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Comparison Of The Effects Of Azolla Filiculoides, Chromolaena Odorata And A Mineral Fertilizer On Agro-Morphological Parameters Of Potato (Solanum Tuberosum L.) In The Humid Tropical Zone Of West-Central Côte d’Ivoire 




ABSTRACT

Potatoes (Solanum tuberosum L.), a major food crop worldwide, are enjoying increasing popularity in West Africa, particularly in Côte d'Ivoire, where they represent a strategic alternative to food insecurity. However, its production remains limited by low soil fertility and unsustainable fertilization practices. The aim of this study was to compare the efficacy of two biofertilizers (Azolla filiculoides and Chromolaena odorata) with that of a mineral fertilizer NPK 15-15-15, on the agro-morphological growth of the Bintje variety, under the humid tropical conditions of central-western Côte d'Ivoire. The trial was conducted in Daloa, from March to June 2025, on a sandy-clay textured soil (37.09% clay; 46.84% sand), with a slightly acid pH (5.95) and moderate organic matter content (2.3%), but with high deficiencies in assimilable phosphorus (0.57 mg/kg), magnesium (0.6 cmol/kg) and calcium (3.175 cmol/kg), as well as low base saturation (33.9%). The experimental design was a completely randomized Fisher block, with four treatments (control, A. filiculoides, C. odorata, NPK) and five replicates. Biofertilizers were applied at 10 t/ha and 9 t/ha respectively, while NPK was used at 175 kg/ha. Parameters measured included crown diameter, plant height, number of leaves and stems, and leaf dimensions. Data were analyzed by one-factor ANOVA, followed by Fisher's 5% test. Results show that NPK significantly improved vegetative growth: maximum collar diameter (0.7 cm), average height of 74.4 cm and highest number of leaves (13.86). A. filiculoides produced intermediate performances (0.64 cm; 64.52 cm), followed by C. odorata, which produced lesser effects but greater than the control. The number of stems did not vary significantly between treatments. Although biofertilizers are less effective than NPK in the short term, their properties (atmospheric nitrogen fixation for A. filiculoides, mineral richness and improved soil structure for C. odorata) make them promising alternatives for reducing dependence on chemical fertilizers and promoting sustainable potato fertilization in the humid tropics. 
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1. INTRODUCTION 

The potato (Solanum tuberosum L.) is one of the world's most widely consumed food crops, and an essential source of carbohydrates, plant proteins and micronutrients (Muthoni and Shimelis, 2023). In West Africa, its cultivation is gaining in importance, particularly in Côte d'Ivoire, where it is seen as a strategic alternative in the face of food insecurity. However, its productivity remains limited by agronomic factors, among which fertilization management plays a central role. Mineral fertilizers, while effective in increasing yields in the short term, are associated with a number of negative effects, such as soil impoverishment, groundwater pollution and biodiversity loss (Schröder et al., 2011). Faced with these limitations, more sustainable alternatives are being sought, notably bio-natural fertilizers based on plant or organic resources. These not only improve soil fertility, but also limit the environmental impact of agricultural practices (Ramos et al., 2017 ; Gichuru et al., 2003). Promising biofertilizers include Azolla filiculoides, an aquatic fern capable of fixing atmospheric nitrogen through its symbiosis with cyanobacteria (Wagner, 1997), and Chromolaena odorata, a pioneer plant known for its ability to improve soil structure and mineral richness, particularly in calcium and organic matter (Tondoh et al., 2013 ; Nandjui et al., 2007 ; Indrabayu & Mahmud., 2019 ; Konan et al., 2025). Several studies have shown that the application of these plants as organic amendments can stimulate crop growth and improve yields (Edoukou et al., 2013 ; Marzouk et al., 2023). However, few studies have comparatively assessed the effect of these biofertilizers versus conventional mineral fertilizers under specific agroecological conditions such as those of the central-western region of Côte d'Ivoire. In addition, soil-filled sack cropping systems, which allow better control of growth parameters, provide a relevant framework for testing the efficacy of these fertilizers (Resh, 2022). The present study thus aims to compare the effects of Azolla foliculoides, Chromolaena odorata and a ternary mineral fertilizer commonly used in potato production in Africa (Sedkaoui, 2018), on the agro-morphological parameters of this plant. It is part of a research approach for more ecological and economical fertilization practices.  
 
