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









Abstract: This study evaluates the repeatability and stability of four agromorphological traits of onion (Allium cepa L.) cultivars in the Sudano-Sahelian zone of Cameroon. The experiment was conducted at three sites representing the main onion production areas, using a randomized complete block design. Statistical analyses of some traits, such as bulb weight, flower bolting, and leaf number, show high repeatability, suggesting a significant genetic influence. Therefore, these traits can be retained as reliable criteria in varietal improvement programs. The differences in stability observed between sites highlight the importance of local adaptation in varietal selection. This study thus provides a knowledge base for the development of better adapted and more stable onion varieties in the Sudano-Sahelian zone. The results show that some traits have high repeatability (bulb weight = 0.61 and 0.77; flower peduncle = 0.73 to 0.92; leaf number = 0.74 to 0.83), justifying their use in varietal selection programs. This approach allows for optimization of breeding efforts by identifying the most heritable and stable traits. The Nguetchewé and Palar localities showed good repeatability and genetic stability, suggesting the introduction of a varietal selection program or the creation of a new variety. However, the repeatability of the trait "plant height" in the different localities shows relatively low to moderate values: 0.30; 0.16; 0.17. The low repeatability in some localities thus limits the accuracy of selection based solely on plant height. On the other hand, the repeatability value of 0.52 for this trait shows that there is some consistency in the genetic expression of plant height in at least one environment, allowing for moderate selection. The Nguetchewé, Palar, and Pitoa sites have repeatability and stability results considered satisfactory for some important traits (bulb weight, flower stalk), 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 controlled environments and should preferably be coupled with other, more stable criteria.
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17. 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] (Sakatai et al., 2021; MINADER, 2024). However, 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. These parameters make it possible to identify the most reliable and heritable traits to prioritize in breeding programs. This study therefore aims to analyze the repeatability and phenotypic stability of some agromorphological traits of onion cultivars grown in northern Cameroon, in order to guide their varietal improvement (Moutsavara et al., 2021). 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 (Abdou et al, 2014; Moutsavara et al 2021). Furthermore, chemical inputs, although sometimes effective, are often expensive and pose environmental problems (Useni et al., 2013). 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. Repeatability thus makes it possible to direct breeding efforts towards more stable and potentially more heritable traits. 
8. Study Area: The study was conducted in the Garoua (Pitoa) and Maroua (Nguetchewé and Palar) regions, the main onion-producing areas in Cameroon (Maldangoï et al., 2003). The intensive production basins in the Far North and North regions account for approximately 85% of national production (Essang et al., 2007). 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 (Abdoulay Mfewou, 2012).

10. 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 can 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.
11. 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 

12. Characteristics Studied
· Morphology: number of leaves per plant and flower bolting per plant. Agronomics: average bulb weight (g) and plant height (cm).

13. 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 (Garané et al., 2019; Abdou et al., 2014). 14. Trial Conduct. The trials were conducted at the Nguetchewé, Palar, and Pitoa sites over two growing seasons on alluvial, sandy clay, and sandy loam soils (CVUC., 2014). The experimental design was a complete randomized 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 by: Garané et al., 2019; Abdou et al., 2014.
15. 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.
14. Heritability, Selection Gain, and Repeatability
Heritability [Mahmud & Kramer, 1951], Selection Gain [Allard, 1960]:            
          
 . 
With: σ²I = inter-cultivar 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 characteristics Bulb weight: Weighed on an electronic scale (Adam Equipment N17250, accuracy 0.1g
17. Flowering stems: Rate measured according to Dabire et al. (2016):
TM = (n/Nt) × 100.
Where:
TM: Rate of premature bolting;
n: Number of prematurely bolting plants;
Nt: Total number of plants.
18. Number of leaves & plant height: Manual count and ruler measurement at maturity.
19. 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 analyzed using GEST 98 (2000).
21. 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 of Ly (2016), Allard (1960) and Mignon-Grasteau (2007), confirming that flowering in onion is a very stable and predominantly genetically determined trait, even in dry tropical areas.

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, fertilization, 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 of Hacini (2014) and Seidou et al. (2012), who showed that plant height is a trait strongly influenced by environmental factors, particularly in tropical areas where climatic constraints are high. Brancourt-Hulmel et al. (1997) also highlighted that plant height exhibits high phenotypic plasticity, reducing genetic stability between trials. Reviews by Ly (2016), Deb and Ara (2021) indicate that under well-controlled experimental conditions, this trait may exhibit higher heritability, and be useful as a proxy for vegetative vigor or tolerance to certain stresses. Thus, although plant height is an important morphological trait related to vegetative vigor 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 optimize genetic gains.
[bookmark: _Toc86553014][bookmark: _Toc89163378]
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%
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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 of Barbottin et al. (2004) and Seidou et al. (2012), highlighting the importance of the genotype x environment interaction for bulb weight.

