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INTRODUCTION 
Onion (Allium cepa L.) is one of the most im-
portant vegetable crops grown in Ghana. Com-

mercial production is done in the Northern and 
Upper East Regions especially, around Bawku 
and Bolgatanga. Intense onion production is 
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ABSTRACT 
Surveys of fungi associated with postharvest deterioration of onion bulbs in four major markets 
in Kumasi Metropolis of the Ashanti Region of Ghana were conducted. Rotten onion bulbs ob-
tained from the four markets (Abinchi, Anloga, Kwadaso and Central markets) were infected by 
five fungal species: Aspergillus niger, A. flavus, Penicillium sp., Rhizopus stolonifer and Fusa-
rium oxysporum. Of these, A. niger and Penicillium sp. were the most frequently isolated fungi. 
A. flavus was the least encountered fungus. R. stolonifer and A. niger were the most pathogenic. 
Black mould, blue mould, soft rot, neck rot and basal plate rot were the major storage rots iden-
tified in a dry season survey in the markets. Incidences of these storage rots were higher in the 
wet season. Black mould enjoyed the highest incidence in all markets. Using the moist blotter 
method as recommended by the International Seed Testing Association (ISTA), seed-borne my-
coflora of 37 samples of farmer-saved onion seeds from Bawku in the Upper East Region of 
Ghana were also examined. Nine different fungal species were identified and isolated from the 
seeds viz. A. niger, A. flavus, Penicillium sp., R. stolonifer, Fusarium oxysporum, Fusarium ver-
ticilloides, Fusarium poae, Alternaria porri and Botrytis sp. The most frequently encountered 
fungi were A. niger, R. stolonifer, A. flavus, Penicillium sp. and F. verticilloides with the occur-
rence of 33.3, 32.5, 25.8, 3.1 and 3.0%, respectively. The postharvest disease with the highest 
incidence in all the four markets surveyed was black mould. Some seed-borne fungi of onion 
were found to be associated with the onion bulb rots. Therefore, infected onion seeds could serve 
as inoculum source of the postharvest diseases of onion and contribute to the rot of bulbs during 
storage. In general, practices such as rotation, sanitation, optimum fertilization, preventive 
chemical applications, harvest timing and proper handling, harvesting, and storage are recom-
mended for onion disease management. 
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also found in the Kwahu South District, Mank-
essim and Berekum areas of southern Ghana 
(Norman, 1992). 
 
Onion is cultivated for its pungent or mild fla-
vours and forms an essential ingredient in the 
diet of many people. The distinctive character-
istic of onion is due to the presence of alli-
aceous odour which accounts for its use as 
food, salad, spices, condiment and in medicine 
(Raju and Naik, 2007). According to Norman 
(1992), onion is relatively high in food value, 
intermediate in protein, rich in calcium and 
riboflavin. 
 
However, the storage life of this essential vege-
table crop in our daily diet, according to Currah 
and Proctor (1990), is affected by several fac-
tors including sprouting, drying and rotting. 
Bulb rotting, particularly, caused by fungal 
species, causes severe losses during storage. 
Losses as high as 60% during storage due to 
moulds have been reported (Tanaka, 1991). 
Losses in the range of 10 – 50% due to bulb rot 
could occur during storage within three months 
when varieties susceptible to rot organisms are 
handled (Matthananda, 1992).  
 
Observations in Ghanaian markets and homes 
indicate that, losses due to microbial attacks 
could be higher than what have been reported 
by other workers because of poor conditions 
under which onions are stored. Also the onion 
farmers in Ghana, particularly those around 
Bawku and Bolgatanga, use their own saved 
and possibly contaminated seeds for cultiva-
tion. Therefore, like any other seeds, the onion 
seeds can serve as a source of inoculum for 
disease development in the field and later dur-
ing storage of the bulbs. Onion production, 
according to El-Nagerabi and Ahmed (2003), is 
limited by fungal infections which cause con-
siderable pre- and post-harvest losses that are 
largely seed-borne. It is, therefore, expected 
that various pathogenic fungi would be associ-
ated with onion seeds and can contribute to the 
rotting of bulbs during storage. 

Despite the losses from onion bulb rot and seed
-borne pathogens, little studies have been done 
in Ghana to identify the fungal genera or spe-
cies responsible for the storage rots and the 
possible contribution of the onion seeds to 
these rots. The objectives of this study, there-
fore, were to identify seed-borne fungal patho-
gens of onion and those associated with storage 
rot of onion bulbs in some markets within the 
Kumasi Metropolis and to also determine the 
incidence of the storage rots in those markets. 

