Effect of mechanized weeding on plantain production in southeastern Côte d’Ivoire

ABSTRACT 

	[bookmark: _GoBack]Plantains are a strategic crop for food security in Côte d'Ivoire, however, the productivity of this crop is constrained by the arduous nature of agricultural work and a growing labour shortage. In order to explore alternatives, a study was conducted in Aboudé-Mandéké (Agboville) and Azaguié-Abbè to evaluate the effectiveness of small-scale mechanization in weeding. The experimental design, randomized in blocks with three replicates, included eight weed control treatments and 17 to 20 plants per replicate. The techniques tested included different types of brush cutters (portable and frame-mounted, equipped with wire or blade), a rotary tiller equipped with a rotary shredder, a Dendelion machete, an ordinary machete, and a herbicide. The results showed that the herbicide (T8) promoted the greatest average plant height (214 cm). In terms of working time, treatment T5 proved to be the most efficient (632.2 min/104 m²), followed by treatment T2 (portative brushcutter with blade). Inversely, the longest times were recorded with the Dendelion machete (T6) and the ordinary machete (T7). Moreover, the portative brushcutter with wire (T1) performed better than the portative brushcutter with blade (T2), while the brushcutter on chassis with fire (T3) required more time than the brushcutter on chassis with blade (T4). In conclusion, mechanized weeding appears to be an effective solution for reducing labor intensity and working time, thus offering a promising response to the scarcity of agricultural labor.
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INTRODUCTION

Plantains are an essential food source for populations in humid tropical regions of Africa and play a major role in the consolidation of food security [1]. Plantains are cultivated on more than 6.7 million hectares worldwide, with an estimated production of 45 million tons [2]. In Africa, and particularly in Côte d'Ivoire, banana production is of considerable economic and nutritional importance. It is the fourth most important food crop after yams, cassava, and rice, with an annual production of 2.12 million tons [2]. This production ranks Côte d'Ivoire 8th in the world among plantain producers and 3rd in West Africa, behind Nigeria and Ghana [3]. This production ranks Côte d'Ivoire 8th in the world among plantain producers and 3rd in West Africa, behind Nigeria and Ghana [3]. Plantains are used in the preparation of many local foods such as foufou, foutou, clacro, and alloko. It is also used in various processed forms: chips, fritters, mashed plantain, jam, ketchup, alcohol, wine, and beer [4]. It constitutes a significant source of income for producer countries [5]. Despite the importance of this crop in Côte d'Ivoire, its production faces numerous constraints that limit yields and make it difficult to meet the food needs of a constantly growing population [1]. These constraints include climatic hazards, soil degradation, and above all a labor shortage that makes weeding particularly difficult. This difficulty in controlling weed growth leads to a decline in plantation productivity [6]. Despite the importance of this crop in Côte d'Ivoire, its production is confronted to many constraints that limit yields and make it difficult to meet the food needs of a constantly growing population [1]. These constraints include climate variability, soil degradation, and above all a labor shortage that makes weeding particularly difficult. This difficulty in controlling weed growth leads to a decline in plantation productivity [6]. However, labor and land productivity remain low, partly due to the use of traditional farming methods and the lack of mechanization [7]. Faced with these challenges, the introduction of mechanization into agricultural practices appears to be a potential solution. It would increase productivity, reduce the drudgery of work, ensure the sustainability of plantain production systems, particularly by limiting the use of herbicides, fill the labor shortage, and attenuate climate risks [8, 9]. Nevertheless, among the cultural operations involved in plantain cultivation, weed control remains one of the most time-consuming and labor-intensive tasks in Côte d'Ivoire. This often leads to the abandonment of old plots in favor of new ones, due to the difficulty of controlling this constraint [10]. So, adopting a mechanized solution for weeding could not only help control weeds better, but also reduce the use of chemical herbicides and improve work organization [8]. Therefore, this study aims to improve the productivity of plantain bananas through small-scale agricultural mechanization

