Original Research Article

Effects of Mulching and Combinations of Different Urea Levels with Rhizobium Inoculation on Growth and Yield of Groundnut 
(Arachis hypogaea L.)
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ABSTRACT 

	This study was conducted to investigate the effects of mulching and combinations of different urea levels with rhizobium inoculation on the growth and yield of groundnut (Arachis hypogaea L.) at the Oil Seed Crops Research Section, Department of Agricultural Research (DAR), Myanmar, during the post-monsoon seasons of 2024-2025 and 2025-2026. Field experiments were conducted using a split-plot design with three replications. In mulching, consisting of rice straw mulch at 6 t ha⁻¹ and no mulch, were assigned to the main plot factor, while combinations of different urea levels and rhizobium (Rh) inoculation (100% U without Rh, 100% U with Rh, 75% U with Rh, 50% U with Rh, and 25% U with Rh, 0% U with Rh) were assigned to the sub-plot factor. The groundnut variety Sinpadathar-11, with a growth duration of 105-110 days, was used as the tested variety. In both experiments, mulching significantly enhanced SPAD value, growth parameters, and pod yield compared with no mulch treatment. Reduced urea levels combined with Rh inoculation significantly improved plant height, SPAD value, leaf area index (LAI), crop growth rate (CGR), and pod yield. No significant interaction was observed between mulching and the combinations of urea levels with Rh inoculation. However, the highest pod yield was recorded in 50% U with Rh, followed by 25% U with Rh under mulching, whereas the lowest pod yield was observed in 0% U with Rh. Based on the improved growth performance and pod yield of groundnut, the application of 50% urea combined with Rh inoculation under mulching gave the highest pod yield. In addition, the application of 25% urea with Rh inoculation under mulching is also suitable for the study area, as it maintained pod yield without a significant reduction compared to 50% urea with Rh, reduced dependence on synthetic fertilizers, and promoted environmentally friendly and sustainable agricultural practices.
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1. INTRODUCTION 
Groundnut (Arachis hypogaea L.) is a major oilseed crop in the world. It is predominantly cultivated under rainfed condition in the tropical and sub-tropical regions of the world (Patel, Rangani, Kumari & Parida, 2020). It ranks as the 13th most important food crop and fourth most important oilseed crop globally. Among oilseed crops, the groundnut is considered to have the highest oil yielding per unit area (Weiss, 2000). In Myanmar, groundnut is an important oilseed crop widely cultivated in the Central Dry Zone, where it contributes significantly to food security, rural livelihoods, and household income (San Sint Wai, Thida Than & Theingi Myint, 2020).
During the post-monsoon season, soil moisture is a critical limiting factor due to reduced rainfall and increased evaporative demand, leading to rapid soil water depletion and restricted crop growth (Sun, Meng & Chen, 2024). Mulching is a water conservation practice to preserve soil moisture, control temperature, and minimize soil evaporation rates. Mulching minimizes direct exposure of the soil surface to solar radiation and wind, thereby maintaining higher soil moisture content for a longer period (Yasmin et al., 2020). Furthermore, Jain, Meena, and Bhaduri (2017) reported a 35.55% increase in pod yield in groundnut under mulched conditions compared to non-mulched plots. Ghosh, Dayal, Bandyopadhyay, and Mohanty (2006) demonstrated that organic mulches such as wheat or paddy straw resulted in higher groundnut yields compared to synthetic polyethylene mulch. Moreover, nutrient management, particularly balancing macronutrients and supplying nitrogen efficiently despite the legume’s biological fixation ability, directly affects pod yield, and balanced nitrogen application has been shown to improve nitrogen accumulation and crop performance (Li et al., 2024).
Nitrogen in soil is an essential nutrient that strongly influences soil fertility and plant productivity (Brady & Weil, 2017). Soil nitrogen availability is often limited due to losses through leaching, volatilization, denitrification, and continuous cropping without adequate nutrient replenishment (Stevenson & Cole, 1999). Available nitrogen in soil is at its highest level soon after fertilizer application, and it decreases thereafter. Biological nitrogen fixation (BNF) by symbiotic microorganisms such as rhizobium plays a crucial role in supplying nitrogen to groundnut plants, reducing their dependence on synthetic nitrogen fertilizers and enhancing soil fertility by converting atmospheric nitrogen into plant-available forms (Dakora & Keya, 1997; Giller, 2001). The inoculation of legumes with rhizobia has been confirmed as an effective method to enhance both the quality and yield of groundnut (Chang et al., 2011; Mondal et al., 2020).
 In Myanmar, groundnut is commonly cultivated during the post-monsoon season, and most farmers rely mainly on synthetic fertilizers for crop production. However, inadequate soil moisture and insufficient nitrogen availability during the growing season often limit groundnut productivity. Therefore, conserving soil moisture and optimizing nitrogen application are essential for improving yield components and increasing crop yields. Accordingly, this study was conducted to determine the appropriate basal nitrogen level combined with rhizobium inoculation under rice straw mulch for improving the growth and yield of groundnut. 

