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Abstract
Aims: The main objective of this study was to evaluate the impact of fertilizer doses and transplanting densities on the agromorphological performance of Corchorus olitorius, a widely consumed leaf vegetable species in West Africa.
Study Design: An experimental design in randomized complete blocks was set up, combining three levels of transplanting density and three fertilization doses, in order to analyze their cross-effects on growth and leaf yield. The main factor was the transplanting density, while the secondary factor was the fertilizer rates.
Place and Duration of Study: The study was conducted in southern Côte d'Ivoire, during the wet season from August to September, under agroecological conditions typical of the humid forest zone. 
Methodology: Parameters measured include plant height, vegetative vigour, leaf number and weight, and flowering dates. The data were analysed using statistical tools to determine the significant effects of the treatments. 
Résults : The study found that fertilizer doses, whether organic or mineral, did not significantly influence vegetative growth, plant size (42.4 cm) or flowering time (68 days after sowing). In contrast, transplanting density had a marked effect on vegetative development, plant height (46.4 cm) and leaf yield, reaching 10.8 t/ha at 400,000 vines/ha. The interaction between fertilization and density influenced stem diameter (2.5 cm) and seed yield (up to 448 kg/ha). Organo-mineral fertilization also favored branching, with a maximum of 18 branches per plant. Thus, the combination of a density of 400,000 vines/ha and an organo-mineral input constitutes the most effective strategy to maximize the growth, branching and foliar and seed productivity of Corchorus olitorius. 
Conclusion : These results open up promising prospects for the sustainable intensification of market gardening systems in West Africa, by reconciling improved yields and respect for agroecological balances. They highlight optimized cultural practices, such as high density and organo-mineral fertilization, capable of enhancing productivity while preserving soil quality and crop resilience to climatic constraints.
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1. INTRODUCTION
The vegetable (Corchorus olitorius), commonly known as "kplala" in Côte d'Ivoire, is a leafy plant highly prized in West Africa for its nutritional, medicinal and economic qualities. It is particularly rich in proteins, fiber, vitamins (especially A and C), flavonoids and polyphenols, which gives it strong antioxidant activity and recognized therapeutic potential (Ta Bi et al., 2021; Pholoma et al., 2024). In traditional medicine, its leaves and seeds are used to treat various ailments such as anemia, digestive disorders, typhoid fever and even malaria (Sonibare et al., 2009; Kiebre et al., 2016).
Despite its nutritional and economic importance, the Corchorus olitorius remains under-exploited scientifically, particularly with regard to the optimization of its technical itineraries. Current farming practices are often empirical, based on traditional knowledge, which limits yield potential and compromises the sustainability of production systems (Alissou, 2011). An analysis conducted in Benin showed that the effect of nitrogen on the growth and production of Corchorus olitorius varies greatly with pedoclimatic conditions, highlighting the need for localized and data-based approaches. In a context of population growth and increased pressure on agricultural resources, it is becoming imperative to develop science-based agronomic strategies to improve the productivity of this crop while preserving natural resources (FAO, 2017). A recent study conducted in the Agadez region of Niger highlighted the profitability of upgrading Corchorus olitorius, with a cost-benefit ratio of up to 3.3 in periods of low production, which testifies to its economic potential when integrated into a structured value chain (Maazou et al., 2024). 
Among the agronomic factors influencing the performance of the vegetable, the fertilization regime and the transplanting density play a central role. A study conducted in Nigeria showed that the combined application of 45 kg/ha of nitrogen and 30 kg/ha of phosphorus maximized vegetative growth and leaf yield of Corchorus olitorius, with a significant improvement in leaf count, fresh biomass and seed yield (Olaniyi & Ajibola, 2008). These results suggest that moderate but targeted nutrient inputs can significantly improve plant productivity. In Côte d'Ivoire, recent work has made it possible to characterize the different cultivars of C. olitorius present in the central regions, highlighting their morphological diversity and ethnobotanical uses (Harouna et al., 2023). This genetic diversity is an opportunity to select varieties adapted to local conditions and production objectives. In addition, the evaluation of the mineral content of several species of the genus Corchorus has confirmed their nutritional richness, reinforcing the interest of this crop in food security policies (Ta Bi et al., 2021). However, limited information exists on the combined effect of transplanting density and organo-mineral fertilization on C. olitorius growth and productivity under Ivorian conditions. The present essay is part of this dynamic of improving cultural practices. It aims to determine the optimal transplanting density as well as the most suitable fertilization regime to maximize the growth and yield of the C. olitorius cultivated in Côte d'Ivoire. By testing different transplanting densities and nutrient regimes, the objective is to propose a technical itinerary adapted to the agroecological realities of Côte d'Ivoire, allowing producers to fully exploit this plant resource.
2. MATERIALS AND METHODS
2.1. Plant material
The study focused on the C. olitorius cultivar called COR1/06 selected at the Anguédédou Station from a collection of C. olitorius cultivars collected from market gardeners in the urban area of Abidjan, Côte d'Ivoire. 
