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ABSTRACT 

 

Onion production in Burkina Faso faces to several constraints including diseases. Symptoms such as 

seedling damping-off are currently been observed. Most of the fungi responsible for onion diseases are seed-

transmitted but in Burkina Faso, little information on onion seed quality were available. In a previous study, 

Aspergillus niger, Fusarium oxysporum and Fusarium solani were found to be the main fungi present on onion 

seeds but their responsibility in the development of seedlings damping-off has not been established. The overall 

aim of this study is to evaluate in vitro, the effect of these fungi on onion seed germination and coleoptile 

growth in order to establish this responsibility. Onion seeds were inoculated with mycelium suspension of the 

fungi concentrated at 13.3 g/ml and incubated for 6 days under appropriates conditions. All the tested fungal 

isolates had an inhibitory effect on onion seed germination at rates ranging from 31 to 60%. The Fusarium 

species were the most virulent. Coleoptile length was also reduced by the fungi, leading to significant growth 

time-lag at rates ranging from 34 to 100%. Aspergillus niger was the most virulent. In conclusion, Aspergillus 

niger, Fusarium oxysporum and Fusarium solani are responsible of seedling damping-off of onion in Burkina 

Faso.  

© 2021 International Formulae Group. All rights reserved. 
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INTRODUCTION 

The main system for cultivating onions 

in Burkina Faso is to produce seedlings in the 

nursery from dry seeds, followed by pricking 

them out in the field. In such a system, the use 

of good quality seeds is essential in order to 

prevent plant diseases appearing in the fields 

and ensure a good crop (Diop et al., 2019). 

Seed health constitute an important parameter 

in the certification process of seed (Lepoivre, 

2003). The agricultural value of a seed lot 

depends largely on the presence or not of 

pathogenic agents in the lot (Bonzi et al., 

2012b; Soura et al., 2020). Seed lots can carry 
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many plant pathogenic agents that can directly 

affect their physical quality (discoloration, 

deformation, rots) and their agricultural value 

(seedling damping-off, diseases in fields) 

(Mathur and Kongsdal, 2003). Many studies 

have highlighted the central role of plant 

multiplication materials (seeds, cuttings, 

grafts) in the prevalence of plant diseases 

(Mathur and Kongsdal, 2003; Zida et al., 

2008; Bonzi et al., 2012a). In addition to these 

negative effects on the productivity of the 

plants, the fungi carried and transmitted by the 

seeds mostly produce some mycotoxins 

(Ikeagwulonu et al., 2020) which deteriorate 

the nutritive quality of foods (De Marinis et 

al., 2019). In Burkina Faso, vegetable seeds in 

general, and onion seeds in particular, are 

mainly imported. No information about the 

level of seed contamination by pathogenic 

agents is given on the labels or other 

documents accompanying these imported 

seeds lots. In addition, the high cost of 

imported seed lots has led some farmers to 

produce and market local seeds without 

adequate training in seed production and seed 

certification. Locally produced seeds are now 

being increasingly used because they are 

cheaper, but in many cases, their germination 

quality is poor (Tarpaga et al., 2011). One of 

the major constraints to onion production in 

Burkina Faso is seed rot and seedling 

damping-off in nurseries. According to the 

national statistics in 2010, about 30% of onion 

farmers were faced with significant seedling 

mortality rates in nurseries (Tarpaga, 2012). 

Now, seedling damping-off or seed rot is 

observed everywhere and then has become an 

urgent problem to be solved. In order to learn 

more about the origin of seed rot, seedling 

damping-off and other diseases occurring in 

the field, an analysis of the mycoflora in onion 

seeds used in Burkina Faso was conducted. 

The results showed that fungal pathogens in 

the Aspergillus and Fusarium genera were 

predominant in both imported and locally 

produced seeds (Dabiré et al., 2016). Some 

species, such as Aspergillus niger, Fusarium 

oxysporum and Fusarium solani, were 

predominant in seed samples (Dabiré et al., 

2016). These fungal species have been 

reported to be the cause of onion diseases in 

many areas, being cited in many publications 

as the causal agents, for example, of seedling 

damping-off (Özer and Köycü, 2004; Dumbré 

et al., 2011; Ruchi, 2012). The presence of 

these species in onion seeds, however, cannot 

be the only reason for the seed rot and 

seedling damping-off observed. It is important 

to test their capacity to cause seeds rot and/or 

seedling damping-off in controlled conditions 

in order to establish scientifically that they are 

the causal agents of these problems. This test 

is particularly important because of the close 

link between the pathogenic capacity of many 

fungal species and environmental conditions 

(Pariaud et al., 2009). The overall aim of this 

study is to evaluate in vitro, the effect of these 

fungi on onion seed germination and 

coleoptile growth in order to establish their 

responsibility in the development of seedling 

damping-off.  