1. MATERIALS AND METHODS

1.1. Conditions and site of the experiment

The experiment was conducted at two distinct sites: one in a farming community, at a producer's farm in Aboudé-Mandéké, and the other on fallow land, on the CNRA experimental plot in Azaguié-Abbè, both located in the southeast of Côte d'Ivoire, in the Agneby-Tiassa region. Aboudé-Mandéké is located 114 km north of Abidjan, while Azaguié is 40 km north of Abidjan. This region is characterized by an Attien climate, with four distinct seasons. It receives an average annual rainfall of 1466.4 mm, and the average temperature is 26°C. The soils at these sites belong to the ferralitic (ferrasol) class, which are highly base-desaturated [11,12]. 

1.2. Materials
1.2.1. Plant material

Plantain banana vivoplants were used as plant material in this study. The variety used was Big Ebanga, which belongs to the AAB genomic group (subgroup of plantains, false horn type) of Cameroon origin. This cultivar has a vigorous structure, prefers ferralitic soils, has an average cycle of 334 days, and offers good suckering potential. The young plants were obtained using the debarked stump multiplication (DSM) technique. 

1.2.2. Technical material

Weeding methods were implemented using various technical material, such as: a portable brush cutter (wire and blade), a frame-mounted brush cutter (wire and blade), a rotary tiller, a Dandelion machete, a regular machete, and a herbicide containing glyphosate as the active ingredient. 

1.3. Methods 
1.3.1. Trial design and experimental set-up 

The study was conducted on two plots of 5,000 m² each, cleared manually and transplanted during the rainy season (June 2024) to ensure that plants sensitive to water shortages during planting would benefit from sufficient rainfall. The sites were laid out according to a completely randomized block design (CRB). The Aboudé-mandéké site (Agboville) comprised eight (8) treatments with three (3) replicates per treatment. Each elementary plot (264 m²) contained 20 plantain plants, at a standard density of 1,667 plants/ha (3 m × 2 m). This represents a total of 480 plants across all elementary plots, excluding border plants. Similarly, with the exception of T5, the Azaguié site included 7 treatments and 3 replicates per treatment. Each treatment (228 m²) comprised a row of 17 plantain plants. The planting density was 1667 plants/ha (3 m × 2 m), for a total of 357 plants on all elementary plots, excluding border plants. The weeding methods are as follows: T1 and T2 brush cutters (portative; equipped with wire or blade), T3 and T4 brushcutters (on chassis, equipped with wire or blade), T5 (rototiller equipped with a rotary shredder), T6 (Dandelion machete), T7 (ordinary machete), and T8 (herbicide; Table 1).

Table 1. List of treatments

	Treatments
	Designations

	T1
	Portative brushcutter with wire

	T2
	Portative brushcutter with blade

	T3
	Brushcutter on chassis with fire

	T4
	Brushcutter on chassis with blade

	T5*
	Rototiller

	T6
	Dendelion machete

	T7
	Ordinary machete

	T8
	Herbicide


	*Rotary tiller treatment only applied to Aboudé-Mandéké

1.3.2. Maintenance of plots

The plots were maintained monthly, using each weeding method one to two months after planting, when the weeds had reached a height of 25 cm. Mineral fertilizers were applied per plant (22 g of urea and 55 g of KCl) every month starting two months after planting, on each elementary plot. In addition, leaf removal was carried out, consisting of cutting dead or infected leaves in order to limit the spread of diseases, such as cercosporiosis, and to optimize photosynthesis. Finally, thinning was carried out to select and remove successive shoots, thus ensuring that the initial alignment of the planting was maintained, the preservation of planting density, the production of large bunches. 

1.3.3. Data collection 

The data collected monthly covered several parameters such as: the height of the pseudostem, the circumference of the pseudostem, the number of leaves produced, and the working time.

