


Sustainable harvesting of Soybean (Glycine max (L) Merr.) by using the different indigenous mulching materials in the municipality of N'Dali in the North-East of Benin.
ABSTRACT
Aims: Declining soil fertility has rekindled a renewed interest in soybean cultivation, but low rainfall continues to limit the production of this important nitrogen-fixing crop. Methodology: This study aims to  identify among three mulch materials, the best mulch type to improve soil water conservation as well as fertility, was conducted in N'Dali using a randomized complete block design with three replicates and four treatments, namely: no mulch (T0), wood chips (T1), couch grass (T2), and rice husks (T3). Result: At 63 days after sowing, rice husk mulch produced the best growth—65.60 cm plant height, 17.93 branches, and 10.79 mm collar diameter—followed by couch grass (52.9 cm plant height, 15 branches, 9.78 mm collar diameter). Rice husk also gave the highest yield (1000-grain weight being 220.93 g and a yield of 2.208 t/ha) compared to couch grass (186.63 g; 1.86 t/ha).  Conclusion: The results of the experiment revealed that rice husks and couch grass had a positive influence on soybean growth compared to wood chips. As for the yield parameters (t/ha) and 1000-grains weight (g/m²), rice husks induced a better yield, followed by couch grass straw. Further research is needed to investigate the effects of mulching on soybean nodulation and to evaluate different rice husk application rates for optimizing yield and productivity.
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INTRODUCTION
The decline in soybean productivity is exacerbated in the current climatic condition typified by scarce rainfall and even prolonged drought, a phenomenon that climatic and anthropogenic factors, acting in concert, only amplify. According to [1], drought and water replenishment have an impact on photosynthesis, physiology, and soybean yield. The flowering and grain filling stages are particularly sensitive to water stress, with significant yield reductions. A meta-analysis by [2] highlighted average soybean yield reductions ranging from 20% to over 50% depending on the severity and duration of water stress. In cases of severe and prolonged drought, yield losses exceeding 60% have been observed. However, the use of mulch can minimize the risks of this decline in productivity and, consequently, of a food crisis. [3] showed that straw mulching, intercropping and their interaction had significant effects on plant height, stem diameter, leaf area index, chlorophyll content, nitrogen uptake, photosynthetic characteristics and crop yield. Mulching increased corn and soybean yield by 66.6% compared to no mulching. Film mulching reduces field water consumption by decreasing soil evaporation and improves water use efficiency by promoting crop growth, mulching strengthens the relationship between soil temperature and moisture [4]. [5] showed that alfalfa mulch and dairy cattle manure compost influenced the yield and growth of apple trees in comparison with a control treatment without amendment or mulch for 5 years.
In the same context, [6] also evaluated some soil biological parameters in their studies comparing a mown-and-blown alfalfa and wood chip mulch to a black plastic mulch. They noted that carbon associated with soil microbial biomass was higher under both organic mulches than under the plastic mulch. Nematode abundance was also assessed and was higher under both alfalfa and wood mulches. Soil under alfalfa mulches contained significantly more bacterivorous, predatory, and omnivorous nematodes than other mulches, whereas soil under wood mulches was significantly richer in fungivorous nematodes, probably due to the high C/N ratio of wood, which promotes fungal decomposition. While mulching is widely recognized as an effective strategy to optimize yields and water management, its large-scale application faces practical limitations. The economic and logistical costs associated with the acquisition and application of materials are sometimes high [7]. Microplastics alter the physical and chemical properties of the soil (structure, density, porosity, water retention capacity) and negatively affect soil microbial biodiversity, posing long-term ecological and potentially human health risks [8]. 
The objective of this study is to improve the production of soybean (Glycine max (L) Merr. ) by using three locally available mulch materials in the municipality of N'Dali in the northeast of Benin. Specifically, aim was to evaluate the effect of these three mulch materials on soybean productivity. 
MATERIALS AND METHODS
Study area
The study was conducted under natural lighting, temperature, and humidity conditions in a farm field located in the village of Kèri, in the commune of N'Dali (2° and 2° 40' East longitude and 9° and 10° North latitude). The municipality of N'Dali is one of the eight (08) communes of the Borgou Department in Republic of Benin. It covers an area of 3,748 km², representing 14.50% of the department's surface area and 3.27% of Benin's total surface area. Its capital (N'Dali Centre) is located approximately 56 km from Parakou, the capital of the Borgou Department [9]. It is bordered to the North by the communes of Bembereke and Sinendé; to the South by the communes of Parakou and Tchaourou; to the East by the communes of Nikki and Pèrèrè; and to the West by the communes of Djougou and Pehunco. The dominant soils are tropical ferruginous types. They are deep, non-concreted, and subject to leaching [10]. Their permeability and porosity are generally good. However, they have mineral reserves and high acidity and reduced saturation. Almost everywhere, they exhibit great physical homogeneity. Due to high cultivation, the soils are sensitive to erosion, with significant constraints on agriculture [11]. These soils are suitable for growing fruits and vegetables because of their generally good permeability and porosity. These crops are also necessary for protecting the soil against erosion. The climate of the Commune of N'Dali is Sudano-Guinean. It is characterized by a long rainy season from April to October and a long dry season from November to March [12]. Annual rainfall varies between 900 and 1300 mm per year. The average annual temperature is around 26°C, with a maximum of 32°C in March, dropping to around 23°C in December-January. Relative humidity ranges between 30 and 70% [10].
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Figure 1: Mapping of the municipality of N'Dali and study area 