Table 4:  Average bulb weight for the four onion cultivars tested

	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 of Mohanty (2001) and Tivedi et al. (2006), who reported that leaf number is a trait strongly modulated by environmental conditions. Abdou et al. (2014) nevertheless reported that, under stabilized 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 by Kpade et al. (2022) and Yaro et al. (2023), have confirmed that leaf number is sensitive to abiotic stresses (drought, salinity) and cultural practices, particularly nitrogen fertilization. In 2024, Diouf et al. demonstrated that the use of organic compost in addition to mineral fertilization improves the regularity of leaf development, particularly on poor sandy soils.
Finally, Gassama et al. (2025) observed that under controlled agroecological conditions, the repeatability of leaf number can be increased by homogenizing 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 vigor 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 favorable environment for establishing a plant breeding program. Promoting cultivars such as Goudami, El Kara, and Kada-Goudami are favored for propagation.

Table 5:  Average number of leaves per plant
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	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%.


20. Conclusions
The study highlights high repeatability of several agromorphological traits in onion, particularly those related to yield. 
I recommend adding a paragraph that expands on this conclusion, for example, indicating, based on the results obtained, which traits have high repeatability and what improvements in performance would be expected.
This is an asset for breeding programs, as highly repeatable traits enable effective early selection. 
It is recommended to target these traits in the initial phases of genetic selection to improve the productivity of local accessions.
I recommend adding a paragraph that expands on this recommendation, for example, outlining what improvements are expected for productivity.






References should be corrected as indicated in the instructions for authors, according to:
References must be listed at the end of the manuscript and numbered in the order that they appear in the text. Every reference referred in the text must also present in the reference list and vice versa. In the text, citations should be indicated by the reference number in brackets [3].
The list must also be corrected, according to:
All references should follow the following style:
Reference to a journal:
For Published paper:
1. Hilly M, Adams ML, Nelson SC. A study of digit fusion in the mouse embryo. Clin Exp Allergy. 2002;32(4):489-98.
See: https://reviewerhub.org/general-guideline-for-authors/ 