 1.3.3.1. Measurements of agronomic parameters

On each elementary plot, 17 plantain plants (Azaguié) and 20 plantain plants (Aboudé-Mandéké) were observed and measured each month. These observations were focused on growth and development parameters. Growth parameters: height (in cm) and circumference of the pseudostem measured to 10 cm above the ground. The height of the pseudostem was defined as the distance from the base of the plant to the angle formed by the last fully unfurled leaf and the flower stalk. Development parameters: number of leaves produced, obtained by counting.

1.3.3.2. Working time for different weeding methods

Weeding methods were applied monthly on each experimental plot to ensure the cleaning of each elementary plot. The size of the elementary plots was 228 m² (Azaguié) and 264 m² (Aboudé-Mandéké). Weeding was carried out as follows: each method was used to clean an area of 228 m² or 264 m² around the useful plants, and the time spent using it was recorded by a stopwatch.

1.3.4. Statistical analysis

Statistical analysis was produced using R.5.0 software. The collected data were submitted to an analysis of variance (ANOVA). The 5% threshold was retained as the significance level for the Tukey test.

2. RESULTS

2.1. Evaluation of the impact of mechanized weeding on the growth parameters of plantain trees

2.1.1. Height of pseudostem

The analyses showed that pseudostem height was highly significant (p<0.01) between treatments, at the 5% threshold, at both sites (Table 2). Treatment T8 (herbicide) induced the highest average heights at both sites: 214 cm at Azaguié and 211 cm at Aboudé-Mandéké. In Azaguié, treatments T6 (Dandelion machete), T7 (ordinary machete), and T1 (Portative brushcutter with wire) recorded average heights of 169 cm, 172 cm, and 183 cm, respectively. However, no significant differences were observed in Aboudé-Mandéké, with the exception of treatment T2 (portative brushcutter with blade), which recorded an average height of 148 cm, higher than that of the other treatments. Treatments T3 (brushcutter on chassis with fire), T2 (portative brushcutter with blade), and T4 (brushcutter on chassis with blade) treatments recorded the lowest average heights: 158 cm, 161 cm, and 162 cm, respectively (Table 2), while treatment T4 had a minimum height of 124 cm.

2.1.2. Circumference at 10 cm from the pseudostem

The analysis of variance showed a significant impact of mechanized weeding on pseudostem circumference (Table 2). The results obtained in the localities reveal a significant difference (p<0.05) between treatments.Treatment T8 allowed to obtain the largest pseudostem circumferences: 55.85 cm in Azaguié and 53.5 cm in Aboudé-Mandéké. Treatments T1 to T7 recorded the average circumferences of 44.3 cm and 49.4 cm respectively in Azaguié, while in Aboudé-Mandéké, treatment T3 (brushcutter on chassis with fire) recorded an average circumference of 43.9 cm, a value significantly higher than those of the other treatments. Treatment T4 (brushcutter on chassis with blade) recorded the smallest circumferences of 36.6 cm (Aboudé-Mandéké) and 44.7 cm (Azaguié). 

2.1.3. Number of leaves emitted

The results obtained show a highly significant difference (p<0.001) in Azaguié, while in Aboudé-Mandéké there was a very significant difference between treatments in terms of the number of leaves emitted by the banana plant (Table 2). Treatment T8 has generated the highest number of leaves, with 36 leaves in Azaguié and 39 leaves in Aboudé-Mandéké. In Azaguié, treatments T4 (32.3 leaves), T2 (33.6 leaves), and T1 (33.6 leaves) induced an average number of emitted leaves. In Aboudé-Mandéké, treatments T1 and T7 gave values between 33.3 and 35 leaves. Treatment T7 produced an average number of leaves (35 leaves). A low number of leaves was produced by treatments T7, T3, and T6, with values comprised between 27 and 29.2 leaves.

