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Abstract
Calopogonium mucunoides is a tropical cover crop reported as a major weed of food crops in the Central Western Côte d'Ivoire. In order to use it effectively as a cover crop while preventing its proliferation as a weed of crops, a study was conducted on the depth of emergence of its seedlings and the persistence of its seeds in the soil. The experimental design used to observe the influence of seed sowing depth on seedling emergence and seed persistence in the soil is a completely randomized design. The study was carried out in the department of Issia, from March to May 2013 for the experiment of seedling emergence depths and from April 2013 to April 2014 for the study of seed persistence in the soil. To determine the seedling emergence depth, four replicates of 100 Calopogonium mucunoides seeds were sown at different depths in nursery bags filled with sandy-agilous soil. To study seed persistence, 100 seeds of this weed were also placed in finely perforated nylon bags and buried at different soil depths for one year. The results of the study showed that the highest rate of Calopogonium mucunoides seedling emergence were observed along the first five centimeters from the soil surface and the lowest at 10 cm. In terms of seed persistence, it was noted that more than 70% of Calopogonium mucunoides seeds remained viable in the soil after one year of burial. These results suggest that in plantations infested with Calopogonium mucunoides, deep plowing will prevent seedlings of this species from emerging. Furthermore, because the seeds of this species are persistent in the soil, already emerged seedlings should be removed before they reach the fruiting stage to avoid increasing its seed bank in the soil.
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1. Introduction
The Central Western Côte d'Ivoire is an area of high agricultural production where shifting cultivation was formerly practiced (Gbakatchetche et al., 2012; Konaté et al., 2012). This cultivation practice is characterized by land clearing, burning, short-term cultivation and a long fallow period (De Foresta, 1995). The long fallow period served to restore soil fertility and control weed growth (Le Roy, 1995; Cuero, 2006). Unfortunately, today, due to the sharp reduction in land allocated to food crops in this part of Côte d’Ivoire, linked to population growth and the expansion of cash crops (Demont and Jouve, 1999; N’cho, 2001), long-term fallows can no longer be observed there. The consequence of this situation is the decline in the productivity of food crops, inherent in the loss of soil fertility and the proliferation of weeds (Becker and Johnson, 2001; N’Goran et al., 2011; Gbakatchetche et al., 2012; Konaté et al., 2012).
Among the major weeds of food crops in Central Western Côte d'Ivoire is Calopogonium mucunoides (Gué, 2017), a tropical legume. Although reported as a major weed of food crops in Central Western Côte d'Ivoire, this plant species is used as a cover crop in many perennial crops in Côte d'Ivoire and in several tropical areas around the world (Botton, 1958; Kouadio, 2009). Indeed, as a legume and creeping plant (Botton, 1958), when Calopogonium mucunoides is used as a cover crop, it enriches the soil with nitrogen and organic matter, and prevents weed emergence (Namitha, 2021).
To effectively use Calopogonium mucunoides as a cover crop while preventing its proliferation as a weed in agricultural plots, a study of its biology is necessary. This knowledge is a prerequisite for developing effective weed control strategies (Bhowmik, 1997; Campbell and Grice, 2000; Basu et al., 2004).
The objective of this study was to determine the emergence depth of Calopogonium mucunoides seedlings and the persistence of its seeds in the soil.
2. Materials and methods
2.1. Study site
This study was conducted in the Issia department (latitude 60°29'00''N and longitude 60°35'00''W), in the Haut-Sassandra region, in the Central Western Côte d'Ivoire. This part of the country is an important food production area (Douka, 2011).
2.2. Seed collection
Calopogonium mucunoides seeds were collected in Dadéguhé, 20 km from Issia (6° 29' north latitude and 6° 35' west longitude), in the Central Western Côte d'Ivoire. The seeds were collected from individuals of the species after the fruits had ripened.
2.3. Influence of sowing depth on the emergence of Calopogonium mucunoides seedlings
Mature Calopogonium mucunoides seeds, harvested from plants and stored for one year at room temperature, were used for the study. The seed category used is the one that gives the best germination rates. Indeed, Calopogonium mucunoides seeds have an initial dormancy (De Morais et al., 2014).
Seedling emergence tests were carried out at depths of 0 cm, 0.5 cm, 2.5 cm, 5 cm and 10 cm. Four replicates of one hundred seeds were used for each sowing depth. The tests were carried out in nursery bags (dimensions: 9.5 cm in diameter and 25 cm in depth) filled with sandy-clay soil, collected from the study site. The experimental design used to observe the influence of seed sowing depth on seedling emergence is a completely random design.
The seedlings were watered once a day (early in the morning) during the observation period to allow for normal seed germination. The number of emerged seedlings was counted daily for two months from the sowing date.
