Repeatability and stability of agromorphological characteristics of onion cultivars (Allium cepa L.) in the Sudano-Sahelian Zone of Cameroon





Abstract: The variability of environmental conditions leads to significant fluctuations in the agromorphological performance of cultivars. To improve the productivity and stability of varieties, it is essential to assess the repeatability and stability of agromorphological traits. This study evaluates the repeatability and stability of agromorphological traits of onion (Allium cepa L.) cultivars in the Sudano-Sahelian zone of Cameroon. The experiment was conducted at three sites representative of the main onion-producing areas, using a randomized complete block design. Local and improved cultivars were selected based on farmers' preferences, seed availability and climatic conditions. The experimental design included four treatments and three replicates. Excel and XLSTAT (2014.5.02) software were used for treatment analysis. Significant differences between cultivars for each trait were assessed using ANOVA and Fisher's t-test. Statistical analyses of certain traits, such as bulb weight, plant height, and number of leaves, show strong repeatability, suggesting a significant genetic influence. The results show that some traits exhibit strong repeatability (bulb weight: 0.61 and 0.77; plant height: 0.73 to 0.92; number of leaves: 0.74 to 0.83), justifying their use in breeding programs. The Nguetchewé and Palar localities showed good repeatability and genetic stability, suggesting the implementation of a breeding program or the creation of a new variety. However, the repeatability of the "plant height" trait in the different localities shows relatively low values: 0.30, 0.16, and 0.17. The low repeatability observed in some locations therefore limits the accuracy of selection based solely on plant height. Conversely, the repeatability value of 0.52 for this trait indicates a certain consistency in the genetic expression of plant height in at least one environment, allowing for moderate selection. The Nguetchewé, Palar, and Pitoa sites show repeatability and stability results deemed satisfactory for certain important traits (bulb weight, flower peduncle), making them priority areas for varietal selection and onion seed production. Plant height remains a trait with low overall repeatability: its selection is only effective in a controlled environment and should preferably be combined with other, more stable criteria.
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1. Introduction
Onion (Allium cepa L.) is an essential vegetable crop in the Sudano-Sahelian zone of Cameroon, both for its economic importance and its nutritional value[1,2]. It is grown mainly for its edible bulbs and leaves. The bulb is rich in several vitamins,  minerals and phenolic compounds[3]. However, the variability of environmental conditions leads to significant fluctuations in the agromorphological performance of cultivars. Varieties that thrive in one environment may not necessarily flourish in other environments or in a range of climates. The yield potential is defined by genotype, and the extent to which that potential is realised is determined by external factors [4].To improve the productivity and stability of varieties, it is essential to assess the repeatability and stability of agromorphological traits [5]. These parameters make it possible to identify the most reliable and heritable traits to prioritise in breeding programs. This study, therefore, aims to analyse the repeatability and phenotypic stability of some agromorphological traits of onion cultivars grown in northern Cameroon, in order to guide their varietal improvement [6]. Productivity remains low in several production areas of the Sahel and sub-Saharan Africa, due in particular to low soil fertility and the lack of suitable varieties [7,6]. Furthermore, chemical inputs, although sometimes effective, are often expensive and pose environmental problems [8]. In cultivated plants, particularly onion (Allium cepa L.), the observed phenotypic variability can result from genetic or environmental factors or their interaction. For breeders, it is essential to assess the repeatability of traits of interest to determine the extent to which a genotype's performance is consistent under different experimental conditions [9]. Repeatability thus makes it possible to direct breeding efforts towards more stable and potentially more heritable traits. This study evaluates the repeatability and stability of four agromorphological traits of onion (Allium cepa L.) cultivars in the Sudano-Sahelian zone of Cameroon. 
2. Materials and Methods 
· Study Area
The study was conducted in the Garoua (Pitoa) and Maroua (Nguetchewé and Palar) regions, the main onion-producing areas in Cameroon [10].The intensive production basins in the Far North and North regions account for approximately 85% of national production [11]. The experiment took place at three sites with distinct microclimates and terrain:
· Nguetchéwé (Mayo-Tsanaga): 10°57'58"N; 13°54'24"E, 508 m altitude; annual rainfall: 800-900 mm; Sudano-Sahelian climate, Mandara Mountains area. 
· Palar (Diamaré): Commune of Maroua 1er, latitude 10-13°N, longitude 13-15°E; Diamaré plain, average annual temperature ~39°C.
· Pitoa (Bénoué): 9°23'00"N; 13°32'00"E; average monthly temperature from 26°C (August) to 40°C (March), sedimentary soil types (Bénoué Valley).
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                                    Figure 1: Map of the study area [12] 

