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Effect of Storage Conditions on the Development of Onion Bulb Rot (Allium cepa L.) in Calabar, Nigeria 



.     
.
              . 
                     
	.
..






abstract
	
Aims: An investigation was carried out to isolate and identify the fungal pathogens responsible for post-harvest (storage) deterioration of onion bulbs in the North, Central, and Southern Senatorial Districts of Cross River State, Nigeria.
Study design: The experiment was arranged in a Completely Randomized Block Design (CRBD), with different fungal isolates serving as the treatments and various onion species as the blocks.
Place and Duration of Study: Calabar in Nigeria's South-South zone. The study was conducted from June to July 2025.
Methodology: Infected onion bulbs were randomly collected from three markets in each of the three zones of Cross River State to isolate the pathogens responsible for the rots on the affected bulbs. To test the effect of storage methods on disease development, white and purple onion bulb species inoculated with the isolated fungi were stored under different conditions: basket, bag, and floor to determine the disease severity of the different onion species. 
Results: The result of the inoculated onion bulb clearly showed that Rhizopus stolonifer, Botrytis sp., and Fusarium sp. recorded a significant (P0.05) higher disease severity on white onion bulbs. However, the control, in general, was significantly (P≤0.05) lower on white and purple onions and differed among the storage methods. The purple onion bulb showed a significantly (P≤0.05) greater increase in rot severity on A. flavus in bags and on the floor than on A. fumigatus in baskets. Comparing means was used to determine the best storage method. Meanwhile, a significantly higher mean value of 37.81% was recorded by the floor storage method for the white onion bulb. In contrast, the purple onion bulb did not show any difference among treatments (P ≥ 0.05). The pathogenicity test revealed that all the isolated fungi were pathogenic to the onion bulbs (both white and purple).
Conclusion: Based on the results, the floor storage method is the best, and it is strongly recommended to adopt effective storage methods to minimize storage losses. 


Keywords: Storage conditions, Bulb Rot, Allium cepa. L, Disease Development, Calabar,
    Nigeria

1. INTRODUCTION 

Onions, Allium cepa L., cepa group, are a biennial of the Alliaceae family. It is an important vegetable crop used for seasoning and flavoring of foods in every home and of economic value to farmers. Onions are a helpful ingredient in the diet due to their contents of sugars, vitamins, and minerals (Ole et al., 2004). In Nigeria, the production of onions is mainly in the north during the dry season (October to April) (Shehu and Muhammad, 2010). Onion is a semi-perishable crop known for high moisture content. The storability has been reported, according to Methananda (1992), to be low, with 30-50% post-harvest losses. This worsens the problem of off-season shortage and lower profits (Methananda, 1992). Several studies have examined effective storage methods, the disease-causing rot, and the effects of ambient conditions, such as temperature and relative humidity, on onion spoilage (Dimka and Onuegbu, 2010). All this is aimed at reducing losses. Therefore, storage is considered significant to ensure that consumers can access products at reasonable prices during off-seasons, while also enabling producers to receive higher prices. (Rajapaskse and Edirimana, 2002). During storage, some losses occur due to sprouting, drying, rotting, and physiological weight loss. Previous studies by Rajapaskse and Edirimana (2002) on managing bulb rot of big onion (Allium cepa L.) during storage using fungicides provided recommendations developed by the Department of Agriculture to minimize losses during onion bulb storage. These include pre-harvest drying, cautious harvesting, curing, safeguarding bulbs from sunburn and wounding, and appropriate storage conditions (selection of bulbs, frequent examination during storage, and good ventilation). Microorganisms are the primary cause of bulb rotting during storage. Among them, fungi are the primary causal agents of storage losses, particularly under tropical and subtropical conditions (Adebayo and Diyaolu, 2003). In Nigeria, such losses will be higher under sultry weather conditions, which will favor the growth and development of microorganisms. Thus, this studies therefore was undertaken to isolate and identify the fungal pathogens associated with post-harvest (storage) deterioration of onion bulbs in North, Central and Southern Senatorial Districts of Cross River State, Nigeria, as well as carry out pathogenicity test of the isolated fungi, to test the effect of different storage methods on disease severity on onion bulbs, and finally, ascertain the storage temperature that encourages the incidence and severity of the disease.