2. materialS and methodS 
The experiments were conducted at Oilseed Crops Research Section, Department of Agricultural Research (DAR), Myanmar, during the post-monsoon seasons, 2024-2025 and 2025-2026. The experiments were laid out in a split-plot design with three replications. The groundnut variety Sinpadathar-11 (100-105 days), released by the Department of Agricultural Research (DAR), Yezin, in 2009, was used as the tested variety. The experimental area was (18.98 × 29) m², and each plot size was (2.13×4) m², consisting of seven rows with a spacing of 30 cm between rows and 10 cm between plants within rows. Each replication consisted of twelve treatment combinations. Main plot factor comprised mulching (M) (rice straw mulching, 6 t ha-1) and no mulch, and the sub-plot factor included (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 was done by two ploughings and harrowing, followed by leveling. Urea fertilizer at the recommended rate of 31.45 kg ha⁻¹ was applied as basal application for the 100% urea treatment according to the recommendation of the Department of Agricultural Research (DAR), Myanmar. Seeds were inoculated with a Rh inoculant supplied by the Department of Agricultural Research (DAR), Yezin, Myanmar, at the recommended application rate. According to the guidelines of Department of Agricultural Research (DAR), as basal, the fertilizer was applied with the rate of 62.89 P2O5 kg ha-1 and 31.45 kg K2O ha-1. Two seeds per hill were sown and thinning was done at 14 DAS after sowing, and one healthy seedling was left per hole. At 21 days after sowing (DAS), rice straw mulching was covered according to treatments. Agronomic practices, including weed control and pest and disease management, were maintained throughout the experiment as necessary to ensure optimum growth conditions. 

2.1 Data Collection 
Plant height was recorded weekly from 14 to 84 DAS by measuring the distance from ground level to the tip of the middle trifoliate leaf. Similarly, SPAD readings were recorded from each plot at 15-day intervals, commencing at 45 days after sowing (DAS) and continuing until 105 DAS. Leaf area index (LAI) was assessed from five sample plants per plot at 15-day intervals, commencing at 30 DAS and continuing until 105 DAS. After leaf area measurement, the leaves, stems, and reproductive parts were oven-dried at 70°C for 72 hours, and their dry weights were recorded. The growth parameters like leaf area index (LAI) and crop growth rate (CGR) were calculated using the following formulae as described by Watson (1956) and Radford (1967).

	LAI    =
	Leaf area (m2)

	
	Ground area (m2)





	CGR =
	W2-W1
	gm-2day-1

	
	A (t2-t1)
	





Where, W1 = the plant dry weight at the beginning of the interval time (t1)
 	W2 = the plant dry weight at the end of the interval time (t2)
  	A   = the soil area occupied by the plants
     t1 and t2 = sampling time interval in days

At harvest, yield and yield components, including number of pods plant-1, number of seeds pods-1, 100-seed weight, shelling %, harvest index and pod yield (kg ha-1) were recorded.
Statistical Analysis
The data were subjected to analysis of variances by using Statistix (version 8) software and treatment means were compared by using Least Significant Difference (LSD) test at 5% level of significance (Gomez & Gomez, 1984).

3. results and discussion
3.1 Plant Height (cm) 
In both experiments, plant height increased slowly during the early growth stages (14-35 DAS), followed by a rapid increase during the mid-growth stages (42-63 DAS), and finally showed a gradual stabilization towards 84 DAS (Figure.1). There were significant different in plant height across mulching and no mulch, particularly from 49 DAS onwards in both experiments. In the first experiment, mulching showed significantly higher plant height (33.28 cm) than no mulch (30.72 cm) at 84 DAS. 
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M1- no mulch, M2- rice straw mulch, 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
Figure. 1 Mean values of plant height (cm) as influenced by the application of mulching and      combinations of different urea levels with Rh inoculation during post-monsoon seasons (a) 2024-2025, (b) 2025-2026
Similarly, taller plant was attained in mulching compared to the no mulch in the second experiment. This may be attributed to improved soil moisture retention and increased nutrient availability and uptake, which enhance vegetative growth and stem elongation. These results agree with the findings of Jain, Meena, and Bhaduri (2017), who reported greater plant height under polythene mulch compared with no mulch. Regarding to sub-plot factor, urea with Rh inoculation significantly different in plant height across both experiments. Significant differences in plant height were observed at all sampling points except at 14 and 21 DAS for first experiment. The highest value of plant height was recorded under U4 (34.38 cm) at 84 DAS, followed by U5. In the second experiment, the same trend persisted, as significant differences were found urea levels with Rh. Efficient nitrogen metabolism and accumulation under integrated nutrient management have been reported to significantly enhance plant height in groundnut (Li et al., 2024). The interaction between mulching and urea with Rh inoculation was non significance at all sampling intervals in both experiments. Mulching and urea with Rh inoculation produced the highest plant height compared to the urea with Rh inoculation under no mulch. Among all treatment combinations, M₂U4 (50% urea with Rh inoculation under rice straw mulching) was recorded the tallest across both experiments, particularly at 63 DAS, followed by M₂U5, whereas the shortest was observed under M₁U6, indicating that the combination of 50% urea with Rh inoculation under mulching was superior to the other treatments. This might be due to the combined application of urea with Rh, which likely enhanced plant height by increasing nitrogen availability throughout the growing season through both fertilizer input and biological nitrogen fixation, thereby promoting plant growth. Mishra, Kumar, Mishra and Prakash, (2010) demonstrated that the combined application of Rh as a seed inoculant and chemical fertilizer resulted in higher plant height compared with without seed inoculation. 
3.2 SPAD value
Significant differences in SPAD values were observed among mulching and urea levels with Rh inoculation in both experiments (Table.1 and Table.2). SPAD values increased from early growth stages, reached a peak around 60-75 DAS, and declined towards maturity, indicating the progressive accumulation and subsequent remobilization of chlorophyll during crop growth in both experiments. In the first experiment, mulching significantly different SPAD values at 45, 60, and 75 DAS, whereas no significant differences were observed at 90 and 105 DAS. In the second experiment, rice straw mulch resulted in significantly higher SPAD values than the no mulch at all sampling times except 105 DAS. Throughout the crop growth period, mulching produced higher SPAD values than no mulch. The increased SPAD values under mulching may be attributed to enhanced chlorophyll formation resulting from improved soil moisture conservation, reduced temperature fluctuations, and increased nutrient availability, particularly nitrogen. According to Kader et al. (2017), mulching improves leaf chlorophyll content by improving soil hydrothermal conditions, conserving soil moisture, and reducing nutrient losses. For the sub-plot factor, urea combined with Rh inoculation, there was significant different in SPAD at all growing points in both experiments. At all sampling points, U4 produced the highest SPAD values followed by U5, while the lowest values were recorded under U6. This indicates that partial substitution of chemical nitrogen with biological nitrogen fixation enhanced chlorophyll content more effectively than others. This result agrees with the findings of Hungria et al. (2006), who reported that Rh inoculation improves nitrogen nutrition and chlorophyll content in legumes. No significant interaction was observed between mulching and urea levels combined with Rh inoculation in both experiments.