 

MATERIALS AND METHODS 

Fungal isolates and isolation process 

A total of nine isolates were used for 

the study, of which three were A. niger 

isolates, three were F. oxysporum isolates and 

three were F. solani isolates. The isolation 

process took place in 2013 and 2014 in the 

SY-NAIE laboratory in Bobo-Dioulasso, 

Burkina Faso from onion seeds and infected 

organs (Table 1). The naturally infected 

organs were initially disinfected twice with 

ethanol for 30 sec and then with hypochlorite 

of sodium (1%) for 1 min. After disinfection, 

the organs were rinsed three times with 

distilled water and dried in aseptic conditions. 

After drying, they were transferred to Petri 

dishes filled with potato dextrose agar 

medium (PDA) and incubated at 25 °C under 

a light-dark cycle (12/12 h) for 7 days. The 

fungal colonies obtained were purified, 

identified morphologically and kept in tubes 

containing PDA and topped with paraffin oil. 

 

Seed samples used 

Two seed samples of two onion 

varieties were used: Prema 178, originating 
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from The Netherlands and currently being 

introduced into Burkina Faso; and Violet of 

Galmi, a variety that has been widely grown 

in the country for a long time. This variety is 

preferred by farmers because of its long shelf 

life (Tarpaga, 2012).  

 

Inoculum preparation process 

Mycelia suspensions of the isolates, 

prepared at a concentration of 13.3 mg/ml, 

were used as inoculum. The preparation of the 

mycelia suspensions followed the procedure 

described by Brennan et al., (2003). Five 

fragments, each 10 mm in diameter, were 

placed in the margins of the fungal colony 

using appropriate and sterile tools, and then 

put into an Erlenmeyer flask containing 250 

ml of potato dextrose broth (PDB) (fluid 

medium). The flask was incubated at 25 °C 

under a light-dark cycle (12/12 h) for 7 days 

under constant agitation. The fungal growth 

product in the flask was placed in a sterile 50 

ml Falcon tube and centrifuged at 4,500 G for 

15 min. It was then transferred onto the 

Whatman paper and slightly pressed in order 

to remove the fluid medium. Then, 532 mg of 

the fungal product was weighed in sterile 

conditions and put into a 50 ml Falcon tube 

containing 40 ml of sterile water as well as 

Tween 20 (0.2%) and homogenized in order 

to obtain the target concentration of 13.3 

mg/ml. 

 

Seed disinfection process 

The onion seeds were soaked in a 

hypochlorite of sodium (1%) solution and 

stirred for 5 min with a glass-rod. They were 

then rinsed three times under aseptic 

conditions with sterile water, each rinsing 

taking 20 min. After rinsing, the seeds were 

aseptically dried on absorbency paper. 

 

Seed inoculation process 

Eight (8) ml of the mycelia suspension 

were poured onto a layer of moistened blotter 

paper that had been placed in a Petri Dish 

containing about 17 ml of PDA medium and 

covered with a second dry blotter paper. Then, 

25 disinfected seeds were arranged equidistant 

from each other in two concentric circles, with 

one seed at the center of the Petri Dish (15-9-

1) in aseptic conditions. The Petri dishes used 

as control treatments received 8 ml of PDB as 

a substitution for the mycelia suspension. The 

filled Petri dishes were incubated at 25°C 

under 12 h/12 h of alternating NUV and 

darkness for 6 days. A total of 10 treatments 

per seed sample were implemented with the 

nine isolates and the control in four replicates. 

The experimental design was a completely 

randomized block. 

 

Evaluation and statistical analysis 

Six days after incubation, data on the 

number of germinated seeds and the coleoptile 

lengths were collected and analyzed. The fact 

that the seeds used as controls had not 

germinated completely indicated that there 

were other factors causing the non-

germination of the onion seeds. In order to 

eliminate these factors in the data, the number 

of non-germinated seeds linked to the action 

of the fungal isolates tested was determined 

by subtracting the mean of the non-

germinated seeds in the control treatments 

from the total number of non-germinated 

seeds in the Petri dishes of each treatment. 

These data allowed the percentage of 

germination inhibition due to the fungi to be 

calculated, using this formula:     

INHIBfungi (%) = 4*(NGNGtrait - 

NMGNGtem), Where:  

INHIBfungi (%) = germination inhibition rate 

due to pathogen;   

NGNGtrait = number of non-germinated seeds 

in the treatment;  

NMGNGtem = means of non-germinated seeds 

in the control treatments. 