2. Materials and Methods 

2.1 The Study Area

This study was conducted in June and July 2025 at the Department of Biological Sciences, Cross River University of Technology, Calabar. Cross River State is one of the Southern States where a large proportion of onions imported from the Northern States of Nigeria are stored and sold annually. The study area is located in Southeastern Nigeria (longitude 4°-57’N and latitude 8°-19’E). It is characterized by a long rainy season from April to October and a short dry season from November to March. The average monthly temperature ranges from 20 to 30 °C, with the lowest temperatures occurring in November and December. Heat is most intense in January and March.

2.2 Experimental Design

The experiment was laid out in a Completely Randomized Block Design with the different fungal isolates serving as the treatments and the various species of onion constituting the block. Each treatment was replicated three times, and the data were analyzed accordingly.  

2.3 Collection of Samples

White and purple species of onion bulbs showing symptoms of rotting and discolorations were randomly selected from three different markets (in one Local Government Area) in each of the three zones of Cross River State (North, Central, and South): Ogoja (Ishibori market, Abakpa, and Ndok (Cross River, North)), Yakurr (Ugep, Mkpani, and Ekori (Cross River, Central) and Calabar (Watt market, Marian, and 8-miles (Cross River, South)) for microbial analysis.


2.4 Isolation and Identification of Rot-Inducing Fungi

To isolate the pathogens responsible for the rots on the affected onion bulbs, the bulbs were stripped of their outer dry scales and surface sterilized in 1% sodium hypochlorite solution for 60 seconds (Dimka and Onuegbu, 2010). These were then rinsed in three successive changes of sterile distilled water, and blotted dry with sterile filter paper (Whatman’s No. 1). Small segments of tissue (3 mm³) from the margins of rotted lesions were cut out with a sterile scalpel and plated on the petri dishes containing the PDA. The plates were then incubated at room temperature (28 + 10 °C) for 7 days. Developing fungal colonies were sub-cultured continuously on fresh (PDA) plates to obtain pure cultures of the isolates. The pure cultures of the fungal isolates were used for identification based on structural features and morphological characteristics (Barnett and Hunter, 1998; Dugan, 2006).



2.5 Pathogenicity Test

[bookmark: _Hlk215235014]Pathogenicity of the isolated fungi was established using (Koch’s Postulate) by testing for their ability to induce rot in healthy (white and purple species) onion bulbs. To carry out a pathogenicity test, the bulbs were stripped of their scale leaves. The fresh leaf was swabbed with cotton wool soaked in 95% alcohol, then washed twice with distilled water. Holes were dug in the bulbs using a 5 mm diameter cork-borer, and the plug was pulled and exchanged with a 3 mm diameter mycelial disc of each of the isolated fungi by placing it at the bottom of the hole to compensate for the thickness of the mycelial disc introduced into the hole. The plug was carefully placed, and the wound was sealed with Vaseline to prevent further infection. Inoculated bulbs were incubated at room temperature (28 + 10 °C). Three replications were prepared for each treatment. The control consisted of a sterilized 3 mm (PDA) disc placed in the holes of healthy bulbs. The following authors have applied the method: Christensen et al. (1998), Gargouri-Kammoun et al. (2009), Ackuaku and Baidoo (2010). Inoculated onion bulbs were subsequently observed for rot development. 

2.6 Effect of Different Storage Methods on Disease Development
 
To test the effect of storage methods on disease development, white and purple onion bulb species inoculated with the isolated fungi, as in the pathogenicity test, were stored under different conditions: basket, bag, and floor. The degree of effect of the different storage methods was determined by measuring the extent of rot (mm) on the infected bulbs daily for 7 days post-inoculation. The disease severity for each storage method was then calculated.  

2.7 Disease Severity
 
Disease severity was calculated in this study to determine which of the storage methods (Basket, Bag, and Floor) has the highest effect in terms of disease development during storage. To calculate disease severity, the total area of each onion bulb (white and purple) was measured in diameter (mm) using a caliper and a metre rule (mm) and recorded. The diameter of rot for each onion bulb (which is the plant tissue affected) was also measured in (mm) and recorded daily for 7 days, after 7 days of inoculation with the isolated pathogens. Ackuaku and Baidoo (2010). Disease severity was therefore calculated using the expression. 