Table 1. Mean values of SPAD value as affected by mulching and combinations of different urea levels with Rh inoculation during the post-monsoon season, 2024-2025
	Treatment
	SPAD value

	
	45 DAS
	60 DAS
	75 DAS
	90 DAS
	105 DAS

	Mulching (M)
	
	
	
	
	

	M1-No mulch
	34.76 b
	37.71 b
	36.04 b
	32.74 
	31.52 

	M2-Rice straw 
	38.15 a
	40.80 a
	38.90 a
	34.87 
	33.49 

	LSD 0.05
	3.91
	2.13
	2.49
	4.23
	4.26

	Urea + Rh (U+Rh)
	
	
	
	
	

	U1-100% U without Rh
	34.82 c
	37.94 c
	36.13 b
	31.94 c
	31.01 bc

	U2-100% U with Rh
	35.92 bc
	39.06 bc
	37.03 b
	32.21 c
	32.09 bc

	U3-75% U with Rh
	36.89 b
	38.98 bc
	37.99 b
	33.21 c
	33.21 ab

	U4-50% U with Rh
	[bookmark: _Hlk228789803]40.07 a
	[bookmark: _Hlk228789818]42.92 a
	[bookmark: _Hlk228789850]41.61 a
	40.42 a
	35.31 a

	U5-25% U with Rh
	38.96 a
	41.23 ab
	40.40 a
	36.93 b
	34.15 ab

	U6-0% U with Rh 
	32.06 d
	34.74 d
	31.67 c
	29.52 d
	29.27 c

	LSD 0.05
	3.41
	2.31
	2.32
	2.04
	3.18

	P value
	
	
	
	
	

	M
	.04
	.02
	.04
	.16
	.19

	U + Rh
	˂ .001
	˂ .001
	˂ .001
	˂ .001
	˂ .01

	M x (U + Rh)
	.51
	.99
	.84
	.79
	.99

	CV(a)%
	5.69
	3.78
	4.63
	8.72
	9.14

	CV(b)%
	4.30
	4.91
	5.15
	5.00
	8.13


In a column, means sharing the same letters are not significantly different. ddd

Table 2. Mean values of SPAD value as affected by mulching and combinations of different urea levels with Rh inoculation during the post-monsoon season, 2025-2026
	Treatment
	SPAD value

	
	45 DAS
	60 DAS
	75 DAS
	90 DAS
	105 DAS

	Mulching (M)
	
	
	
	
	

	M1-No mulch
	35.68 b
	37.98 b
	38.22 b
	33.09 b
	31.57

	M2-Rice straw 
	37.53 a
	41.00 a
	41.29 a
	35.76 a
	33.31

	LSD 0.05
	1.76
	 2.38
	2.84 
	 2.13
	5.44 

	Urea + Rh (U+Rh)
	
	
	
	
	

	U1-100% U without Rh
	34.94 c
	38.21 b
	38.67 bc
	32.61 bc
	31.42 b

	U2-100% U with Rh
	35.76 c
	39.42 b
	39.83 ab
	33.93 b
	31.79 b

	U3-75% U with Rh
	37.70 b
	39.80 b
	40.06 ab
	33.37 b
	31.94 b

	U4-50% U with Rh
	40.12 a
	43.08 a
	43.20 a
	39.18 a
	36.21 a

	U5-25% U with Rh
	39.11 a
	41.39 a
	41.64 ab
	37.58 a
	34.86 a

	U6-0% U with Rh 
	32.19 d
	35.04 c
	35.15 c
	29.88 c
	28.43 c

	LSD 0.05
	1.39
	 1.81
	 3.81
	3.15 
	 2.16

	P value
	
	
	