Plant Material
A soybean variety TGX 1910-14F, identified as one of the high-performing soybean varieties by the ProSeSS project in Benin, was used for the study. It has a cycle of 131 days after sowing. This variety is commonly propagated in central Benin, demonstrating its adoption by seed farmers [13].
Organic mulching Materials:
Wood chips, which contain 39.2 C/N, 7 g/kg N, 1 g/kg P, and 3 g/kg K [14]. Their main advantages likely lie in their sustainable nature, due to their high C/N ratio, which allows for slow but significant changes to optimize plant growth conditions. Additionally, these mulches generally provide good weed control, although some deep-rooted weeds inevitably establish themselves as the mulches decompose [15].
Couchgrass (Imperata cylindrica) is an invasive plant that produces dense, carbon-rich root biomass, influencing soil nutrient dynamics. Highly competitive, it colonizes disturbed and low-fertility soils. It adapts to various soil conditions (high pH, water contrast) and contributes to soil compaction. Despite its weed status, its dense root mats are very effective for erosion control, particularly on slopes[16]. 
Rice husk is a hard, tough, beige-brown material rich in cellulose, lignin, and silica. These components give it rigidity, strength, and abrasive properties, while also being a slow-degrading carbon source and providing natural protection (silica). Its intrinsic properties make it useful for soil aeration and infiltration [17].
Experimental Design
Soybean plants were planted in a four-treatment randomized block design with three replicates, with mulching as the factor. The treatments were namely: T0 (soybean crop without mulch), T1 (soybean crop with wood chips), T2 (soybean crop with couch grass), and T3 (soybean crop with rice husks). The experiment consisted of 12 elementary plots (4 treatments x 3 blocks). Each elementary plot contained 50 plants with a spacing of 20 cm between plants and 40 cm between rows, for a total of 600 plants for the entire experiment. A spacing of 1 m and 2 m was adopted between each elementary plot and each replicate block, respectively. All plot units were mulched except for the control units. 
Experimentation process
After plowing with a hoe, the plot was demarcated using string, tape, and stakes. The trial was established from the time the seeds were sown on June 15 until harvest on December 22, 2022. The seeds were sown at a depth of 3 cm, with 3 seeds per hole, and then thinned to one plant per hole, two weeks after emergence. The same amount of organic material (25 kg) was used for mulching on the day of thinning, at a height of 7cm. After sowing, maintenance consisted of regular weeding of the experimental site.