X 100

2.8 Statistical Analysis
The replicate readings values obtained were used to calculate the standard error. All data were analyzed using the Statistical Package for Social Sciences (SPSS) for Windows (version 20.0). Differences between mean values were determined by two-way analysis of variance (ANOVA), and Duncan’s Multiple Range Test was employed to separate the means at (P≤ 0.05).

3. results and discussion

3.1 Effect of Different Storage Methods on Disease Severity of Onion Bulbs

The results of the investigation into mycoflora associated with post-harvest deterioration of onion bulbs are presented in Table 1. In general, the control yielded the lowest values among the different storage methods: 2.14, 2.00, and 2.00. Thus, the results were significantly different within treatments (P ≤ 0.05). R. stolonifer, F. solani, and Botrytis sp. were recorded in the highest numbers on both the bag and floor. Meanwhile, A. fumigatus, A. flavus, and R. stolonifer were also higher and similar on the basket but significantly (P ≤ 0.05) different from the control (Table 1).   However, A. fumigatus, A. flavus, and R. stolonifer were similar in bag and floor conditions and were significantly (P <.05) higher (Table 2). Moreover, A. fumigatus recorded the highest value in the basket, at 44.28%, which was observed to be significantly (P ≤ 0.05) higher than that of other fungal species. Although the control recorded the lowest values, with means of 2.00, 2.00, and 2.14%, which were significantly (P ≤ 0.05) lower in all cases. When the means of the different storage methods were compared, floor storage recorded the highest among the other storage methods for white onion bulbs. However, the purple did not show a significant difference (P ≥ 0.05) compared with the white onion bulbs (Table 3).  


Table 1. Effect of Different Storage Methods on Disease Severity of White Onion Bulbs
Treatment                        Bag                                   Floor                               Basket

Control                      2.14  0.96a                        2.00  0.88a                      2.00  0.88a   
     
A. fumigatus              44.85  7.38b                      29.28  9.78b                    36.00  9.20c
         
A. flavus                     43.42  8.32b                     31.71  10.71b                   36.71  7.51c
            
R. stolonifer               48.14  12.33c                    31.14  11.04b                  35.57  9.85c
    
F. species                   42.00  7.34b                      34.00  11.26c                  38.14  6.96c
                        
B. species                   46.28  9.40b                      35.42  12.89c                  30.85  6.77b                                    
[bookmark: _Hlk195190666]*Mean of three replicates  S.E.M., Means with different letters within the same column
 were statistically significant at (P0.05) according to Duncan’s Multiple Range Test.




Table 2. Effect of Different Storage Methods on Disease Severity of Purple Onion
 Bulbs 


    Treatment               Bag                                      Floor                                    Basket
Control                     2.00  0.88a                       2.00  0.88a                          2.14  0.96a 
       
A. fumigatus             38.42  8.75c                    38.42  8.75c                        44.28  10.40c
         
A. flavus                    39.57  9.38c                     39.57 9.38c                         40.71  7.99b
            
R. stolonifer              36.57  7.24c                     36.57  7.24c                        38.00  9.83b  
  
F. species                  30.00  8.70b                     30.00  8.70b                        41.42  8.13b 
                       
B. species                  31.57  8.41b                     31.57  8.41b                        38.85  6.98b                       
*Mean of three replicates  S.E.M., Means with different letters within the same column 
were statistically significant at (P0.05) according to Duncan’s Multiple Range Test.




Table 3. Comparison of Different Storage Methods on Disease Severity 
of White/Purple Onion Bulbs

Treatment           Diameter of Rot (White)               Diameter of Rot (Purple)

Bag                             27.26  7.38a                                        27.07  8.17a 
       
Basket                        29.88  8.08a                                        29.69  8.66a  
       
Floor                          37.81  8.74b                                        34.21  9.74a                                                          
*Mean of three replicates  S.E.M., Means with different letters within the same column 
were statistically significant at (P0.05) according to Duncan’s Multiple Range Test.