2.2. Study methods
2.2.1. Setting up the trial
The nursery was set up in the first week of August. For this purpose, a 5-metre-long and 1-metre-wide plank was made after manual ploughing of the soil. In order to prevent attacks by soil pests, the board was disinfected with Furadan at a rate of 50 g/m². An organic manure consisting of poultry manure was then incorporated into the soil at a dose of 4 kg/m². The seeds of the vegetable were sown in rows spaced 10 cm apart, allowing a homogeneous distribution of the seedlings. After sowing, the bed was covered with palm leaves, placed on the ground for the first three days to maintain humidity and promote germination. As soon as the seedlings emerged, the palm leaves were removed, and a shade house was built 80 cm high to protect the young plants from excess solar radiation.
A week before transplanting, the shading was gradually reduced by reducing the amount of palm leaves. Two days before transplanting, the shade was completely removed to acclimate the plants to the field conditions. The nursery was watered regularly, and manual weeding was carried out to limit weed competition. Transplanting in the field took place three weeks after the nursery was set up. The soil was ploughed manually, followed by staking to mark planting locations. Planks were then made to accommodate the plants. Plant spacings varied depending on the density treatments studied in the trial.
Regarding fertilization, two types of applications were made depending on the treatments: poultry manure and a mineral fertilizer NPK 10-18-18, applied according to the doses defined experimentally. For phytosanitary protection, two treatments were carried out at the 5th and 7th week after transplanting, using a mixture of Callidim (dimethoate 400 g/L) and Stork 50 EC (cypermethrin 50 g/L), in order to effectively control the defoliating caterpillars. In addition, regular weeding was carried out throughout the crop cycle to keep the beds clean and limit water and nutrient competition.
2.2.2. Experimental design
The trial was conducted in a split-plot arrangement with three replicates. The main factor was the transplanting density, while the secondary factor was the fertilizer doses. This arrangement made it possible to evaluate the individual and combined effect of the two factors on the growth and yield of the C. olitorius. Each elementary plot consisted of two ridges, each measuring 4 m long and 1 m wide, for a total area of 16 m² (4 m × 4 m). The distance between two ridges was 0.5 m, and the distance between two replicates was 0.75 m. One ridge was dedicated to yield evaluation, while the other was used for experimental measurements (vegetative growth, biomass, etc.).
Main factor: Transplanting density
Three levels of density were tested:
D1: 100,000 plants/ha (20 cm × 50 cm spacing) - Standard control,
D3: 388,889 plants/ha (15 cm × 20 cm spacing),
D4: 400,000 plants/ha (10 cm × 25 cm spacing).
Secondary factor: Fertilizer rates
Three fertilization methods were applied:
E0: No Fertilizer -Control,
E1: 20 t/ha of organic matter (poultry manure) applied prior to transplanting,
E3: 10 t/ha of organic matter (OM) + 200 kg/ha of NPK 10-18-18.
2.1.3. Observations and experimental measurements 
The observations and measurements made during the trial focused on several key agronomic parameters to evaluate the performance of the C. olitorius plants:
· Vegetative developmental status : This parameter was assessed at 30 days post-transplanting using a rating scale of 1 to 5, where: 1 = very poor development; 2 = poor; 3 = moderately good; 4 = good and 5 = very good. The purpose of this rating was to visually assess the general vigour of the plants in early growth.
· Morphological characteristics:
- Stem height and diameter were measured at the flowering stage using tape measure.
- The 50% flowering date was also recorded, corresponding to when half of the plants in the elementary plot had open flowers.
· Plant productivity:
- The number of branches per plant was counted for each treatment to assess branching potential.
- The weight of the leaves and the weight of the harvested seeds were measured for each elementary plot. These data were used to calculate fresh leaf and seed yields, expressed in tonnes per hectare (t/ha), according to planting densities and fertilisation regimes applied.
2.1.4. Statistical data analysis 
The data collected were subjected to a two-factor analysis of variance (ANOVA). The objective was to evaluate the effect of different transplanting densities and fertilizer rates on the measured agronomic parameters. When ANOVA revealed significant differences between treatments, a comparison of means was performed using the Tukey test at the 5% significance level (p < 0.05). All statistical analyses were performed using R software, version 4.2.
3. RESULTS
3.1. Vegetative behaviour and flowering of the C. olitorius
3.1.1. Effect of fertilizer doses
Evaluation of the effect of fertilizer doses on vegetative development and phenology of the C. olitorius shows that the differences observed between treatments are not significant (Table 1). Indeed, vegetative development, rated on average at 3.3, varies very little between the different fertiliser doses (3 to 3.4), reflecting an overall homogeneous behaviour of the plants regardless of the fertiliser applied (P = 0.77). Similarly, the size of plants at the flowering stage remains virtually identical between treatments, with an overall average of 42.4 cm and a very narrow range of variation (42–43 cm). These results suggest that height growth was not influenced by the addition of organic or mineral fertilizer under the test conditions (P = 0.90). In addition, the 50% flowering time also shows no significant differences between treatments (P = 0.43), the average being 68 days after sowing (DAS), with values between 66 and 69 DAS. This indicates that the earliness of flowering remained stable, regardless of the fertilization regimes tested.