· Matériel cultural 
From the nursery phase to harvest, a few tools were used. The land was pulled using a pair of oxen. The large hoe was used to make the beds, which were sized using a string. During the nursery phase, irrigation was carried out using a watering have filled with water. And during the field cultivation phase, the motor pump ensured irrigation until harvest. The small hoe was used to weed and dig up the mature bulb at harvest. The sickle was used to separate the bulb from the stem by cutting the collar.
· [bookmark: _Hlk213061369]Planting Material
 	Local and improved cultivars were selected based on farmer preference, seed availability, and the seas. 
	Genotypes
	Provenance
	Local name
	Type of seed
	Production season
	Crop cycle

	Goudami
	Nguetchéwé
	Goudami
	Original
	Dry
	2 years, long

	Kada-Goudami
	Nguetchéwé
	Kada-Goudami
	Fake Goudami
	Dry and Fresh
	1 year, long

	Violet Galmi
	France
	Violet Galmi
	Enhanced
	Dry
	1year, long

	El kara
	Nigeria
	El kara
	Certified
	Rainy
	1 year, short


Table 1: Characteristics of the seeds of four genotypes 

· Characteristics Studied
Morphology: number of leaves per plant and flower bolting per plant. 
Agronomics: average bulb weight (g) and plant height (cm).
· [bookmark: _Hlk213061380]Experimental Design 
The experimental design used was a Fisher block, consisting of 4 treatments and 3 replicates. The transplants were planted in 2.8 m² (1.4x2 m) boxes. The maximum density was approximately 280 transplants per box, or approximately 8400 transplants per site. The experiment was adopted according to national and regional technical data sheets [13,7]. The trials were conducted at the Nguetchewé, Palar, and Pitoa sites over two growing seasons on alluvial, sandy clay, and sandy loam soils [14]. The experimental design was a complete randomised block design with three replicates, subdivided into elementary plots or sub-blocks. Field transplanting was carried out from December 18 to 26, 2019, and repeated in 2020. Healthy, thick transplants, between 15 and 20 cm tall, were selected and transplanted into the plots. The spacing between rows of plots and between plots within the same row was approximately 15 cm and 10 cm, respectively. This resulted in a maximum density of approximately 280 transplants per plot for a total of approximately 8400 transplants per site. This approach is comparable to that described in the technical data sheets developed [13,7].
· Crop Maintenance
Watering was first manual, then mechanical. An application of 100 g/m² of NPK (20-10-10) was divided into four phases. Weeding was manual in both the nursery and the field.
· Heritability, Selection Gain and Repeatability
Heritability [15] and Selection Gain [16] are the following formulate:            
          
 . 
With: σ²I = intercultivar variance and σ²i = intra-cultivar variance. G = Selection gain and K = 1.76 for an intensity of 10%.
· Repeatability (R) (correlation coefficient over two campaigns)[16]:


· Measurement of a geomorphic characteristic and bulb weight: weighed on an electronic scale (Adam Equipment N17250, accuracy 0.1g
· Flowering stems: rate measured according [17].
TM = (n/Nt) × 100.
Where:
TM: Rate of premature bolting;
n: Number of prematurely bolting plants;
Nt: Total number of plants.
· Number of leaves & plant height: manual count and ruler measurement at maturity.
· [bookmark: _Hlk213061420]Statistical Analysis: EXCEL and XLSTAT (2014.5.02) were used for the treatment. Significant differences between cultivars for each trait were assessed using ANOVA and Fisher's t-test. Genotype-environment interaction was analysed using GEST 98 (2000).