3.2 DISCUSSION

The findings of the investigation revealed that the fungi mentioned above were associated with the deterioration of onion bulbs in storage. This result agrees with that of Shehu and Mohammad (2010), who isolated seven fungal species —Aspergillus niger, A. fumigatus, Alternaria porri, Rhizopus stolonifer, Fusarium oxysporum, and Penicillium citrinum — as fungi associated with post-harvest deterioration of onion bulbs in Sokoto, North-Western Nigeria. In this study, the highest (P≤0.05) significant improvement in the organisms causing deterioration in white onion species inoculated with the different isolates is shown in Table 1. It is possible that the microorganisms were favored due to the environment in which the research was conducted. However, Rhizopus stolonifer, Botrytis sp, and Fusarium sp. were considerably more pathogenic, leading to rapid disintegration of the infected bulbs within 21 days of inoculation. This is in connection with the reports of other researchers (Muhammed et al., 2004; Dimka and Onuegbu, 2010). Fungi can jeopardize the storage of many agricultural commodities, including fruits and vegetables. Moreover, the action of R. stolonifer, Botrytis sp., and Fusarium sp. in causing onion bulb rot was shown to be faster than that of the other associated fungi mentioned above. Under conditions of rapid movement of bulbs from the field to the market, the effects of the different fungi may likely be negligible. However, onions are frequently stored for 1–5 months after harvest in Nigeria. Then, the losses from major pathogens may be greater in number but less in monetary value than those from, for example, A. flavus and Fusarium sp. This is because the bulbs are usually sorted before being transported to markets, and severely rotted ones are discarded. Our study shows that A. flavus and A. fumigatus were significant (P≤0.05) in the bag, floor, and basket (Table 2). This could be due to the timing and period of inoculation, which is associated with increased deterioration of the purple onion by the organisms. Again, any rots that cannot be detected are passed by farmers and moved to the markets. As a result, the slower type of rot characteristic of B. species and Fusarium sp. infections may be more costly because transport expenses are added. A certain level of post-harvest rot in onion bulbs is inevitable due to their perishable nature, but it can be kept to a minimum with proper storage methods. This result agrees with the result of Dimka and Onuegbu (2010). In the present study, the effect of different storage methods on the disease severity of onion bulbs was compared (Table 3). The results showed that floor storage was significantly higher (P≤0.05) and differed among treatments in white onion bulbs. The floor’s constant coolness may help maintain the vegetable’s fresh moisture content, which could be attributed to the ventilation’s role in maintaining the onion’s healthy structure. This result is in harmony with the result of Adebayo and Diyaolu (2003), in their studies on mycology and spoilage of cashew nuts in storage. They reported that the best method of storage was basket storage, as it provides adequate air circulation (ventilation) and thus produces less heat, which may not favor the growth and sporulation of fungi. It may also be that those on the floor are exposed to more ventilation and are therefore more predisposed to pathogenic ingress. Although, in this research, the purple onion was not significant (P ≥ 0.05), this could be due to differences in contents such as pungency, sugar content, disease resistance, seed stem formation, double centers, bulb shape and bulb size, as reported by Dogondaji et al., (2005) in their evaluation of onion storage losses and implications for food security in the Sokoto metropolis. Furthermore, during the study, it was also observed that the purple variety of onion bulbs deteriorated faster than the white variety after 7-21 days of inoculation. The fungi species isolated from infected onion bulbs (white and purple) may have had a remarkable effect on inoculated healthy onion bulbs compared to the control. The presence of fungi on the onion bulbs eventually leads to disease development in the field when the infected bulbs are planted in the preceding cropping season. Microbial infection of bulbs is often the result of poor pre-harvest management practices. Based on these notes, healthy, undamaged onion bulbs that have been dried in the field should be stored in a well-ventilated basket. This will reduce the growth and development of fungal pathogens and minimize storage loss.

4. Conclusion

Fungal contamination of onion bulbs poses a significant threat to onion production and storage, particularly in the tropics. Apart from toxin production by the organisms, the presence of fungi on the onion bulbs eventually leads to disease development in the field when the infected bulbs are planted in the preceding cropping season. Latent infection of onion bulbs may be the main factor contributing to post-harvest deterioration during storage. The fungi species isolated from infected onion bulbs (white and purple) had a remarkable effect on inoculated healthy onion bulbs as compared with the control. Among all organisms tested in the experiment, the results indicate that R. stolonifer, B. species, and F. species was more effective in bags, floors, and baskets on white onions, whereas A. flavus and A. fumigatus were more effective in deteriorating purple onions on the same surfaces. In conclusion, among the different methods applied in this research, floor storage is the best condition for onions.                
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