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Effect of Mulching Type and Application rate on Growth and Yield of Soybean (Glycine max (L.) Merr) during the Post-Monsoon Season

ABSTRACT 

	Soybean production during the post-monsoon season in Myanmar is constrained by moisture stress associated with declining rainfall and fewer rainy days, which limits crop growth and grain yield. Therefore, this study evaluated the effects of different mulch types and application rates on the growth and grain yield of post-monsoon soybean (Glycine max) at the Yezin Agricultural University farm during the 2024–2025 and 2025–2026 growing seasons. The experiment was arranged in a randomised complete block design with four replications. The treatments comprised no mulch (M0), plastic mulch (M1), rice straw mulch at 3 t ha⁻¹ (M2), 6 t ha⁻¹ (M3), and 9 t ha⁻¹ (M4), and maize stover mulch at 3 t ha⁻¹ (M5), 6 t ha⁻¹ (M6), and 9 t ha⁻¹ (M7). Mulching significantly improved soil moisture retention, vegetative growth, yield components, and grain yield compared with no mulch. Plastic mulch promoted faster canopy development during the early growth stage, produced the highest leaf area index (LAI), and generally maintained the greatest soil moisture. Rice straw mulch at 9 t ha⁻¹ produced the highest grain yields of 2456.2 and 3273.1 kg ha⁻¹ in the 2024–2025 and 2025–2026 seasons, respectively. The yields obtained with plastic mulch, rice straw mulch at 6 t ha⁻¹, and maize stover mulch at 9 t ha⁻¹ were not significantly different. The findings indicate that locally available crop residues can serve as effective mulching materials for post-monsoon soybean production under the conditions of the study area.
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1. INTRODUCTION 
Soybean (Glycine max L. Merrill), recognised as one of the most important oilseed and grain legume crops worldwide, is widely valued for its high protein and oil contents (Guo et al., 2022). It is a globally significant crop that plays a crucial role in food security and sustainable development (Chen et al., 2022). Soybean seeds are rich in nutritional components, containing approximately 30-37% protein and 20-35% lipid, together with considerable amounts of carbohydrates, dietary fibre, and minerals (Tamangwa et al., 2023). Globally, soybean oil is the second most widely consumed edible oil after palm oil and is also a major export commodity (Zeb, 2021). In Myanmar, soybean serves a dual purpose in human nutrition and livestock feed. Soybean-based food products include tofu, soymilk, soy paste, and soy sauce (Win et al., 2016). Soybean growing seasons in Myanmar include the pre-monsoon season (mid-December to mid-January), the monsoon season (May to mid-June), and the post-monsoon season (September to October) (Win et al., 2016). In recent years, soybean growers in Myanmar have encountered numerous agricultural problems associated with climate change. During the post-monsoon period, both total rainfall and the number of rainy days decline, leading to insufficient soil moisture (Sein et al., 2021). This moisture deficit restricts plant development, induces leaf wilting and drooping, and ultimately leads to a lower leaf area index, stunted seedling growth, and declines in both biomass and yield (Aziez et al., 2022). To overcome these challenges, mulching is an effective strategy in dryland agriculture, providing several advantages, including soil moisture conservation, temperature regulation, weed growth inhibition, soil health improvement, and erosion control, all of which increase water-use efficiency and enhance crop yields (Kishore et al., 2022). Mulching is the practice of applying a protective layer of material to the soil surface. Mulching materials can be broadly classified into three main groups: organic materials (e.g., plant products and animal wastes), inorganic materials (synthetic materials), and special materials (El-Beltagi et al., 2022). Compared with other organic mulches, cereal straw is widely used because of its ability to conserve soil moisture and improve soil conditions (Du et al., 2022). Although plastic film mulching reduces soil water consumption more effectively than straw, residual film can release toxic materials that are harmful to crops and humans (Wang et al., 2021). Organic mulches obtained from crop residues (e.g., rice straw and maize stover) are biodegradable and environmentally friendly, but they usually decompose faster than plastic mulches (El-Beltagi et al., 2022). In contrast, plastic mulch residues may accumulate in agricultural fields and adversely affect soil health and crop growth (Wang et al., 2021; Q. Liu et al., 2024). Therefore, the use of organic mulches may provide a sustainable alternative for soybean production, particularly under moisture-limited conditions. Recent reviews indicate that mulch selection should consider crop type, management practices, and climatic conditions because different materials modify soil moisture, temperature, and crop productivity in distinct ways (Kumar & Usadadiya, 2023). A recent synthesis also identified soil moisture conservation and soil quality improvement as central functions of both organic and inorganic mulches, while noting differences among mulch materials (Saini et al., 2026). In soybean, film-mulching configuration has been shown to influence soil moisture, crop growth, biological nitrogen fixation, and grain yield under semi-arid conditions (Wen et al., 2024). Long-term comparisons further suggest that straw- and plastic-based mulching systems can differ in their effects on soil health and soybean yield stability (Song et al., 2024). Straw-mulching timing and thickness have also been associated with changes in soil water, nutrient, and thermal regimes in wheat-soybean rotations (Liao et al., 2025). Despite the recognised benefits of mulching, limited information is available in Myanmar regarding the effects of different mulch types and application rates on soybean growth and yield. In particular, the comparative performance of plastic mulch, rice straw, and maize stover applied at different rates under post-monsoon conditions at YAU Farm has not been adequately established. Therefore, the present study was conducted (1) to evaluate the effects of different mulch types and application rates on the growth and yield of post-monsoon soybean and (2) to determine the most suitable mulch type and application rate for post-monsoon soybean production under the conditions of YAU Farm.
2. MATERIALS AND METHODS 
Experimental Site and Design
The field experiment was conducted at the farm of the Department of Agronomy, Yezin Agricultural University (YAU), Nay Pyi Taw, Myanmar (19°49ʹ59.6'' N, 96°16ʹ30.4'' E, 129 m above sea level) during two post-monsoon seasons: November 2024 to February 2025 and November 2025 to February 2026. The experiment was laid out in a randomised complete block design (RCBD) with four replications. Each replication contained eight treatment plots. Each plot measured 4 m × 4 m, with 1 m spacing between adjacent plots. The total experimental area was 31 m × 19 m. The weather conditions during both growing seasons are presented in Figure 1.
 