	
	

	M
	.04
	.04
	.04
	.03
	.34

	U + Rh
	˂ .001
	˂ .001
	˂ .001
	˂ .001
	˂ .001

	M x (U + Rh)
	 .25
	.31
	 .91
	 .90
	 .28

	CV(a)%
	3.35
	4.19
	4.98
	4.32
	11.66

	CV(b)%
	3.14
	3.80
	7.96
	7.59
	5.51


In a column, means sharing the same letters are not significantly different. ddd


3.3 Leaf area index (LAI)
Leaf area index (LAI) increased gradually from 30 DAS, reached its maximum at 60 DAS, and then declined until 105 DAS in both experiments (Tables 3 and 4). Significant differences in leaf area index (LAI) were observed in the sub-plot factor at all sampling intervals. Mulching resulted higher LAI values compared to no mulch. At 60 DAS, the maximum LAI values (2.19 and 2.43) were recorded under mulching, while the minimum LAI values (1.59 and 1.85) were observed in no much in both experiments. LAI may increase under reduced weed competition through mulching, as improved availability of light, water, and nutrients promotes better leaf expansion and canopy development. Enhances crop canopy development, leading to higher LAI through improved light interception, better resource utilization, and reduced weed competition under mulched conditions (Chalker-Scott, 2007). Additionally, mulch may help maintain favorable soil moisture and temperature conditions, reducing plant stress and improving stomatal conductance and carbon assimilation, which can enhance photosynthesis. Ye, Li, Kong, Shen, and Wu (2023) found that the application of ridge forming and film mulching improved photosynthetic parameters and increased leaf area index, resulting in enhanced photosynthetic efficiency in wheat. Different combinations of urea with Rh inoculation showed highly significant differences in LAI at all growing points in both experiments. Among them, U4 produced the highest LAI throughout growing periods. In the first experiment, the maximum value (2.75) at 60 DAS was recorded in U4, followed by U5 (2.26), while the minimum value (0.94) was observed in U6. The findings of the second experiment followed a similar trend. The superior performance of LAI in reduced urea level with Rh may be attributed to the synergistic effect, which can enhance a continuous and balanced nitrogen supply throughout the growth period. Adequate nitrogen availability enhances chlorophyll formation, cell division, and leaf expansion. In contrast, the lower LAI in U6 may be attributed to insufficient nitrogen supply, which limits vegetative growth and leaf development. These results are consistent with findings of Giller, (2001), who reported that rhizobial inoculation improves nitrogen fixation and plant growth in legumes. The interaction between mulching and urea combine with Rh inoculation was not significant different. Nevertheless, the maximum LAI was recorded under rice straw mulching and reduced urea levels application combined with Rh inoculation.
Table 3. Mean values of leaf area index as affected by mulching and combinations of different urea levels with Rh inoculation during the post-monsoon season, 2024-2025
	Treatment
	Leaf area index (LAI)

	
	30 DAS
	45 DAS
	60 DAS
	75 DAS
	90 DAS
	105 DAS

	Mulching (M)
	
	
	
	
	
	

	M1-No mulch
	0.26 b
	0.76 b
	1.86 b
	1.59 b
	0.88 b
	0.49 b

	M2-Rice straw 
	0.39 a
	0.93 a
	2.49 a
	2.19 a
	1.27 a
	0.66 a

	LSD 0.05
	0.09
	0.12
	0.49
	0.36
	0.24
	0.13

	Urea + Rh (U+Rh)
	
	
	
	
	
	

	U1-100% U without Rh
	0.24 cd
	0.74 b
	1.87 c
	1.58 d
	0.89 b
	0.44 c

	U2-100% U with Rh
	0.32 bc
	0.84 b
	2.04 c
	1.77 cd
	0.99 b
	0.58 b 

	U3-75% U with Rh
	0.33 b
	0.85 b
	2.32 bc
	2.03 bc
	1.14 b
	0.65 b

	U4-50% U with Rh
	0.46 a
	1.18 a
	3.07 a
	2.75 a
	1.55 a
	0.85 a

	U5-25% U with Rh
	0.43 a
	1.10 a
	2.60 ab
	2.26 ab
	1.45 a
	0.78 a

	U6-0% U with Rh 
	0.18 d
	0.38 c
	1.18 d
	0.94 e
	0.45 c
	0.13 d

	LSD 0.05
	0.08
	0.20
	0.52
	0.41
	0.26
	0.12

	P value
	
	
	
	
	
	

	M
	.03
	.03
	.03
	.02
	.02
	.03

	U + Rh
	˂ .001
	˂ .001
	˂ .001
	˂ .001
	˂ .001
	˂ .001

	M x (U + Rh)
	.28
	.93
	.58
	.43
	.30
	.47

	CV(a)%
	19.80
	9.86
	15.75
	13.3
	15.38
	15.38

	CV(b)%
	20.90
	19.91
	19.73
	17.86
	20.2
	17.36


In a column, means sharing the same letters are not significantly different. ddd

Table 4. Mean values of leaf area index as affected by mulching and combinations of different urea levels with Rh inoculation during the post-monsoon season, 2025-2026
	Treatment
	Leaf area index (LAI)