Data Collection
Data collection was carried out weekly, starting from three weeks after emergence. During the experiment, the following data were collected:
The number of emerged plants was collected as soon as the first plants emerged (5th day after sowing). The emergence rate is given by the ratio of the number of emerged plants and the total number of seeds sown per elementary plot. The emergence rate was calculated using the following formula:
                        Emergence rate =x 100 (in percentage %)

Plant height was collected weekly (one week after mulching) from the 3rd to the 10th week after emergence on five plants selected per elementary plot and the average was calculated. Plant height was measured from the root collar to the apical buds using a 30cm ruler.
The branches counted were those with all their parts well-formed and differentiated, including the petiole and leaves, to avoid destroying the plants during measurements.
The diameter at the root collar was measured weekly (from the 3rd to the 10th week after sowing) on five plants selected per elementary plot.
The weight of 1000 seeds in grams was determined on a 1 m² square representative of the soybean crop. At maturity, all the pods were harvested, threshed, and cleaned to obtain pure seeds. These grains were then accurately counted and weighed, allowing the average TMP (Thousand Grain Weight ) of the grains in this plot  was estimated as follows :
                        TMP (g) =  x 1000
                      TMP: Thousand Grain Weight ;          g : grams
Soybean yield was estimated in kg/ha using the 1m² density square frame placed on the plot units.
                      R (t/h) =            with R(g/m²) =  
                    R : yield ;   t/h : ton per hectare ;   m²: square meter
Data analysis
The collected data were analyzed using R V.3.4.3 software. An analysis of variance (ANOVA) was performed, and in case of significant differences, the Student-Newman-Keuls test was used to determine the differences. All analyses were conducted at the 5% significance level.

RESULTS
Effect of mulch materials on plant height
Table 1: Analysis of variance for the plant height
	Source of variation
	Df
	Sum of squares
	Mean square
	F-value
	Probability

	Treatment
	3
	8589
	2863
	177.93
	<2e-16***

	Time
	6
	91002
	15167
	942.56
	<2e-16***

	Treatment*time
	18
	3237
	180
	11.17
	<2e-16***

	Error
	392
	6308
	16
	
	


** (p<0,01)
Plant height varied significantly depending on the plant material used for mulching, but also over time (Table 1). It was observed that, from 28 to 63 days after sowing, the average height of soybean plants obtained on soils covered with rice husks was significantly different from that of the other treatments (Figure 2), reaching 65.60 cm, that of wood chips with 44.93 cm and 50 cm for couch grass. The intermediate average heights of  48.2 cm and 52.93 cm obtained from those on uncovered soils (control) and those covered with couch grass, respectively . At 21 days after sowing (21DAS), the heights obtained on mulched plots (regardless of the type of straw) were not significantly different. However, the average height obtained on the control plot (without mulch) was significantly different from the other plots. Generally, the height of the plants on the control plot and the plot mulched with wood chips was not significantly different. PLANT HEIGHT (CM)
PERIOD (DAS)

 PLANT HEIGHTS (CM)
PERIODS (DAS)









Figure 2: Variation in soybean plant height as a function of mulch materials and time.

Effect of mulch materials on crown diameter
Table 2: Analysis of variance for the mean crown diameters
	Source of variation
	Df
	Sum of squares
	Mean square
	F-value
	Probability

	Treatment
	3
	376.6
	125.54
	68.16
	< 2e-16***

	Time
	6
	1826.1
	304.35
	165.26
	< 2e-16***

	Treatment*time
	18
	182.5
	10.14
	5.50
	1.4e-11***

	Error
	391
	720.1
	1.84
	
	