3. Results and Discussion
· Flower stems
The repeatability coefficients for “flowering stem plants” range from 0.73 to 0.92, indicating high genetic stability in various study environments. These results mean that the expression of this trait is mainly under genetic control, a privileged situation for genetic improvement programs, particularly for seed production. The observed heritability values are also high (from 0.73 to 0.99), reinforcing this interpretation. These results corroborate those [18,16], confirming that flowering in onion is a very stable and predominantly genetically determined trait, even in dry tropical areas [19].

Table 2:  Variability of four onion cultivars for flower stalk formation rate
	Settings
	Genotypes
	Nguetchewé
	Palar
	Pitoa
	Average genotype

	
	
	2019
	2020
	2019
	2020
	2019
	2020
	2019
	2020

	
Flower stems (%)
	Goudami
	28,8±3,56b
	25±1,58b
	31,2±1,3b
	23,4±3,04c
	26,2±3,19b
	20,4±2,3b
	28,73±2,50b
	22,93±2,33b

	
	Kada-Goudami
	36,8±2,94c
	65,2±2,94c
	37,2±2,86bc
	60,2±4,32d
	34,2±4,26c
	27,2±3,11c
	36,06±1,62d
	50,86±20,64c

	
	Violet Galmi
	13,2±1,92a
	10,8±1,09a
	12,8±2,16a
	5,4±1,14a
	18,4±2,7a
	10,6±2,07a
	14,8±3,12a
	8,93±3,06a

	
	El Kara
	34,8±3,56c
	24,8±1,78b
	28,6±3,2b
	20,6±3,04b
	30,8±3,96b
	19±2,54b
	31,4±3,14c
	21,46±2,99b

	Average Environment
	28,4±10,68
	31,45±23,46
	27,45±10,4
	27,4±23,25
	27,4±6,83
	19,3±6,81
	27,75±9,14
	26,05±17,69

	Coefficient of variation (%)
	37,63
	74,59
	37,92
	84,86
	24,95
	35,31
	32,93
	67,90

	Heritability (h²)
	61,03
	130,48
	63,25
	147,06
	32,22
	53,76
	53,29
	99,41

	Selection gain (%)
	0,73*
	0,85*
	0,92*
	0,84*


Mean values followed by the same letter and located in the same column are not significantly different at the 5% threshold; ns = not significant at the 5% threshold *: Significant at the 5% threshold. With n = 23; p = 0.38 at 5% and p = 0.48 at 1%

· Plant Height

The repeatability of the “plant height” trait at maturity across different locations shows relatively low to moderate values: 0.30; 0.16; 0.17; and 0.52. These results reflect significant environmental variability and partially ensured phenotypic stability for this trait. The non-significant values (R < 0.50) suggest that the observed variation is strongly influenced by non-genetic factors, such as soil conditions, fertilisation, irrigation, or other abiotic stresses. The low repeatability in some locations thus limits the accuracy of selection based solely on plant height. However, the significant value of 0.52 shows that there is some consistency in the genetic expression of plant height in at least one environment, allowing for moderate selection. This value can therefore serve as a reliable basis for selection, provided that the breeding is carried out in better-controlled environments. These observations are consistent with the results [20,21] , who showed that plant height is a trait strongly influenced by environmental factors, particularly in tropical areas where climatic constraints are high [22], also highlighted that plant height exhibits high phenotypic plasticity, reducing genetic stability between trials. Reviews oh those authors [18, 23] indicate that under well-controlled experimental conditions, this trait may exhibit higher heritability and be useful as a proxy for vegetative vigour or tolerance to certain stresses. Thus, although plant height is an important morphological trait related to vegetative vigour and potentially yield, its overall low repeatability highlights the need to consider the genotype x environment interaction in breeding strategies. It would be wise to couple this trait with other more stable parameters, such as bulb weight or flower stem, to optimise genetic gains.
Table 3: Average plant size for the four cultivars tested
	Settings
	Genotypes
	Nguetchewé
	Palar
	Pitoa
	Average genotype

	
	
	2019
	2020
	 2019
	2020
	2019
	2020
	2019
	2020

	Plant size (Cm)
	Goudami
	60,44±3,7c
	44,6±3,84a
	62,22±2,9b
	52,8±2,68a
	55,58±3,31a
	41±2,44a
	59,41±3,34b
	46,13±6,04c