MATERIALS AND METHODS 
Surveys on incidence of onion storage rots 
(postharvest diseases) in four selected mar-
kets in the Kumasi Metropolis 
Two surveys were carried out in four selected 
markets in the Kumasi Metropolis, namely 
Central, Anloga, Kwadaso and Abinchi to sam-
ple and document the incidence of onion post-
harvest diseases. The surveys were done sepa-
rately, in the dry season (January-February) and 
in the wet season (June-July). At each market, 
50 onion bulbs were selected randomly from 10 
onion traders and the type of diseases or rot 
(blemish) on each bulb recorded after careful 
visual observation of symptoms on the selected 
bulbs. The percentage disease incidence for 
each disease was determined by using the for-
mula in Raju and Naik (2007) stated below: 
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Collection of onion samples 
The onion bulbs showing symptoms of rot and 
discolouration that were randomly sampled 
from various traders in four major markets 
were brought to the Plant Pathology Laboratory 
of the Council for Scientific and Industrial Re-
search - Crops Research Institute, Kumasi, for 
microbial or pathological analysis. 
 
 Preparation of potato dextrose agar (PDA) 
for isolation of fungi 
Two hundred grammes (200g) of peeled potato, 
20g of glucose, 20g of agar and one litre (1L)  
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of distilled water were used to prepare PDA. 
The peeled potato tubers were cut into pieces 
with a sterile knife, weighed, washed and 
boiled in 500ml of the distilled water. The po-
tato was then mashed in the boiling water and 
sieved three times through cheesecloth to ob-
tain the potato extract. The 20g of glucose was 
then added to the potato extract and stirred 
thoroughly, using a magnetic stirrer. The agar 
was then melted in the potato-glucose mixture 
in a beaker and was then topped with distilled 
water to a litre full. The PDA was sterilised in 
an autoclave at 121oCfor 20min. It was left to 
cool to about 45oC and was dispensed into ster-
ilised Petri dishes. 
 
Isolation and identification of rot-inducing 
fungi from infected onion bulbs 
The infected bulbs were stripped of their outer 
dry scales and small pieces of the infected on-
ion bulbs were removed with a sterile knife and 
surface sterilised in 1% bleach for one minute. 
The pieces of the scale tissues were then rinsed 
three times in sterile distilled water and allowed 
to dry in a sterile laminar flow cabinet. The 
scales were plated on PDA in 90 mm diameter 
sterilised Petri dishes and incubated at 28°C for 
seven days in an incubation room. The develop-
ing fungal colonies were sub-cultured on fresh 
PDA plates to obtain pure cultures. The fungal 
isolates were identified based on their cultural 
and morphological characteristics including 
shapes of spores or conidia (Barnett and 
Hunter, 1998). The frequency of isolation of 
each fungal species was recorded. The occur-
rence was calculated using the following for-
mula (Ilondu, 2011): 

changed with 3mm diameter mycelial disc of 
each of the cultured isolated fungi. The fungal 
disc was inserted into the hole created and on-
ion plug placed back. The wounded area was 
sealed with sterile Vaseline to prevent extrane-
ous infections. The bulbs were incubated for 
four weeks at 28°C in the incubation chamber. 
Three replications containing two bulbs were 
prepared for each treatment. The control con-
sisted of sterilised 3mm PDA disc placed in 
holes made in healthy bulbs. Observation for 
rot development (symptoms) was made and the 
degree of pathogenicity of each fungus deter-
mined by measuring the extent of the rot (mm) 
on the inoculated bulbs with a ruler (Shehu and 
Muhammad, 2011). 
 
Seed health test  
Bawku Red seeds were collected from 37 farm-
ers at Bawku in the Upper East Region of 
Ghana. The farmer-saved onion seeds were 
used for the seed health test, which was con-
ducted, using the Standard Blotter Method 
(Mathur and Kongsdal, 2003). The seed-borne 
fungal infections were determined by plating 
400 seeds from each of the 37 seed samples on 
moistened three-layer filter paper to provide 
enough moisture in the Petri dishes.  Each Petri 
dish contained 25 seeds. The plates were incu-
bated for seven days at 25±2oC in alternating 
cycles of 12h near ultraviolet light (NUV) and 
darkness. The seeds were then examined for 
fungal infection in accordance with Mathur and 
Kongsdal (2003). Identification of fungi based 
on their habit characters and morphological 
characteristics was done, using laboratory 
manuals, stereo and compound microscopes. 
Sub-culturing for pure cultures of some of the 
fungal isolates was done as and when necessary 
for proper and accurate identification. The 
mean percentage of isolations for each fungus 
was based on 400 seeds.  
 