Figure 1. Rainfall, temperature and relative humidity during 2024-2025 and 2025-2026
 	post monsoon
Treatment Details and Sowing
The Yezin-15 soybean variety, with a maturity period of 110 days, was used in this study. Soybean seeds were inoculated with Rhizobium bacteria before sowing and planted in rows at a spacing of 45 cm × 15 cm and a depth of 1-2 cm. Thinning was carried out 14 days after emergence to leave one healthy plant per hill. The treatments consisted of eight distinct mulching regimes: M0 (no mulch); M1 (plastic mulch); M2, M3, and M4 (rice straw applied at 3, 6, and 9 t ha-1, respectively); and M5, M6, and M7 (maize stover applied at 3, 6, and 9 t ha-1, respectively). Calculated quantities of rice straw and maize stover mulch were weighed and uniformly spread between the crop rows on the soil surface immediately after sowing to ensure complete coverage.
Crop Management and Soil Sampling
Fertilisers were applied according to the guidelines recommended by the Department of Agricultural Research (DAR), Nay Pyi Taw, Myanmar, at rates of 31.4 kg N ha-1 as urea, 62.8 kg P2O5 ha-1 as triple superphosphate (TSP), and 31.4 kg K2O ha-1 as muriate of potash (MOP). The full doses of TSP and MOP, together with 50% of the urea, were applied as basal fertiliser. The remaining 50% of the urea was side-dressed before the beginning-bloom (R1) stage. Standard plant-protection practices were applied equally to all treatments whenever pest or disease incidence reached the economic threshold level. Three supplementary irrigations were applied uniformly to all treatments during the experimental periods to ensure that the observed differences in crop growth and yield were mainly due to the mulch treatments rather than variations in water availability. Before sowing, five soil samples were randomly collected from each plot at a depth of 15 cm using a soil auger. These samples were then mixed to form one composite sample for initial laboratory analysis. The soil analysis results from both experiments are shown in List 1.



List 1. Initial physicochemical status of the soil prior to the experiment
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	Value
	Rating
	Methods (Author name, Year)

	Soil Texture
Sand (%)
Silt (%)
Clay (%)
	-
86.46
5.97
7.57
	Loamy sand
	Pipette Method (Gee & Or, 2002)

	Soil pH
	6.50
	Slightly acid
	Soil water suspension 1:5 
(Rayment & Lyons, 2011)

	Organic matter (%)

	1.33
	low
	Walkley and Black Method 
(Walkley & Black, 1934)

	Available N (mg kg-1)
	55.00
	Low
	Alkaline permanganate method 
(Subbiah & Asija, 1956)

	Available P (mg kg-1)
	15.00
	Medium
	9C-Olsen’s P-Malachite green 
(Olsen, 1954)

	Available K (mg kg-1)
	314.00
	High
	1N Ammonium acetate extraction 
(Rayment & Lyons, 2011)


2.1 Data Collection 
Growth and yield parameters were recorded systematically during the experimental period. The outermost two rows of each plot served as border rows. The inner four rows were used for destructive sampling, while the innermost two rows were harvested for final yield determination.
2.1.1 Plant growth characters
2.1.1.1 Plant height (cm)
Five representative plants per plot were randomly selected and labelled for periodic observation. Plant height was measured at ten-day intervals from the soil surface to the highest growing point of each plant.
2.1.1.2 Stem diameter (mm)
At harvest, stem diameter was measured using a digital vernier calliper on five representative plants selected from each plot, and the mean value was recorded. 
2.1.1.3 Days to 50% flowering
Ten plants per plot were selected and labelled for flowering observations. Beginning at the onset of flowering, the tagged plants were monitored on alternate days. The 50% flowering stage was determined when flowers were observed on more than 50% of the selected plants. The number of days to 50% flowering was calculated as the number of days from sowing to the 50% flowering stage.
2.1.1.4 Leaf area index (LAI)
Leaf area index (LAI) was defined as the ratio of the total one-sided leaf area of a crop to the ground area (Gardner et al., 1985). Leaf area was measured at ten-day intervals starting from 21 days after sowing (DAS). The leaves of five randomly selected plants from the destructive-sampling rows of each plot were detached, and their total surface area was measured using a LI-COR 3100 leaf area meter (LI-COR Inc., Lincoln, NE) and expressed as cm2 plant-1. LAI was calculated using the following formula:
	LAI   =
	Leaf Area

	
	Ground Area





2.1.2 Soil Moisture (%)
Soil moisture (%) was recorded at 1, 5, 10, and 15 days after irrigation (DAI) at the Department of Agronomy, YAU. Soil moisture content was measured at three randomly selected locations in each experimental plot at a depth of 15 cm using the gravimetric method.

