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Integrated management of Fusarium wilt in onion through phytosanitary treatments and fertilization modes in Burkina Faso
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ABSTRACT 
	Onion is the dominant vegetable crop cultivated in Burkina Faso and plays a key role in food security and rural incomes. However, its productivity is limited by fungal diseases, such as Fusarium wilt. This study aims to assess the effect of pesticide use and fertilization mode on the Fusarium wilt incidence and onion productivity during the wet season. To this end, phytosanitary treatments (Idefix, Mancozeb, and SuperFaso N), and fertilization modes (NPK, Compost, and Bactericidal compost) were tested. The incidence and severity of Fusarium wilt symptoms were collected. We also evaluated the height, neck diameter, and yield. The results showed that the incidence and severity of Fusarium wilt varied significantly depending on the phytosanitary treatments and fertilization mode. At 45 days after planting, the incidence differed significantly among treatments (P < 0.001), fertilization mode (P < 0.001), and their interaction (P < 0.001). However, at 60 DAP, only fertilization mode had a significant effect (P < 0.001). Plant height varied significantly depending on the treatments and fertilization at 30, 45 and 60 DAP (P < 0.001). Neck diameter and yield were strongly influenced by treatments and fertilization (P < 0.001), and their interaction affected yield (P = 0.033). PCA showed that yield correlated positively with neck and negatively with incidence and severity, confirming the effectiveness of neem biopesticide and compost + NPK fertilization in limiting Fusarium wilt and optimizing production. The results obtained should contribute to validating an integrated approach to managing onion plant pathogens and increasing their productivity.
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1. INTRODUCTION 
Onion (Allium cepa L.) is one of the most important vegetable crops produced in the world in terms of both food security and for the rural economy (Sansan et al., 2024). In 2022, the area planted with onions and shallots was estimated at nearly 5.97 million hectares, with a total production of approximately 110.6 million tons of dry bulbs (Faostat, 2023). Onions are an important source of income for many small-scale farmers, and their cultivation employs a large proportion of the agricultural workforce, particularly in rural areas (Ware, 2025). Onions play an important role in household diets and contribute significantly to family incomes in Africa (Yarou et al., 2017). In Burkina Faso, onions are the dominant vegetable crop in terms of production and acreage. Onion cultivation is growing rapidly and is helping to improve living conditions for rural households and mitigate rural exodus (MAAH, 2019). However anthracnose-twister, purple blotch, downy mildew, and Stemphylium blight are among the most serious and devastating fungal diseases affecting onion production in tropical and subtropical regions, reducing both seed and bulb quality as well as quantity (Nisha, 2013).
Indeed, basal rot, Fusarium wilt caused by Fusarium spp., purple spot caused by Alternaria porri, twister or anthracnose, downy mildew caused by Peronospora destructor, and storage diseases such as neck rot caused by Botrytis allii are among the most widespread diseases (Akif and Tofiq, 2025). Depending on the region, variety, and climatic conditions, these diseases can cause yield losses ranging from 20% to over 50%, particularly during rainy and humid seasons that favor their development (Shin et al., 2023). 
Previous studies reported that the rainy season is favorable to the development and spreading of phytopathogenic fungi, which can hamper onion production (Boukary et al., 2012). In West Africa, and particularly in Burkina Faso, heavy rainfall in this period causes waterlogging, which disrupts plant growth and promotes the development of soil-borne diseases such as anthracnose and “twister”, resulting in significant economic losses (Srinivas and Lawande, 2000; Chowdappa et al., 2022). According to Singh et al. (2019), Zakaria et al. (2022), and Kaboré et al. (2023), several studies have reported that interannual variability and poor rainfall distribution in this region significantly reduce bulb yield and quality. These constraints severely limit the profitability of onion cultivation during the rainy season and explain why production remains dominated by the irrigated dry season.