RESULTS     
A total of four fungal genera and five species, 
namely Aspergillus niger, A. flavus, Penicillium 
sp., Rhizopus stolonifer and Fusarium ox-
ysporum were isolated from the infected onion 

 

Pathogenicity test using fungal isolates 
Fresh healthy onion bulbs were removed of 
their outer dry scales. The inner fresh scales 
were swabbed with cotton wool soaked in 70% 
ethanol aseptically. Holes were made in the 
bulbs, using 3mm diameter sterile cork-borer 
and the tissue plugs were pulled out and ex- 
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had 16.2% for black mould. The most predomi-
nant disease during the dry season survey was 
black mould, followed by basal plate rot, then 
neck rot, soft rot and the least, blue mould 
(Table 2). 
 
The wet season recorded increases in post-
harvest diseases at the various markets (Table 
2) as compared to the dry season. Anloga mar-
ket recorded the highest incidence of black 
mould and neck rot diseases of 31.3% and 
12.6%, respectively (Table 2). Similarly, 
Abinchi market recorded the highest incidence 
(32.3 %) of soft rot and the Central market re-
corded the highest incidence of basal plate rot 
(7.8%). In all the four markets surveyed, black 
mould was the most predominant (26.7%) fol-
lowed by soft rot (23.9 %), neck rot (11.0%),  

bulbs collected from the selected markets 
(Abinchi, Central, Anloga and Kwadaso) in the 
Kumasi Metropolis (Table 1).  
 
A. niger recorded the highest frequency of iso-
lation (35.0%), followed by Penicillium 
(27.0%), then R. stolonifer (14.5%) and F. ox-
ysporum (14.5%), with A. flavus recording the 
least, 9.0 % (Table 1).  
 
In the dry and wet seasons survey of the mar-
kets to determine the incidence of post-harvest 
diseases of onion, five post-harvest diseases 
were encountered and they were black mould, 
blue mould, soft rot, neck rot and basal plate rot 
(Table 2). All the markets recorded very low 
incidences of the post-harvest diseases (Table 
2) with the exception of Abinchi market that 

Table 1: Occurrence of isolated fungi associated with storage rots of onion bulbs for the se-
lected markets 

 Fungus Frequency of isolation from rotten bulbs (%) 

Aspergillus niger 35.0 
Aspergillus flavus 9.0 
Penicillium sp. 27.0 
Rhizopus stolonifer 14.5 
Fusarium oxysporum 14.5 

 

Market 

Post-harvest disease incidence (%) 
Black mould 

Dry      Wet 
Blue mould 

Dry      Wet 
Soft rot 
Dry    Wet 

Neck rot 
Dry    Wet 

Basal plate rot 
Dry         Wet 

Abinchi 16.2     22.5 0.2         2.0 1.8      32.3 3.0      10.4 8.2            6.0 

Central   6.0     25.2 0.2         3.0 2.8      28.2 2.8      11.4 1.0            7.8 

Anloga   1.6     31.3 0.0         2.1 0.6      17.0 2.0      12.6 0.2            5.3 

Kwadaso  0.6      27.7 0.2         1.2 2.4      18.0 0.2      12.0 0.2            6.8 

Mean  6.1      26.7 0.2         2.1 1.9      23.9 2.0      11.6 2.4            6.5 

Table 2: Incidence of storage rots (post-harvest diseases) of onion in four markets in Kumasi 
Metropolis during the dry and wet seasons 
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basal plate rot (6.5 %) and the lowest incidence 
of 2.1 % caused by blue mould (Table 2). 
 
For the experiment to establish pathogenicity of 
isolated fungi, the greatest growth (rot) diame-
ter was recorded for R. stolonifer (43.0mm) in 
21 days when bulbs of Bawku Red were incu-
bated. The minimum growth (rot) diameter of 
16.0mm was recorded for Penicillium sp. 
(Table 3). 
 