	Soil Moisture (%) =
	(W2 - W3)
	×    100

	
	(W3 - W1)
	





Where,	W1 = weight of sample container (g)
W2 = weight of sample container + wet soil sample
W3 = weight of sample container + oven dried soil sample at 105°C (g)
	(Craze, 1990)

2.1.3 Yield and yield components
2.1.3.1 Number of branches plant-1 
At harvest, five representative plants were selected from each plot, and the number of primary branches per plant was counted to determine the number of branches plant-1.
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At harvest, the total number of pods on the five tagged representative plants from each plot was counted, and the values were averaged to determine the number of pods plant-1.
2.1.3.3 Number of seeds pod-1 
Ten pods were randomly selected from each plot and threshed. The seeds were counted, and the total was averaged to determine the mean number of seeds pod-1. 
2.1.3.4 Hundred seed weight 
A seed sample was collected from the net harvested yield of each plot. One hundred seeds were counted randomly, weighed, and the weight was expressed in grams (g).
2.1.3.5 Seed yield
Total seed yield was calculated from the actual harvest area per plot, adjusted to 12% moisture content, and converted to kilograms per hectare (kg ha-1).
2.1.3.6 Harvest index 
The harvest index (HI) was calculated by dividing the economic seed yield by the total biological yield according to the method described by Donald and Hamblin (1976), using the following formula:
	Harvest Index (HI) = 
	Seed yield (or) Economic yield (kg ha-1)

	
	Biological yield (kg ha-1)