On the other hand, Fusarium wilt is strongly influenced by soil fertility. A study reported that rational nitrogen management, particularly in nitric form and at moderate doses, reduces maize plant disease incidence due to Fusarium species by improving soil quality and modulating inhibitory root exudates (Zheng et al., 2025). In addition, calcium and potassium strengthen the tissue resistance and, combined with biocontrol agents, decrease the severity of the disease in tomato plants (Awan et al., 2022). To finish stabilized organic matter and diverse microflora, including Trichoderma and Bacillus, promote biological competition and reduce pathogenic pressure (Santoyo et al., 2024).
In Burkina Faso, fungal diseases such as purple spot and Fusarium wilt are the major biotic constraints on rainy season onion production (Dabiré, 2017). Indeed, Fusarium wilt, considered one of the most devastating diseases affecting onions. The disease is characterized by leaf yellowing, which often starts at the leaf tip and gradually progresses toward the base, eventually leading to leaf drying as described in previous studies by Ngoko (1994), Cardwell et al. (2000), and Ngoko et al. (2001). The current strategies to control Fusarium wilt are mainly focused on the adoption of good agricultural practices, the application of synthetic chemical fungicides, and the cultivation of onion-resistant varieties (Schwartz and Mohan, 2008). However, access to effective and approved compounds continues to pose a challenge in the West African sub-region, according to Illy et al. (2007) and Dabiré et al. (2016). Moreover, in Burkina Faso, inappropriate and indiscriminate use of synthetic pesticides by farmers (Lompo, 2009) can cause environmental issues. Soil poverty is also one of the constraints to intensifying crop production (Lompo, 2009). However, onions are highly nutrient-demanding crops, requiring fertilization tailored to their specific needs at each growth stage (Khokhar, 2019).
The current study aims to evaluate the effect of combining pesticide utilization and fertilization mode on the Fusarium wilt incidence and onion productivity during the wet season in Burkina Faso. To this end, a phytosanitary treatment including chemical pesticides (Mancozeb and Idefix), a biopesticide (SuperFaso N), and the fertilization mode (NPK, Compost, Bactericidal compost) was tested. During the study, the Fusarium wilt incidence, symptom severity, and agromorphological parameters (Height, Neck diameter, and Yield) were collected. 
2. material and methods 
2.1 Materials
The experimental materials included the onion variety Prema 178 and various fertilizer inputs, such as compost, bactericidal compost, and NPK fertilizer (14–23–14). The phytosanitary treatment consisted of the utilization of commercial chemical fungicides (Manozeb, Idefix) and a biopesticide (Superfaso N) formulated at the Research Institute of Applied Sciences and Technologies (IRSAT). Mancozeb is a broad-spectrum contact fungicide composed of manganese and zinc dithiocarbamates. Idefix is a copper hydroxide-based formulation that functions as both a fungicide and a bactericide, targeting fungal and bacterial pathogens, respectively. Superfaso N, formulated from neem, is a bio-insecticide whose main active compound, azadirachtin, has a broad spectrum of action. 
The onion variety Prema 178 (East-West Seed) is a red hybrid well adapted to Burkina Faso’s rainy season, with a 110-day growth cycle, strong vegetative vigor, 170–220 g of medium bulbs, and can produce up to 29 t.ha-1 (Garane et al., 2018). This variety was chosen because it well well-adapted to the country’s climatic conditions and widely cultivated by farmers in Burkina Faso.
The bactericidal compost is a compost supplemented with natural antimicrobial agents from Ocimum gratissimum essential oil produced by IRSAT. A previous study showed that the bactericidal compost can be used for soil fertilization and protect plants such as tomato plants against bacterial wilt (Traoré et al., 2022).
2.2 Methods 	
2.2.1 Study site 
[bookmark: _Hlk210479726]The experimental trial was conducted from July to October 2024, at Sabou, during the rainy season. Sabou is a rural commune in the Central-West region, located at approximately 13.35400° N, 5.81905° W, in the Sudanian savanna zone of central-western Burkina Faso. This city has an average annual rainfall between 800 and 1,000 mm. The physicochemical properties of this soil were previously reported by Otoidobiga et al. (2025).
2.2.2 Experimental design
The experiment performed was an integrated plant protection and fertilization system, under natural infection conditions (Figure 1). The experimental setup is a randomized block consisting of 4 m² plots measuring 4 m long and 1 m wide. Each elementary plot corresponds to a phytosanitary treatment and a fertilization mode, repeated four times. The different elementary plots, spaced 0.2 m apart, were marked out before transplanting with stakes and labeled with the names of the fertilizer and treatment.
[image: C:\Users\CIEL BURKINA\Documents\Documents\Données_Projet PRSA_Oignon\Dossier_Harmonie\Dispositif_expérimental.jpg]
Fig. 1. Experimental design for rainy season onion cultivation