Table 1. Fertilizer doses on the development of the C. olitorius.
	Fertilizer Rates
	Vegetative development (note)
	Plant size at flowering stage (cm)
	Date of 50% flowering (DAS)

	20 t/ha OM 
10 t/ha OM + 200 kg/ha NPK 
No fertilization
	3 a
3.4 a
3.4 a
	42 a
42 a
43 a
	66 a
69 a
69 a

	Average
P
	3.3
0.77
	42.4
0.9
	68
0.43


Column numbers, assigned the same letter, do not differ significantly at the 5% threshold (Tukey test)
3.1.2. Effect of Transplanting Densities on the Development of the C. olitorius
The analysis of variance showed a significant effect of transplanting densities on vegetative development (P = 0.02) and plant size (P = 0.09), but not on the 50% flowering time (Table 2). As far as vegetative development is concerned, the transplanted plants at low density (100,000 vines/ha) showed a poor growth state, with an average score of 2, reflecting poor development. On the other hand, at higher densities (388,889 and 400,000 vines/ha), the plants show a better vegetative state, with 3.5 and 4 respectively, which corresponds to good to very good development. The size of plants at flowering follows the same trend. Plants grown at 100,000 plants/ha remained smaller (38.4 cm), while those from higher densities reached larger sizes (42.3 cm and 46.4 cm). This difference suggests that competition between high-density plants did not limit their growth in height, but may have favoured better elongation. In contrast, no significant difference (P = 0.09) was observed on the 50% flowering time, which remains relatively stable between treatments, with an average of 68 days after sowing (DAS). Thus, the transplanting density did not influence the precocity of flowering.
Table 2. Transplanting Densities on the Development of the C. olitorius
	Density (plants/ha)
	Vegetative development (note)
	Plant size (cm)
	Time Limit 50% Flowering (JAS)