2.2 Statistical Analysis
All collected datasets were subjected to analysis of variance (ANOVA) using Statistix software (version 8.0). Means were separated using the least significant difference (LSD) test at the 5% probability level (Gomez & Gomez, 1984).
3. RESULTS AND DISCUSSION
3.1 Plant height 
Plant height is a key indicator of vegetative growth and overall crop performance. Soybean plant height generally increased from 21 to 71 DAS in all treatments, with significant differences among mulching treatments in both experiments. During the 2024-2025 season, plant height increased sharply up to 51 DAS, rose more gradually to 61 DAS, and then declined slightly by 71 DAS (Figure 2A). At 71 DAS, the highest plant height was recorded under plastic mulch (M1, 65.89 cm), followed by rice straw at 9 t ha-1 (M4, 64.79 cm) and maize stover at 9 t ha-1 (M7, 61.12 cm), while the lowest was observed in the no-mulch treatment (M0, 49.10 cm). A similar trend was observed in 2025-2026 (Figure 2B), when M1 again recorded the highest plant height (69.78 cm), followed by M4 (67.16 cm) and M7 (66.15 cm), with M0 showing the lowest value (53.76 cm). The increase in plant height under mulching treatments indicates improved vegetative growth associated with better soil water conservation and greater soil moisture and nutrient availability in the root zone. In contrast, the lower plant height in the control reflects moisture stress during critical growth stages. At equal rates, the effects of mulch mainly reflected differences in soil cover and moisture retention, with rice straw performing better than maize stover in conserving soil moisture and supporting vegetative growth. These findings are consistent with Bagunavar et al. (2025), who reported that soil moisture conditions influence soybean plant-height development under field conditions. 
3.2 Stem diameter (mm)
Stem diameter is an indicator of plant growth and biomass accumulation and influences assimilate translocation and seed yield. It differed significantly among mulching treatments in both experiments (Figures 3A and 3B). In the 2024-2025 season, stem diameter ranged from 3.72 mm in the no-mulch treatment (M0) to 4.60 mm under rice straw at 9 t ha-1 (M4). Plastic mulch (M1) also recorded a relatively high value of 4.33 mm, followed by maize stover at 9 t ha-1 (M7, 4.25 mm). Lower values were observed under reduced mulch application rates (M2, M3, M5, and M6). A similar pattern was observed in the 2025-2026 season, when M4 again produced the highest stem diameter (5.76 mm), while the no-mulch treatment (M0) recorded the lowest value (4.06 mm). Stem diameter increased progressively with higher mulch rates in both experiments. At equal application rates, rice straw produced a greater stem diameter than maize stover, possibly reflecting better soil coverage and improved soil moisture conditions. Better soil moisture under mulch supported stem thickening, resulting in increased stem diameter and plant strength. These findings are consistent with Liu et al. (2023), who reported that straw mulching improved soybean stem diameter and other growth characteristics under field conditions.
3.3 Days to 50% flowering
Significant variation in the number of days to 50% flowering was observed among treatments in both experiments (Figures 4A and 4B). In the 2024-2025 season, flowering ranged from 37.00 days under plastic mulch (M1) to 45.25 days in the no-mulch treatment (M0). In 2025-2026, the earliest flowering (35.25 days) was observed under plastic mulch (M1), whereas the latest flowering (43.00 days) was recorded in the no-mulch treatment (M0). Earlier flowering under mulching may be attributed to enhanced soil moisture retention, which reduces physiological stress and accelerates the transition to the reproductive stage. At equal rates, rice straw induced earlier flowering than maize stover, possibly because of better soil-surface protection. Similar findings were reported by Mante (2019) in soybean and Shreerama et al. (2025) in tomato, who observed that mulching practices influenced flowering time and crop growth performance under field conditions.
3.4 Leaf Area Index
Leaf area index (LAI) is a basic parameter reflecting the photosynthetic capacity of soybean plants. LAI increased from 21 to 51 DAS and subsequently declined because of leaf senescence, with a similar trend observed in both experiments (Figures 5A and 5B). In the 2024-2025 season, LAI ranged from 1.73 to a peak of 7.61 under plastic mulch (M1), while rice straw at 9 t ha-1 (M4) reached 6.31. The control (M0) recorded the lowest peak LAI (3.85). A similar pattern was observed in 2025-2026, when plastic mulch (M1) recorded the highest LAI (8.78), followed by rice straw at 9 t ha-1 (M4, 6.47), while the no-mulch treatment (M0) showed the lowest LAI value (4.32). The increase in LAI under mulching may be associated with improved soil moisture retention and favourable soil temperature conditions. A more rapid decline in LAI under plastic mulch indicates that early vegetative growth was not sustained throughout the crop-growth period. These conditions are important for plant growth and canopy development. Previous research has indicated that mulching enhances crop physiological performance (Liao et al., 2022) and promotes early plant growth and a higher LAI (S. Liu et al., 2024).
3.5 Soil Moisture (%)
The effects of mulching treatments on soil moisture content after the first, second, and third irrigations during the 2024-2025 and 2025-2026 seasons are presented in Tables 1 and 2. Significant differences were observed at 5, 10, and 15 DAI, with soil moisture declining as the interval after irrigation increased. Across all irrigation events and both seasons, plastic mulch (M₁) consistently maintained the highest soil moisture content and was generally comparable to rice straw mulch at 9 t ha-1 (M₄), rice straw mulch at 6 t ha-1 (M₃), and maize stover mulch at 9 t ha-1 (M₇). In contrast, the no-mulch treatment (M₀) recorded the lowest soil moisture content throughout the study. The superior moisture conservation under plastic mulch and high rates of rice straw mulch was likely due to reduced evaporation losses and improved soil-surface coverage. Similar improvements in soil moisture under different mulch materials were reported by Ye et al. (2024). These results are consistent with the findings of Coelho et al. (2022), who reported that mulching improved soil moisture retention and water-use efficiency by reducing soil water loss and maintaining favourable soil moisture conditions.
3.6 Number of branches plant-1
The number of branches per plant differed significantly among treatments in both experiments (Table 3). In the 2024-2025 season, the highest number of branches was recorded under rice straw at 9 t ha-1 (M4, 3.20), followed by plastic mulch (M1, 2.83), while the lowest was observed in the no-mulch treatment (M0, 2.20). In 2025-2026, a similar trend was observed, when rice straw at 9 t ha-1 (M4) again produced the highest value (4.60), followed by plastic mulch (M1, 4.40), while the no-mulch treatment (M0) recorded the lowest value (3.05). Higher mulch rates consistently increased branch formation in both experiments. This improvement may have resulted from better soil moisture availability, reduced weed competition, and enhanced soil nutrient availability under mulched conditions, which supported vegetative growth and lateral branching. Similar findings were reported by Kim et al. (2024), who observed that mulching treatments affected soybean growth characteristics, including branch number and yield-related traits.
3.7 Number of pods plant-1
The number of pods per plant varied significantly among treatments in both experiments (Table 3). In 2024-2025, rice straw at 9 t ha-1 (M4) recorded the highest number of pods per plant (35.33), followed by plastic mulch (M1, 33.75) and maize stover at 9 t ha-1 (M7, 32.33), while the no-mulch treatment (M0) recorded the lowest value (27.75). In 2025-2026, a similar trend was observed, with rice straw at 9 t ha-1 (M4) again producing the highest number of pods (53.23), while the no-mulch treatment (M0) remained the lowest. The increase in pod formation under mulching may mainly be attributed to improved soil moisture during the flowering and pod-setting stages, which reduces flower and pod abortion and provides more assimilates for pod development. Similar findings were reported by Liu et al. (2023), who found that straw mulching improved soybean growth and yield components by creating favourable soil conditions under field conditions.
3.8 Number of seeds pod-1
The number of seeds per pod is an important yield component that contributes directly to final soybean yield. Significant differences in the number of seeds per pod were observed among mulching treatments during both experiments (Table 3). In 2024-2025, values ranged from 2.38 in the no-mulch treatment (M0) to 3.00 under rice straw at 9 t ha-1 (M4). In 2025-2026, plastic mulch (M1), rice straw at 9 t ha-1 (M4), and maize stover at 9 t ha-1 (M7) recorded the highest values (3.00), while the no-mulch treatment recorded the lowest value (2.43). Increased mulch levels improved seed set per pod because of better soil moisture conservation and enhanced assimilate translocation during reproductive growth, thereby supporting reproductive development and seed formation. Similar findings were reported by Li et al. (2022), who found that straw mulching improved soil water conditions and enhanced soybean yield components, including seed number per pod. Furthermore, Fadhli et al. (2021) reported that higher mulch rates improved soybean growth and yield performance under field conditions.
3.9 Hundred seed weight (g)
Hundred-seed weight is an important yield component that reflects the effectiveness of seed filling and contributes directly to soybean yield potential. Hundred-seed weight was significantly influenced by mulching treatments in both seasons (Table 4). In 2024-2025, the highest seed weight (14.68 g) was observed under rice straw at 9 t ha-1 (M4), followed by plastic mulch (M1), maize stover at 9 t ha-1 (M7), rice straw at 6 t ha-1 (M3), and maize stover at 6 t ha-1 (M6). The lowest seed weight (12.90 g) was recorded in the no-mulch treatment (M0). In 2025-2026, M4 again recorded the highest value (14.94 g), while M0 showed the lowest value (12.92 g). Higher mulch application rates improved seed weight by enhancing soil moisture availability during the seed-filling stage. This supported efficient assimilate production and translocation, resulting in better seed development. Similar findings were reported by Wu et al. (2023), who found that straw mulching improved soil moisture conditions and enhanced soybean yield formation, including hundred-seed weight.
3.10 Grain yield (kg ha-1)
Grain yield varied significantly among mulching treatments in both experiments (Table 4). During the first experimental season (2024-2025), rice straw mulch at 9 t ha-1 (M4) produced the highest grain yield (2456.2 kg ha-1), followed by plastic mulch (M1, 2420.2 kg ha-1), maize stover mulch at 9 t ha-1 (M7, 2231.3 kg ha-1), and rice straw mulch at 6 t ha-1 (M3, 2156.3 kg ha-1). The lowest grain yield was observed in the no-mulch treatment (M0, 1649.7 kg ha-1). Similarly, in the second experimental season (2025-2026), the highest grain yield (3273.1 kg ha-1) was observed under rice straw mulch at 9 t ha-1 (M4), followed by plastic mulch (M1, 3043.8 kg ha-1), maize stover mulch at 9 t ha-1 (M7, 3000.0 kg ha-1), and rice straw mulch at 6 t ha-1 (M3, 2987.5 kg ha-1), whereas the lowest grain yield (1875.0 kg ha-1) was recorded in the no-mulch treatment (M0). In the present study, rice straw at 9 t ha-1 (M4) consistently produced the highest yield. Yield improvement under mulching was associated with improved yield components and better soil moisture conservation during the crop-growth period. The higher grain yield observed under mulching treatments is consistent with the findings of Hasanuddin et al. (2021) and Wu et al. (2024), who reported that straw mulching enhanced soybean seed yield by improving soil conditions and crop growth. Similarly, Poya and Kazimi (2024) reported that maintaining adequate soil moisture significantly improved soybean grain yield.
3.11 Harvest Index
Harvest index (HI) is an important indicator of plant efficiency in converting total biomass into economic yield. Significant differences in harvest index were observed among mulching materials and application rates during both post-monsoon seasons (Table 4). During the 2024-2025 season, the highest harvest index (0.53) was observed under rice straw mulch applied at 9 t ha-1 (M4), followed by plastic mulch (M1, 0.49), whereas the no-mulch treatment (M0) resulted in the lowest value (0.40). A similar trend was observed during the 2025-2026 season, when rice straw applied at 9 t ha-1 (M4) produced the highest harvest index (0.57), while the no-mulch treatment (M0) again recorded the lowest value (0.42). Harvest index increased with increasing mulch application rates in both seasons. The improved soil moisture conditions created by mulching likely enhanced assimilate allocation to grain formation, thereby increasing grain-filling efficiency and the conversion of biomass into economic yield. Within the organic mulch treatments, rice straw applied at 9 t ha-1 consistently produced a higher harvest index than maize stover at the same rate, whereas the lower harvest index in the no-mulch treatment may be attributed to less efficient assimilate allocation under reduced soil moisture conditions. This result is supported by Anand et al. (2020), who reported that mulching improved soybean harvest index through enhanced grain yield and efficient biomass partitioning towards reproductive growth.
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	DAS
	21
	31
	41
	51
	61
	71

