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Effect of Mulching Types and Application rates on Growth and Yield of Soybean (Glycine max (L.) Merr)

ABSTRACT 

	[bookmark: _Hlk234234730]The present study evaluated the effect of different mulching types and application rates on the growth and grain yield of post-monsoon soybean (Glycine max) at Yezin Agricultural University farm during the 2024 - 2025 and 2025 - 2026 growing seasons. The experiment was arranged in a Randomized Complete Block Design with four replications. Treatments were no mulching (M0), plastic mulching (M1), rice straw mulch at 3 t ha-1 (M2), rice straw mulch at 6 t ha-1  (M3), rice straw mulch at 9 t ha-1 (M4), maize stover mulch at 3 t ha-1 (M5), maize stover mulch at 6 t ha-1 (M6), and maize stover mulch at 9 t ha-1 (M7). Mulching significantly improved vegetative growth, yield components and grain yield compared with no mulching. Plastic mulch enhanced early vegetative growth and produced the highest leaf area index (LAI); however, it did not consistently result in the highest grain yield. Among organic mulches, rice straw mulch applied at 9 t ha-1 (M4) significantly enhanced yield components, including number of branches per plant, number of pods per plant, number of seeds per pod, and hundred-seed weight. Consequently, M4 produced the highest grain yields of 2456.2 kg ha-1 in 2024 - 2025 and 3273.1 kg ha-1 in 2025 - 2026, respectively. Its grain yield did not differ significantly from that of plastic mulch (M1), maize stover mulch at 9 kg ha-1 (M7), and rice straw mulch at 6 kg ha-1 (M3). Based on the results of the present study, rice straw mulch at 6 t ha-1 is identified as a practical and sustainable mulching option for improving soybean productivity in post-monsoon season of the study area. 


[bookmark: _Hlk234268796]Keywords: Glycine max, organic mulch, rice straw, maize stover, grain yield, leaf area index, post-monsoon season  

1. INTRODUCTION 
Soybean (Glycine max L. Merrill), recognized as one of the most important oilseed and grain legume crops in the world, has been widely used for its high protein and oil content since the early 1900s (Weiss, 1983). It persists as a globally significant crop that plays a crucial role in food security and promoting sustainable development (Chen et al., 2022). Soybean seeds are composed of approximately 20 - 22% oil, 42 - 45% protein, 30 - 35% carbohydrates, and 10 - 12% total sugars. They serve as a rich source of essential amino acids and vital nutrients such as thiamine, niacin, riboflavin, phosphorus, calcium, and iron (Das et al., 2022). Globally, soybean oil is the second most widely consumed edible oil, after palm oil, and it is also a major export commodity (Debnath, 2013). 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), monsoon season (May to mid-June), and post-monsoon season (September to October), respectively (Win et al., 2016). In recent years, soybean growers in Myanmar have encountered numerous agricultural problems due to 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 restricts plant development, induces leaf wilting and drooping, and reduces chlorophyll content, ultimately leading to a lower leaf area index, stunted seedling growth, and declines in both biomass and yield (Begna, 2020; Cao et al., 2019; Zhang et al., 2020). To overcome these challenges, mulching serves as 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). The technical term “mulch” is defined as the application of a protective layer covering the soil surface (Sharma & Bhardwaj, 2017). Mulching materials can be broadly classified into three main groups: organic materials (e.g., plant products, animal wastes), inorganic materials (synthetic materials) and special materials (Kader, Senge, Mojid & Ito, 2017). Compared to other organic mulches, cereal straw is a widely adopted organic option recognized for its superior soil moisture retention capacity (Ji & Unger, 2001). Although plastic film mulching reduces soil water consumption more effectively than straw, its residual film can release toxic materials harmful to crops and humans (Liu, He & Yan, 2014; Wang et al., 2021b). Organic mulches obtained from crop residue (e.g., rice straw, maize stover) are biodegradable and environmentally friendly materials; however, their effects are generally less persistent than those of plastic mulches. In contrast, plastic mulch residues are often discarded or buried in agricultural fields, where they may adversely affect soil health and crop growth. Therefore, the use of organic mulches may provide a sustainable alternative for soybean production, particularly under moisture limited conditions. Despite the recognized benefits of mulching, limited information is available in Myanmar regarding the effects of different types and application rates of organic mulch on the growth and yield of soybean. Therefore, the present study was conducted (1) to evaluate the effects of different organic 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 the YAU Farm.