During the experiment, there were five levels of fertilization (F0, F1, F2, F3, and F4).  The fertilizers were applied as reported in Table 1.
Table 1. Fertilization mode for onion cultivation
	Plot type
	Fertilization mode

	F0
	Unfertilized (negative control)

	F1
	Compost [20 tons.ha⁻¹]

	F2
	Bactericidal compost [20 tons.ha⁻¹]

	F3
	NPK (14-23-14), [900 kg.ha⁻¹]

	F4
	NPK(350 kg) + compost (15 tons.ha⁻¹)



In addition, four levels of pesticide treatments were applied during the study. The applications were carried out four times at 14-day intervals after onion transplanting according to the suppliers’ recommendation. The phytosanitary treatments were defined as follows:
· T₀: Untreated plot (negative control)
· T₁: Mancozeb (2 Kg.ha-1)
· T₂: Idefix ( 4 Kg.ha-1)
· T₃: Superfaso N (5 L.ha⁻¹)

2.2.3 Assessment of the Incidence and severity of Fusarium Wilt symptoms on onion plants 
During the study, the incidence and severity of onion plants Fusarium wilt were collected at 45 and 60 Days After Transplanting (DAT), corresponding to the vegetative stage. The assessments were conducted in all treated and untreated plots based on visual observation of Fusarium wilt symptoms, characterized by leaf yellowing, curling, wilting, and basal rot. The incidence of symptoms was determined as the ratio of the number of diseased plants to the total number of transplanted plants, following the formula described by Ackah et al. (2008).
[bookmark: _Hlk210515195]IM (%)= NI/NT ×100
IM (%): average of symptom incidence
NI: number of infected plants 
NT: total number of growing plants 
The severity of symptoms was determined using a 5-point scale based on Cooke's formula (1998).
Severity index (%) = (∑ (Ni x Si) / (Nt x 5)) x 100
Ni: Number of plants in severity class i, where i ranges from 1 to 5. 
Si: Severity class number. 
Nt: Total number of plants observed.
2.2.4 Evaluation of agromorphological parameters 
During the experiment, plant height was measured at 30, 45, and 60 DAT to evaluate the effect of treatments applied (pesticides and fertilization mode) on the onion plants' growth dynamics. Moreover, the onion neck diameter was measured at 60 DAT at the narrowest point, 5 mm above the top of each bulb, using calipers. Total yield was determined by weighing all onion plants (roots, bulbs, leaves) using electronic scales and expressed in kg.ha-1.
2.2.5 Statistical analysis
The data collected were analyzed using R software version 4.3.0. After analysis of variance (ANOVA), the means of all parameters evaluated were separated using Tukey's HSD test with a probability threshold of less than 5%. Principal Component Analysis (PCA) is employed to evaluate the interrelationships between variables.
3. results and discussion
3.1 results
3.1.1 Incidence and severity of Fusarium Wilt on onion plants 
[bookmark: _Hlk210518705]Table 2 shows the variation in symptom incidence between phytosanitary treatments and according to fertilization mode on onion plants at 45 and 60 DAT. Variable analyses indicated highly significant differences in the incidence (P<0.001, F=33.74) and severity (P<0.001, F=56.41) of Fusarium wilt symptoms between evaluation dates (Table 2). Thus, at 45 DAT, the incidence differed significantly between phytosanitary treatments (P<0.001, F=10.194), fertilization mode (P<0.001, F=23.37), and the effect of their interaction (P<0.001, F=5.61). At 60 days, the incidence varied significantly depending on the fertilization mode (P<0.001, F=13.46), while there was no significant difference in incidence between the phytosanitary treatments (P=0.056, F=2.74) and the combined effect of the phytosanitary treatment and fertilization mode (P=0.221, F=1.37).
Table 2. Analysis of variance of the incidence of Fusarium wilt on the onion plants according to the phytosanitary treatments and fertilization mode
	Variable 
	Variable
	Sum Sq
	Df
	Mean Sq
	F value
	Pr(>F)

	45 DAT  
	Treatment
	1338
	3
	446
	10.194
	<0.001***

	
	Fertilization
	4089
	4
	1022.3
	23.367
	<0.00***

	
	Fertilization*Treatment 
	2947
	12
	245.6
	5.614
	<0.001***

	
	Residuals
	1750
	40
	43.8
	
	

	60 DAT(%)
	Treatment
	191.7
	3
	63.89
	2.738
	0.056ns

	
	Fertilization
	1256.7
	4
	314.17
	13.464
	<0.001***

	
	Fertilization*Treatment
	383.3
	12
	31.94
	1.369
	0.221 ns

	
	Residuals
	933.3
	40
	23.33
	
	


Pr(>F): critical probability; F: variability between factors; Significance: nsP > 0.05 (non-significant); ***P < 0.001 (highly significant difference); 

Table 3 presents the variation in symptom severity at 45 and 60 DAT according to the phytosanitary treatments and fertilization mode. At 45 DAT, no significant differences were observed in the severity index among phytosanitary treatments (P=0.118, F=2.07), fertilization modes (P=0.067, F=2.39), or their interaction (P=0.195, F=1.43). In contrast, at 60 DAT, severity varied significantly with fertilization mode (P<0.001, F=14.62) and phytosanitary treatments (P<0.001, F=13.02), while their interaction effect remained non-significant (P=0.21, F=1.40).
Table 3. Analysis of variance of the Fusarium wilt severity on the onion plants according to the phytosanitary treatments and fertilization mode
	Variable 
	Variable
	Sum Sq
	Df
	Mean Sq
	F value
	Pr(>F)

	45 DAT  (%)
	Treatment
	0.933
	3
	0.3111
	2.074
	0.1189 ns

	
	Fertilization
	1.433
	4
	0.3583
	2.389
	0.0669 ns

	
	Fertilization*Treatment 
	2.567
	12
	0.2139
	1.426
	0.1946 ns

	
	Residuals
	6.000
	40
	0.1500
	
	

	60 DAT(%)
	Treatment
	11.067
	3
	3.689
	13.020
	<0.001***

	
	Fertilization
	16.567
	4
	4.142
	14.618
	< 0.001***

	
	Fertilization*Treatment 
	4.767
	12
	0.397
	1.402
	0.205ns

	
	Residuals
	11.333
	40
	0.283
	
	


Pr(>F): critical probability; F: variability between factors; Significance: nsP > 0.05 (non-significant); ***P < 0.001 (highly significant difference); 