	LSD0.05
	2.69
	6
	5.65
	6.32
	7.55
	7.55

	P value
	.009
	.040
	.001
	< .001
	.003
	.003

	CV%
	10.82
	14.12
	9.27
	7.73
	8.76
	8.76


	DAS
	21
	31
	41
	51
	61
	71

	LSD0.05
	1.46
	4.31
	4.82
	5.46
	5.54
	5.54

	P value
	.003
	.001
	< .001
	< .001
	< .001
	< .001

	CV%
	5.00
	8.41
	6.27
	6.25
	6.01
	6.01





[bookmark: _Hlk235370685]DAS - Days after sowing, M0 - No mulching, M1 - Plastic mulching, M2 - Rice straw at 3 tons ha-1, M3 - Rice straw at 6 tons ha-1, M4 - Rice straw at 9 tons ha-1, M5 - Maize stover at 3 tons ha-1, 
M6 - Maize stover at 6 tons ha-1, M7- Maize stover at 9 tons ha-1
Figure 2 Mean values of plant height as affected by different mulch types and application rates during the post- monsoon season, (A) 2024-2025 season (B) 2025-2026 season




















M0 - No mulching, M1 - Plastic mulching, M2 - Rice straw at 3 tons ha-1, M3 - Rice straw at 6 tons ha-1, M4 - Rice straw at 9 tons ha-1, M5 - Maize stover at 3 tons ha-1, M6 - Maize stover at 6 tons ha-1, M7- Maize stover at 9 tons ha-1
     Figure 3 Mean values of stem diameter (mm) as affected by different mulch types and application rates during the post-monsoon season, (A) 2024-2025 season (B) 2025-2026 season
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[bookmark: _Hlk232501401]M0 - No mulching, M1 - Plastic mulching, M2 - Rice straw at 3 tons ha-1, M3 - Rice straw at 6 tons ha-1, M4 - Rice straw at 9 tons ha-1, M5 - Maize stover at 3 tons ha-1, M6 - Maize stover at 6 tons ha-1, M7- Maize stover at 9 tons ha-1
Figure 4 Mean values of 50% flowering as affected by different mulch types and application rates during the post-monsoon season, (A) 2024-2025 season (B) 2025-2026 season














	DAS
	21
	31
	41
	51
	61
	71

	LSD0.05
	0.26
	0.52
	0.79
	0.72
	0.69
	0.52

	P value
	< .001
	< .001
	< .001
	< .001
	< .001
	< .001

	CV%
	12.73
	13.53
	12.74
	8.28
	10.5
	12.00



	DAS
	21
	31
	41
	51
	61
	71

	LSD0.05
	0.26
	0.43
	0.58
	0.60
	0.62
	0.61

	P value
	< .001
	< .001
	< .001
	< .001
	< .001
	< .001

	CV%
	14.93
	12.88
	10.44
	7.39
	10.13
	15.29



DAS - Days after sowing, M0 - No mulching, M1 - Plastic mulching, M2 - Rice straw at 3 tons ha-1, M3 - Rice straw at 6 tons ha-1, M4 - Rice straw at 9 tons ha-1, M5 - Maize stover at 3 tons ha-1,
M6 - Maize stover at 6 tons ha-1, M7- Maize stover at 9 tons ha-1