	100 000 (20 × 50 cm)
	2 b
	38.4 b
	67 a

	388 889 (15 × 20 cm)
	3.5 a
	42.3 ab
	70 a

	400 000 (10 × 25 cm)
	4 a
	46,4 a
	66 a

	Average
	3.3
	42
	68

	P
	0.02
	0.09
	0.40


Column numbers, assigned the same letter, do not differ significantly at the 5% threshold (Tukey test)
3.1.3. Interaction between fertilizer rates and transplanting densities
Analysis of the interaction between fertilizer rates and transplanting densities reveals significance only for stem diameter at the flowering stage (Table 3). The results indicate that the effect of fertilizer rates on this parameter depends on the transplanting density. At densities of 100,000 and 388,889 vines/ha, no significant differences were observed between fertilization treatments. The average diameters of the stems, respectively 3.6 cm and 4.4 cm, reflect a relative stability of this morphological characteristic, regardless of the fertilization regime applied. On the other hand, at the highest density (400,000 vines/ha), the effect of fertilizer doses becomes significant (P = 0.03). Plants grown without fertilisation have a larger stem diameter (4.5 cm) than those fed the combination of 10 t/ha of organic matter + 200 kg/ha of NPK, which has a diameter equal to 3.5 cm.




Table 3. The interaction between fertilizer rates and transplanting densities on stem diameter at flowering 
	
Fertilizer Rates
	Diameter of stems at flowering stage (cm)

	
	100 000
(20 cm x 50 cm)
	388 889
(15 cm x 20 cm)
	400 000
(10 cm x 25 cm)

	20 t/ha OM 
10 t/ha OM + 200 kg/ha NPK 
No fertilization
	1.7 a
1.3 a
1.7 a
	2.9 a
2 a
2.3 a
	2.3 a
1.5 b
2.5 a

	Average
P
	1.6
0.42
	2.4
0.35
	2
0.03


Column numbers, assigned the same letter, do not differ significantly at the 5% threshold (Tukey test)
3.2. Productivity in twigs and leaves of the C. olitorius according to fertilizer rates and transplanting densities
The analysis of variance showed that the interaction between fertilizer rates and transplanting density was not significant for the number of twigs produced per elementary plot, the number of branches per plant, the weight of leaves per elementary plot, nor for leaf yield. Therefore, the analysis was conducted separately for each factor.
3.2.1. Effect of fertilizer rates on twig number
The results concerning the effect of fertilizer rates on the number of branches produced are presented in Table 4. The total number of shoots per plot remained relatively stable, varying from 805 to 878 shoots depending on the treatment (P = 0.09), regardless of the fertilization regime. On the other hand, the number of shoots per plant was significantly influenced by the fertilizer doses (P = 0.02), with a maximum of 18 shoots for the combination of 10 t/ha of organic matter + 200 kg/ha of NPK, compared to 13 for 20 t/ha of OM and 14 for the unfertilized plants. This observation indicates that combined organic + mineral fertilization promotes individual branching of plants, while the effect on total production at the plot scale remains limited. The coefficient of variation (CV) was high for the number of branches per plant (28.5%), highlighting significant variability between plants. The CV was lower for the total number of branches per plot (CV = 0.4%), reflecting homogeneity at the plot level.
Table 4. Number of twigs produced per elementary plot and per plant according to the rate of fertilizer
	Fertilizer Rates
	Total number of twigs produced per elementary plot
	Number of twigs produced per foot

	20 t/ha OM 
10 t/ha OM + 200 kg/ha NPK 
No fertilization
	866 a
878 a
805 a
	13 b
18 a
14 ab