The seedling emergence rate is the ratio of the number of emerged seedlings to the number of seeds initially sown, multiplied by 100. The formula for the calculations is as follows:
RES = (NeS / Nss) x 100
In the previous formula, RES is the rate of emerged seedlings, NeS, the number of emerged seedlings and NSS, the number of seeds sown.
2.4. Persistence of seeds in the soil
The viability of Calopogonium mucunoides seeds was examined after one year of burial in the soil. The method used was inspired by Kegode et al. (2010). Mature seeds of this plant, harvested from the field, were used. These seeds were buried in nursery bags filled with sandy-clayey soil collected from the study site.
Finely perforated nylon bags containing 100 Calopogonium mucunoides seeds were planted at depths of 0 cm (soil surface), 0.5 cm, 2.5 cm, 5 cm and 10 cm from the soil surface in plastic pots filled with sandy-clay soil. Four replicates of 100 seeds were used for each burial depth.
The experiment lasted one year and the date of seed withdrawal (April) corresponds to the beginning of the first growing season in the forest zone of Côte d’Ivoire.
When removing the nylon bags from the nursery bags, the soil is carefully removed to maintain their integrity. Soil and debris are then removed from the bag and the seeds are removed. These removed seeds are sorted and arranged according to their physiological conditions. Thus, seeds that remain firm when pressed with small forceps are considered viable (Forcella et al., 1992). Seeds with an emerged radicle are considered lost because they can no longer be part of the seed bank. The remaining seeds are considered nonviable. Seeds missing from the bags removed from the soil (because they are rotten and deteriorated) are also considered lost because each bag contained 100 seeds at the time of planting.
The rate of each category of seeds (lost, non-viable or viable) is obtained by calculating the ratio of the number of seeds in this category to the number of seeds initially planted, all multiplied by 100. The formula for the calculations is as follows:
Rc = (Nc / Nib) x 100
In the previous formula, Rc is the rate of the category of seeds considered, Nc is the number of seeds of a given category (lost, dead or viable seeds) and Nib is the number of seeds initially buried in the soil.
2.5. Data analysis
In this study, the distribution parameters of the different samples were compared with each other using analysis of variance (ANOVA). ANOVA was used to compare the means of the calculated parameters of the sowing depths of the seeds and seed lots of Calopogonium mucunoides. The significance level chosen for these analyses is 5% (P = 0.05). Whenever the calculated probability was significant, the Duncan test was performed to compare the means two by two and assess the significant differences that exist between them. SPSS 20 software was used to carry out this statistical test.
3. Results and Discussion
3.1. Emergence of Calopogonium mucunoides seedlings as a function of sowing depths
The mean rates of Calopogonium mucunoides emerged seedlings were 54.75 ± 7.63%, 50.50 ± 14.62%, 48.50 ± 3.87%, 49.00 ± 7.70% and 17.75 ± 4.50%, respectively at sowing depths of 0 cm, 0.5 cm, 2.5 cm, 5 cm and 10 cm (Figure 1). Analysis of variance showed a significant difference between these different sowing depths for the emergence of Calopogonium mucunoides seedlings (P = 0.000). The highest seedling emergence rates of Calopogonium mucunoides were observed at sowing depths of 0 cm, 0.5 cm, 2.5 cm and 5 cm, and the lowest at 10 cm from the soil surface (Figure 1).
The best seedling emergence rates in this study are close to those of Namitha et al. (2021) for untreated seeds of this plant species. This may be explained by the dormancy of C. mucunoides. To break this dormancy, these authors propose pretreating Calopogonium mucunoides seeds with water heated to 80°C.
Calopogonium mucunoides emerges at a deeper level compared to Ageratum conyzoides (Ipou Ipou et al., 2017). This is due to the fact that Calopogonium mucunoides seeds are relatively larger than those of Ageratum conyzoides. Indeed, they have sufficient reserves to ensure heterotrophic seedling growth before they establish on the soil surface. Deep plowing is therefore necessary to control Calopogonium mucunoides.
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Figure 1: Rates of Calopogonium mucunoides emerged seedlings as a function of sowing depth
Bars with different letters are significantly different (P = 0.000)
[bookmark: _GoBack]3.2. Rates of lost, non-viable, and viable seeds of Calopogonium mucunoides
One year after burying Calopogonium mucunoides seeds, no significant difference was observed between the different burial depths of Calopogonium mucunoides seeds for each seed category (Table 1).
Table 1: Percentages of the different physiological categories of Calopogonium mucunoides seeds according to the sowing depth after one year of burying the seeds
	Physiological categories of seeds                             Sowing depths (cm)                              P
                                                              0 cm     0,5 cm     2,5 cm    5 cm      10 cm
                                                                                   Rate (%)