2. MATERIALS AND METHODS
 
2.1. Study site

The study was carried out in Daloa, in the central-western region of Côte d’Ivoire, characterized by a humid sub-equatorial climate. The experimental site is located at the Jean Lorougnon Guede University, in the Tazibouo district, in the heart of the commune of Daloa, capital of the Haut-Sassandra region. This region covers an area of 15,200 km². The climate has two rainy seasons : a long season from March to October, and a short season from November to February, with average annual rainfall of between 1,200 and 1,500 mm. The soil at the study site is ferralitic, of granitic origin, with a sandy-loamy texture and an acid to slightly acid pH (Konan et al., 2022). Although moderately desaturated, this substrate remains suitable for agriculture, while requiring appropriate fertilizer management (Collinet, 1984 ; Koné et al., 2009 ; N'ganzoua et al., 2023). The natural vegetation is dominated by semi-deciduous dense rainforest. In this context, the soilless cultivation system, using substrate-filled bags, offers the advantage of better control of environmental variables and more accurate assessment of the impact of fertilizers. 
 
2.2. Material used

The material used to carry out this study comprises plant material, fertilizer inputs and edaphic substrate. Firstly, the plant material consisted of potato tubers of the Bintje variety, a variety characterized by a ripening time of between 90 and 120 days (Figure 1A). Then, the fertilizing inputs are composed, on the one hand, of bio-natural fertilizers, notably Azolla filiculoïdes and decomposed Chromolaena odorata, and, on the other hand, of a ternary mineral fertilizer, NPK-15-15, rich in nitrogen, phosphorus and potassium. Finally, the soil substrate is a dark reddish-brown sandy-clay soil (7.5 YR 4/2 according to the Munsell code), devoid of organic matter. For this purpose, 50 kg bags with a surface area of 1 963 cm² were filled to serve as culture media (Figure 1B). 
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Fig. 1. Equipment used 
A : Bintje apple variety and B : Bag filled with soil supporting the crop. 
 
2.3. Chemical analysis of the soil substrate

A sample of the soil substrate used was taken and analyzed to determine its particle size and chemical composition, taking into account the main parameters relating to soil reaction (pH), organic carbon, nitrogen, phosphorus, potassium, calcium and magnesium. Firstly, particle size analysis was carried out using the classic Robinson pipette method described by Gee and Bauder (1986). Next, organic carbon content was determined using the Walkley and Black method (Nelson & Sommers, 1982), while total nitrogen was determined using the Kjeldahl method (Bremner, 1996). In addition, exchangeable bases, namely calcium (Ca²⁺), magnesium (Mg²⁺) and potassium (K⁺), were determined by atomic absorption spectrometry. Finally, pH was measured using an electronic pH meter, on a soil-water suspension prepared in a 1:2 ratio. 

2.4. Biofertilizer preparation and fertilizer application

Biofertilisers were developed from two organic sources : Chromolaena odorata and Azolla filiculoides. The biomass of C. odorata was finely ground and then packed into plastic bags for wet composting (Figures 2A and 2B), until reaching an optimal stage of degradation suitable for incorporation into the growth substrate (Norgrove et al., 2000 ; Quansah et al., 2001). Meanwhile, A. filiculoides was cultivated under controlled aquatic conditions in tanks containing a nutrient solution enriched with organic nitrogen derived from previously decomposed poultry manure (Figures 3A and 3B). After a 21-day growth period, the harvested biomass underwent controlled self-decomposition, promoting partial mineralisation of the organic matter and resulting in the production of a stabilised amendment ready for incorporation into the substrate. The mineral fertiliser employed was NPK 15-15-15, applied at a rate of 175 kg/ha. The decomposed biomasses of C. odorata and A. filiculoides were each applied at a rate of 3 t/ha (Lumpkin & Plucknett, 1980 ; Indrabayu & Mahmud, 2019 ; Suri & Yudono, 2020 ; Adhikari et al., 2022 ; René et al., 2024 ; Konan et al., 2025). To correspond to this application rate, a sample of 60 g was collected and incorporated into a 0.20 m² growth substrate.
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Fig. 2. Preparation of Chromolaena odorata biofertilizer 
A: C.odorata leaf and B: fragmented C. odorata
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Fig. 3. Preparation of Azolla filiculoides biofertilizer 
A: Cultivated Azolla filiculoides and B: Decomposed Azolla filiculoides 

2.5. Chemical analysis of the soil substrate

A sample of the soil substrate was taken to determine its particle size and chemical composition, in particular pH, organic carbon, nitrogen, phosphorus, potassium, calcium and magnesium. Particle size analysis was carried out using the classic Robinson pipette method (Gee & Bauder, 1986). Organic carbon content was measured using the Walkley and Black method (Nelson & Sommers, 1982), while total nitrogen was determined using the Kjeldahl method (Bremner, 1996). Exchangeable bases, namely calcium (Ca²⁺), magnesium (Mg²⁺) and potassium (K⁺), were determined by atomic absorption spectrometry. Finally, pH was measured using an electronic pH meter, on a soil-water suspension in a 1:2 ratio.  