3.1.2 Comparative study of the effect of phytosanitary treatments and fertilization mode on the Incidence and severity of onion plants' Fusarium Wilt 
During the study, the integrated effects of phytosanitary treatments and fertilization modes on the Fusarium wilt symptoms incidence variations were evaluated at 45 and 60 DAT. Thus, at 45 DAT, the fertilization mode had a highly significant effect on disease incidence was observed in the control (untreated) plots (P<0.0001, F=15.5), those treated with Idefix (P<0.0001, F=45.8), and Mancozeb (P<0.001, F=8.51). In contrast, fertilization mode had no significant effect on disease incidence (P>0.05, F=2.39) in the plots treated with Superfaso N. Indeed, in the untreated control plots, the highest disease incidences were observed in unamended plants (36.7%) and those amended with NPK fertilizer (46.7%), while lower incidences occurred in plots amended with compost (13.3%) and compost + NPK (10%). Similarly, in Mancozeb-treated plots, high incidence rates were recorded in plants receiving NPK (43.3%) and in unamended plots (35 %), whereas lower incidences were observed in those amended with bactericidal compost (16.7%) and compost + NPK (11.7%). In plots treated with Idefix, the highest incidence rates were noted in plants amended with NPK (31.7%) and bactericidal compost (33.3%), followed by unamended plots (20%), while the lowest incidences were observed in plants amended with compost or compost + NPK (10% each).
During the vegetative growth of onion plants, the symptom severity index varied significantly depending on the fertilization mode. A significant difference was observed 45 DAT in plots treated with Idefix (P<0.001, F=4.21) and a highly significant difference 60 DAT in plots treated with Mancozeb (P<0.0001, F=18). In contrast, other treated and amended plots showed no significant variation (P>0.05) (Table 4). At 60 DAT, the severity index in Mancozeb-treated plots reached 5 in unamended plots and 4.3 in amended ones. Compost application was most effective, resulting in the lowest severity index (3) in plots amended with NPK, bactericidal compost, or compost + NPK. In Idefix-treated plots, the highest severity (3.7) occurred in plants amended with NPK, while lower values (3) were recorded in unamended, compost, bactericidal compost, and compost + NPK treatments. Conversely, Superfaso N treatments showed no significant difference in severity between treated and untreated plots. Similarly, no significant variation was observed between untreated plots and those treated with Mancozeb (45 DAT) or Idefix (60 DAT).
At 60 DAT, the Fusarium wilt symptom incidence varied significantly with fertilization mode in untreated control plots (P<0.001, F=8.5) and in plots treated with Mancozeb (P<0.01, F=4.75). In contrast, no significant differences were observed in plots treated with Idefix (P=0.274, F=1.5) or Superfaso N (P=0.452, F=1). The highest incidences were recorded in unamended plants, reaching 50% in the untreated control and 46.7% in Mancozeb-treated plots. However, within each of these treatments, incidence remained statistically similar across fertilization modes, ranging from 30% to 33.3%.
Table 4. Comparative study of the incidence and severity of the Fusarium wilt according to the fertilization mode
	Treatment
	Day
	Fertilization mode 
	Statistic

	
	
	Control
	Compost
	NPK
	bactericidal compost
	Compost+ NPK
	F
	Pr(>F)

	Control
	Disease incidence (%)
	45
	36.7a 3.3
	13.3c 3.3
	46.7a 3.3
	23.3bc6.7
	10.0c 0.0
	15.5
	< 0.001 ***

	
	
	60
	50.0a
 5.8
	30.0b
 0.0
	30.0b
 0.0
	33.3b
 3.3
	30.0b
 0.0
	8.5
	0.002
**

	
	disease severity
	45
	3.0a 
0.0
	3.0a
0.0
	3.3a 
0.3
	3.0a
0.0
	3.0a 
0.0
	1
	0.452ns

	
	
	60
	4.0a 
0.0
	5.0a
0.0
	5.0a 
0.0
	4.0a
0.0
	5.0a
0.0
	3
	0.072ns

	Mancozeb
	Disease incidence (%)
	45
	35.0ab
 2.9
	30.0abc
 5.8
	43.3a
 3.3
	16.7bc
 6.7
	11.7c
 1.7
	8.51
	0.002
**

	
	
	60
	46.7a
 3.3
	33.3ab
 3.3
	30.0b
 0.0
	33.3ab
 3.3
	33.3ab
 3.3
	4.75
	0.021
*

	
	disease severity
	45
	3.3a
 0.3
	4.0a
 0.6
	3.3a
 0.3
	3.0a
 0.0
	3.0a
 0.0
	1.5
	0.274ns

	
	
	60
	5.0a
 0.0
	4.3a
 0.3
	3.3b
 0.3
	3.0b
 0.0
	3.0b
 0.0
	18
	< 0.001 ***

	Idefix
	Disease incidence (%)
	45
	20.0b 0.0
	10.0c 0.0
	31.7a 1.7
	33.3a 3.3
	10.0c 0.0
	45.8
	< 0.001 ***

	
	
	60
	40.0a 5.8
	33.3a 
3.3
	30.0a 0.0
	33.3a 
3.3
	30.0a
0.0
	1.5
	0.274 ns

	
	disease severity
	45
	3.0b
0.0
	3.0b 0.0
	3.7a 0.3
	3.0b 
0.0
	3.0b 0.0
	4.21
	0.001
**

	
	
	60
	4.3a
 0.3
	4.3a
 0.3
	3.7a
 0.3
	3.3a
 0.3
	3.3a
 0.3
	2.3
	0.13 ns

	Superfaso N
	Disease incidence (%)
	45
	10a
0.0
	13.3a
3.3
	16.7a3.3
	26.7a
8.8
	10.0a
0.0
	2.39
	0.12 ns

	
	
