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Comparison of agromorphological performances of onion varieties (Allium cepa L.) Violet De Galmi and Ares in rainy and dry seasons and prediction of bulb yield
[bookmark: _Toc144206036]ABSTRACT
[bookmark: _Toc144206037]Côte d'Ivoire exports onions to meet national demand. One solution to this problem would be to provide farmers with appropriate varieties.  The aim of this study is to select a variety that is adapted to the different growing seasons in Korhogo. In this study, the agromorphological performances of the onion varieties Ares and Violet De Galmi were compared in the dry and rainy seasons using the Student's T test at a significance level of 5%. A multiple linear regression analysis was performed to predict bulb yield as a function of vegetative characteristics. The results showed that the Ares variety performed best in both the wet and dry seasons. This performance was better expressed in the dry season with a bulb yield of 31.17 ± 5.94 kg/ 6m² compared with 12.97 ± 3.45 kg/ 6m² for Violet De Galmi. The Ares variety produced a higher yield of 25.20 ± 9.00 kg/ 6 m² in the rainy season than Violet De Galmi, which produced 8.21 kg of bulbs/ 6m². This performance by Ares can be explained by the development of its vegetative characteristics. Bulb yield can be estimated on the basis of vegetative characteristics such as plant height (PH), number of leaves (NL) and leaf length (MLL) according to the following equation: Yield = -33 + 7.90 PH + 2.26NL - 7.41 MLL. The Ares variety can be recommended for cultivation in all seasons.
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1. INTRODUCTION
Onions (Allium cepa L.) are produced in over 175 countries on around 3.6 million hectares of arable land (D'Alessandro et al., 2008). It is grown mainly for its edible bulbs and leaves. The bulb is rich in several vitamins, minerals and phenolic compounds (Kefale et al., 2023; Soro et al., 2025). Because of all these advantages, the onion market is growing rapidly and has good economic prospects (Molas, 2010).

In Africa, onions are an important agricultural product for a large number of countries. In this part of the world, total onion production is estimated at 5.3 million tons (Acar and Gül, 2022; Hamidi and Bourkhiss 2023). In West Africa, onions are one of the most important vegetable crops. In this part of Africa, onions are widely consumed, accounting for 10-25% of vegetable consumption (Faivre-Dupaigre et al., 2006).  Average annual onion production, estimated at around 1.1 million tonnes, represents less than 2% of world onion production. Niger, considered to be the largest producer in the WAEMU region, produced 1.2 million tons in 2020 (Cortese et al., 2021).

Onion production in Côte d'Ivoire is low compared with consumption, which is growing steadily (Dagnogo et al., 2018). This production, which is estimated at between 5,000 and 8,000 tons per year, covers only five percent of the country's onion needs. Onion production in Côte d'Ivoire is low compared with consumption, which is increasing all the time (Dagnogo et al., 2018). Production is estimated at between 5,000 and 8,000 tons per year and covers only five percent of demand. To meet its needs, Côte d'Ivoire imports 95% of its consumption, mainly from Burkina Faso and Niger (Diemkoudre et al., 2023; Konan and Kouamé, 2023).	Comment by Biswajit Das: (Ivory Coast)

The selection of varieties adapted to each zone and each season could contribute to Côte d'Ivoire's self-sufficiency in onions. This is the context of this study. Its aim is to understand the agromorphological performance of the Violet De Galmi and Ares varieties in the dry and rainy seasons, so as to be able to recommend them to growers during the different seasons.

[bookmark: _Toc144206053]2. MATERIALS AND METHODS

2.1. Study site

The experiment was conducted on the site of the Peleforo GON COULIBALY University (UPGC) in Korhogo in northern Côte d'Ivoire. The site is characterised by a tropical Sudano-Guinean climate, marked by two main seasons, a rainy one that extends from May to October and a dry season from November to April (Boko-Koiadia et al., 2016).

2.2 Materials
 
2.2.1 Plant material

The study focused on two onion varieties. These were the commercial varieties Violet De Galmi and Ares. Violet De Galmi is the first onion variety widely popularised in Côte d'Ivoire (Silué et al., 2003). The Ares variety is relatively recent.	Comment by Biswajit Das: Mention the source of the variety or when itw as introduced in Ivory Cost.