Table 2. Impact of mechanized weeding on the growth parameters of plantain bananas in Azaguié and Aboudé-Mandéké

	[bookmark: RANGE!A1][bookmark: _Toc202959355][bookmark: _Toc202959821]Site
	Treatment
	Height
	Circumference at 10 cm
	Number of EL

	Azaguié
	T1
	183 b
	49,41 ab
	33,6 ab

	
	T2
	161 b
	47,24 ab
	33,6 ab

	
	T3
	158 b
	45,6   b
	29     b

	
	T4
	162 b
	44,27 b
	32,2 ab

	
	T6
	169 b
	46,58 ab
	29,2 b

	
	T7
	172 b
	48,77 ab
	27,8 b

	
	T8
	214 a
	55,85 a
	36     a

	
	P-value
	0,0079
	0,032
	0,001

	Aboudé-Mandéké
	T1
	135 b
	40,7 b
	33,3 b

	
	T2
	148 b
	41,8 b
	34,0 b

	
	T3
	143 b
	43,9 b
	34,6 b

	
	T4
	124 b
	36,6 ab
	32,3 b

	
	T5
	144b
	41,7 b
	32,7 b

	
	T6
	144 b
	43,7 b
	33,4 b

	
	T7
	144 b
	42,3 b
	35,0 b

	
	T8
	211 a
	53,5 a
	39,0 a

	
	P-value
	0,006
	0,0296
	0,00 1


In each column, values with the same letter are not significantly different (Tukey test at 5%). Letters a and b indicate significantly different mean values in the column at a threshold of a = 0.05 according to the Tukey test.

2.2. Evaluation of the impact of mechanized weeding on working time

Working time varies depending on the different weeding methods used in the localities (Fig. 1). In Azaguié, treatment T8 (herbicide) recorded the shortest working time, with 1099.97 min/104 m², followed by treatments T1 (Portative brushcutter with wire) and T4 (brushcutter on chassis with blade) with values between 1257 and 1258. min/104 m². In comparison, in Aboudé-Mandéké, treatment T5 (rototiller equipped with a rotary shredder) significantly reduced working time with 6322.2 min/104 m². Next, an average duration was observed for treatments T8 (1070 min/104 m²), T2 (1,078 min/104 m²), T3 (1,097 min/104 m²) and T1 (1,131.25 min/104 m²). Weeding time was high with treatments T6 (Dandelion machete) and T7 (ordinary machete) in both locations.
[image: ]
Fig. 1. Evaluation of weeding methods based on working time

2.3. Evaluation of the impact of mechanized weeding on the drudgery of work

Statistical analyses of data relating to working time (Table 3) show a highly significant difference (P<0.01) at the Azaguié site and a very highly significant difference (p<0.001) at Aboudé-Mandéké. The treatments requiring the most weeding days were T6 (Dandelion machete) and T7 (ordinary machete) in both localities, followed by Treatment T3 (brushcutter on chassis with fire) in Azaguié. On the other hand, treatments T1 and T2 (Portative brushcutter with wire or blade), T4 (brushcutter on chassis with blade), and T8 (herbicide) required fewer days per hectare to complete brush clearing. Treatment T5 (rototiller equipped with a rotary shredder) in Aboudé-Mandéké proved to be the most effective in reducing working time (1.3 days/ha).

Table 3. Impact of mechanized weeding on working time (Azaguié and Aboudé-Mandéké)

	Treatment
	Working time      (days/ha)

	T1
	2,51 b
	2,4 b

	T2
	2,84 b
	2,2 b

	T3
	3 ab
	2,3 b

	T4
	2,62 b
	2,4 b

	T5
	…....
	1,3 ab

	T6
	3 ab
	3,4 a

	T7
	3,6 a
	3,5 a

	T8
	2,2 b
	2,2 b

	p-value
	0,0123
	0,001


In each column, values with the same letter are not significantly different (Tukey's test at 5%). Letters a, b, c, and d indicate significantly different mean values in the column at the threshold of a = 0.05 according to Tukey's test. The first column indicates data from the Azaguié site and the second column from the Aboudé-Mandéké site.