	60
	33.3a 3.3
	30.0a
0.0
	30.0a  0.0
	30.0a
0.0
	30.0a
0.0
	1
	0.452 ns

	
	disease severity
	45
	3.3a
0.0
	3.0a
0.0
	3.0a 0.0
	2.7a 0.3
	3.0a
0.0
	1.25
	0.351 ns

	
	
	60
	5.0a
0.0
	4.3a
0.3
	3.7a
0.7
	3.3a
0.3
	3.3a
0.3
	3.36
	0.054 ns


Pr(>F): critical probability; F: variability between factors; Significance: ***P < 0.001 (highly significant); **P < 0.01(very significant difference); nsP > 0.05 (non-significant)

The statistical analysis in Figure 2 shows a significant difference in disease incidence at 45 DAT (P=0.046, F=2.84) and a highly significant difference in disease severity at 60 DAT (P=9.04 × 10⁻⁴, F=6.32) depending on the phytosanitary treatments. No significant differences were observed for incidence at 60 DAT and severity at 45 DAT. High incidences occurred in untreated plots and those treated with Mancozeb, whereas the lowest incidence was recorded in plots treated with the Superfaso N. Similarly, the highest severity index was observed in untreated plots, while all treated plots showed comparable severity levels. Overall, pesticide treatments effectively reduced the spread of Fusarium wilt in onion plants, with the Superfaso N showing the greatest efficacy. This approach could improve onion production during the rainy season, when climatic conditions favor fungal disease development.
[image: C:\Users\CIEL BURKINA\Desktop\Base_donnees_PRSA\Résultats_analyse\incidence_severité\Cinétique_incidence_severite.jpg]
Fig. 2.  Comparative effect of the incidence and severity of onion Fusarium wilt at 45 and 60 DAT according to the phytosanitary treatment 

3.1.3 Effects of phytosanitary treatments and fertilization mode on the onion plants' vegetative growth 
3.1.3.1 Analysis of variance of treatment effect on onion growth 
Table 5 shows the variance of onion plant height relating to the fertilization mode.  The results obtained indicate that onion plant height varied significantly across evaluation periods (P<0.001, F=85.51). Regardless of the evaluation period, plant height differed very significantly among phytosanitary treatments at 30 DAT (P=0.005, F=4.368), at 45 DAT (P<0.001, F=8.207), and at 60 DAT (P<0.001, F=7.955). Concerning the fertilization method, highly significant differences were also observed at 30 DAT (P<0.001, F=6.371), 45 DAT (P<0.001, F=5.407), and 60 DAT (P < 0.001, F = 12.189). However, no interaction effect was detected between phytosanitary treatments and fertilization modes (P>0.05) across all evaluation periods (Table 5).

Table 5. Analysis of variance of onion plant height according to fertilization systems
	Variable
	Sum Sq
	Df
	Mean Sq
	F value
	Pr(>F)

	20 DAT
	Fertilization
	1031
	4
	257.86
	6.371
	<0.001 ***

	
	Treatment
	530
	3
	176.80
	4.368
	0.005 **

	
	Fertilization*Treatment 
	412
	12
	34.33
	0.848
	0.600ns

	
	Residuals
	11332
	280
	40.47
	
	

	45 DAT
	Fertilization
	1415
	4
	353.8
	5.407
	<0.001 ***

	
	Treatment
	1611
	3
	537.1
	8.207
	<0.001 ***

	
	Fertilization*Treatment 
	868
	12
	72.3
	1.106
	0.355 ns

	
	Residuals
	18323
	280
	65.4
	
	

	60 DAT
	Fertilization
	2541
	4
	635.3
	12.189
	<0.001***

	
	Treatment
	1244
	3
	414.6
	7.955
	<0.001***

	
	Fertilization*Treatment 
	836
	12
	69.6
	1.336
	0.197 ns

	
	Residuals
	14594
	280
	52.1
	
	


Pr(>F): critical probability; F: variability between factors; Significance: ***P < 0.001 (highly significant) ; **P < 0.01 (very significant difference); nsP > 0.05 (non-significant)

3.1.3.2 Comparative study of plant height according to fertilization mode following each phytosanitary treatment
Table 6 evidenced the variance of the onion plant height according to the fertilization mode and phytosanitary treatment applied. The results showed that the height of the onion plant varied significantly with the fertilization mode in untreated plots. The effect was very significant at 30 DAT (P=0.001, F=3.67) and highly significant at 60 DAT (P=0.0001, F=7.54). However, no variation was evidenced at 45 DAT. Indeed, at 30 DAT, the tallest plants were observed in plots amended with compost alone (22.3 cm) and NPK fertilizer alone (20.1 cm), whereas the shortest were found in plots receiving bactericidal compost (15 cm) and compost + NPK (14 cm). At 60 DAT, the tallest plants were recorded in plots amended with compost (29.1 cm), NPK (24.4 cm), and bactericidal compost (30.3 cm), while the shortest (18 cm) were found in plots amended with compost + NPK.
Furthermore, in the plots treated with Mancozeb, plant height varied significantly at 45 DAT, with the lowest value (21.5 cm) recorded in plots amended with compost + NPK, compared with higher values in plots amended with NPK (29.7cm) and bactericidal compost (29.6 cm). Intermediate heights were observed in compost-amended (26.1 cm) and unamended (23.7 cm) plots. However, at 30 DAT and 60 DAT, plant height did not vary significantly with fertilization mode (P>0.05).
Moreover, in plots treated with Idefix, no significant variation in plant height was observed at 30 DAT, whereas highly significant differences occurred at 45 and 60 DAT (P<0.001 and P<0.0001, respectively). Across these periods, the tallest plants were obtained in compost-amended plots (28.3 cm and 29.1 cm), followed by bactericidal compost (22.3 cm, 24.7 cm), while the shortest were found in plots amended with NPK (16 cm and 22.6 cm) and compost + NPK (18.7 cm and 20 cm).
In addition, in Superfaso N-treated plots, plant height did not vary significantly with fertilization (P > 0.05) throughout the growth period. Mean heights ranged from 11.5 to 16.3 cm at 30 DAT, 16.7 to 22.7 cm at 45 DAT, and 16.3 to 22.3 cm at 60 DAT.