	
	Kada-Goudami
	55,04±2,85b
	48,02±2,43a
	58,42±2,53a
	52,2±3,96a
	54,18±2,47a
	51,28±2,75b
	55,88±2,24b
	50,50±2,19b

	
	Violet Galmi
	42,6±2,6a
	52,6±2,3b
	55,2±1,19a
	53±2,91a
	48,8±3,27a
	42,2±1,3a
	48,86±6,30b
	49,26±6,12b

	
	El Kara
	67±3,24d
	61,8±2,86d
	57,74±1,51a
	65,7±3,7b
	62,8±4,08b
	57,4±3,64b
	62,51±4,63a
	61,63±4,15a

	Average Environment
	56,27±10,34
	51,75±7,45
	58,39±2,90
	55,92±6,52
	55,34±5,76
	47,97±7,78
	56,66±5,86
	51,88±6,75

	Coefficient of variation (%)
	18,38
	14,40
	4,96
	11,67
	10,42
	16,22
	10,34
	13,01

	Heritability (h²)
	0,91
	0,85
	0 ,50
	0,74
	0,67
	0,89
	0,50
	0,53

	Selection gain (%)
	29,44
	21,62
	4,45
	15,24
	12,40
	25,53
	9,10
	12,14

	Repeatability (R)
	0,30ns
	                  0,16ns
	                   0,17ns
	            0,52*


Mean values followed by the same letter and located in the same column are not significantly different at the 5% threshold; ns = not significant at the 5% threshold *: Significant at the 5% threshold. With n = 23; p = 0.38 at 5% and p = 0.48 at 1%
 
· Bulb Weight

The high and significant repeatability values (0.61 and 0.77) indicate that the observed variability is largely genetic in origin, making selection reliable and promising in these sites. In contrast, the low repeatabilities noted elsewhere (0.41 and 0.10) demonstrate a marked environmental influence, making selection less effective without strict management of growing conditions. These trends coincide with the observations highlighting the importance of the genotype x environment interaction for bulb weight [24,21].

[bookmark: _Toc86553014][bookmark: _Toc89163378]Table 4:  Average bulb weight for the four onion cultivars tested

	[bookmark: _Toc86553015][bookmark: _Toc89163379]Settings
	Genotypes
	Nguetchewé
	Palar
	Pitoa
	Average genotype

	

Bulb Weight (g)
	
	2019
	2020
	 2019
	2020
	2019
	2020
	2019
	2020

	
	Goudami
	139,98±2,62c
	95,32±3,65a
	142,88±3,86b
	78,36±3,40a
	118,02±1,93b
	112,6±3,24c
	133,62±4,59b
	95,42±3,12b

	
	Kada-Goudami
	134,78±3,8c
	98,86±2,44a
	141,28±3,2b
	106,16±3,39d
	114,62±4,26a
	92,18±1,73b
	130,22±3,90b
	99,06±2,99c

	
	Violet Galmi
	101,52±3,28a
	92,14±3,32a
	136,74±1,93a
	97,38±4,28b
	110,98±2,39a
	67,66±3,99a
	116,41±2,22a
	85,72±3,86a

	
	El Kara
	142,1±4,14b
	120±3,34b
	130,02±3,60a
	110±3,80c
	125,98±3,23c
	90,98±2,9b
	132,70±5,38b
	106,99±4,74d

	Average Environment
	129,59±18,96
	101,58±12,58
	137,73±5,76
	97,97±14,10
	117,4±2,95
	90,85±2,96
	[bookmark: _Hlk86313251]128,24±8,01
	96,80±8,82

	Coefficient of variation (%)
	14,63
	12,38
	4,18
	14,39
	5,45
	20,22
	6,24
	9,09

	Heritability (h²)
	0,96
	0,93
	0,70
	0,93
	0,78
	0,97
	0,74
	0,82

	Selection gain (%)
	24,90
	20,40
	5,16
	23,57
	7,55
	34,66
	8,13
	13,20

	Repeatability (R)
	             0,58*
	            0,67*
	            0,45ns
	               0,81*



