh




3.3 Relative weed density
	Relative weed density is an indicator used in weed science and agronomy to describe the proportion of a particular weed species within the total weed population in a given area. In the first experiment, mulching significantly affected the relative weed density of sedges and broadleaf weeds at 45 and 60 DAS, whereas grasses were not significantly affected at these stages. At 75 DAS, mulching significantly affected the relative weed density of grasses and broadleaf weeds, while sedges were not significantly affected (Table 5). In the second experiment, mulching significantly affected the relative weed density of sedges and broadleaf weeds at 45 DAS, while the effect on grasses was not significant. At 60 DAS, significant effects were observed for grasses and broadleaf weeds, whereas sedges were not significantly affected. At 75 DAS, mulching significantly affected sedges and broadleaf weeds, but not grasses (Table 6). Grasses and sedges had higher proportions of the weed population in both experiments, while broadleaf weeds had a lower proportion. Overall, grasses and sedges were the dominant weed groups in the study area, followed by broadleaf weeds. This response may be biologically plausible because mulch-induced changes in the soil microenvironment can affect weed species differently. Petrikovszki et al. (2020) reported that organic mulching influenced weed species composition and the soil weed seed bank, indicating that weed species may respond differently to changes associated with mulching. Consequently, suppression of one weed group may alter the relative contribution of other groups within the remaining weed community (Zhang & Wu, 2021).
The different urea levels combined with rhizobium inoculation had no significant effect on relative weed density in both experiments, except for broadleaf weeds at 75 DAS. Similar results were observed for the interaction between mulching and urea levels combined with rhizobium inoculation. This significant response of broadleaves may be associated with differences in nutrient availability and crop–weed competition.
4. Conclusion
Rice straw mulching at 6000 kg ha⁻¹ consistently reduced weed density and weed dry weight across grasses, sedges, and broadleaf weeds in both post-monsoon experiments. Grasses and sedges comprised the greater proportions of the weed population, whereas broadleaf weeds generally represented a smaller proportion. The combinations of different urea levels with Rhizobium inoculation did not significantly affect most weed infestation variables, and the interaction between mulching and the urea–Rhizobium combinations was also generally non-significant. The exception was the response of broadleaf weeds at 75 days after sowing in the second experiment. Overall, the findings show that the weed-suppressive effect observed in this study was associated primarily with rice straw mulching rather than with variation in urea level combined with Rhizobium inoculation. Under the conditions of the study area, rice straw mulch at 6000 kg ha⁻¹ therefore represents a practical non-chemical option for reducing weed infestation in post-monsoon groundnut production systems.

5. Limitations 

[bookmark: _Hlk238550938][bookmark: _Hlk237856463]The study assessed weeds mainly by broad groups rather than fully characterising individual weed species, and long-term weed infestation beyond the experimental periods was not evaluated. The findings are therefore specific to the study area and the two post-monsoon seasons examined. Further multi-location and multi-season research is needed to determine the consistency of weed-suppression responses and to refine the optimum use of rice straw mulch for groundnut weed management.
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Table 5. Relative weed density of groundnut as affected by mulching and different combination of urea levels with rhizobium inoculation, 2024-2025

	Treatment
	45 DAS (g m-2)
	60 DAS (g m-2)
	75 DAS (g m-2)

	
	Grasses
	Sedges
	Broadleaves
	Grasses
	Sedges
	Broadleaves
	Grasses
	Sedges
	Broadleaves

	Mulching (M)
	
	
	
	
	
	
	

	M1
	52.95
	36.08 b
	10.97 a
	47.99
	38.20 b
	13.81 a
	21.10 b
	55.81
	23.09 a

	M2 
	46.35
	47.64 a
	6.01 b
	41.54
	54.84 a
	3.62 b
	35.64 a
	56.23
	8.41 b

	LSD 0.05
	9.41
	10.68
	2.04
	6.54
	10.47
	2.21
	7.77
	12.31
	4.54

	Urea (U)+ Rhizobium (Rh)
	
	
	
	
	
	
	

	U1
	50.25
	41.66
	8.09
	46.42
	45.44
	8.14
	32.54
	52.44
	15.02

	U2
	54.28
	39.13
	6.60
	45.33
	46.45
	8.23
	29.36
	54.55
	16.10

	U3
	47.14
	44.60
	8.26
	43.57
	48.47
	7.96
	28.01
	54.11
	17.88

	U4
	51.09
	39.41
	9.49
	43.60
	45.45
	10.94
	28.02
	55.99
	16.82

	U5
	48.03
	44.41
	7.57
	46.98
	45.31
	7.71
	24.01
	59.45
	16.54

	U6
	47.11
	41.95
	10.93
	42.68
	48.01
	9.32
	28.27
	59.59
	12.14

	LSD 0.05
	6.14
	6.53
	2.91
	9.25
	11.79
	2.49
	8.83
	6.39
	7.53

	P value
	
	
	
	
	
	
	
	
	