2. material 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) from November 2024 to February 2025 during the post-monsoon season. The experiment was laid out in a Randomized Complete Block Design (RCBD) with four replications. Each replication contained eight treatment plots. Each plot measured 4 m × 4 m, with a 1 m spacing maintained between adjacent plots. The total experimental area was 31 m × 19 m. 
Treatment Details and Sowing
The Yezin-15 soybean variety, with the maturity days of 110 days, was used in this study. Soybean seeds were inoculated with Rhizobium bacteria prior to sowing and planted in rows at spacing of 45 cm × 15 cm at 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 mulching); M1 (plastic mulching); 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 mulches were weighed and uniformly spread between crop rows on the soil surface immediately after sowing to ensure complete coverage.
Crop Management and Soil Sampling
Fertilizers were applied according to the guidelines recommended by the Department of Agricultural Research (DAR), Nay Pyi Taw, Myanmar at the rate of 31.4 kg N ha-1 as Urea, 62.8 kg P2O5 ha-1 as Triple Super Phosphate (TSP), and 31.4 kg K2O ha-1 as Muriate of Potash (MOP). The full dose of TSP and MOP, along with 50% of Urea, were applied as basal fertilizer. The remaining 50% of urea was side-dressed prior to 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 Table 1.
Table 1. Initial physicochemical status of the soil prior to the experiment
	[bookmark: _Hlk234251986]Parameters
	Value
	Rating
	Methods (Author name, Year)

	Soil Texture
Sand (%)
Silt (%)
Clay (%)
	-
86.46
5.97
7.57
	Loamy sand
	Pipette Method (Robinson,1922)