The means of the germination inhibition rates 

and those of the coleoptile lengths were 

compared using the Duncan multiple Range 

Test at the 5% level with IBM SPSS 22 

software 
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Table 1: Characteristics and origins of the tested isolates.  

 

Fungal species Isolates 

Codes  

Orgins Variety Provenance Year of 

recovery 

Aspergillus niger An87-013 Bulbs Violet de Galmi Sourou/Di  2013 

An43-014 Seeds Violet de Galmi Sourou/Débé 2014 

An46-014 Bulbs Violet de Galmi Sourou/Di 2014  

Fusarium oxysporum Fo20-013 Bulbs Violet de Galmi Mogtédo 2013 

Fo27-013 Roots Violet de Galmi Solenzo 2013 

Fo33-013 Seeds Prema 178 Korsimoro 2013 

Fusarium solani Fs18-013 Bulbs Violet de Galmi Ouahigouya 2013 

Fs45-013 roots Violet de Galmi Sourou/Débé 2013 

Fs46-013 Basale plate Violet de Galmi Goinré 2013 

 

 

RESULTS 

Effect of fungal isolates on seed 

germination  

The general appearance of the Petri 

dishes 6 days after incubation varied, 

depending on the isolate used. The fungal 

mycelia completely covered the Petri dish or 

the blotter paper on which the seeds had been 

arranged (Figure 1). The inoculation of onion 

seeds with the fungi significantly reduced (P < 

0,05) the number of germinated seeds 

compared with the non-inoculated seeds for 

both tested varieties. The number of 

germinated seeds varied from 0 to 15 among 

the 25 incubated seeds, depending on variety, 

fungal species and isolates within a fungal 

species (Table 2). The percentage of seed 

germination inhibition varied from 31 to 60%, 

depending on pathogen, isolate and variety 

used. In general, the F. solani isolates 

produced the highest percentage of seed 

germination inhibition in the two tested 

varieties. Violet of Galmi seemed more able 

to resist Fusarium attacks than Prema 178, 

whereas Prema 178 was better at resisting 

Aspergillus attacks (Table 2). Among the F. 

oxysporum isolates, Fo-27-013 was the most 

virulent, with germination inhibition reaching 

60% for Prema 178 (no germinated seeds) and 

53% for Violet of Galmi. Among the F. solani 

isolates, Fs-45-013 was the most virulent, 

with germination inhibition reaching 49 and 

52% for Prema 178 and Violet of Galmi, 

respectively. 

Among the A. niger isolates, An-43-

014 was the most virulent in terms of 

germination inhibition, reaching 44 and 55% 

for Prema 178 and Violet of Galmi, 

respectively (Table 2). For seed germination 

inhibition overall, F. solani was the most 

virulent isolate (47.65%), followed by F. 

oxysporum (44.3%) and A. niger (42.65%). 

The Fusarium genus had a greater impact on 

seed germination than the Aspergillus genus. 

Overall, the germinative power of Prema 178 

seeds was higher than that of Violet of Galmi.  
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Effect of fungal isolates on the coleoptile 

length  

Six days after incubation, the 

germinated seeds had tortuous coleoptiles 

with a greenish basis and pointed extremities. 

Non-inoculated seeds (controls) had longer 

coleoptiles than inoculated seeds (Figure 2). 

Coleoptile length varied from 1 to 11.4 

mm. Seeds of Prema 178 had longer 

coleoptiles than those of Violet de Galmi 

seeds for all the treatments, except for seeds 

treated with Fo-27 and Fo-33. The mean 

coleoptile length of the non-inoculated seeds, 

considered as the reference, was 8.8 mm for 

Violet de Galmi and 11.4 mm for Prema 178 

(Figure 3). In general, all the tested isolates 

negatively and significantly affected 

coleoptile length (Figure 3). With the 

exception of two F. oxysporum isolates, 

Violet de Galmi was more sensitive to the 

fungal actions than Prema 178. On average, 

the A. niger isolates were more virulent than 

the isolates of both the Fusarium species 

(Figure 3). 

 

 

 

 
 

Figure 1: Photographs of seed germination. 
AA’: Non-inoculated seeds;  

BB’: Seeds inoculated with A. niger;  

CC’: Seeds inoculated with F. oxysporum;  

DD’: Seeds inoculated with F. solani 
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Table 2: Number of germinated seeds and percentage of germination inhibition, according to 

treatments. 