Table 6. Comparative study of plant height according to fertilization mode following each phytosanitary treatment
	Treatment
	DAT
	Mean height (cm)
	Statistic

	
	
	Fertilization mode 
	

	
	
	Control
	Compost
	NPK
	bactericidal compost
	Compost+NPK
	F
	Pr(>F)

	Control 
	30
	17.1b
1.7
	22.3a
2.4
	20.1ab
2.0
	15.0b
1.5
	14.0b
1.2
	3.67
	0.001
**

	
	45
	25.0a
2.1
	28.7 a 
2.4
	26.3a 
2.0
	26.9a
2.0
	23.3a
1.9
	0.85
	0.496ns

	
	60
	24.7ab
2.1
	29.1a
1.2
	24.4ab
1.8
	30.3a
2.3
	18.0b
1.1
	7.54
	< 0.001 ***

	Mancozeb 
	30
	16.9a
1.8
	16.7a
2.7
	18.3a
1.4
	16.0a
1.7
	14.1a
1.8
	0.78
	0.539 ns

	
	45
	23.7ab
2.4
	26.1ab
1.9
	29.7a
2.4
	29.6a
2.5
	21.5b
1.9
	2.56
	0.0459*

	
	60
	22.5a
2.2
	23.7a
0.9
	21.7a
2.7
	25.0a
1.9
	20.7a
1.7
	0.75
	0.561 ns

	Idefix 
	30
	14.3a
1.7
	19.3 a 
1.9
	15.7a
1.2
	16.9a
1.5
	13.7a
1.3
	2.10
	0.089 ns

	
	45
	18.9b
1.7
	29.1a
2.6
	22.6ab
1.2
	22.3ab
1.8
	20.0b
2.0
	4.21
	0.001
***

	
	60
	21.7abc2.6
	28.3a
2.5
	16.0c
1.4
	24.7ab
1.7
	18.7bc
1.8
	5.54
	<0.001 ***

	Superfaso N
	30
	12.0a
1.7
	16.3a
1.8
	15.7a
1.4
	14.5a
1.3
	11.5a
1.1
	2.10
	0.089 ns

	
	45
	21.7a
2.4
	20.9a
1.7
	21.4a
1.8
	22.7a
2.2
	16.7a
1.6
	1.39
	0.245 ns

	
	60
	18.6a
1.6
	22.0a
1.2
	18.9a
1.8
	22.3a
1.7
	16.3a
1.8
	2.38
	0.06 ns


Pr(>F): critical probability; F: variability between factors; Significance: ***P < 0.001 (highly significant); **P < 0.01 (very significant difference); nsP > 0.05 (non-significant)

3.1.4 Effects of phytosanitary treatments and fertilization mode on onion plants' neck diameter and yield
3.1.4.1 Analysis of variance of the treatments on onion neck diameter and yield
Table 7 presents the variation of the onion neck diameter and yield according to the phytosanitary treatments and fertilization mode. The results revealed that phytosanitary treatments affected highly significantly both neck diameter (P<0.001, F=12.62) and yield (P<0.001, F=13.43). Similarly, the fertilization mode impacted highly significantly, respectively, the neck diameter (P<0.001, F=10.09) and yield (P<0.001, F=10.92). In addition, the interaction between phytosanitary treatments and fertilization mode significantly affected the onion yield (P=0.033, F=1.99), whereas neck diameter showed no significant difference (P=0.859, F=0.58). 
Table 7. Analysis of variance of onion plant height according to fertilization mode
	Variable 
	Variable
	Sum Sq
	Df
	Mean Sq
	F value
	Pr(>F)

	Neck diameter (mm)
	Treatment
	216.7
	3
	72.24
	12.623
	< 0.001 ***

	
	Fertilization
	230.9
	4
	57.74
	10.089
	< 0.001 ***

	
	Fertilization*Treatment 
	39.7
	12
	3.31
	0.578
	0.859ns

	
	Residuals
	1602.3
	280
	5.72
	
	

	Yield (kg.ha-1)
	Treatment
	14027
	3
	4676
	13.428
	< 0.001 ***

	
	Fertilization
	15216
	4
	3804
	10.925
	< 0.001 ***

	
	Fertilization*Treatment
	8323
	12
	694
	1.992
	0.033*

	
	Residuals
	97497
	280
	348
	
	