21. References
Abdou R., Malice M., Bakasso Y., Saadou M. & Baudoin J. P., 2014. Local taxonomy and analysis of farmers' criteria for characterizing different onion (Allium cepa L.) ecotypes in Niger. Cahiers d’Agriculture, 23: 166-176.
Abdoulay M., 2012. Migration, agricultural dynamics, and land tenure problems in sub-Saharan Africa: the Lagdo irrigated area (Northern Cameroon). European Journal of Geography, 663: 1278-3366.
Allard R.W., 1960. Principles of plant breeding. John Wiley and Sons, New York, USA, 515p.
Barbottin A., 2004. Use of a crop model to assess genotype behavior: relevance of using Azodyn to analyze yield and protein content variability in soft wheat. Doctoral thesis, Joint Research Unit for Agronomy INRA/AgroParisTech. Paris, AgroParisTech., 221p.
Brancourt-Hulmel M., Biarnès-Dumoulin V., Denis. & J.B., 1997: Benchmarks in the analysis of stability and genotype-environment interaction in plant breeding. Agronomy, 17 (4): 219-246.
Breeding Reviews, 38, 143-186.
Chope G. A., Terry, L. A., & Johnson, M. A. (2024). Genetic and agronomic influence on soluble sugar content in onions (Allium cepa L.). Quality Assurance and Safety of Crops & Foods, 16(2), 102–111.
CVUC (United Municipalities and Cities of Cameroon), 2021. Far North and North Regions: Mozogo, Maroua 1st, and Pitoa municipalities. http://www.cvuc-uccc.com.
Dabire F.S., 2016: Incidence of onion (Allium cepa L.) basal rot in the Sourou Valley and evaluation of the resistance/tolerance of eleven varieties to the disease. Dissertation in Rural Development/Agronomy, Polytechnic University of Bobo-Dioulasso, 51p.
Deb A.C. & Ara C., 2021. Detection and estimation of genetic and environmental parameters through model fitting of the bub yield contributing traits in onions. Horticultural Studies, 38 (2): 62-70.
Diallo, A. M., Fofana, M., & Coulibaly, Y. (2023). Effect of dry matter content on the storage qualities of onions in Sahelian zones. African Journal of Agronomy, 29(1), 54–66.
Essang T., Woin N., Badeboga E.A., 2007. Strategies and behaviors of economic actors in the onion sector. Proceedings of the Prasac Garoua conference: African savannas: changing spaces, actors facing new challenges, Jamin J.Y., Seiny Boukar L., Floret C. (eds); May 27-30, 2002; 10p.
Essang T., Woin N., Badeboga E.A., 2007. Strategies and behaviors of economic actors in the onion sector. Proceedings of the Prasac Garoua conference: African savannas: changing spaces, actors facing new challenges, Jamin J.Y., Seiny Boukar L., Floret C. (eds); May 27-30, 2002; 10p.
Garané A., Somé K., Nikiéma J., Traoré M., Sawadogo M., 2019. Impact of onion weeding methods on productivity and bulb quality in central Burkina Faso. J. Appl. Biosci., 139: 14178-14190.
Hacini N., 2014: Study of the genotype x environment interaction and the effect of the origin of some durum wheat (Triticum durum Desf.) cultivars on adaptive and qualitative abilities. Doctoral thesis in Plant Biology, Badji Mokhtar-Annaba University, Algeria, 135 p.
Jabir, M. M., Saïdou, M., & Alidou, H. (2023). Influence of humidity and temperature on postharvest onion quality. West African Journal of Agricultural Sciences, 8(4), 77–85.
Konaté, H., Nacro, H. B., & Somé, L. (2017). Evaluation of the variability of local onion quality components. Cahiers Agricultures, 26(2), 87–96.
Ly D, 2016: Genomic predictions of genotype x environment interactions using agro-climatic indicators in soft wheat (Triticum aestivum L.). Doctoral thesis in agricultural sciences, Blaise Pascal University, Clermont-Ferrand II, France, 212p.
Mahmud K., Kramer H., 1951. Segregation for yield, height, and maturity following a soybean cross. Agronomy Journal, 43: 605-609.
Maldangoï Y., Woïn N., Cathala M., 2003. Onion producers in northern Cameroon: the challenges of a sector seeking a place in the sun. Proceedings of the Prasac Garoua conference: African savannas: changing spaces, actors facing new challenges, Forêt C. (eds); May 27-30, 2002, 8 p. CD-ROM.
Maldangoï Y., Woïn N., Cathala M., 2003. Onion producers in northern Cameroon: the challenges of a sector seeking a place in the sun. Proceedings of the Prasac Garoua conference: African savannas: changing spaces, actors facing new challenges, Forêt C. (eds); May 27-30, 2002, 8 p. CD-ROM.
Mignon-Grasteau S., 2007. Taking into account interactions between genotype and environment in poultry production. 7th Poultry Research Days, Tours, INRA, France, pp. 386-393.
Minader (Ministry of Agriculture and Rural Development), 2020. Cameroon: 33 billion FCFA from the International Fund for Agricultural Development (IFAD) for the cultivation of rice and onions. https://www.Cameroon-tri bune.cm, consulté le 25 quatreembre 2020.
Mohanty B.K, 2001. Studies on variability, heritability, interrelationship and path analysis in kharif onion. Crop Research, 22(10): 251-255.
Moutsavara G., Kosma P., Noubissi T., 2021: Genetic Characterization of the Kada-Goudami Lineage for the Improvement of Onion (Allium cepa L.) Cultivation in the Sudano-Sahelian Zone of Cameroon. International Journal of Sciences: Basic and Applied Research (IJSBAR) (2021) Volume 60, No 2, pp 184-201
Ngouem, S. C., Mbakop, R., & Temgoua, J. B. (2022). Variation in pH and microbial load in stored onion bulbs in northern Cameroon. Afrique Science, 18(3), 151–160.of Genetics and Plant Breeding, 66(1): 59-60.
Omar, S. H., Zadi, B. A., & Toure, F. (2024). Dry matter content and its impact on bulb firmness and shelf-life in onion landraces. African Journal of Crop Science, 12(1), 45–53.
Sakatai D.P., Folefack J.J.A., Saidou V., 2021. Optimal evaluation of factors constraining onion bulb production under different cropping systems in Cameroon. Tropicultura, 39 (2): 1-17.
Sani, I., Daouda, M., & Maïna, A. (2022). Study of the morphophysiological variability of onion in the Lake Chad Basin. Revue des Sciences Agronomiques du Sahel, 9(2), 33–42.
Seidou O., Alhassane A. & Sarr B., 2012. Can Niger stabilize its millet production despite climate variability? Nyamey, 21p.
Stadlmayr, B., Charrondière, U. R., Enujiugha, V. N., Bayili, R. G., Fagbohoun, E. G., Samb, B., ... & Burlingame, B. (2012). West African Food Composition Table. FAO.
Trivedi A.P., Dhumal K.N. & Lawande K.E., 2006. Estimates of heritability, genetic advance and correlation between yield and its components in onion (Allium cepa L.). Indian Journal
Useni Sikuzani., Chukiyabo K. M., Tshomba K., 2013: Use of recycled human waste to increase the production of corn (Zea mays L.) on ferralsol in the south-east of DR Congo. Journal of Applied Biosciences 66: 5070-5081
Zoungrana, K. S., Ouedraogo, A., & Kabore, P. (2023). Effects of dry matter on the texture of onion bulbs under storage conditions. Sciences et Techniques Agricoles du Sahel, 15(1), 91–99.
image1.png