	
	30 DAS
	45 DAS
	60 DAS
	75 DAS
	90 DAS
	105 DAS

	Mulching (M)
	
	
	
	
	
	

	M1-No mulch
	0.29 b
	0.83 b
	2.14 b
	1.85 b
	1.21 b
	0.62 b

	M2-Rice straw 
	0.45 a
	1.01 a
	2.73 a
	2.43 a
	1.47 a
	0.81 a

	LSD 0.05
	0.11
	0.16
	0.43
	0.39
	0.19
	0.14

	Urea + Rh (U+Rh)
	
	
	
	
	
	

	U1-100% U without Rh
	0.30 cd
	0.80 b
	2.16 c
	1.85 c
	1.16 b
	0.51 d

	U2-100% U with Rh
	0.34 cd
	0.90 b
	2.34 bc
	2.01 c
	1.22 b
	0.62 c

	U3-75% U with Rh
	0.38 bc
	0.90 b
	2.56 bc
	2.24 bc
	1.42 b
	0.77 b

	U4-50% U with Rh
	0.54 a 
	1.25 a
	3.22 ab
	2.95 a
	1.81 a
	1.08 a

	U5-25% U with Rh
	0.47 ab
	1.19 a
	2.84 a
	2.56 ab
	1.74 a
	1.04 a

	U6-0% U with Rh 
	0.21 d
	0.48 c
	1.48 d
	1.23 d
	0.71 c
	0.27 e

	LSD 0.05
	0.13
	0.10
	0.53
	0.42
	0.27
	0.09

	P value
	
	
	
	
	
	

	M
	.03
	.04
	.03
	.02
	.03
	.03

	U + Rh
	˂ .001
	˂ .001
	˂ .001
	˂ .001
	˂ .001
	˂ .001

	M x (U + Rh)
	.77
	.96
	.79
	.59
	.99
	.66

	CV(a)%
	20.29
	11.86
	12.28
	12.80
	10.35
	13.83

	CV(b)%
	28.05
	9.35
	18.16
	16.57
	16.98
	11.04


In a column, means sharing the same letters are not significantly different. ddd

3.4 Crop growth rate (CGR) 
In both experiments, crop growth rate (CGR) was low during the early growth stage (30-45 DAS), increased sharply thereafter, reached its maximum between 45 and 60 DAS, and then declined gradually toward 90-105 DAS (Table.5 and Table.6). CGR was significantly different by the main plot factor, with mulching exhibited higher CGR values than mulching at all sampling intervals in both experiments. The higher CGR values observed in mulching (11.87 and 13.71 g m⁻² d⁻¹) than no mulch (10.93 and 12.33 g m⁻² d⁻¹), respectively, during 45-60 DAS. This may be associated with the suppression of weed infestation through mulching. In groundnut, Olayinka and Etejere (2015) reported that straw mulching improved crop growth rate by reducing weed interference during the critical growth period. The conservation of soil moisture and regulation of soil temperature by mulching enhance canopy development, photosynthetic activity, and dry matter accumulation, which might increase crop growth during the active growth period. Ghosh et al. (2006) stated that groundnut growth rates were higher under mulch conditions compared with non-mulch treatments. In sub plot factor, combination of urea with Rh inoculation had highly significant different on CGR at all sampling times in both experiments. In the first experiment, U4 was maximum CGR, followed by U5, while the lowest CGR was observed in U6. Consistent results were obtained in the second experiment. It could be assumed that adequate nitrogen availability during the growing season can regulates assimilate partitioning between vegetative and reproductive sinks, thereby influencing total dry matter accumulation and overall crop growth. Similar findings were observed by Sadras & Denison, (2009).  In comparison, lower CGR in U6 may be due to inadequate nitrogen availability, which limits vegetative growth and biomass production. There was no interaction between mulching and urea combined with Rh inoculation at any sampling days in both experiments.

Table 5. Mean values of crop growth rate as affected by mulching and combinations of different urea levels with Rh inoculation during the post-monsoon season, 2024-2025
	Treatment
	Crop growth rate (g m-2 d-1)

	
	30-45 DAS
	45-60 DAS
	60-75 DAS
	75-90 DAS
	90-105 DAS

	Mulching (M)
	
	
	
	
	

	M1-No mulch
	6.09 b
	10.93 b
	6.85 b
	3.15 b
	0.61 b

	M2-Rice straw 
	6.96 a
	11.87 a
	7.84 a
	3.71 a
	0.85 a

	LSD 0.05
	0.63
	0.69
	0.89
	0.44
	0.13

	Urea + Rh (U+Rh)
	
	
	
	
	

	U1-100% U without Rh
	5.71 d
	9.96 d
	6.32 bc
	2.71 e
	0.39 e

	U2-100% U with Rh
	6.47 c
	11.16 c
	6.95 bc
	3.20 d
	0.62 d

	U3-75% U with Rh
	6.83 bc
	11.77 bc
	7.66 ab
	3.72 c
	0.80 c

	U4-50% U with Rh
	8.01 a
	13.39 a
	8.89 a
	4.67 a
	1.40 a

	U5-25% U with Rh
	7.26 b
	12.67 ab
	8.44 a
	4.18 b
	1.09 b

	U6-0% U with Rh 
	4.88 e
	9.43 d
	5.81 c
	2.10 f
	0.06 f

	LSD 0.05
	0.62
	1.00
	1.38
	0.33
	0.15

	P value
	
	
	