3. DISCUSSION

3.1. Impact of mechanized weeding on the growth parameters of plantain trees

The results show that weeding methods had a significant effect on the height of the banana pseudostem. Treatments T1, T2, and T5 recorded average height. This average height growth performance obtained through these weeding methods can be explained by the reduction in competition from weeds for water, light, and minerals, which improves the availability of necessary resources for growth [13, 14]. These authors indicate that reducing this competition promotes better absorption of resources by crops. Similarly, Staver et al. [15] note that regular mechanical weeding can contribute to soil aeration and the mineralization of organic matter, promoting better nitrogen nutrition. However, poor mechanical weeding can have negative effects. Poor weed control and inappropriate use of equipment can provoke a perturbation of soil fauna and flora and increase the risk of erosion, as pointed out by Saer [16] and Djagba et al. [17]. These observations corroborate the work of Yapi et al. [18] who showed that frequent mechanical interventions can weaken soil structure. Treatment T8 (glyphosate-based herbicide) produced the tallest plants. These results suggest that herbicide, as a chemical treatment, promotes better dormancy release and greater resource availability through effective weed reduction, as reported by Kwa and Temple [19], who highlight its effectiveness in weed control and competition limitation. However, intensive use of herbicides can lead to the emergence of resistant weed species and deplete soil fertility [20, 21, 22]. Risks to human health, such as infertility and certain cancers, have also been reported [23, 24, 25]. Treatments T6 and T7 promote the growth of banana trees in height, which is consistent with the findings of Vall [26] and confirmed by producers who believe that this approach does not affect either the cultivated area or the growth of young plants. The lowest pseudostem growth heights were observed with T3 and T4. These mechanized tools seem to be less effective at controlling weeds because they only cut the surface parts of the weeds. This promotes increased competition between cultivated plants. These results corroborate those of Barralis [27] and Koch et al. [28], mentioned by Traoré et al. [29], that weed competition for water, light, nutrients, and space with crops has a direct negative effect. With regard to the increase in the circumference of banana trees, mechanical weeding had a significant effect. However, treatments T1 and T2 produced lower values, suggesting less accumulation of nutrient reserves and suboptimal radial development, probably related to less efficient sap circulation [30]. These results are consistent with those of Lagunes-Espinoza et al. [31], who indicate that when mechanical weeding is applied early, its effect on pseudostem diameter may not yet be observable. Furthermore, insufficient weeding frequency or intensity could limit the beneficial effects on radial biomass accumulation [17]. The smallest pseudostem circumferences were observed with treatment T4. This poor performance could be due to indirect root stress, possibly caused by the use of a blade brush cutter. This type of tool can cause micro-injuries to the superficial roots of banana trees, especially when the operation is executed too close to the base. These lesions can reduce nutrient and water absorption, which slows pseudostem growth. Our results are also consistent with those of Kouadio et al. [1], who demonstrated that reduced absorption caused by root damage leads to a significant decrease in vegetative growth. The treatments also had a significant effect on the number of leaves emitted. Treatment T8 produced the highest number of leaves, reflecting better weed management and more vigorous growth. These results corroborate those of Kwa et al. [19], who indicate that photosynthesis activity more sustained promotes increased vegetative biomass and improved future productivity. Treatments T1 and T5 also recorded high values, reflecting optimal growing conditions. However, these effects can be mitigated by poor weed management, which competes with crops for nutrients and space [27, 28, 29]. It should be noted that foliar emission in banana is strongly influenced by genetic and environmental factors, such as temperature and photoperiod, rather than weed management methods alone [32, 33, 34]. In our study conducted in Azaguié, the elementary plots that received treatments T3 (brushcutter on chassis with fire) and T6 (Dandelion machete) showed a number of leaves relatively low. This reduced rate of leaf production could be attributed to environmental conditions that are unfavorable to leaf production. Our results do not agree with those of Sadia et al. [33], who showed that in the optimal growing conditions, banana tree produce an average of one leaf per week. In addition, the more leaves the plant produces, the greater its height and circumference increase.