2. 4 Methods

2.4.1 Sowing and plant maintenance

2.4.1.1. Sowing onion seeds in the nursery

The nursery was set up in May 2022 for the rainy season and at the beginning of November 2022 for the dry season. Each onion variety was sown at a rate of 4 g of seed per m². The seedlings were transplanted to the field after 40 days of rearing (Fig. 1).	Comment by Biswajit Das: 40 days after sowing.
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Fig. 1. 40-day-old onion seedlings on ridges ready for transplanting

2.4.1.2.  Experimental design and conduct of the trial 

The trial was conducted in the dry and rainy seasons using a 03-block design. The boards were 6 m x 1 m x 15 cm (L x W x H), i.e. 6 m2 and 15 cm high. The boards were 0.5 m apart and the blocks 1 m apart. The planting density was 400 plants for a 6 m2 bed. The distance between rows was 10 cm and 15 cm between plants. On the day of transplanting, the beds were watered to facilitate the operation.

2.4.2.2. Fertilisation and plant maintenance
  
Three days before transplanting, 90 g of NPK fertiliser (15-15-15) was applied to each bed. The same dose was applied 15 and 30 days after transplanting. After 45 days, 30 g of urea were applied.	Comment by Biswajit Das: was
Maintenance consisted of regular weeding of the beds to avoid competition between the young plants and weeds. The plants were watered every day until bulb formation. The quantity of water applied was 26 litres per bed every day until bulb formation.	Comment by Biswajit Das: Cultural practices such as hoeing, weeding etc were done as per Schedule for proper growth of the seedlings.

2.4.3 Sampling and data collection 

Ten plants were randomly sampled per bed, i.e. 30 plants for each onion variety. A total of 60 onion plants were sampled for the two varieties. The agromorphological data collected are listed in the Allium descriptor proposed by IPGRI ECP et al., (2001). Table 1 shows the descriptors used and the measurement methods.

Table 1. Descriptors and collection methods for agromorphological characteristics in onion varieties

	Quantitative morphological characteristics
	Code
	Measuring method

	Plant Height (cm) 
	PH
	The measurement is taken from the collar to the top of the longest leaf. The measurement is taken 60 days after transplanting (DAT) (Fig. 2).

	Number of Leaves per plant
	NL
	All leaves, including terminal buds, are counted at 60 DAT

	Maximum length of leaves (cm) 
	MLL
	Measurements are taken using a tape measure 
on the longest leaf at the 60th DAT

	Maximum leaf diameter (cm) 
	MLD
	A tape measure was used to measure the 
longest leaf at the 60th DAT

	Bulb Mass (g) 	Comment by Biswajit Das: weight
	BM
	Measured using a 0.01 g precision electronic 
Balance (Fig. 3).

	Bulb Length (cm) 
	BL
	Measured with a caliper.

	Bulb Diameter (cm) 
	BD
	Measured with a caliper.

	Bulb yield (kg / 6m2 and 
T/ha)
	Yield
	Bulb mass per 6 m² bed represents the average 
for three beds. Yield is then estimated in tons 
per hectare.
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Fig. 2. Measuring leaf dimensions 
[image: ]
Fig. 3. Onion bulb weight measurement

2.4.4. Data analysis
  
Descriptive statistics were used to determine the mean values and standard deviations for each descriptor for each variety. For each season, the agromorphological performance of the two varieties was compared using the Student's T test at the significance level. The same test was used to compare the performance of onion varieties in the dry and rainy seasons.  The links between the different variables were assessed using Pearson's correlation coefficient. A multiple linear regression analysis was performed to predict bulb yield as a function of vegetative characteristics according to the model Y = A+ b1X1 + b2X2 +.....bn Xn. Y = Bulb yield, A = Constant, X = Vegetative variable and b = Coefficient. 
The data collected was entered into Excel and analyzed using XLSTAT 2019. 