	Viable seeds                                          71,75a     75,50a       76,00a       71,25a     76,75a       0,56
                                                            ± 2,75     ± 6,15     ± 8,04       ± 3,86     ± 6,90     

	Non viable seeds                                     3,00a       3,50a        2,75a        2,25a        1,50a        0,63
                                                            ± 2,16     ±1,29      ± 1,71      ± 2,22     ± 1,91

	Lost seeds                                            25,25a      21,00a     22,25a      26,50a       21,75a     0,62
                                                            ± 2,99     ± 5,77     ± 7,63     ± 3,70     ± 7,59


However, for each of the seed burial depths considered, a significant difference was observed between the different seed categories (P = 0.00). Viable seeds have the highest percentages with an average of 74.25% and non-viable seeds have the lowest percentages with an average of 2.75% (Table 2). This result indicates that the seeds of Calopogonium mucunoides persist in the soil. The persistence of the seeds of this weed is due to the fact that they can be in a state of dormancy (De Morais et al., 2014). Indeed, dormancy allows the seeds to persist in the soil (Baskin and Baskin, 1998; Benech-Arnold et al., 2000). It is therefore necessary to eliminate Calopogonium mucunoides plants from cultivated plots or stop their growth before they reach the fruiting stage.
Table 2: Percentages of the different physiological categories of Calopogonium mucunoides seeds according to the sowing depth after one year of burying the seeds
	Sowing deepths                                    Physiological categories of seeds                 
        (cm)                                         Viables                Non viable            Lost              P
                                                         seeds                       seeds                  seeds
                                                                                   Rate (%)

	                                                         71,76                    3,00                      25,25                 0,00                        
       0                                                ± 2,75a                 ± 2,16c                 ± 2,99b                           

	                                                         75,50                   3,50                      21,00                0,00
     0,5                                              ± 6,15                  ± 1,29                   ± 5,97 

	                                                        76,00                     2,75                    22,25                 0,00
     2,5                                             ± 8,04                   ± 1,71                  ± 7,63                  

	                                                       71,25                      2,25                     26,50                0,00
     5                                               ± 3,86                  ± 2,22                   ± 3,70


	                                                      76,75                       1,50                     21,75               0,00
    10                                              ± 6,90                     ±1,91                  ± 7,59




Conclusion
Calopogonium mucunoides is a tropical cover crop, reported as a major weed of food crops in Central Western Côte d'Ivoire. To effectively use it as a cover crop while preventing its proliferation as a weed in crops, a study on the emergence depth of its seedlings and the possibility of seed persistence in the soil was conducted in the Issia department, in central-western Côte d'Ivoire. The results of this study revealed that Calopogonium mucunoides seedlings are capable of strong emergence along the first five centimeters from the soil surface. Moreover, one year after being buried in the soil, more than 70% of Calopogonium mucunoides seeds retain their viability. This suggests that in plantations infested with Calopogonium mucunoides, deep plowing can prevent seedlings of this species from emerging. Furthermore, since the seeds of this species are persistent in the soil, the growth and development of already emerged seedlings must be stopped before they reach the fruiting stage to avoid increasing their seed stocks in the soil.
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