	
	

	M
	.03
	.03
	.04
	.03
	.02

	U + Rh
	˂ .001
	˂ .001
	˂ .001
	˂ .001
	˂ .001

	M x (U + Rh)
	.78
	.91
	.94
	.17
	.16

	CV(a)%
	6.70
	4.20
	8.41
	9.01
	12.51

	CV(b)%
	7.94
	7.28
	15.56
	7.99
	17.14


In a column, means sharing the same letters are not significantly different. ddd



Table 6. Mean values of crop growth rate as affected by mulching and combinations of different urea levels with Rh inoculation during the post-monsoon season, 2025-2026
	Treatment
	Crop growth rate (g m-2 d-1)

	
	30-45 DAS
	45-60 DAS
	60-75 DAS
	75-90 DAS
	90-105 DAS

	Mulching (M)
	
	
	
	
	

	M1-No mulch
	7.34 b
	12.33 b
	7.24 b
	3.43 b
	0.91 b

	M2-Rice straw 
	8.47 a
	13.71 a
	8.3 a
	4.04 a
	1.19 a

	LSD 0.05
	0.95
	1.06
	0.86
	0.29
	0.15

	Urea + Rh (U+Rh)
	
	
	
	
	

	U1-100% U without Rh
	7.19 cd
	11.68 de
	6.82 d
	3.07 c
	0.60 e

	U2-100% U with Rh
	7.62 bc
	12.80 cd
	7.33 cd
	3.53 b
	0.96 d

	U3-75% U with Rh
	8.01 b
	13.34 bc
	7.79 c
	3.87 b
	1.23 c

	U4-50% U with Rh
	9.10 a
	15.13 a
	9.89 a
	4.90 a
	1.70 a

	U5-25% U with Rh
	8.86 a
	14.46 ab
	8.86 b
	4.68 a
	1.48 b

	U6-0% U with Rh 
	6.66 d
	10.70 e
	5.94 e
	2.39 d
	0.35 f

	LSD 0.05
	0.67
	1.18
	0.83
	0.35
	0.14

	P value
	
	
	
	
	

	M
	.04
	.03
	.03
	.01
	.01

	U + Rh
	˂ .001
	˂ .001
	˂ .001
	˂ .001
	˂ .001

	M x (U + Rh)
	.79
	.88
	.40
	.35
	.33

	CV(a)%
	8.37
	5.70
	7.75
	5.49
	9.64

	CV(b)%
	7.03
	7.51
	8.90
	7.84
	11.22


In a column, means sharing the same letters are not significantly different. ddd


3.5 Yield and Yield Components
3.5.1 Number of pods plant-1
Significant differences in number of pods plant-1 were observed among mulching and urea levels combined with Rh inoculation in both experiments (Table.7). In main plot factor, the number of pods plant-1 was significantly different between rice straw mulch and no mulch. In the first experiment, mulching produced a significantly higher number of pods plant⁻¹ (18.93), whereas no mulch produced (16.84) pods plant⁻¹. A comparable trend was observed in the second experiment. This may be due to better moisture retention and soil temperature control, which support peg development because the subterranean peg develops root hair-like structures that facilitate absorption of adequate amounts of moisture and nutrients from the soil required for the overall plant growth. Mulching significantly improves soil moisture retention, thereby enhancing crop productivity (Lal, 2004). In different urea levels combined with Rh inoculation, the number of pods plant-1 was significantly different in both experiments. Although U4 consistently produced the highest number of pods plant-1 (21.35 and 23.13), followed by U5 (19.47 and 21.78), these were not statistically different. The lowest pod numbers were recorded in U6 (14.40 and 16.53 pods plant⁻¹). Reduced urea levels with Rh inoculation produced higher pods plant⁻¹ than others. These findings are supported by Badawi, Biomy, and Desoky (2011), who observed that Rh inoculation combined with balanced nutrient application enhances yield components in groundnut. The interaction between mulching and urea combined with Rh inoculation was not significant in both experiments. The combination of rice straw mulching and reduced urea levels with Rh inoculation showed maximum number of pods plant-1.

3.5.2 Number of seeds pod-1 
No significant differences were observed in the number of seeds pod⁻¹ between mulching and among urea levels combined with Rh inoculation (Table 7). Under mulching, no significant difference was observed; however, rice straw mulch showed slightly higher numerical values than no mulch in both experiments. No significant difference was observed in the number of seeds pod⁻¹ under different urea levels combined with Rh inoculation, although numerical variations were recorded. Across both experiments, U4 exhibited the highest values and followed by U5, while the lowest number was obtained from U6. The results given in this study is in accordance with the results of Tana and Urage (2017), who reported that the number of seeds pod-1 is a stable yield component largely governed by genetic factors and remains relatively stable across different environmental and management conditions. The interaction between mulching and urea combined with Rh inoculation was not significantly different for the number of seeds pod-1 in both experiments.