2.6. Experimental design and evaluation of agromorphological parameters

The experiment was conducted in a completely randomized Fisher block design, comprising four treatments and five replicates. Treatments included an absolute control (T0), Azolla filiculoides (AF), Chromolaena odorata (Co) and NPK 15-15-15 mineral fertilizer (Figure 4). The agromorphological parameters measured focused mainly on vegetative growth indicators. These included crown diameter, plant height, number of stems and leaves per plant, and leaf dimensions (length and width of main leaves). Together, these variables constitute reliable criteria for characterizing plant vigor and morphological development. 
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Fig. 4. Experimental set-up diagram 

B: block; To: control; NPK: Nitrogen-Phosphorus-Potassium; AF: Azolla filiculoides and Co: Chromolaena odorata 
 

2.7. Statistical analyses

The data collected were entered into Excel 2019, then the means were subjected to a one-factor analysis of variance (ANOVA), after checking the normality of the distribution (Shapiro-Wilk test) and the homogeneity of the variances (Levene test). In the event of a significant difference between means, a multiple comparison was carried out using Fisher's LSD post-hoc test, at the 5% threshold, to identify homogeneous groups. All statistical analyses were performed using Statistica software, version 7.1. 
 
3. RESULTS AND DISCUSSION

3.1. Results

3.1.1. Physico-chemical characteristics of the cultivated soil

Particle size analysis indicates a sandy-clay texture, characterized by a high proportion of clay (37.09%) and sand (46.84%), giving the soil good water and nutrient retention capacity, but exposing it to the risk of compaction (Table 1). The slightly acidic pH (5.95) remains acceptable, but suggests the need for moderate liming (Table 1). The organic matter content (2.3%) and C/N ratio (12.7) reflect favorable mineralization. However, assimilable phosphorus was very low (0.57 mg/kg). Potassium (1.445) is adequate, while magnesium (0.6) is low and calcium (3.175) moderate (Table 1). Cation exchange capacity (CEC) is satisfactory (16.3), but base saturation (33.9%) remains insufficient, justifying corrective additions (Table 1). 

Table 1. Physico-chemical properties of the test soil substrate

	 
	Physical parameters (%)
	Content

	Particle size
	Clay
	37.09 

	
	Silt
	16.07

	
	Sand
	46.84 

	Texture
	Sandy-clay

	 
	Chemical parameters
	Content 

	Acidity
	pH
	5.95

	Organic status and
assimilable phosphorus (%)
	Organic matter
	2.285

	
	Carbon
	1.33

	
	Nitrogen
	0.105

	
	Carbon/Nitrogen ratio
	12.655

	
	Assimilable phosphorus
	0.57

	Exchangeable cations (cmol/Kg)
	Potassium
	1.445

	
	Magnesium
	0.6

	
	Calcium
	3.175

	
	Sodium
	0.275

	Absorbent complex (cmol/Kg)
	Sum of exchangeable bases 
	5.495

	
	Cation exchange capacity
	16.3

	
	Saturation rate
	33.93



3.1.2. Effect of treatments on crown diameter

Analysis of the crown diameter of potato plants revealed a significant influence of treatments (P = 0.001) over the entire crop cycle. From the first week after sowing, significant differences appeared between modalities. In all experimental conditions, a progressive increase in diameter was observed. By the seventh week, the NPK treatment produced the highest diameter (0.70 cm), followed by A. filiculoides (0.64 cm) and C. odorata (0.62 cm), while the control had the lowest value (0.52 cm). 


Fig. 5. Changes in crown diameter as a function of time and treatments.

S : Week ; DAS: Day After Sowing; NPK (15 15 15): Nitrogen-Phosphorus-Potassium; T0 = control; AF : Azolla filiculoïdes and Co: Chromolaena odorata.

3.1.3. Effect of 	treatments on	leaf development and number of stems

Treatments had a significant influence on the average number of leaves (p = 0.02). NPK generated the highest value (13.86), followed by A. filiculoides (13.14), while C. odorata and the control (T0) presented lower and statistically similar values (11.78 and 11.48). On the other hand, no significant difference was observed for the number of stems (p > 0.05). However, NPK produced the highest mean (2.70), followed by A. filiculoides (2.41), while C. odorata and T0 showed comparable values (2.24) (Table 2).
 