Figure 5 Mean values of Leaf Area Index as affected by different mulch types and application rates during post-monsoon season, (A) 2024-2025 season (B) 2025-2026 season




Table 1 Mean values of soil moisture (%) as affected by different mulching materials and their rates measure at 5, 10 and 15 days after 1st, 2nd and 3rd irrigation during post-monsoon season, 2024-2025

	Treatments
	Soil moisture (%) at 1st Irrigation                Soil moisture (%) at 2nd Irrigation        Soil moisture (%) at 3rd Irrigation

	
	5 DAI
	10 DAI
	15 DAI
	5 DAI
	10 DAI
	15 DAI
	5 DAI
	10 DAI
	15 DAI

	M0
	12.55 e
	7.26 d
	5.94 d
	11.39 d
	7.00 d
	5.32 e
	11.23 d
	6.59 d
	3.95 d

	M1
	22.58 a
	18.52 a
	16.04 a
	21.97 a
	18.17 a
	15.69 a
	21.16 a
	17.89 a
	14.21 a

	M2
	17.04 cd
	12.53 bc
	10.05 c
	16.14 c
	12.15 c
	9.56 cd
	15.73 bc
	11.89 c
	8.83 b

	M3
	20.46 abc
	16.43 ab
	13.93 ab
	19.48 abc
	16.00 ab
	13.34 b
	19.22 abc
	15.68 abc
	12.44 a

	M4
	22.02 a
	18.15 a
	15.65 a
	21.11 ab
	17.61 a
	15.04 ab
	20.55 a
	17.23 a
	13.88 a

	M5
	16.73 d
	11.48 c
	8.46 c
	16.03 c
	12.09 c
	8.61 d
	15.63 c
	11.81 c
	6.21 c

	M6
	18.37 bcd
	15.08 abc
	12.63 b
	17.13 bc
	13.24 bc
	10.98 c
	16.83 bc
	13.05 bc
	10.13 b

	M7
	20.67 ab
	16.76 a
	14.26 ab
	19.93 abc
	16.34 a
	13.75 ab
	19.43 ab
	16.02 ab
	12.52 a

	LSD0.05
	3.56
	4.03
	2.21
	4.36
	2.96
	1.96
	3.70
	3.89
	2.24

	Pr>F
	< .001
	< .001
	< .001
	0.001
	< .001
	< .001
	< .001
	< .001
	< .001

	CV%
	12.88
	18.86
	12.39
	16.59
	14.31
	11.54
	14.4
	19.22
	14.82


Mean values in each column having a common letter are not significantly different at 5 % level
DAI - Days after irrigation, M0 - No mulching, M1 - Plastic mulching, M2 - Rice straw at 3 tons ha-1, M3 - Rice straw at 6 tons ha-1, 
M4 - Rice straw at 9 tons ha-1, M5 - Maize stover at 3 tons ha-1, M6 - Maize stover at 6 tons ha-1, M7 - Maize stover at 9 tons ha-1

Table 2 Mean values of soil moisture (%) as affected by different mulching materials and their rates measure at 5, 10 and 15 days    
             after 1st, 2nd and 3rd irrigation during post-monsoon season, 2025-2026

	Treatments
	Soil moisture (%) at 1st Irrigation                
	Soil moisture (%) at 2nd Irrigation     
	Soil moisture (%) at 3rd Irrigation

	 
	5 DAI
	10 DAI
	15 DAI
	5 DAI
	10 DAI
	15 DAI
	5 DAI
	10 DAI
	15 DAI

	M0
	12.73 c 
	8.81 d 
	6.86 d 
	12.59 d 
	7.53 d 
	5.57 d 
	12.17 d 
	7.32 e 
	4.57 d 

	M1
	23.47 a 
	19.73 a 
	16.70 a 
	22.07 a 
	18.52 a 
	15.80 a 
	21.68 a 
	18.02 a 
	14.97 a 

	M2
	18.15 b 
	13.17 bc 
	10.75 c 
	17.19 c 
	13.11 c 
	9.97 bc 
	17.29 
	12.89 cd 
	9.46 c 

	M3
	21.22 ab 
	16.27 abc 
	13.84 b 
	19.97 abc 
	16.49 ab 
	13.77 a 
	19.65 abc 
	15.87 abc 
	12.97 b 

	M4
	22.71 a 
	19.07 a 
	15.95 a 
	21.54 ab 
	18.17 a 
	15.45 a 
	21.05 a 
	17.42 a 
	14.76 ab 

	M5
	18.06 b 
	12.63 c 
	10.23 c 
	16.91 c 
	12.78 c 
	8.35 c 
	16.41 c 
	12.14 d 
	8.95 c 

	M6
	19.34 ab 
	14.54 bc 
	11.74 c 
	17.79 bc 
	14.60 bc 
	11.43 b 
	18.59 abc 
	13.79 bcd 
	10.82 c 

	M7
	21.42 ab 
	16.47 ab 
	13.99 b 
	20.17 abc 
	16.82 ab 
	14.06 a 
	19.99 ab 
	16.22 ab 
	13.29 ab 