	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 utilized 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 labeled 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 on five representative plants selected in each plot using a digital vernier caliper, 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 Li-Cor 3100 leaf area meter (LI COR Inc. Lincoln, NE) 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 DAI (Days after Irrigation), 5 DAI, 10 DAI and 15 DAI at Department of Agronomy, YAU.  The soil moisture content was measured at three randomly sample places in the depth of 15 cm from the experimental plots by using 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.
[bookmark: _Hlk233921096]2.1.3.2 Number of pods plant-1
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). Mean separation was performed using the least significant difference (LSD) test at a 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 showed a consistent increasing trend 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 46 DAS and then gradually decreased thereafter (Figure 1.A). At 71 DAS, the highest plant height was recorded under plastic mulching (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 mulching (M0, 49.10 cm). A similar trend was observed in 2025-2026 (Figure 1.B), where 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 consistent increase in plant height under mulching treatments indicates improved vegetative growth due to better soil water conservation, enhancing 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, mulch effects mainly reflected differences in soil cover and moisture retention, with rice straw performing better than maize stover in soil moisture conservation and vegetative growth. These findings are consistent with Prasad et al. (2008), who reported that adequate soil moisture is essential for stem elongation. Similarly, Abhilash et al. (2025) and Rao and Reddy (2010) reported that mulching improves soil physical conditions and stabilizes plant water status, thereby promoting better crop growth.
3.2 Stem diameter (mm)
Stem diameter indicates plant growth and biomass accumulation, influencing assimilate translocation and seed yield. It differed significantly among mulching treatments in both experiments (Figures 2A and 2B). In the 2024-2025 season, stem diameter ranged from 3.72 mm in the no mulching (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, where M4 again produced the highest stem diameter (5.76 mm), while no mulching (M0) recorded the lowest (4.06 mm). Stem diameter increased progressively with higher mulch rates in both experiments. At equal application rates, rice straw produced greater stem diameter than maize stover, attributed to 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 supported by He et al. (2017) and Puranik, Zadode and Deshmukh (2000), who reported improved plant growth under favourable soil moisture conditions, and Irmansyah, Abdul and Nyak (2020), who observed higher stem diameter under mulching than in the absence of mulch.
3.3 Days to 50% flowering
Significant variation in days to 50% flowering was observed among treatments in both experiments (Figures 3A and 3B). In the 2024-2025 season, flowering ranged from 37.00 days in plastic mulch (M1) to 45.25 days in the no mulching treatment (M0). In 2025-2026, the earliest flowering (35.25 days) was observed in plastic mulching (M1) whereas the latest flowering (43.00 days) was recorded in no mulching (M0). Earlier flowering under mulching is attributed to the ability to enhance soil moisture retention which reduce physiological stress and accelerate the transition to reproductive stages. At equal rates, rice straw induced earlier flowering than maize stover, associated with better soil surface protection. Similar findings were reported by Kader et al. (2019), Payero and Irmak (2013), and Shreerama et al. (2025). Sarkar and Singh (2007) also reported that mulching reduces soil temperature extremes and promotes earlier flowering and maturity. 
3.4 Leaf Area Index
Leaf Area Index (LAI) is a basic parameter reflecting the photosynthetic capacity of soybean plants. Leaf Area Index (LAI) increased from 21 to 51 DAS and subsequently declined due to leaf senescence, with a similar trend observed in both experiments (Figures 4A and 4B).In the 2024-2025 season, LAI ranged from 1.73 to a peak of 7.61 under plastic mulching (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, where plastic mulching (M1) recorded the highest LAI (8.78), followed by rice straw at 9 t ha-1 (M4, 6.47), and no mulching (M0) showed the lowest LAI value (4.32). The increase in LAI under mulching may be associated with improved soil moisture retention and favorable 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 essential for plant growth and canopy development, while previous research has indicated that mulching enhances crop physiological performance (Liao et al., 2022) and promotes early plant growth and higher LAI (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. In all irrigation events and both seasons, plastic mulch (M₁) consistently maintained the highest soil moisture content and was generally comparable with 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 mulching 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. These results are consistent with the findings of Coelho et al. (2022) and Kader (2020), who reported improved soil moisture retention and water use efficiency under mulching.
3.5 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 mulching (M1, 2.83), while the lowest was observed in the no mulching (M0, 2.20). In 2025-2026, a similar trend was observed, where rice straw at 9 t ha-1 (M4) again produced the highest value (4.60), followed by plastic mulching (M1, 4.40), and no mulching (M0) recorded the lowest (3.05). Higher mulch rates consistently increased branch formation in both experiments. This improvement may be due to better soil moisture availability, reduced weed competition, and enhanced soil nutrient availability under mulched conditions, which support vegetative growth and lateral branching. A similar result was reported by Anand, Singh, Lhungdim, Devi and Singh (2020), who found higher branch production under mulching due to improved growth conditions.
3.6 Number of pods plant-1
The number of pods per plant showed significant variation among treatments in both experiments (Table 3). In 2024-2025, rice straw at 9 t ha-1 (M4) recorded the highest pods per plant (35.33), followed by plastic mulching (M1, 33.75) and maize stover at 9 t ha-1 (M7, 32.33), while the no mulching (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 no mulching (M0) remained the lowest. The increase in pod formation under mulching is mainly 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. These results are consistent with those of Kader et al. (2017), and Hidayat et al. (2019), who reported that mulching enhanced pod production through improved soil moisture conservation and nutrient availability.
3.7 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 (Tables 3). In 2024-2025, values ranged from 3.00 (rice straw at 9 t ha-1, M4) to 2.38 (no mulching, M0). In 2025-2026, plastic mulching (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 mulching recorded the lowest value (2.43). Increased mulch levels improved seed set per pod due to better soil moisture conservation and enhanced assimilate translocation during reproductive growth, which contributes to improved reproductive development and seed formation. Adeboye, Schultz, Adekalu & Prasad (2015) and Raza et al. (2019) noted that organic mulching improves soil moisture retention, regulates soil temperature, and enhances photosynthetic activity, thereby promoting better seed formation. Furthermore, Fadhli, Hasanuddin & Hafsah (2021) highlighted that improved soil microclimate under higher mulch rates enhances moisture and nutrient availability during reproductive stages, leading to increased seed set per pod in soybean. 
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) was observed in rice straw at 9 t ha-1 (M4), followed by plastic mulching (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 (M3). The lowest seed weight (12.90 g) was recorded in no mulching (M0). In 2025-2026, M4 again recorded the highest value (14.94 g), while M0 showed the lowest (12.92 g). Higher mulch application rates improved seed weight by enhancing soil moisture availability during the seed filling stage. This supports efficient assimilate production and translocation, resulting in better seed development. Similar findings were reported by Sanbagavalli et al. (2017) and Al-Suhaibani (2009), who highlighted the role of mulching in improving seed filling through better hydrothermal conditions. 
3.10 Grain yield (kg ha-1)
Grain yield showed significant variation 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 maximum grain yield (2456.2 kg ha-1), followed by plastic mulching (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 minimum grain yield was observed in no mulching (M0, 1649.7 kg ha-1).  Similarly, in the second experimental season (2025-2026), the maximum grain yield (3273.1 kg ha-1) was observed in 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 minimum grain yield (1875.0 kg ha-1) was recorded in no mulching (M0). In the present study, rice straw at 9 t ha-1 (M4) consistently produced the maximum yield. Yield improvement under mulching was associated with improved yield components and better soil moisture conservation during the crop growth period. Hasanuddin et al. (2021) reported that higher mulch rates improve yield through better development of yield components such as pods per plant, while Anand et al. (2020) highlighted that mulching enhances assimilate translocation from source to sink leading to higher 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 different 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 in rice straw mulch applied at 9 t ha-1 (M4), followed by plastic mulch (M1, 0.49), whereas the no mulching (M0) resulted in the lowest value (0.40). A similar trend was observed during the 2025-2026 season, where rice straw applied at 9 t ha-1 (M4) produced the maximum harvest index (0.57), while the no mulching (M0) again recorded the minimum 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. Similar findings were reported by Anand et al (2020), who found that mulching significantly improved harvest index through enhanced water and nutrient use efficiency, increased biomass production, and more effective translocation of assimilates to reproductive structures.
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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
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	4.31
	4.82
	5.46
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	.001
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	< .001
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	5.00
	8.41
	6.27
	6.25
	6.01
	6.01