Mean values followed by the same letter and in the same column are not significantly different at the 5% level; ns = not significant at the 5% level *: Significant at the 5% level. With n = 23 ; p = 0.38 at 5% and p = 0.48 at 1%
· Leaf Number
The repeatability values for the "leaf number" trait in onion varied between 0.19 and 0.83 across locations, indicating a strong environmental influence on this parameter. Only the value of 0.83 was statistically significant, suggesting sufficient stability of the trait under certain ecological conditions, while the other values reflected increased variability and low precision of selection based on this criterion. Combined analysis of variance indicated that the genotype x environment interaction explained 46.52% of the total variation in leaf number, compared to 28.10% for genotypic composition alone. This demonstrates that genotypes respond differently depending on the environment, which reduces the stability of this trait across sites. These results corroborate the work [25], who reported that leaf number is a trait strongly modulated by environmental conditions. The nevertheless reported that [7], under stabilised conditions, some lines exhibited a relatively constant leaf range (between 12 and 23 leaves), suggesting a partial genetic basis. More recent studies, such as those have confirmed that leaf number is sensitive to abiotic stresses (drought, salinity) and cultural practices, particularly nitrogen fertilisation was demonstrated that the use of organic compost in addition to mineral fertilisation improves the regularity of leaf development, particularly on poor sandy soils. Finally, it was observed that under controlled agroecological conditions, the repeatability of leaf number can be increased by homogenising seeding densities and regular irrigation. These results reinforce the idea that this trait, although of morphological and physiological interest, requires a relatively stable environment to express its genetic potential. In reality, although leaf number can reflect vegetative vigour or yield potential, its low overall repeatability requires its use as a complementary criterion in varietal breeding programs, in synergy with more stable traits such as bulb weight or flower stalk formation. The Nguetchewé and Palar locations provide a favourable environment for establishing a plant breeding program. Promoting cultivars such as Goudami, El Kara, and Kada-Goudami is favoured for propagation.
Table 5:  Average number of leaves per plant

	Settings
	Genotypes
	Nguetchewé
	Palar
	Pitoa
	Average genotype

	

	
	2019
	2020
	2019
	2020
	2019
	2020
	2019
	2020

	
Number of leaves
	Goudami
	19,4±1,3b
	16,4±1,14a
	17±1,39a
	14,6±1,14a
	17±1,64a
	16,6±1,81a
	17,8±1,38ab
	15,86±1,10a

	
	Kada-Goudami
	16,4±2,3a
	16,4±2,4b
	16,6±1,96a
	14,4±1,67a
	16,8±0,86a
	14±1,58a
	16,6±0,2b
	14,93±0,28a

	
	Violet Galmi
	15,4±1,07a
	14,8±2,16a
	13,2±1,48a
	14,4±1,14a
	13,4±0,3a
	15,4±1,07a
	14,00±1,21a
	14,86±1,00a

	
	El Kara
	21±1,34b
	22,4±2,3b
	19,2±1,58a
	19±1,58a
	15±0,4 a
	11,6±1,14a
	18,4±1,07 ab
	17,67±1,52a

	Average Environment
	18,05±2,59
	17,5±3,35
	16,5±2,47
	15,6±2,26
	15,55±1,69
	14,4±2,14
	16,70±1,94
	15,83±1,30

	Coefficient of variation (%)
	14,40
	19,15
	15,02
	14,54
	10,88
	14,91
	10,69
	8,68

	Heritability (h²)
	0,66
	0,64
	0,58
	0,62
	0,77
	0,57
	0,75
	0,42

	Selection gain (%)
	16,87
	21,71
	15,39
	16,08
	14,87
	15,09
	15,33
	6,07

	Repeatability (R)
	0,83*
	0,74*
	0,19ns
	0,76*



Mean values followed by the same letter and found in the same column are not significantly different at the 5% threshold; ns = not significant at the 5% threshold *: Significant at the 5% threshold. With n = 23 ; p = 0.38 at 5% and p = 0.48 at 1%

4. Conclusion
The objective was to evaluate the agromorphological and phenotypic characteristics of onion genotypes in different environments and over time. To understand the variation in genotypic production over time and space, repeatability and stability were studied. It appears that genotypes respond differently in different environments and over time. It appears that genetic selection is possible to improve yield, as the study highlights a high repeatability of several agromorphological traits in onion, particularly those related to yield. This is an asset for breeding programs. It is recommended to target these traits from the initial phases of genetic selection to improve the productivity of local accessions.
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