Nine different fungal species were isolated 
from farmer-saved seeds collected from 
Bawku, Upper East Region. These fungal spe-
cies were A. niger, A. flavus, Penicillium sp., R. 
stolonifer, F. oxysporum, F. verticilloides, F. 
poae, Alternaria porri and Botrytis sp. (Table  

4). The frequently isolated fungi were A. niger, 
R. stolonifer, A. flavus, Penicillium sp. and F. 
verticilloides with frequency of isolation of 
33.3, 32.5, 25.8, 3.1 and 3.0 %, respectively. 
The least encountered were Alternaria porri 
and Botrytis sp., (0.2 %) each (Table 4). 
 
DISCUSSION 
Onion bulbs, being perishable, contain about 
86.8% of moisture and form an ideal medium 
for proliferation of many storage fungi 
(Srinivasan et al., 2002). The study revealed 
that A. niger, R. stolonifer, F. oxysporum, A. 
flavus and Penicillium sp. were associated with 
onion bulb rot from the major markets in the 
Kumasi Metropolis. This finding is in confor-
mity with that of Shehu and Muhammad  

 

Table 4: Occurrence of fungi on onion seeds from Bawku 

Fungus Occurrence (%) 
Aspergillus niger 33.3 
A. flavus 25.8 
Penicillium sp. 3.1 
Rhizopus stolonifer 32.5 
Fusarium oxysporum 0.7 
Fusarium verticilloides 3.0 
Fusarium poae 1.2 
Alternaria porri 0.2 
Botrytis sp. 0.2 

 Treatment Diameter of rot on onion bulb (mm) 
Aspergillus niger 40.0 
Aspergillus flavus 21.0 
Penicillium sp. 16.0 
Rhizopus stolonifer 43.0 
Fusarium oxysporum 37.0 
Sterilised 3mm-PDA disc (Control) 12.0 

Table 3: Pathogenicity of isolated fungi on onion bulbs determined by the diameter of rot after 
21 days of incubation 
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(2011) who also isolated the above five fungi 
species from rotten onion bulbs in addition to 
A. fumigates and Alternaria porri also from the 
onion bulbs. 
 
Ara et al. (2008) also isolated A. niger, F. ox-
ysporum, A. flavus and Penicillium sp. from 
rotten bulbs of five varieties of onion in Bang-
ladesh. Tyson and Fullerton (2004) reported 
Aspergillus sp. that causes black mould as the 
major isolate from rotten onions. These fungi, 
in most reports, cause severe losses such that as 
high as 35% losses have been reported to be 
caused by F. oxysporum (Christopher, 2000).  
 
A. niger had the highest frequency of isolation. 
This is in line with the findings of  Ko et al. 
(2002) who reported that black mould caused 
by A. niger is the major disease during storage 
under ambient conditions in the tropics. R. 
stolonifer recorded the highest rot on the bulbs 
and this agrees with the observation by Shehu 
and Muhammad (2011) who reported that R. 
stolonifer was one of the most pathogenic fungi 
leading to rapid disintegration of the infected 
onion bulbs. A. niger also had a greater rot on 
the onion bulbs. This observation, however, 
contrasts the findings of Shehu and Muhammad 
(2011). 
 
From the study, black mould, neck rot, blue 
mould, soft rot and basal plate rot were the 
most important post-harvest diseases of onion 
identified. Among these post-harvest diseases, 
black mould was the most predominant disease 
in both the dry and wet seasons. Raju and Naik 
(2007), in a similar survey, identified the same 
diseases as the important post-harvest diseases 
of onion in Karnataka, India. Ko et al. (2002) 
and Musah et al.(1973) reported that black 
mould is a major rot disease when onions are 
stored under ambient temperatures and there-
fore, corroborates these findings. 
 
All the post-harvest diseases encountered were 
caused by fungi when isolations were done and 
identified, except the soft rot which is caused 
by bacteria. This finding agrees with the obser-

vation made by Padule et al. (1996) that fungi 
are the major causal agents responsible for stor-
age losses of onion bulbs.  
 
In general, there was an increase in all the post-
harvest diseases during the wet season probably 
because of high relative humidity. This obser-
vation, according to Raju and Naik (2007), is 
due to favourable temperatures and high rela-
tive humidity during the wet season.  
 