3.2. Evaluation of the impact of mechanized weeding on working time

The working time observed in the localities varies according to the different weeding methods tested. The results showed that treatments T1 (Portative brushcutter with wire), T2 (portative brushcutter with blade), and T5 (rototiller equipped with a rotary shredder) recorded the lowest working times (min/m²). This time saving could be explained by the fact that the use of these tools not only saves time, but also reduces the muscular effort required to perform the weeding operation. As Vall et al. [26] point out, these results showed that mechanization of weeding save a significant amount of time that producers can devote to other activities. Treatment T6 (Dandelion machete) recorded the highest working times (min/m²). This time requirement could be due to poor tool control by users, given that this was their first time using the tool [17]. These results reveal that when a new tool is introduced without prior training, the time required for adaptation increases significantly. Treatments T3 and T4 showed average working times. This observation could be explained by the fact that the effectiveness of these tools depends on several factors including user skill, weed development stage, soil type and timing of interventions. Indeed, more the number of intervention days is higher, more the total maintenance time tends to increase. Treatment T8, corresponding to chemical weed control (herbicide), recorded a working time significantly lower. Indeed, this method allowed operations to be carried out more quickly, which corroborates the observations of Yapi et al. [18], according to which producers take a day and a half to weed an area of one hectare. In contrast, manual weeding (T7) using a machete recorded long working times (1615 min/m² and 1731 min/m²). This activity relies on human muscle power and requires a great quantity of energy, which could make it difficult. In addition, the time required to perform this task is high. Our results are comparable to those reported by Yapi et al. [18], who indicate that in Cameroon, it takes an average of five working days per person to manually weed a quarter of a hectare.

3.3. Evaluation of the impact of mechanization of weeding on the drudgery of the work

The different weeding methods showed a significant difference in the drudgery of the work. The results obtained show that treatments T6 (Dandelion machete) and T7 (ordinary machete) generated a higher number of working days (days/ha) in both locations. This time requirement could be explained by the fact that weeding carried out using manual methods not only requires more days of work, but also more labor. In addition, the use of these tools makes the work very arduous [35], showing that manual planting and weeding require a high level of energy input to perform a task and an immense amount of human muscle power. Treatments T3 and T4 (brushcutter on chassis, equipped with wire or blade), as well as T1 and T2 (portative brushcutter with wire or blade), recorded a moderately significant number of working days (days/ha). This moderate time requirement could be explained by the maneuverability of these tools, which require relatively little labor and an acceptable muscular effort [36, 37]. Although their use is not particularly difficult, it nevertheless requires a certain amount of vigilance and good operator training to guarantee safe and effective handling. The T8 treatment (herbicide) also required a low number of working days in both locations. This time saving is due to the speed of herbicide application, making it an advantageous solution in terms of time savings. Treatment T5 (rototiller equipped with a rotary shredder) recorded the lowest number of weeding days (1.3 days/ha). The effectiveness of the rotary tiller equipped with a rotary shredder in reducing working time could be explained by its ability to quickly cover large areas while ensuring effective weeding [35]. Human-powered equipment is preferable at this level.

Conclusion

The study was conducted to evaluate the effect of mechanized weeding on plantain production. Analysis of agronomic parameters revealed that herbicide (T8) recorded the best results in terms of plantain growth, particularly pseudostem height, circumference and number of leaves emitted. Weeding methods such as the rototiller (T5) and herbicide have significantly reduced working time. In terms of working time, the rototiller equipped with a rotary shredder (T5) and the portative brushcutter with blade (T2) proved to be the most economical. Thus, rototillers (T5) and portative brushcutter with wire (T1) or blades (T2) could be recommended to plantain producers, as they offer a promising alternative for increasing productivity and improving working conditions in banana plantations.
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