3. Results and discussion
  
3.1 Results

3.1.1. Comparison of performance of Ares and Violet De Galmi varieties in the rainy season
 
In the rainy season, the results show a highly significant difference (p ˂ 0.001) between the two varieties, with the exception of the length of each bulb (Table 2). During this rainy season, the Ares variety had the highest plant height (57.90 ± 5.68 cm) and maximum leaf length (57.70 ± 5.74 cm).  Bulb mass was higher in Ares (58.23 ± 26.04 g) than in Violet De Galmi (24.10 ± 15.16 g). The same observation applies to yield, which was 25.20 ± 9.00 kg/6 m for Ares and 8.21 ± 3.87 kg/6 m for Violet De Galmi. It should be noted that the Ares variety performed well during this rainy season.	Comment by Biswajit Das: weight

[bookmark: _Toc144206406]Table 2. Average values and comparison test for onion varieties in the rainy season

	
	Onion varieties
	
	

	
	Ares
	Violet De Galmi
	
	

	Descriptors
	Average ± Standard deviation
	T
	P

	Plant Height (Cm)
	57.90 ± 5.68
	43.23 ± 6.13
	9.601
	˂0.001

	Number of Leaves per plant
	12.16 ± 1.62
	7.86 ± 2.44
	8.027
	˂0.001

	Maximum length of leaves (cm)
	55.70 ± 5.74
	41.23 ± 6.13
	9.430
	˂0.001

	Maximum leaf diameter (cm)
	1.65 ± 0.27
	1.34 ± 0.27
	4.367
	˂0.001

	Bulb Mass (g)	Comment by Biswajit Das: weight
	58.23 ± 26.04
	24.10 ± 15.16
	6.204
	˂0.001

	Bulb Length (cm)	Comment by Biswajit Das: polar diameter
	5.28 ± 0.62
	5.64 ± 0.76
	-2.011
	0.049

	Bulb Diameter (cm)	Comment by Biswajit Das: equitorial
	5.86 ± 0.91
	4.73 ± 1.29
	3.896
	˂0.001

	Bulb yield (kg / 6 m2)
	25.20 ± 9.00
	8.21 ± 3.87
	9.492
	˂0.001

	Bulb yield (ton /ha)
	42.00 ±15.00
	13.68 ± 6.45
	9.492
	˂0.001


T = Student's test statistic, P= Probability of test

3.1.2. Comparison of dry-season performance of Ares and Violet De Galmi varieties

In the dry season, the results show a significant difference between the two varieties (Table 3). The Ares variety recorded an average plant height of 52.1 3± 6.08 cm, higher than the Violet De Galmi variety's 43.26 ± 4.91 cm. The Ares variety produced 9.76 ± 2.26 leaves. This figure is higher than that for Violet De Galmi, which produced 7.20 ± 1.91 leaves. The maximum length of the Ares variety was 48.23 ± 7.73 cm. This value is higher than that of Violet De Galmi (40.46 ± 4.67 cm). In terms of maximum leaf diameter, Ares recorded a higher value of 1.61 ± 0.67 cm than Violet De Galmi (1.23 ± 0.22).  The ARES variety recorded a high mass of 77.93 ± 14.86 g per bulb. This figure is higher than that of Violet De Galmi, which is 32.43 ± 8.62 g. In terms of bulb length, Ares recorded an average of 5.43 ± 0.42 cm greater than the average for Violet De Galmi (4.7 ± 0.52 cm).  As regards the diameter of each bulb, the Ares variety recorded an average of 5.29 ± 0.54 cm, while the Violet De Galmi variety recorded a lower average of 3.78 ± 0.43 cm. In terms of bulb yield, Ares recorded a higher average of 31.17 ± 5.94 kg/6m² than Violet De Galmi, which averaged 12.97 ± 3.45 g/6m². In short, the Ares variety outperformed the Violet De Galmi during the dry season.

[bookmark: _Toc144206407]Table 3. Mean values and comparison test for onion varieties in dry season

	
	Onion varieties
	
	

	
	Ares
	Violet De Galmi
	
	

	Descriptors
	Average ± Standard deviation
	T
	P

	Plant Height (Cm)
	52.13 ± 6.08
	43.26 ± 4.91
	6.207
	˂0.001

	Number of Leaves per plant
	9.76 ± 2.26
	7.20 ± 1.91
	4.730
	˂0.001

	Maximum length of leaves (cm)
	48.23 ± 5.73
	40.46 ± 4.67
	5.747
	˂0.001

	Maximum leaf diameter (cm)
	1.67 ± 0.67
	1.23 ± 0.22
	3.259
	0.002

	Bulb Mass (g)
	77.93 ± 14.86
	32.43 ± 8.62
	14.501
	˂0.001

	Bulb Length (cm)	Comment by Biswajit Das: polar diameter
	5.43 ± 0.42
	4.37 ± 0.52
	8.585
	˂0.001