	LSD0.05
	4.44
	3.78
	1.56
	3.94
	3.37
	2.19
	3.57
	3.27
	1.90

	Pr>F
	.002
	< .001
	< .001
	.001
	< .001
	< .001
	< .001
	< .001
	< .001

	CV%
	15.37
	17.03
	8.5
	14.48
	15.54
	12.63
	13.24
	15.65
	11.52


Mean values in each column having a common letter are not significantly different at 5 % level
DAI - Days after irrigation, M0 - No mulching, M1 - Plastic mulching, M2 - Rice straw at 3 tons ha-1, M3 - Rice straw at 6 tons ha-1, 
M4 - Rice straw at 9 tons ha-1, M5 - Maize stover at 3 tons ha-1, M6 - Maize stover at 6 tons ha-1, M7 - Maize stover at 9 tons ha-1

	[bookmark: RANGE!B39][bookmark: _Hlk232541080][bookmark: _Hlk232540352]Treatments
	No. of branches plant-1
per plant
	No. of pods plant-1
per plant
	No. of seeds pod-1

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

	M0
	2.20 c
	3.05 d
	27.75 d
	35.18 d
	2.38 c
	2.43 c

	M1
	2.83 ab
	4.40 a
	33.75 ab
	49.75 a
	2.88 ab
	3.00 a

	M2
	2.55 bc
	3.70 c
	30.70 bcd
	43.13 c
	2.65 abc
	2.78 ab

	M3
	2.75 ab
	4.23 ab
	31.90 abc
	48.88 ab
	2.85 ab
	2.98 a

	M4
	3.20 a
	4.60 a
	35.33 a
	53.23 a
	3.00 a
	3.00 a

	M5
	2.35 bc
	3.68 c
	29.35 cd
	41.10 c
	2.65 abc
	2.65 bc

	M6
	2.58 bc
	3.95 bc
	31.05 bcd
	44.40 bc
	2.63 bc
	2.88 ab

	M7
	2.75 ab
	4.25 ab
	32.33 abc
	48.89 ab
	2.85 ab
	3.00 a

	LSD0.05
	0.50
	0.39
	3.70
	4.70
	0.36
	0.31

	P value
	.016
	< .001
	.010
	< .001
	.039
	.006

	CV%
	12.81
	6.63
	7.99
	7.01
	8.86
	7.37


Table 3 Number of branches plant-1, number of pods plant-1, number of seed pod-1 soybean as affected by different mulch types and application rates during the 2024 - 2025 and 2025 - 2026 post-monsoon seasons
Mean values in each column having a common letter are not significantly different at 5 % level 
M0 - No mulching, M1 - Plastic mulching, M2 - Rice straw at 3 tons ha-1, M3 - Rice straw at 6 tons ha-1, M4 - Rice straw at 9 tons ha-1, M5 - Maize stover at 3 tons ha-1, M6 - Maize stover at 6 tons ha-1, M7 - Maize stover at 9 tons ha-1

Table 4 Hundred grains weight, grain yield and harvest index of soybean as affected by different mulch types and application rates during the 2024 - 2025 and 2025 - 2026 post-monsoon seasons

	Treatments
	100 grains weight (g)
	Grain yield (kg ha-1)
	Harvest index

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

	M0
	12.90 c
	12.90 c
	1649.7 d
	1875.0 c
	0.40 c
	0.42 c

	M1
	14.54 ab
	14.81 ab
	2420.2 a
	3043.8 a
	0.49 ab
	0.56 a

	M2
	13.81 abc
	13.82 bc
	1945.6 bcd
	2500.0 b
	0.46 b
	0.50 b

	M3
	14.14 ab
	14.79 ab
	2156.3 ab
	2987.5 a
	0.48 b
	0.56 a

	M4
	14.68 a
	14.94 a
	2456.2 a
	3273.1 a
	0.53 a
	0.57 a

	M5
	13.72 bc
	13.78 bc
	1800.0 cd
	2475.0 b
	0.45 b
	0.50 b

	M6
	13.92 ab
	14.22 ab
	1972.5 bc
	2550.0 b
	0.47 b
	0.50 b

	M7
	14.25 ab
	14.80 ab
	2231.3 ab
	3000.0 a
	0.48 b
	0.56 a

	LSD0.05
	0.94
	1.11
	316.53
	396.15
	0.05
	0.05

	P value
	.023
	.010
	.002
	< .001
	.002
	< .001

	CV%
	4.56
	5.28
	10.35
	9.93
	7.15
	6.03


Mean values in each column having a common letter are not significantly different at 5 % level 
M0 - No mulching, M1 - Plastic mulching, M2 - Rice straw at 3 tons ha-1, M3 - Rice straw at 6 tons ha-1, M4 - Rice straw at 9 tons ha-1, M5 - Maize stover at 3 tons ha-1, M6 - Maize stover at 6 tons ha-1, M7 - Maize stover at 9 tons ha-1

4. CONCLUSION
Mulching improved soybean growth, soil moisture retention, yield components, and grain yield compared with no mulch during both post-monsoon seasons. Plastic mulch produced the highest leaf area index and generally maintained the greatest soil moisture. Rice straw mulch applied at 9 t ha-1 recorded the highest grain yields of 2456.2 and 3273.1 kg ha-1 in the respective seasons, although these yields were not significantly different from those obtained with plastic mulch, rice straw mulch at 6 t ha-1, and maize stover mulch at 9 t ha-1. These results indicate that locally available crop residues can be used as mulch materials for post-monsoon soybean production under the conditions of this study. A specific cost-effective recommendation cannot be established without further analysis of mulch availability, labour requirements, transportation costs, and net economic returns.
Limitations
The study was conducted at one location with one soybean variety. Soil temperature, weed suppression, water-use efficiency, mulch decomposition, environmental effects, and economic returns were not measured. Biological-yield data supporting the harvest index were not presented, treatment × season interactions were not reported, and repeated growth and soil moisture observations were not analysed longitudinally. Consequently, the findings require validation through combined seasonal analysis, cost–benefit assessment, and multi-location trials.
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Stem Diameter (mm)