	M
	.094
	.043
	.009
	.051
	.021
	.003
	.015
	.896
	.005

	U+Rh
	.156
	.381
	.075
	.903
	.986
	.107
	.536
	.150
	.690

	M×(U+Rh)
	.944
	.984
	.721
	.621
	.876
	.517
	.612
	.059
	.862

	CV(a)%
	13.21
	17.79
	16.72
	10.18
	15.69
	17.70
	19.11
	15.32
	20.08

	CV(b)%
	10.26
	12.96
	28.50
	17.15
	21.05
	23.72
	25.85
	9.47
	39.68



In a column, means sharing the same letters are not significantly different, M1-no mulch, M2-rice straw mulch (6 ton per ha),
U1- 100% urea without rh, U2- 100% urea with rh, U3- 75 % urea with rh, U4- 50 %urea with rh, U5- 25% urea with rh, U6- 0% urea with rh







Table.6 Relative weed density of groundnut as affected by mulching and different combination of urea levels with rhizobium inoculation, 2025-2026


	Treatment
	45 DAS 
	60 DAS 
	75 DAS 

	
	Grasses
	Sedges
	Broadleaves
	Grasses
	Sedges
	Broadleaves
	Grasses
	Sedges
	Broadleaves

	Mulching (M)
	
	
	
	
	
	
	

	M1
	47.45
	38.95 b
	13.60 a
	37.86 b
	43.46
	18.68 a
	41.75
	35.91 b
	22.28 a

	M2 
	44.57
	53.62 a
	1.81 b
	48.59 a
	49.17
	2.24 b
	51.63
	45.57 a
	2.36 b

	LSD 0.05
	9.86
	11.79
	3.62
	1.54
	12.39
	3.62
	22.55
	5.89
	6.58

	Urea (U)+ Rhizobium (Rh)
	
	
	
	
	
	
	

	U1
	48.75
	45.93
	5.32
	46.14
	43.08
	10.78
	44.27
	39.09
	16.97 a

	U2
	42.17
	48.74
	9.08
	46.13
	41.49
	12.39
	44.96
	41.75
	13.29 ab

	U3
	48.97
	43.50
	7.53
	41.23
	49.20
	9.56
	43.56
	44.90
	11.54 b

	U4
	46.01
	46.34
	7.65
	46.41
	40.79
	12.80
	52.15
	37.92
	  9.93 b

	U5
	46.00
	46.93
	7.08
	34.28
	53.53
	12.19
	45.60
	43.66
	10.74 b

	U6
	44.18
	46.26
	9.57
	45.15
	49.78
	5.07
	49.59
	38.96
	11.45 b

	LSD 0.05
	15.62
	13.95
	3.75
	9.97
	11.75
	5.57
	13.26
	12.01
	4.47

	P value
	
	
	
	
	
	
	
	
	

	M
	.336
	.033
	.005
	.001
	.186
	.003
	.200
	.019
	.006

	U+Rh
	.937
	.984
	.259
	.121
	.176
	.077
	.719
	.705
	.045

	M×(U+Rh)
	.889
	.929
	.407
	.063
	.526
	.293
	.867
	.406
	.049

	CV(a)%
	14.94
	17.76
	32.76
	2.48
	18.66
	24.14
	33.68
	10.08
	37.22

	CV(b)%
	48.75
	45.93
	5.32
	46.14
	43.08
	10.78
	44.27
	39.09
	16.97



In a column, means sharing the same letters are not significantly different, M1-no mulch, M2-rice straw mulch (6 ton per ha),
U1- 100% urea without rh, U2- 100% urea with rh, U3- 75 % urea with rh, U4- 50 %urea with rh, U5- 25% urea with rh, U6- 0% urea with rh
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First Experiment Weather Data (2024-2025)

rainfall	November	December	January	Ferbaury	March	44	0	0	9	0	maximum temperature	November	December	January	Ferbaury	March	32.196666666666665	32.31	32.735483870967741	35.682142857142857	38.616129032258065	minimum temperature	November	December	January	Ferbaury	March	21.856666666666662	19.63	16.8	19.010714285714283	21.72258064516129	Months


Rainfall (mm)


Temperature (℃)




 Second Experiment Weather Data (2025-2026)

rainfall	November	December	January	February	March	66	0	0	2	0	maximum temperature	November	December	January	February	March	32.5	32	32.6	35.4	37.299999999999997	minimum temperature	November	December	January	February	March	20.9	16.899999999999999	16.399999999999999	19.100000000000001	20.8	Months


Rainfall (mm)


Temperature (℃)




No mulch	a
a
a

45 DAS	60 DAS	75 DAS	50.42	34.53	33.39	Rice straw mulch	b
b
b

45 DAS	60 DAS	75 DAS	18.190000000000001	16.079999999999998	9.06	Days after sowing


Total weed density 
(number m-2)




No mulch	a
a
a

45 DAS	60 DAS	75 DAS	78.89	43.11	53.28	Rice straw mulch	b
b
b

45 DAS	60 DAS	75 DAS	20.329999999999998	10.61	8.94	Days after sowing


Total weed density 
(number m-2)




No mulch	a
a
a

45 DAS	60 DAS	75 DAS	16.149999999999999	8.0500000000000007	3.57	Rice straw mulch	b
b
b

45 DAS	60 DAS	75 DAS	2.14	2.59	1.41	Days after sowing


Total weed dry weight (g m-2)




No mulch	a
a
a

45 DAS	60 DAS	75 DAS	26.23	9.7899999999999991	9.2100000000000009	Rice straw mulch	b
b
b

45 DAS	60 DAS	75 DAS	3.13	1.49	0.98	Days after sowing


Total weed dry weight (g m-2)