3.5.3 Hundred seed weight
Significant differences in 100-seed weight were observed among mulching and urea levels combined with Rh inoculation in both experiments (Table 7). The higher 100-seed weight value was recorded under mulching, while lower value was observed in no mulch, respectively across two experiments. This may be due to improved soil moisture retention and weed suppression by rice straw mulch, which enhanced assimilate production and partitioning. These findings also corroborate the finding of Jain, Meena, and Bhaduri (2017). The 100-seed weight differed significantly among the urea levels combined with Rh inoculation. In both experiments, the maximum value was recorded in U4, followed by U5, whereas the lowest values were observed in U6. This may be due to continuous nitrogen supply from biological nitrogen fixation, which improves chlorophyll formation and photosynthetic activity, leading to greater assimilate production for seed filling. During seed filling, a large proportion of seed nitrogen is derived from the remobilization of nitrogen stored in vegetative tissues, indicating the critical role of nitrogen in seed development (Schiltz, Munier-Jolain, Jeudy, Burstin, & Salon, 2005). The interaction between mulching and urea combined with Rh inoculation was not significant in both experiments. 
Table 7. Yield components of groundnut as affected by mulching and combinations of different urea levels with Rh inoculation during the post-monsoon seasons, 2024-2025 and 2025-2026
	Treatment
	Number of pods plant-1
	Number of seeds pod-1
	100-seed weight (g)

	
	2024-
2025
	2025-
2026
	2024-
2025
	2025-
2026
	2024-
2025
	2025-
2026

	Mulching (M)
	
	
	
	
	
	

	M1-No mulch
	16.84 b
	16.53 b
	1.72
	1.79
	45.36 b
	45.77 b

	M2-Rice straw 
	18.93 a
	21.04 a
	1.74
	1.84
	46.77 a
	47.23 a

	LSD 0.05
	1.62
	2.31
	0.05
	0.16
	1.21
	1.25

	Urea + Rh (U+Rh)
	
	
	
	
	
	

	U1-100% U without Rh
	15.50 cd
	17.93 d
	1.70
	1.78
	45.08 cd
	45.45 cd

	U2-100% U with Rh
	17.90 bc
	19.13 cd
	1.73
	1.82
	45.78 bc
	45.99 c

	U3-75% U with Rh
	18.72 ab
	20.52 bc
	1.75
	1.84
	45.91 bc
	46.49 bc

	U4-50% U with Rh
	21.35 a
	23.13 a
	1.77
	1.87
	48.27 a
	48.91 a

	U5-25% U with Rh
	19.47 ab
	21.78 ab
	1.75
	1.83
	47.33 ab
	47.87 ab

	U6-0% U with Rh 
	14.40 d
	13.22 e
	1.67
	1.74
	44.03 d
	44.30 d

	LSD 0.05
	2.85
	2.17
	0.11
	0.17
	1.57
	1.57

	P value
	
	
	
	
	
	

	M
	.03
	.01
	.12
	.36
	.04
	.04

	U + Rh
	˂ .001
	˂ .001
	.50
	.70
	˂ .001
	˂ .001

	M x (U + Rh)
	.86
	.21
	.99
	.98
	.92
	.89

	CV(a)%
	6.30
	8.37
	1.84
	6.19
	1.84
	1.88

	CV(b)%
	13.23
	9.34
	5.27
	8.03
	2.83
	2.80


In a column, means sharing the same letters are not significantly different. ddd


3.5.4 Shelling percentage
Shelling percentage showed a significant difference between rice straw mulch and no mulch in both experiments (Table.8). In the first experiment, rice straw mulch was recorded higher shelling percentage compared to no mulch, and similar trend was observed in the second experiment. The higher shelling percentage under mulching is likely due to improved soil moisture conservation and enhanced nutrient uptake. These findings are in agreement with Girdthai et al. (2010), who reported that adequate soil moisture during pod filling enhances kernel weight and improves yield components in groundnut. Shelling percentage showed a significant difference in urea with Rh inoculation. Among the urea levels combined with Rh inoculation, U4 achieved the highest shelling percentage across both experiments, followed by U5, whereas U6 had the lowest shelling percentage. In groundnut, effective biological nitrogen fixation enhances nitrogen supply to reproductive organs, thereby improving seed filling and seed quality (Giller, 2001). No significant interaction was observed between mulching and urea combined with Rh inoculation in both experiments.
3.5.5 Harvest index (HI)
In both experiments, harvest index (HI) was significantly different by mulching and urea levels combined with Rh inoculation (Table.8). Rice straw mulch produced higher HI values than no mulch in both experiments. It may be due to favorable soil moisture under straw mulch during the pod development stage was the reason for harvest index of groundnut. In groundnut, mulching improves soil microclimate and water conservation, which increases dry matter partitioning to economic yield and improves HI (Lamont, 2017). The application of urea combined with Rh inoculation resulted in significant differences in HI across both experiments. Highest HI value was observed in U4 followed by U5, whereas the lowest value was recorded in U6. In groundnut, Fageria, Baligar, and Jones (2010) stated that adequate nitrogen nutrition promotes biomass production and improves partitioning efficiency toward reproductive structures, thereby increasing harvest index. There was no significant difference observed among mulching and urea combined with Rh inoculation.
Table 8. Yield and yield components of groundnut as affected by mulching and combinations of different urea levels with Rh inoculation during the post-monsoon seasons, 2024-2025 and 2025-2026
	Treatment
	Shelling (%)
	Harvest index
	Pod yield (kg ha-1)