Pr(>F): critical probability; F: variability between factors; Significance: ***P < 0.001 (highly significant) ; **P < 0.01 (very significant difference); nsP > 0.05 (non-significant)

3.1.4.2 Comparative study of onion plant neck diameters according to fertilization mode and the phytosanitary treatment
Table 8 shows the comparative analysis of onion plant neck diameters according to fertilization mode. The results evidenced that the onion plants' neck diameter varied significantly with the fertilization mode in the plots treated with Mancozeb (P=0.017, F=3.23), Idefix (P=0.018, F=3.18), and Superfaso N (P=0.012, F=3.44). In contrast, no significant variation was observed in untreated control plots (P=0.091, F=2.09). Regardless of the treatment applied, the largest neck diameters were recorded in plots amended with the compost + NPK, followed by those amended with compost, NPK, or bactericidal compost, while the smallest diameters occurred in unamended plots.
Regarding yield, significant differences were observed among fertilization modes in untreated (no application of pesticide) plots (P<0.01), very significant differences in plots treated with Superfaso N (P<0.001), and highly significant differences in plots treated with Mancozeb and Idefix (P<0.0001). Across all phytosanitary treatments, the highest yields were obtained in plots amended with the compost + NPK (20.87–54.53), whereas yields from plots amended with compost, NPK fertilizer, or bactericidal compost were comparatively moderate or low, depending on the phytosanitary treatment (Table 8.).
Table 8. Comparative analysis of onion plant neck diameters according to fertilization mode
	Treatment
	Type of measure
	Fertilization mode
	Statistic

	
	
	Control
	Compost
	NPK
	bactericidal compost
	Compost+NPK
	F
	P

	
control
	Neck diameter (mm)
	6.23a
0.48
	6.51a
0.62
	7.39a
0.53
	7.84a
0.82
	8.45a
0.68
	2.09
	0.091ns

	
	Yield (Kg.ha-1)
	19.20b
4.23
	33.13ab
2.40
	25.80ab3.73
	40.20ab6.46
	41.73a
5.41
	2.96
	0.0257*

	Mancozeb
	Neck diameter (mm)
	5.64b
0.53
	6.13ab
0.74
	7.34ab
0.70
	7.32ab
0.66
	8.77a
0.73
	3.23
	0.0172*

	
	Yield (Kg.ha-1)
	14.13b
1.59
	26.80b
5.41
	28.73b
6.21
	24.80b
4.41
	54.53a
9.38
	6.26
	< 0.001 ***

	Idefix
	Neck diameter (mm)
	4.42b
0.35
	6.56ab
0.65
	6.88a
0.85
	5.76ab
0.59
	7.13a
0.51
	3.18
	0.0185*

	
	Yield (Kg.ha-1)
	15.87b
2.38
	24.67ab
6.00
	27.60ab5.75
	12.67b  2.54
	30.40a
5.33
	3.18
	< 0.001 ***

	Superfaso N
	Neck diameter (mm)
	4.19b
0.68
	4.16b
0.34
	5.47ab
0.52
	5.24ab
0.45
	6.54a
0.62
	3.44
	0.0126*

	
	Yield (Kg.ha-1)
	9.13b
0.98
	11.60b
1.41
	16.80ab2.31
	14.67ab2.57
	20.87a
2.67
	4.72
	0.001
**


Pr(>F): critical probability; F: variability between factors; Significance: ***P < 0.0001(highly significant); ***P < 0.01 (very significant difference), nsP > 0.05 (non-significant)
3.1.5 Effect Of Incidence And Severity On Agromorphological Parameters  
Figure 3 presents the Principal Component Analysis (PCA) with correlation circles illustrating the relationships between disease parameters (incidence and severity) and agromorphological traits (plant height, neck diameter, and yield). The PCA evidenced 80.0% of total variability in untreated plots, 81.5% in Mancozeb-treated plots, 75.4% in Idefix-treated plots, and 87.6% in plots treated with Superfaso N.
In untreated control plots, agromorphological traits such as plant height (at 45 and 60 DAT) and neck diameter were positively correlated with yield, but negatively correlated with the incidence and severity of Fusarium wilt. This indicates that the presence of the disease inhibits vegetative growth and yield formation, highlighting the importance of preventive phytosanitary measures to limit fungal infection and enhance productivity.
In plots treated with Mancozeb, yield was strongly correlated with neck diameter and negatively correlated with the incidence and severity of Fusarium wilt. The weak association between plant height (at 30, 45, and 60 DAT) and disease parameters suggests that, despite the presence of symptoms, the onion growth was not markedly affected. This indicates that Mancozeb effectively suppressed disease development, improved neck thickening, and yield.
In plots treated with Idefix and neem biopesticide, yield was also positively correlated with neck diameter and negatively correlated with disease parameters incidence in Idefix-treated plots and severity in Superfaso N-treated plots. Furthermore, severity was strongly correlated with plant height in Idefix-treated plots, whereas incidence was more closely associated with height in neem-treated plots.
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Fig. 3. Correlation between the incidence and severity of Fusarium wilt on the agromorphological parameters of onion plants