** (p<0.01)
Figure 3 illustrates the variation in soybean plant collar diameters as a function of mulch materials and time. Its analysis showed highly significant differences between treatments (Table 2). The collar diameter of soybean plants also varied significantly over time. The experiment revealed that from the 35th to the 63rd day after sowing, the diameter of soybean plants obtained on soils covered with rice husk is significantly different from that of the other treatments, with an average diameter reaching 10.79 mm (Figure 3). The smallest diameter obtained is that of the uncovered soils (control) with 9.7 mm. The intermediate average diameters obtained on soils covered with wood chips and couch grass were 8.13 mm and 9.78 mm, respectively. At the beginning of the trial (28th day after sowing), the treatments had the same effect on the collar diameter of the plants, except the rice husk treatment, which differed from the others.
PERIOD (DAS)
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Figure 3: Variation in soybean plant basal diameters as a function of mulch materials and time.
Effect of mulch materials on the number of branches in soybean plants
Table 3:  Analysis of variance for the number of branches.
	Source of variation
	df
	Sum of squares
	Mean square
	F-value
	Probability

	Treatment
	3    
	 538   
	179.5 
	  102.624  
	< 2e-16***

	Time
	  6   
	7173  
	1195.5 
	683.560  
	< 2e-16***

	Treatment*time
	18    
	113     
	   6.3   
	   3.579 
	1.49e-06 ***

	Error
	  392    
	686     
	1.7       
	
	


** (p<0,01)
Figure 4 shows how the number of branches varies based on mulch materials and time. Significant differences between treatments and over time were observed (Table 3). Specifically, from day 21 to day 63 after sowing, the number of branches on soils covered with rice husk was significantly higher than on other treatments (Figure 4), with an average of 17.93. The lowest number of branches was on soils covered with wood chips, averaging 13.46. The intermediate averages were on uncovered soils and soils covered with couch grass, with 14.20 and 15.40 branches, respectively. 
[image: ]
Figure 4: Variation in the number of branches as a function of mulch materials and time
Effect of Mulch Materials on Grain Weight
Table 4 : Analysis of variance for the Grain Weight of Soybean 
	Source of variation
	df
	Sum of squares
	Mean square
	F-value
	Probability

	Treatment
	3   
	5297  
	1765.6   
	56.77 
	9.79e-06 ***

	Error
	8    
	249    
	31.1
	-
	-


** (p<0,01)
The weight of 1000 grains is strongly influenced by the treatments (Table 4). The weight of 1000 grains of the plots mulched with rice husk is significantly higher than that of the other treatments (220.93 g). No significant difference exists between the weight of 1000 grains obtained at the level of the control (without mulching) and the couch grass straw. The smallest weight of 1000 grains is obtained with the wood chip (164.4 g).
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Figure 5 : Effect of mulch material on the weight of 1000 soybeans

Effect of mulch materials on soybean grain yield
Table 5: Analysis of variance for Soybean grain yield
	Source of variation
	df
	Sum of squares
	Mean square
	F-value
	Probability

	Treatment
	3 
	0.5270 
	0.17566   
	57.75  
	 9.17e-06 ***

	Error
	8 
	0.0243 
	0.00304
	-
	-


** (p<0,01)

Figure 6 shows the soybean grain yield by treatment. Its analysis showed that the yield is strongly influenced by the treatments (Table 5). The soybean grain yield obtained on plots mulched with rice husk is significantly higher than that of the other treatments (2.208 t/h). No significant difference exists between the yield of the control and couch grass straw treatments. The lowest yield is obtained with wood chips (1.64 t/h).
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Figure 6 : Effect of mulch material on soybean grain yield