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 1 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 2 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 3 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
	0.43
	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
	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



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 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 the unmulched treatment during both post-monsoon seasons. Plastic mulch produced the highest leaf area index and generally maintained the greatest soil moisture. Rice straw 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 its yields were statistically comparable with plastic mulch, rice straw at 6 t ha⁻¹ and maize stover at 9 t ha⁻¹. These results support the use of locally available crop residues for post-monsoon soybean production under the conditions studied. A specific cost-effective recommendation cannot be established without analysing mulch availability, labour, transport and net economic returns.
Limitations
The experiment was conducted at one location using one soybean variety over two seasons. Complete second-season methods and weather data were not reported. Soil temperature, weed suppression, water-use efficiency, mulch decomposition and environmental effects were not measured. Biological-yield data underlying the harvest index were not presented. Treatment responses were analysed separately by season without reporting treatment × season interaction, while repeated growth and soil-moisture measurements were not analysed longitudinally. No economic analysis was performed. Consequently, the proposed practical mulch rate requires confirmation through combined statistical analysis, cost–benefit assessment and multi-location testing.
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M0	21	31	41	51	61	71	18.8	29.79	44.13	50.88	53.76	53.76	M1	21	31	41	51	61	71	22.03	39.979999999999997	59.39	67.45	69.78	69.78	M2	21	31	41	51	61	71	19.309999999999999	32.880000000000003	50.14	55.73	59.72	59.72	M3	21	31	41	51	61	71	19.760000000000002	36.18	53.83	62.05	65.599999999999994	65.599999999999994	M4	21	31	41	51	61	71	20.83	37.99	56.5	63.53	67.16	67.16	M5	21	31	41	51	61	71	18.97	32.11	48.92	55.15	58.25	58.25	M6	21	31	41	51	61	71	19.55	33.58	51.44	57.59	61.52	61.52	M7	21	31	41	51	61	71	19.97	36.340000000000003	54.19	62.52	66.150000000000006	66.150000000000006	Days After Sowing




M0	21	31	41	51	61	71	14.22	22.88	32.729999999999997	45.08	49.1	49.1	M1	21	31	41	51	61	71	20.5	33.770000000000003	48.05	63.72	65.89	65.89	M2	21	31	41	51	61	71	16.559999999999999	27.67	40.270000000000003	53.37	55.87	55.87	M3	21	31	41	51	61	71	16.670000000000002	29.65	42.45	57.82	59.81	59.81	M4	21	31	41	51	61	71	17.97	31.76	45.97	60.68	64.790000000000006	64.790000000000006	M5	21	31	41	51	61	71	16.239999999999998	27.03	38.14	49.99	55.1	55.1	M6	21	31	41	51	61	71	16.61	27.98	41.52	55.18	57.51	57.51	M7	21	31	41	51	61	71	16.87	30.35	42.77	59	61.12	61.12	Days After Sowing

Plant Height (cm)


P value = .002 
LSD0.05  = 0.33 
CV%     = 5.47 
stem diameter (mm)	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

0.39228776108871855	0.36236549228644815	0.53619026473818088	0.55452682532047093	0.18708286933869706	0.3840572873934292	0.50187149749711746	0.65764732189829533	0.39228776108871855	0.36236549228644815	0.53619026473818088	0.55452682532047093	0.18708286933869706	0.3840572873934292	0.50187149749711746	0.65764732189829533	M₀	M₁	M₂	M₃	M₄	M₅	M₆	M₇	3.72	4.33	4.08	4.13	4.5999999999999996	4.07	4.1100000000000003	4.25	c	ab	b	b	ab	b	b	b	Treatments



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



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	0.79	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




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


image1.png
P value =<.001

% G
STt

D R e R
R

Buuiamoly %06 o} sheq

M.

Treatments