3.2 discussion
The trials were conducted in an integrated system combining phytosanitary treatments and fertilization modes. The evaluated parameters included the incidence and severity of Fusarium wilt, agronomic parameters (plant height and neck diameter), and onion yield.
During the study, the phytosanitary assessment revealed that, despite the application of treatments and fertilization, symptoms of Fusarium wilt were observed, with variations in disease incidence and severity across treatments. Epidemiological data revealed that, regardless of the phytosanitary treatment, unamended plots and those receiving only NPK fertilizer exhibited the highest incidence and severity of Fusarium wilt, indicating significant disease. 
Conversely, plots amended with bactericidal compost exhibited lower incidence and severity indices, suggesting moderate disease pressure without generalized infection. Plots amended with compost or a compost + NPK combination showed the lowest symptom incidence, particularly when combined with Superfaso N treatment. This demonstrates that integrating biopesticide application with compost- or compost + NPK-based fertilization provides effective phytosanitary management, reducing Fusarium wilt severity and supporting higher onion productivity. These results align with those obtained by Belo et al 2023, who reported that cultural management strategies, such as appropriate irrigation and nitrogen (N) management practices, can reduce the risk for bacterial infection and disease progression. Thus, further studies should be conducted to determine the optimal application rates of fertilizers (compost and/or NPK) and biopesticides for significantly reducing Fusarium wilt incidence under field conditions.
The agronomic performance assessed under the integrated system of phytosanitary treatments and fertilization modes revealed that the tallest plants were observed in plots amended with either compost or NPK fertilizer alone. However, the highest neck diameter and yields were obtained in plots amended with the compost + NPK as fertilizer. This finding aligns with the results obtained by Melke and Ravishankar (2006) and Kanton et al. (2003), who reported a positive correlation between neck diameter and onion yield. Thus, the combined application of compost + NPK promotes optimal neck development and increases the onion yield.
In contrast, individual applications of compost or NPK fertilizer were less effective in improving agronomic traits. These results corroborate previous studies showing that the combined application of organic and mineral fertilizers can lead simultaneously to plant growth and soil fertility. Such fertilization strategies ensure a more sustained nutrient supply and improve onion productivity over time. Indeed, compost provides a gradual release of nutrients through microbial activity, unlike NPK fertilizer, whose nutrients are rapidly depleted during advanced vegetative stages. Similar findings were reported by Lashari et al. (2022), who observed significantly improved growth and yield in plants receiving compost + NPK amendments. Abdou et al. (2016) also demonstrated that compost decomposition gradually releases nitrogen (N), phosphorus (P), and potassium (K), supporting plant growth throughout the crop cycle.
In addition, the PCA graphs (Figure 3) illustrated the relationships between disease symptoms and agromorphological parameters in the integrated system combining phytosanitary treatments and fertilization modes. The analysis revealed a strong positive correlation between neck diameter and yield, and a negative correlation between epidemiological variables (incidence and severity) and agronomic performance traits (neck diameter and yield). This inverse relationship indicates that Fusarium wilt symptoms can limit neck development and reduce onion yield.
Although symptoms were observed in all plots, the recorded incidence and severity levels did not significantly hinder vegetative growth, notably for some phytosanitary treatments. Indeed, disease incidence and severity were higher in some plots, negatively affecting the yield. Indeed, leaf degradation could decrease the plant's photosynthetic area, reducing plant growth. However, the use of Superfaso N reduced the aggressiveness of Fusarium wilt, enabling vegetative growth, neck formation leading to the highest yields. Moreover, Superfaso N products offer the advantages of being biodegradable, environmentally safe, and readily accessible to smallholder farmers in developing countries.
The appearance of Fusarium wilt symptoms in all the plots, despite the phytosanitary measures applied, highlights the ability of this pathogen to persist in the soil, notably through sporulation on various host plants and weeds as reported by some studies (Abdellaoui et al., 2003; Serghat, 2004). Thus, the phytosanitary treatments, targeting only the aerial parts of plants, are insufficient to control this disease. Thus, integrated strategies involving soilborne inoculum management, such as the use of chemical products and/or antagonistic microorganisms, should be proposed to address Fusarium wilt in fields (Rafael et al., 2011). Moreover, it is reported that the incidence and severity of Fusarium wilt increase under high relative humidity conditions (Tomason and Gibson, 2006), favourable to the pathogen’s proliferation. This finding underscores the challenges faced by market gardeners in selecting effective control measures for Fusarium wilt under field conditions, especially in the rainy season, a period during which onion demand is high, and production is low. 
CONCLUSION
During the current study, a trial involving an integrating system combining phytosanitary treatments and fertilization modes was conducted. The phytosanitary status (incidence and severity) and agronomic performance (plant height, neck diameter, and yield) of onions were evaluated during the rainy season. The epidemiological assessment confirmed the presence of Fusarium wilt symptoms in all experimental plots, with incidence and severity varying depending on the type of phytosanitary treatment and fertilization method used. However, the combination of compost and NPK (compost + NPK) and the biopesticide (Superfaso N) as fertilizer and phytosanitary product, led to the highest neck development and onion yields. However, the persistence of the disease in all the plots evidenced the necessity to adopt integrated disease management strategies, including soil health improvement and biological control. These measures could effectively reduce the incidence and severity of Fusarium wilt in onion production systems, linked to the survival and resistance of pathogens in the soil.
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