	
	2024-
2025
	2025-2026
	2024-
2025
	2025-2026
	2024-
2025
	2025-
2026

	Mulching (M)
	
	
	
	
	
	

	M1-No mulch
	69.82 b
	69.93 b
	0.40 b
	0.42 a
	1734.2 b
	1903.40 b

	M2-Rice straw 
	71.76 a
	73.09 a
	0.47 a
	0.46 b
	1960.7 a
	2179.11 a

	LSD 0.05
	1.09
	2.86
	0.06
	0.04
	149.49
	235.37

	Urea + Rh (U+Rh)
	
	
	
	
	
	

	U1-100% U without Rh
	70.82 a
	71.10 b
	0.41 ab
	0.43 b
	1737.4 cd
	1780.33 de

	U2-100% U with Rh
	71.61 a
	71.73 b
	0.44 a
	0.45 ab
	1828.3 bc
	1903.74 cd

	U3-75% U with Rh
	72.07 a
	72.22 ab
	0.45 a
	0.46 ab
	1831.8 bc
	2098.24 bc

	U4-50% U with Rh
	72.23 a
	73.90 a
	0.48 a
	0.49 a
	2118.7 a
	2481.22 a

	U5-25% U with Rh
	72.14 a
	72.73 ab
	0.47 a
	0.49 a
	2041.5 ab
	2368.44 ab

	U6-0% U with Rh 
	65.85 b
	67.38 c
	0.35 b
	0.34 c
	1527.1 d
	1615.57 e

	LSD 0.05
	4.25
	2.05
	0.07
	0.05
	251.68
	287.33

	P value
	
	
	
	
	
	

	M
	.02
	.04
	.04
	0.04
	.02
	.04

	U + Rh
	.04
	˂ .001
	.01
	˂ .001
	˂ .001
	˂ .001

	M x (U + Rh)
	.91
	.89
	.13
	.55
	.99
	.75

	CV(a)%
	1.07
	2.78
	10.01
	6.53
	5.63
	8.04

	CV(b)%
	4.99
	2.39
	12.75
	8.71
	11.31
	11.69


In a column, means sharing the same letters are not significantly different. ddd

3.5.6 Pod yield
Mulching and the combinations of different urea levels with Rh inoculation showed significantly different in pod yield (Table.8). Mulching was recorded higher pod yields (1960.7 kg ha-¹ and 2179.11 kg ha-¹), whereas no mulch produced lower pod yields (1734.2 kg ha-¹ and 1903.40 kg ha-¹) in two experiments, respectively. This may be due to mulching improves vegetative growth, enhancing photosynthesis and assimilate supply for pod development. These findings are similar to those of Ghosh, Dayal, Bandyopadhyay and Mohanty (2006) who reported that paddy straw mulching increased pod yield by 20% over control. A significant difference was observed among the urea levels combined with Rh inoculation. In first experiment, the highest pod yield was recorded in U4 (2118.7 kg ha⁻¹), followed by U5 (2041.5 kg ha⁻¹), with no significant difference between them. The lowest yield was recorded in U6 (1527.1 kg ha⁻¹). Similar result was obtained in the second experiment. The higher pods yield observed under reduced urea level combined with Rh inoculation compared to others may be attributed to a balanced supply of nitrogen that optimizes both symbiotic and mineral nitrogen sources. Low nitrogen limits early plant growth and nodulation due to insufficient nutrient supply, resulting in reduced biomass and fewer pods plant-1. In contrast, a large proportion of applied urea fertilizer (basal application) is not be recovered by crops and is lost to the environment and it may suppress nodulation. Losses of nitrogen from agricultural systems occur through leaching, volatilization, denitrification and runoff, which reduce fertilizer use efficiency (Robertson & Vitousek, 2009). This reduces nitrogen-use efficiency and restricts reproductive development, ultimately decreasing pods per plant. Groundnut pod yield increased by bacterium inoculation and N fertilizer (Sogut et al., 2013). There was no significant interaction between urea application with Rh inoculation under mulching.

4. Conclusion
The study demonstrated that rice straw mulching significantly improved plant growth, SPAD values, and pod yield compared to the no mulch. Therefore, rice straw mulch can be considered an effective management practice for enhancing groundnut growth and productivity. Among the combinations of urea levels and rhizobium (Rh) inoculation, the application of 50% urea with Rh (U4) produced the highest values for growth parameters, yield components, and pod yield, followed by 25% urea with Rh (U₆) in both experiments; however, the differences between these treatments were not statistically significant. The interaction between mulching and the combinations of urea levels and Rh inoculation was not significant for the measured parameters and pod yield. Nevertheless, the combination of rice straw mulch with 50% urea and Rh inoculation recorded the highest numerical values for growth and yield, followed by the combination of rice straw mulch with 25% urea and Rh inoculation. Overall, rice straw mulching combined with reduced urea application and Rh inoculation enhanced the growth, yield components, and pod yield of groundnut in both experiments. The results indicate that rice straw mulch combined with 50% urea and Rh inoculation is an effective strategy for maximizing groundnut productivity, whereas 25% urea with Rh inoculation offers a more sustainable alternative by reducing synthetic urea inputs without significant yield reduction.
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