	Average
P
CV (%)
	848
0.40
14
	15
0.02
28.5


Column numbers, assigned the same letter, do not differ significantly at the 5% threshold (Tukey test)
3.2.2. Effect of transplanting density on twig production
Table 5 presents the effect of transplanting density on the production of branches of the C. olitorius, evaluated at two levels: the total number of branches per elementary plot and the number of branches per plant. The total number of twigs per plot varied significantly according to transplanting density (P = 0.05). The lowest density (100,000 vines/ha) produced 419 shoots per plot, significantly less than the higher densities, 388,889 and 400,000 vines/ha, which produced 1,038 and 1,087 shoots, respectively. On the other hand, the number of twigs per plant was not significantly affected by the transplanting density (P = 0.60). The plants produced an average of 15 shoots for a density of 100,000 vines/ha, 14 for 388,889 plants/ha and 16 for 400,000 plants/ha. 
The general average number of branches per plant is 14, with a coefficient of variation (CV) of 29.5%, which reflects a significant variability between plants. 
Table 5 : Number of twigs produced per elementary plot and per plant according to transplanting density
	Transplanting density (plants/ha)
	Total number of twigs produced per elementary plot
	Number of twigs produced per foot

	100 000 (20 cm x 50 cm)
388 889 (15 cm x 20 cm)
400 000 (10 cm x 25 cm)
	419 b
1038 a
1087 a
	15 a
14 a
16 a

	Average
P 
CV (%)
	948
0.05
14
	15
0.62
29.5


Column numbers, assigned the same letter, do not differ significantly at the 5% threshold (Tukey test)
3.2.3. Effect of fertilizer rates on leaf weight per plant and leaf yield
The results on the effect of fertilizer rates on leaf weight per plant and leaf yield of C. olitorius are reported in Table 6. The results show that the leaf weight per plant varies from 51.7 g to 75 g depending on the treatment. The 20 t/ha OM treatment produced the highest average leaf weight (75 g), followed by plants fertilized with 10 t/ha OM + NPK (53 g) and unfertilized plants (51.7 g). However, these differences were not statistically significant at the 5% level (P = 0.07). Regarding the leaf yield at the hectare level, the values vary from 7.9 t/ha for unfertilized plants to 9 t/ha for fertilized plants with 20 t/ha of OM, with an intermediate yield of 8.5 t/ha for the combination of OM + NPK. However, the differences are not significant (P = 0.20), indicating that the effect of fertilizer doses on total leaf production remains limited under the experimental conditions.
Table 6 : Leaf weight produced per plant and leaf yield by fertilizer rate
	Fertilizer Rates
	Weight of leaves produced per plant (g)
	Leaf yield (t/ha)

	20 t/ha OM 
10 t/ha OM + 200 kg/ha NPK 
No fertilization
	75 a
53 a
51.7 a
	9 a
8.5 a
7.9 a

	Average
P
CV (%)
	60
0.07
36
	8.5
0.20
14.9


Column numbers, assigned the same letter, do not differ significantly at the 5% threshold (Tukey test)
3.2.4. Effect of Transplanting Density on Leaf Weight Per Plant and Leaf Yield
Table 7 shows the influence of transplanting densities on leaf weight per plant and leaf yield per hectare of the C. olitorius. The average leaf weight per plant ranged from 56.1 g to 65.6 g, with a maximum observed density of 400,000 vines/ha. However, these differences were not statistically significant (P = 0.61). This shows that transplanting density does not have a significant effect on leaf production at the individual plant level, which remains relatively stable. On the other hand, the leaf yield per hectare is strongly affected by the transplanting density (P = 0.04). The lowest density (100,000 vines/ha) produces only 4 t/ha, while the higher densities (388,889 and 400,000 vines/ha) allow for 10.5 and 10.8 t/ha respectively. These results indicate that increasing transplanting density promotes overall leaf production at the plot level. The overall average leaf weight per plant is 60 g, with a coefficient of variation (CV) of 36%, indicating moderate variability between plants. For leaf yield, the average is 8.5 t/ha with a CV of 14.9%, reflecting a relative homogeneity of yield at the plot level.