Table 2. Effect of different treatments on variation in average number of leaves and stems

	Treatments 
	Number of leaves 
	Number of stems 

	Co 
	11.48a 
	2.24a 

	T0 
	11.78a 
	2.24a 

	AF 
	13.14ab 
	2.41a 

	NPK 
	13.86b 
	2.76a 

	P value 
	0.02 
	0.5 



Co: Chromolaena odorata; T0 = control; AF: Azolla filiculoïdes; NPK (15 15 15): Nitrogen-Phosphorus-Potassium; Values with the same letter do not differ significantly from each other, while those with different letters show statistically significant differences at the 5% threshold. 

3.1.4. Influence of treatments on plant height growth
Figure 6 shows the differential effect of treatments on potato plant height. Statistical analysis indicates a significant influence of inputs (p = 0.03). Between weeks 1 and 5 (S1-S5), the NPK treatment induced the highest average heights (74.40 cm), followed by A. filiculoides (64.52 cm). After this period, height growth increased in plants treated with C. odorata and A. filiculoides.


Fig. 6. Evolution of plant height as a function of time and treatments.

S : Week; DAS: Day After Sowing; Co: Chromolaena odorata; T0 = control; AF: Azolla filiculoides; NPK (15 15 15): Nitrogen-Phosphorus-Potassium; Values with the same letter do not differ significantly from each other, while those with different letters show statistically significant differences at the 5% threshold.

3.1.5. Effect of treatments on leaf dimensions of potato plants

Table 3 shows the evolution of leaf length and width as a function of treatments. NPK generated the highest mean values, followed by A. filiculoides and C. odorata. However, these differences were not statistically significant. The control showed the lowest dimensions. 

Table 3: Mean values for plant leaf length and width 

	Treatments 
	Leaf length 
	Leaf width 

	Co 
	12.48a 
	3.7a 

	T0 
	11.86a 
	3.66a 

	AF 
	12.87a 
	3.72a 

	NPK 
	13.36a 
	3 88a 

	P value 
	0.4 
	0.1 



Co: Chromolaena odorata; T0 = control; AF: Azolla filiculoïdes; NPK (15 15 15 Nitrogen-Phosphorus-Potassium; Values assigned the same letter do not differ significantly from each other, while those followed by different letters show statistically significant differences at the 5% threshold. 