	Bulb Diameter (cm)	Comment by Biswajit Das: equitorial
	5.29 ± 0.54
	3.78 ± 0.43
	11.846
	˂0.001

	Bulb yield (kg / 6 m2)
	31.17 ± 5.94
	12.97 ± 3.45
	14.501
	˂0.001

	Bulb yield (ton/ha)
	51.95 ± 9.90
	21.62 ± 5.75
	14.501
	˂0.001


T = Student's test statistic, P= Probability of test

3.1.3 Comparing the performance of the Ares variety in the dry and rainy seasons 

In the rainy season, the results show a significant difference (p ˂ 0.01) between the two seasons, with the exception of maximum leaf length and the length of each bulb (Table 4).
During the rainy season, the Ares variety had the tallest plants, with an average plant height of 57.90 ± 5.68 cm. This value is higher than in the dry season (52.13 cm). For maximum leaf length, a value of 57.70 ± 5.74 cm was recorded in the rainy season. In contrast, this value was 48.23 ± during the dry season. For production traits, there is a significant difference between the two masses of each bulb. The rainy-season value of 58.23 ± 26.04 g is lower than the dry-season value of 77.93 ± 14.86 g. The same applies to yield, which was 25.20 ± 9.00 kg/6 m in the rainy season and 31.17 ± 5.94 kg/6 m in the dry season. The Ares variety performed better in the dry season than in the rainy season.

[bookmark: _Toc144206408]Table 4. Average values and comparison test for the Ares variety in the dry and rainy seasons

	
	Dry season
	Rainy season
	
	

	Descriptors
	Descriptors Average± Standard deviation
	T
	P

	Plant Height (Cm)
	52.13 ± 6.08
	57.90 ± 5.68
	-3.790
	˂0.001

	Number of Leaves per plant
	9.76 ± 2.26
	12.16 ± 1.62
	-4.714
	˂0.001

	Maximum length of leaves (cm)
	48.23 ± 5.73
	55.70 ± 5.74
	-5.037
	˂0.001

	Maximum leaf diameter (cm)
	1.67 ± 0.67
	1.65 ± 0.27
	0.125
	0.901

	Bulb Mass (g)	Comment by Biswajit Das: weight
	77.93 ± 14.86
	58.23 ± 26.04
	3.598
	0.001

	Bulb Length (cm)	Comment by Biswajit Das: polar diameter
	5.43 ± 0.42
	5.28 ± 0.62
	1.110
	0.272

	Bulb Diameter (cm)	Comment by Biswajit Das: equitorial
	5.29 ± 0.547
	5.86 ± 0.91
	-2.944
	0.005

	Bulb yield (kg / 6 m2)
	31.17 ± 5.94
	25.20 ± 9.00
	3.032
	0.004

	Bulb yield (ton/ha)
	51.95 ± 9.90
	42.00 ± 15.00
	3.032
	0.004


T = Student's test statistic, P= Probability of test

3.1.4 Comparison of the performance of the variety Violet De Galmi in the dry and rainy seasons

The results show a significant difference (p ˂ 0.001) between the two seasons for the variety Violet De Galmi except for the following vegetative characteristics: height of each plant, number of leaves on each plant, maximum length of leaves on each plant, maximum diameter of each plant and weight of each bulb, which are statistically identical (Table 5). 

For bulb length, the rainy season recorded an average of 5.43 ± 0.42 cm greater than the dry season average (4.37 ± 0.52 cm). In terms of individual bulb diameter, the rainy season recorded an average of 4.73 ± 1.29 cm, while the dry season recorded a lower average of 3.78 ± 0.43 cm. Bulb yield was higher in the dry season (31.17 ± 5.94 kg/6m²) than in the rainy season (12.97 ± 3.45 kg/6m²). Finally, the variety Violet De Galmi performed better in the dry season than in the rainy season in terms of yield characteristics.