P value = < .001 
LSD0.05  = 0.59 
CV%     = 8.16 
stem diameter (mm)	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

0.33818661638213915	0.36361062621986157	5.0549480709498641E-2	0.56722410694540448	0.20468390264014374	0.17911640767947537	0.52895953295125153	0.34760645851307187	0.33818661638213915	0.36361062621986157	5.0549480709498641E-2	0.56722410694540448	0.20468390264014374	0.17911640767947537	0.52895953295125153	0.34760645851307187	M₀	M₁	M₂	M₃	M₄	M₅	M₆	M₇	4.0599999999999996	5.52	4.5199999999999996	4.97	5.91	4.37	4.67	5.24	f	ab	def	bcd	a	ef	cde	bc	Treatments

Stem Diameter (mm)



P value = <.001 
LSD0.05  = 0.86 
CV%     = 1.53  
Days to 50% flowering	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1.4142135623730951	0.82915619758884995	1.299038105676658	1.5811388300841898	1.1180339887498949	1.1180339887498949	0.82915619758884995	1.2247448713915889	1.4142135623730951	0.82915619758884995	1.299038105676658	1.5811388300841898	1.1180339887498949	1.1180339887498949	0.82915619758884995	1.2247448713915889	M₀	M₁	M₂	M₃	M₄	M₅	M₆	M₇	43	35.25	39.25	37	36.5	39.5	38.25	36	a	f	b	d	de	b	c	ef	Treatments

Days to 50% flowering



P value  = <.001 
LSD0.05  = 1.57  
CV%     = 2.66 
Days to 50% flowering	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1.7853571071357126	0.70710678118654757	0.5	1.479019945774904	0.82915619758884995	0.5	0.82915619758884995	0.82915619758884995	1.7853571071357126	0.70710678118654757	0.5	1.479019945774904	0.82915619758884995	0.5	0.82915619758884995	0.82915619758884995	M₀	M₁	M₂	M₃	M₄	M₅	M₆	M₇	45.25	37	41.5	39.25	38.25	41.5	39.75	38.25	a	d	b	c	cd	b	c	cd	Treatments

Days to 50% flowering



P value  = <.001 
LSD0.05  = 1.5679  
CV%     = 2.66 
Days to 50% flowering	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1.7853571071357126	0.70710678118654757	0.5	1.479019945774904	0.82915619758884995	0.5	0.82915619758884995	0.82915619758884995	1.7853571071357126	0.70710678118654757	0.5	1.479019945774904	0.82915619758884995	0.5	0.82915619758884995	0.82915619758884995	M₀	M₁	M₂	M₃	M₄	M₅	M₆	M₇	45.25	37	41.5	39.25	38.25	41.5	39.75	38.25	a	d	b	c	cd	b	c	cd	Treatments

Days to 50% flowering


M0	21	31	41	51	61	71	0.64	1.45	2.35	3.85	2.75	1.85	M1	21	31	41	51	61	71	1.73	3.35	5.49	7.61	5.72	3.56	M2	21	31	41	51	61	71	0.84	1.79	3.12	4.95	3.53	2.3199999999999998	M3	21	31	41	51	61	71	1.37	2.48	4.0999999999999996	5.61	4.37	2.84	M4	21	31	41	51	61	71	1.51	2.96	4.79	6.31	4.9400000000000004	3.26	M5	21	31	41	51	61	71	0.7	1.64	2.73	4.5999999999999996	3.3	2.0699999999999998	M6	21	31	41	51	61	71	1.1599999999999999	2.0499999999999998	3.41	5.29	4.0999999999999996	2.76	M7	21	31	41	51	61	71	1.41	2.62	4.33	5.89	4.59	2.9	Days After Sowing

Leaf Area Index



M0	21	31	41	51	61	71	0.79	1.68	2.85	4.32	3.26	2.0499999999999998	M1	21	31	41	51	61	71	2	3.85	5.99	8.7799999999999994	6.12	3.72	M2	21	31	41	51	61	71	1.1000000000000001	2.16	3.55	5.08	3.81	2.52	M3	21	31	41	51	61	71	1.51	2.75	4.37	6.02	4.66	3.13	M4	21	31	41	51	61	71	1.8	3.12	5.0199999999999996	6.47	5.19	3.5	M5	21	31	41	51	61	71	0.92	1.99	3.26	4.74	3.66	2.35	M6	21	31	41	51	61	71	1.33	2.35	3.93	5.59	4.3099999999999996	2.8	M7	21	31	41	51	61	71	1.65	2.92	4.72	6.29	4.92	3.3	Days After Sowing

Leaf Area Index



Second experiment 2025-2026 

Rainfall	November	December 	January	February	66	Temperature max	November	December 	January	February	32.5	32	32.6	35.40357143	Temperature mini	November	December 	January	February	20.9	16.899999999999999	16.399999999999999	19.100000000000001	RH%	November	December 	January	February	81	66	57	60.964285709999999	Months


Rainfall (mm)


Temperature (⸰C) and RH (%)




First experiment 2024-2025 

Rainfall	November	December 	January	February	44	9	Temperature max	November	December 	January	February	32.200000000000003	32.299999999999997	32.700000000000003	35.700000000000003	Temperature mini	November	December 	January	February	21.9	19.600000000000001	16.8	19	RH%	November	December 	January	February	84	75	70	60	Months


Rainfall (mm)


Temperature (⸰C) and RH (%)
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