3.2. Discussion
 
The soil analyzed has a sandy-clay texture, composed of 37.09% clay, 16.07% silt and 46.84% sand. This textural configuration ensures a favorable balance between drainage, aeration and water retention, conditions deemed optimal for potato cultivation (Ngoyi et al., 2020). The high proportion of sand improves workability and limits compaction, which favors the formation of well-shaped tubers while reducing the risk of diseases linked to excess moisture. However, this high sand content can also reduce water and nutrient retention, necessitating strict management of irrigation and fertilizer inputs (Maraux et al., 2007). The clay content, above 35%, enhances water retention capacity, a major advantage during periods of high physiological demand, particularly during tuberization. The balance between coarse and fine fractions gives the soil a porosity favorable to root development, an essential factor for potatoes with shallow root systems. According to Roy et al. (2014), a well-drained, aerated soil with a pH between 5 and 6 is optimal for this crop; here, the pH measured at 5.95 meets these criteria. This moderate acidity optimizes the availability of major nutrients, but can limit that of calcium and magnesium, while also promoting aluminum toxicity in some cases (Brady and Weil, 2008). Organically, organic matter is 2.285%, a moderate but low level for a tropical soil subject to rapid mineralization, which affects structural stability, water retention capacity and mineral nutrition. Total nitrogen is low (0.105%), below potato requirements, although the C/N ratio of 12.655 suggests a balance between mineralization and immobilization (Haverkort et al., 2009). On the other hand, assimilable phosphorus is very deficient (0.57 mg/kg), which could limit rooting and tuberization (Olsen et al., 1954; White and Brown, 2010). With regard to exchangeable cations, potassium (1.445 cmol/kg) is low to moderate, which may affect tuber quality and tolerance to abiotic stress. Calcium is satisfactory (3.175 cmol/kg), while magnesium (0.6 cmol/kg) remains marginal, which may reduce photosynthetic efficiency. Sodium is scarce (0.275 cmol/kg), limiting the risk of salinization. Cation exchange capacity (CEC) is 16.3 cmol/kg, indicating moderate chemical fertility typical of tropical soils, but low base saturation (33.93%) reveals a limited reserve of base cations and vulnerability to acidification and leaching (Bationo et al., 1998). These characteristics underline the need for an agronomic strategy integrating regular organic amendments and targeted mineral inputs to optimize potato yields in this constrained pedoclimatic context. 
The experiment carried out in humid tropical conditions assessed the comparative effects of two biofertilizers (Chromolaena odorata and Azolla filiculoides), a mineral fertilizer (NPK 1515-15) and an unfertilized control on several growth parameters of Solanum tuberosum L. The results show that certain vegetative traits were significantly influenced by the treatments, reflecting their differential impact on plant growth and development. The results show that certain vegetative traits were significantly influenced by the treatments, reflecting their differential impact on plant growth and development. Diameter at collar was found to be strongly dependent on the inputs used (p = 0.001). From the first week after sowing, significant differences were perceptible, and a steady progression was observed in all treatments. By the seventh week, NPK produced the maximum diameter (0.70 cm), followed by A. filiculoides (0.64 cm) and C. odorata (0.62 cm), while the control reached only 0.52 cm. The average number of leaves was also significantly influenced (p = 0.02), with NPK superior (13.86) followed by A. filiculoides (13.14). In contrast, C. odorata and the control showed statistically comparable lower values (11.78 and 11.48, respectively). There was no significant difference in the number of stems (p > 0.05), although there was an upward trend with NPK (2.70) and A. filiculoides (2.41) compared with the other treatments (2.24). Plant height also varied significantly between treatments (p = 0.03). Between week 1 (S1) and week 5 (S5), NPK produced the greatest heights (74.4 cm), followed by A. filiculoides (64.52 cm). Beyond this period, growth was more sustained with C. odorata and A. filiculoides, suggesting a delayed effect linked to the progressive mineralization of organic biomass. This mechanism contrasts with the rapid, but often ephemeral, availability of nutrients from mineral fertilizers, which are susceptible to leaching (Stockdale et al., 2017; Groga et al., 2018). With regard to leaf dimensions (length and width), although the differences were not significant, the highest values were recorded with NPK, followed by A. filiculoides and C. odorata, while the control systematically displayed the lowest measurements, reflecting nutritional limitations. These results corroborate those of Ayoola and Makinde (2008) and Suzuki et al. (2016), which highlight the positive effects of organic amendments on soil fertility. The performance of A. filiculoides is explained by its ability to fix atmospheric nitrogen, thus enriching the soil in a sustainable way (Haverkort et al., 2009). As for C. odorata, it is recognized for its nutrient richness (Ogundare et al., 2015; Kouadio et al., 2023) as well as for its role in improving soil structure, aeration and water retention. Conversely, the poor performance of the control is explained by the soil constraints of the experimental site: low potassium content (1.445 cmol/kg), magnesium deficiency (0.6 cmol/kg), low total nitrogen (0.105%) and slightly acid pH (5.95), all of which limit the availability of essential nutrients (Munyuli et al., 2022). The use of organic soil improvers such as A. filiculoides and C. odorata represents a promising agroecological alternative to synthetic mineral fertilizers, promoting both mineral nutrition of seedlings and the sustainability of potato production systems. 
 
4. CONCLUSION

The study enabled us to characterize a sandy-clay soil offering a favorable compromise between drainage, aeration and water retention, conditions conducive to potato cultivation. However, physico-chemical analyses revealed several constraints, including low organic matter content (2.285%), limited total nitrogen (0.105%) and deficiencies in phosphorus, magnesium and potassium. The slightly acidic pH (5.95), although compatible with this crop, can reduce the availability of certain essential elements, thus affecting overall fertility. Agronomic trials have shown that the fertilizers applied influence vegetative growth in different ways. NPK produced the best performance in terms of crown diameter, plant height and number of leaves, followed by Azolla filiculoides and Chromolaena odorata, whose effects appeared later, probably linked to the gradual mineralization of organic biomass. The unfertilized control systematically showed the lowest values, reflecting the nutritional limitations of the soil. Thus, the integration of organic amendments such as A. filiculoides, capable of fixing nitrogen, and C. odorata, rich in nutrients and improving soil structure, constitutes a relevant agroecological alternative. These inputs help to gradually increase fertility, reduce dependence on mineral fertilizers prone to leaching and enhance the sustainability of potato production systems in humid tropical environments.
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