[bookmark: _Toc144206409]Table 5. Average values and comparison test for the variety Violet De Galmi in the dry and rainy seasons

	
	Dry season
	Rainy season
	
	

	Descriptors
	Average ± Standard deviation

	T
	P

	Plant Height (Cm)
	43.26 ± 4.91
	43.23 ± 6.13
	0.023
	0.982

	Number of Leaves per plant
	7.20 ± 1.91
	7.86 ± 2.44
	-1.175
	0.245

	Maximum length of leaves (cm)
	40.46 ± 4.67
	41.23 ± 6.13
	-0.544
	0.588

	Maximum leaf diameter (cm)
	1.23 ± 0.22
	1.34 ± 0.27
	-1.661
	0.102

	Bulb Mass (g)	Comment by Biswajit Das: 
	32.43 ± 8.62
	24.10 ± 15.16
	2.616
	0.011

	Bulb Length (cm)	Comment by Biswajit Das: 
	4.37 ± 0.52
	5.64 ±0.76
	-7.485
	˂0.001

	Bulb Diameter (cm)	Comment by Biswajit Das: 
	3.78 ± 0.43
	4.73 ± 1.29
	-3.804
	˂0.001

	Bulb yield (kg / 6 m2)
	12.97 ± 3.45
	8.21 ± 3.87
	5.026
	˂0.001

	Bulb yield (ton/ha)
	21.62 ± 5.75
	13.68 ± 6.45
	5.026
	˂0.001


T = Student's test statistic, P= Probability of test

3.1.8. Links between measured descriptors
 
Analysis of the results in Table 6 shows that the variables describing vegetative traits and production characteristics are strongly and positively correlated with each other, with correlation coefficients ranging from + 0.60 to + 1. 

Maximum leaf length is positively correlated with plant height and number of leaves. There is a positive correlation between production variables such as bulb diameter, bulb weight and bulb yield. All onion plants with good height also had good maximum leaf length (HP/LMF = + 0.99). The analysis shows that bulb production traits are interrelated. The diameter of each bulb is positively correlated with weight (r = + 0.65) and length (r = + 0.58). Bulb yield is positively correlated with weight (r = + 0.98) and individual bulb diameter (r = + 0.62).
 
3.1.9. Linear multiple regression
 
Multiple regression analysis showed that only plant height, leaf number and maximum leaf length predicted bulb yield (Table 7), according to the model: Yield = -33 + 7.90 Plante Height + 2.26 Number of Leaves - 7.41 Maximum Leaf Length (Fig. 4).


[bookmark: _Toc144206410]Table 6. Correlation matrix between variables measured in the two onion varieties

	
	Plant Height 
	Number of Leaves per plant
	Maximum length of leaves 
	Maximum leaf diameter 
	Bulb Mass 
	Bulb Length 
	Bulb Diameter 
	Bulb yield 

	Plant Height 
	1
	
	
	
	
	
	
	

	Number of Leaves per plant
	0.612
	1
	
	
	
	
	
	

	Maximum length of leaves 
	0.993
	0.623
	1
	
	
	
	
	

	Maximum leaf diameter 
	0.385
	0.421
	0.375
	1
	
	
	
	

	Bulb Mass 	Comment by Biswajit Das: 
	0.445
	0.451
	0.401
	0.385
	1
	
	
	

	Bulb Length 	Comment by Biswajit Das: 
	0.156
	0.250
	0.162
	0.236
	0.371
	1
	
	

	Bulb Diameter 	Comment by Biswajit Das: 
	0.349
	0.453
	0.357
	0.301
	0.657
	0.583
	1
	

	Bulb yield 
	0.465
	0.457
	0.420
	0.383
	0.984
	0.315
	0.621
	1


Correlation coefficients in bold are significant at the alpha=0.05 significance level.