Table 7 : Leaf weight produced per plant and leaf yield by transplant density
	Transplanting density (plants/ha)
	Weight of leaves produced per plant (g)
	Leaf yield 
(t/ha)

	100 000 (20 cm x 50 cm) 
388 889 (15 cm x 20 cm)
400 000 (10 cm x 25 cm)
	58.8 a
56.1 a
65.6 a
	4 b
10.5 a
10.8 a

	Average
P 
CV (%)
	60
0.61
36
	8.5
0.04
14.9


Column numbers, assigned the same letter, do not differ significantly at the 5% threshold (Tukey test)
3.2.5. Seed productivity according to fertilizer rates and transplanting densities of the vegetable coret
The results concerning the seed productivity of the C. olitorius are presented in Table 8. The analysis of variance showed that the interaction between fertilizer rates and transplanting densities was significant for the seed yield of the C. olitorius. At densities of 100,000 and 400,000 vines/ha, the fertilised regimes produced the highest yields, with 412 and 448 kg/ha per 100,000 vines/ha, and 338 and 404 kg/ha per 400,000 vines/ha, compared to 225 and 265.8 kg/ha respectively for unfertilized plants. On the other hand, at the intermediate density of 388,889 vines/ha, the average seed yield was 346.10 kg/ha, with no significant difference between treatments. These results indicate that the effect of fertilization on seed production depends on transplanting density, with fertilized diets particularly favoring production at extreme densities.
Table 8 : Seed yield by fertilizer rates and transplanting density
	
Fertilizer Rates
	Seed yield (kg/ha)

	
	100 000
(20 cm x 50 cm)
	388 889
(15 cm x 20 cm)
	400 000
(10 cm x 25 cm)

	20 t/ha OM 
10 t/ha OM + 200 kg/ha NPK 
No fertilization
	412 a
448 a
225 b
	346.7 a
330 a
361.6 a
	338 ab
404 a
265.8 b