DISCUSSION
After analyzing the experimental results, rice husks were found to be the best mulch for the proper development of soybean plants in cultivation. These results are not surprising because, according to [18], mulching, whether polyethylene or rice straw, improves soybean plant height and the number of branches per plant. Rice husk mulch produced the best results in terms of plant height and yield. This success is attributed to rice husks' ability to maintain soil moisture and their nutrient supply through decomposition [19]. According to [20], the use of organic mulch, including rice husks, combined with bio-urine, led to a significant increase in soybean growth and yield. Mulching contributed to a more stable root environment and better nutrient utilization. The results obtained are also justified by the fact that the use of rice husk significantly improves the physical properties of the soil (humidity, temperature) and, consequently, productivity. Rice husk can improve the physical properties of the soil, such as saturated hydraulic conductivity, saturated water content and bulk density, which contribute to crop growth [21]. Its aeration, combined with its lightness and chemical qualities, allows better exploration of the roots and good root growth, which has a positive effect on the rhizosphere and the absorption of nutrients [22]. The activity of the rhizosphere, combined with the intense photosynthetic activity of the aerial part through the larger leaf surface, promotes greater development of cultivated plants compared to other mulch materials [23]. Rice husk allows the moisture necessary for plant development to be retained for a long time. Furthermore, the raw material needed to produce rice husks is very easy to find, as Benin produces rice and the  areas where they are planted are increasing over the years [24].
After rice husks, couch grass also significantly improved soybean growth and yield compared to the control and wood chips. Couch grass residues showed a positive effect on soybeans regardless of the growth and yield parameters measured, as has been reported for other types of organic matter [25]. This is explained by the rapid decomposition of this organic matter, which disappears into the soil, thus releasing the elements for cultivation with little immobilization. According to [26], the half-life of couch grass residues buried in the field is 32 days. As a carbonaceous organic matter, it improves the condition of the soil surface and related properties: roughness, porosity, permeability, microbial life, wildlife activities, capture and storage of surface water in deep horizons explored by roots. In contrast, wood chips did not produce significant effects on soybean production. On the contrary, our results reveal a decrease in growth and a low yield compared to the control for all the parameters measured. [27] indicated that the most limiting nutrient for soybean production is nitrogen. 
However, wood chips, compared to couch grass and rice husk, contain a low nitrogen content. Since wood chips have a fairly high C/N ratio, their decomposition is rather slow and their impacts on the soil are revealed in the longer term [28]. Moreover, organic matter is also a soil parameter that cannot increase quickly. Logically, wood chips lead to increased organic matter formation over time, as several studies support that a significant portion of it is formed from woody materials, such as wood, through physical decomposition [29] and fungal decomposition [30]. The poor growth and yield obtained with wood chips could be because the latter is not yet mature and has created heat in the soil and insufficient decomposition of this organic material, which would have allowed the various mineral elements contained in such material to be released into the soil for the benefit of soybean plants.

CONCLUSION
The overall objective of this study is to improve the productivity of Soybean (Glycine max (L) Merr.) using three locally available mulch materials in the N'Dali Commune, including rice husk, wood chips, and couch grass. The results of the experiment revealed that rice husks and couch grass had a positive influence on soybean growth compared to wood chips. As for the yield parameters (t/ha) and weight of 1000 grains (g/m²), rice husks induced a better yield, followed by couch grass straw. At the end of these experiments, rice-based mulch can be recommended for the management of soybean plants in cultivation because the latter is light and its chemical properties, allows aeration and conservation of the necessary soil moisture long enough for the development of the plants. It is recommended that this study be extended over a long term. This would make it possible to evaluate the effect of mulching on the nodulation capacity of soybeans and to determine the optimal doses of rice husks to maximize soybean productivity.
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Photo 4 : Data collection
Photo 2: Organic materials
Rice husk- couch grass -wood chips 

Photo 1: Preparing the soil
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Photo 9 : Flowering of plants
Photo 7 : Presence of bees at flowering
Photo 5: Mulched plot units



Photo 6 : Growing soybean plants










Photo 10 : Soybean variety TGX 1910-14F
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Témoin	Copeau de bois	Paille de chiendent	Balle de riz	176.833333333333	164.4	186.63333333333301	220.933333333333	Weight of 1000 grains (g)
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Témoin	Copeau de bois	Paille de chiendent	Balle de riz 	1.76833333333333	1.6439999999999999	1.8663333333333301	2.2080000000000002	Yield (t/ha)
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