[bookmark: _Toc144206411]Table 7. Value and significance of the coefficients of the multiple regression analysis of yield as a function of vegetative characteristics

	Source
	Value
	T
	P

	Constante
	-33.008
	-4.396
	< 0.001

	Plant Height
	7.904
	6.545
	< 0.001

	Number of leaves
	2.269
	4.086
	< 0.001

	Maximum length of leaves
	-7.413
	-5.976
	< 0.001


T = Student's test statistic, P= Probability of test







[bookmark: _Toc142464922]Fig. 4. Linear regression line for bulb yield as a function of vegetative characteristics

3.2. Discussion
The results of elemental statistics on agromorphological descriptors showed a difference between onion varieties evaluated during the dry and rainy seasons. This result could be explained by environmental factors such as day length, humidity and temperature. The expression of morphological traits is influenced by both genes and the environment. These environmental factors could lead to variable effects on vegetative development and onion production over the two seasons. These results are in line with those of Currah (2002) and also those of Abdou (2014).

 The average bulb mass of the Ares and Violet De Galmi varieties was influenced by the season. Ares gave the best bulb mass, unlike Violet De Galmi, which recorded a low value for this parameter during the rainy season. The Ares variety is better adapted to the rainy season, which favors good growth and development. Indeed, during the rainy season, the Ares variety is able to make good use of the organic matter and mineral elements at its disposal. Similar results were obtained by Garane et al. (2018). The experimental environment was marked by a long rainy season from bulb set to harvest. This shows that the Ares variety is better adapted to climatic conditions during this period of the trial. This result is in line with that of Gutjahr et al. (2021).	Comment by Biswajit Das: 	Comment by Biswajit Das: 	Comment by Biswajit Das: Specify the prevailing climatic conditions during this period (rainy and dry season) mentioning the day length, so that suitability of these varieties can be established factually. 

 In the dry season, the Ares variety outperformed the Violet De Galmi, which recorded a low yield. These results run counter to those obtained by Konan et al. (2024), who state that Violet De Galmi remains the most profitable onion during the dry season. The Ares variety would be better adapted to the environmental conditions of the study area than the Violet De Galmi variety. 

The different characteristics of the Ares variety were influenced differently by the seasons. Vegetative characteristics are better expressed in the rainy season than in the dry season. During the dry season, bulb and yield traits are better expressed. This could be explained by the fact that the vegetative phase of the onion requires more water than the bulbing period. This could also explain the behavior of the Violet De Galmi variety, which had the same vegetative performance in both seasons, but had a higher bulb yield in the dry season. Similar results were obtained by Garane et al. (2018). 

On the other hand, excess water could compromise the bulbing period by causing bulb rot due to humidity and the presence of fungus. The variety Violet De Galmi is less able to withstand this humidity. This variety therefore expresses its best potential during the dry season. This result is in line with that of Gutjahr et al. (2021).	Comment by Biswajit Das: What is the maturity and harvesting period ?
 
Significant correlations were observed between plant height and leaf dimensions, and between weight and bulb yield. This could be explained by photosynthesis, which takes place mainly the plant's leaves. Consequently, improvement in one trait favors improvement in the other. Among these components, plant height and maximum leaf length occupy an important place, since the mass, length and diameter of each bulb depend on them. In fact, the variety that performed best was the one that showed strong growth in height, leaf length, bulb diameter and bulb length. These results corroborate those of Tarpaga (2012), who states that there is a good correlation between plant height and leaf dimensions, and between weight and bulb yield. It is therefore possible to estimate bulb yield as a function of the vegetative traits plant height (HP), number of leaves (NF) and leaf length (LMF). Improving one of these traits could therefore have a positive effect on bulb yield. 

4. CONCLUSION 

This work shows that the Ares variety performed better in both the wet and dry seasons than the Violet De Galmi. The Ares variety recorded a higher yield (31.17 ± 5.94 kg/6 m) in the dry season than in the rainy season (25.20 ± 9.00 kg/6 m²). The variety Violet De Galmi also performed well (12.97 kg bulb/ 6 m²) in the dry season compared with the rainy season (8.21 kg bulb/ 6m²). This study has shown that the Ares variety has interesting agronomic characteristics. This variety can be recommended to farmers in both wet and dry seasons. Bulb yield can be estimated on the basis of vegetative characteristics such as plant height (PH), number of leaves (NL) and leaf length (MLL) according to the equation: Yield = -33 + 7.90 PH + 2.26NL - 7.41 MLL.
[bookmark: _Toc142464924]
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Yield = -33 + 7.90 Plante Height + 2.26 Number of Leaves - 7.41 Maximum Leaf Length
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