	Average
P
CV (%)
	361.67
0.04
20.2
	346.10
0.89
23.17
	335.93
0.02
10.6


Column numbers, assigned the same letter, do not differ significantly at the 5% threshold (Tukey test)
4. DISCUSSION
The main objective of this study was to evaluate the impact of fertilizer doses and transplanting densities on the vegetative development, phenology and productivity of the C. olitorius, a species of high nutritional and economic value widely cultivated in West Africa. In the context of the search for sustainable and efficient cultivation practices, it is essential to understand how these two factors interact to influence the key agronomic parameters of the crop. The results obtained highlight a contrasting influence of fertilization and transplanting density on the morphological and agronomic parameters studied. Our results show that the fertilizer doses applied did not significantly influence the overall growth of the C. olitorius. Indeed, the average vegetative development, the size of the plants at the flowering stage, and the 50% flowering time did not show statistically significant differences between the fertilization regimes. These observations suggest that the plant maintains a relatively homogeneous morphological behaviour, regardless of nutrient intake. This finding is consistent with the work of Kiebré et al. (2016), who showed that the agromorphological variability of C. olitorius is more marked on traits such as branching and leaf biomass than on height or phenology. Similarly, Manhognon et al. (2025) showed that the response of C. olitorius to organic fertilization may be limited in already rich soils, where additional fertilizer application results in only a marginal gain in productivity. Although fertilization did not have a significant effect on overall growth, it did influence some specific parameters such as individual plant branching. The combination of 10 t/ha of organic matter and 200 kg/ha of NPK resulted in a maximum of 18 twigs per plant, compared to 13 to 14 for the other treatments. This trend confirms that the combination of organic and mineral amendments stimulates the availability and synergy of essential nutrients (nitrogen, phosphorus, potassium), promoting the differentiation of axillary meristems and therefore branching. These results corroborate the recommendations of the National Center for Agronomic Research through the study by Fondio et al. (2012), which recommends the combined use of compost and mineral fertilizers to optimize the growth of leafy greens. In addition, this type of combination not only improves branching, but also the physiological quality of the leaves, which is a major asset for a crop where the leaves represent the main part consumed.
In contrast to fertilization, transplanting density has proven to be a highly determining factor. Our results show that the high densities (388,889 and 400,000 vines/ha) significantly improved several parameters: vegetative development, plant size, total number of shoots and leaf yield per hectare. Transplants with high densities reached up to 46.4 cm in height, compared to 38.4 cm for those with the lowest density (100,000 plants/ha). This contradicts the hypothesis that a high density would lead to competition limiting individual growth. On the contrary, our results show that plants in high density conditions showed better vigour. This could be explained by beneficial microclimatic effects, such as better soil cover, reduced evaporation and lower leaf temperature, thus creating favourable conditions for growth. In addition, previous studies have shown that practices that improve soil cover and moisture conservation, such as mulching or crop association, can positively influence the microclimate and promote plant growth (Masasi et al., 2025; Shumet et al., 2022). From a productivity perspective, the effect of density is even more pronounced. While the density of 100,000 vines/ha produced only 4 t/ha of leaves, the high densities made it possible to reach up to 10.8 t/ha, more than double. These results confirm the effectiveness of density as a major agronomic lever to improve leaf production, the main valued organ of the C. olitorius.
The interaction between fertilizer rates and transplanting densities was significant for stem diameter and seed yield. At the highest density (400,000 plants/ha), unfertilized plants had a larger stem diameter (4.5 cm) than those received combined fertilization (3.5 cm). This paradoxical result could be explained by a different allocation of resources: in the absence of fertilization, plants would invest more in structural development (stem) to compensate for the low nutrient availability. This phenomenon has already been observed by Fondio et al. (2012), which showed that the morphology of C. olitorius is strongly conditioned by planting density and fertilization regimes. Regarding seed productivity, our results indicate that fertilized regimes allowed yields to be higher than extreme densities (100,000 and 400,000 plants/ha), reaching up to 448 kg/ha compared to 225-265 kg/ha for unfertilized plants. On the other hand, at the intermediate density (388,889 vines/ha), the differences between treatments were not significant, with the average yield stabilizing at around 346 kg/ha. These results suggest that the reproductive response of the vegetable tree is modulated by the interaction between density and fertilization, with a more marked effect at the extremes. This observation is in line with the work of Liu et al. (2025), which showed that the application of specific combinations of organic fertilizers can improve the nutritional quality of leafy greens, thus promoting their optimal reproduction in intensive cropping systems. It also confirms the diversity analyses reported by Harouna et al. (2023), according to which the morphological and productive plasticity of the C. olitorius allows for contrasting responses depending on the growing conditions.
This study highlights the importance of transplanting density as a major agronomic lever to improve the productivity of the C. olitorius. While fertilization alone did not show a significant effect on overall growth parameters, its interaction with density makes it possible to optimize certain morphological and reproductive traits. The density of 400,000 vines/ha, combined with a combined fertilization of 10 t/ha of organic matter and 200 kg/ha of NPK, appears to be the most effective strategy to maximize vegetative development, branching and leaf and seed yields. These results offer interesting prospects for vegetable production systems in West Africa, where the demand for leafy vegetables is constantly increasing, especially in urban and peri-urban areas.

5. CONCLUSION
The objective of this study was to evaluate the effect of fertilizer doses and transplanting densities on the vegetative behavior and productivity of the C. olitorius. The results show that fertilizer doses did not have a significant effect on vegetative development, phenology or overall leaf yield of the C. olitorius. However, the combined organic and mineral fertilization promoted individual branching of the plants. On the other hand, transplanting density had a marked impact on several parameters, including vegetative development, plant size, total number of shoots and leaf yield per hectare. The high densities (388,889 and 400,000 vines/ha) made it possible to optimise vegetative production without affecting the earliness of flowering. The interaction between fertilizer rates and transplanting densities was significant for stem diameter and seed yield, with better performance observed at extreme densities under fertilization. These results suggest that the adjustment of the transplanting density, combined with targeted fertilization, constitutes an effective agronomic strategy to improve the productivity of the C. olitorius. In particular, the density of 400,000 vines/ha associated with 10 t/ha of organic matter + 200 kg/ha of NPK is recommended to optimize the growth, branching and leaf and seed yields of the C. olitorius.
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