The fungal isolates; A. niger, A. flavus, R. 
stolonifer, Penicillium sp., F. oxysporum, F. 
verticilloides, F. poae, Alternaria porri and 
Botrytis sp. were the major fungal species iso-
lated and identified on the onion seeds of 
Bawku Red variety. Aveling et al. (1993) iso-
lated the same fungi above from infected seeds 
of onions in South Africa. A. niger was the 
most encountered fungi among the onion seeds 
tested. This corroborates the findings of El-
Nagerabi and Abdalla (2004) that Aspergillus 
was the frequently encountered genus from the 
onion seeds examined in Sudan. The high 
prevalence of A. niger on the seeds could be 
attributed to its ability to utilize the vulnerabil-
ity of the flowers to penetrate the onion seeds 
(Sirois and Lorbeer, 1998). 
 
Among all the fungi isolated from onion seeds, 
not all of them are known to be important 
pathogens in the transmission of onion dis-
eases. Seedborne infections are relevant only if 
the infected seeds germinate and transmit the 
pathogens to the plant which acts as primary 
disease source in crops (Neergaard, 1979; 
Maude,1980). Nevertheless, some of these 
fungi are pathogens of known onion diseases. 
For instance, A. niger, in severe cases, prevents 
the development of root and shoot due to pre-
emergence damping-off (Gupta and Mehra, 
1984); it also reduces seed germination, seed-
ling emergence and vigour (Koycu and Ozer, 
1997; El-Nagerabi and Ahmed, 2001). Hayden 
et al. (1994) observed that A. niger could also 
be transmitted from contaminated seeds to 
stored onion bulbs to cause Black mould dis-
eases. Sumner (1995) reported that R. stolonifer  
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on onion seeds cause mushy rot on bulbs, par-
ticularly, in the neck region. Botrytis sp. causes 
neck rot disease of onion and F. oxysporum 
causes basal plate rot and could be transmitted 
from seeds to onion sets (Koycu and Ozer, 
1997). Suheri and Price (2000) have reported 
that Alternaria porri causes purple blotch of 
onions worldwide. According to Abd-El Razik 
et al. (1990), F. verticilloides is pathogenic and 
causes pre- and post-emergence damping-off of 
seedlings.  
 
Some of these seed-borne pathogens such as A. 
niger, Botrytis sp. and F. oxysporum are also 
known causal agents of onion post-harvest dis-
eases. The current results confirm the findings 
of Hayden et al. (1994) and Sumner (1995) that 
some seed-borne pathogens can be carried up to 
storage. Therefore, they contribute to post-
harvest diseases of onion. The role of the seeds 
as one of the major sources of fungal infections 
and disease development in onion production in 
Ghana, therefore, can not be over-emphasized. 
 
CONCLUSION 
Four genera with five fungal species, namely A. 
niger, A. flavus, Penicillium sp., R. stolonifer 
and F. oxysporum were associated with onion 
bulb rot in the four markets surveyed in the 
Kumasi Metropolis. Among these rot-inducing 
fungi, A. niger was the most frequently encoun-
tered pathogen. All the isolated rot-inducing 
fungi were found to be pathogenic to onion 
bulbs, with R. stolonifer being the most patho-
genic. 
 
Black mould, blue mould, soft rot, neck rot and 
basal plate rot incidences in the four major mar-
kets during the dry season were low, compared 
to the incidences of these diseases during the 
wet season survey. The post-harvest disease 
with the highest incidence in all the four mar-
kets surveyed was black mould. The seeds of 
Bawku Red were found to be infected with nine 
fungal species in six genera viz; A.niger, A. 
flavus, Penicillium sp., R. stolonifer, F. ox-
ysporum, F. verticilloides, F. poae, Alternaria. 
porri and Botrytis sp. Among these seed-borne  

fungi of Bawku Red, A.niger was the most fre-
quently encountered fungus and the least en-
countered were A. porri and Botrytis sp. Some 
of these seed-borne fungi of onion were also 
found to be associated with the onion bulb rots. 
Therefore, the infected onion seeds could serve 
as inoculum source of the postharvest diseases 
of onion and contribute to the rot of bulbs dur-
ing storage. Onion diseases can cause severe 
losses by reducing yield and quality of market-
able onions. These onion diseases can occur in 
seedbeds, production fields and storage. To 
manage onion diseases, practices such as rota-
tion, sanitation, optimum fertilizer application, 
preventive fungicide/bactericide applications, 
harvest timing and proper handling, harvesting, 
and storage are recommended.  
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