 

Fungal species Treatment 

codes 

Varieties 

PREMA 178 VIOLET OF GALMI 

NGS ᵟ PGI ᵟ NGS ᵟ PGI ᵟ 

Controls Cont 15.0 e ±0.8 - - 14,5 c ±3.1 - - 

 

Aspergillus 

niger 

An43-014 04.0 bc ±1.2 44 bc ±4.6 00.8 a ±0.5 55 b ±02.0 

An46-014 02.0 ab ±1.6 52 cd ±6.5 03.0 ab ±3.4 46 ab ±13.5 

An87-014 07.3 d ±1.7 31a ±6.8 04.5 ab ±2.9 40 ab ±11.6 

 

Fusarium 

oxysporum 

Fo20-013 06.8 cd ±2.2 33 ab ±8.9 05.5 b ±2.6 36 a ±10.6 

Fo27-013 00.0 a ±0.0 60d ±0.0 01.3 ab ±1.3 53b ±05.0 

Fo33-013 04.0 bc ±2.6 44bc ±10.3 04.5 ab ±3.7 40 ab ±14.8 

 

Fusarium 

solani 

Fs18-013 04.3 bc ±2.1 43 bc ±8.3 03.8 ab ±4.1 43 ab ±16.5 

Fs45-013 02.8 ab ±2.1 49cd ±8.3 01.5 ab ±1.3 52 ab ±05.2 

Fs46-013 02.0 ab ±2.5 52 cd ±9.8 02.8 ab ±1.3 47 ab ±05.0 

 

STAT 

F. values   20.904 21.327 8.617 9.954 

P. values 0.000 0.000 0.000 0.000 

Signif. HS HS HS HS 
NGS: Number of germinated seeds out of 25  

PGI: Percentage of germination inhibition (%) 

Means followed by the same letter within each column are not significantly different at the 0.05 level using the Duncan range 

test. 

HS: Highly significant 

 

 
 

Figure 2: Coleoptiles of seeds inoculated with A. niger and coleoptiles of untreated seeds. 
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Figure 3: Coleoptile length of onion seeds 6 days after incubation (DAI), according to treatments.  

 

DISCUSSION 

Fusarium oxysporum and Fusarium 

solani are widely cited as being responsible 

for basal rot in onion in many production 

areas (Smolinska and Kowalczyk, 2014; Zlata 

et al., 2008; Schwartz and Mohan, 2008). 

Aspergillus niger has been reported as the 

main causal agent of black mould in onions 

during bulb storage (Özer and Köycü, 2004). 

These fungi have also been reported to be 

responsible for seed rot and seedling 

damping-off in onion (Özer and Köycü, 2004; 

Taylor et al., 2013). After an analysis of the 

mycoflora on onion seeds used in Burkina 

Faso, performed at the SY-NAIE laboratory at 

the Polytechnic University of Bobo-Dioulasso 

in Burkina Faso, these three fungal species 

were the main ones found in onion seed 

samples from Burkina Faso (Dabiré et al., 

2016) but their responsibility in the 

development of seedlings damping-off has not 

been established. The overall aim of this study 

was to evaluate in vitro, the effect of these 

fungi on onion seed germination and 

coleoptile growth in order to establish this 

responsibility. Seed inoculation with the 

fungal isolates showed that all the tested 

isolates negatively affected seed germination 

and seedling development. Several authors, 

including Özer and Köycü (2004), Dabiré et 

al. (2016), have reported that A. niger 

significantly reduced seed germination and 

seedling damping-off in onion. Fusarium 

species are known to cause seed rot damage in 

tree nurseries (Zehhar et al., 2006). 

Dissanyake et al. (2009) reported that shallot 

(Allium fistulosum) seeds, inoculated with 

isolates of F. oxysporum, F. solani and F. 

moniliforme, lost their germinative power at 

rates ranging from 50 to 65%. A similar 

phenomenon was observed by Djébali et al. 

(2014) for wheat seeds inoculated with F. 

culmorum. The effect of Fusarium species on 

seed germination has also been reported by 

Zehhar et al. (2006). Özer et al. (1999) 

suggested that seed rot and seedling mortality 

caused by A. niger and F. oxysporum could 

due to the abundant secretion of 

polygalacturonase induced by the fungi, 

which led rapidly to seed tissue damage and 

was the main cause of death. Aspergillus niger 

was the most frequent species detected in 

onion seeds. This fungus is ubiquitous in 

nature and can colonize a wide variety of 

substrates (Ruchi, 2012). The main source of 

dissemination of A. niger is via contaminated 
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seeds. It is a strong fungus and affects onion 

seeds so extensively that fungicide treatments 

are seldom efficient against it (Sinclair and 

Letham, 2001; Özer et al., 2009). In general, 

Fusarium species are the main cause of seed 

rot and seedling damping-off in many crops, 

but often the effects observed are the results 

of the actions of many fungal species 

(Schwartz and Mohan, 2008). Fusarium 

species abound in the soil of vegetable 

growing areas as chlamydospores (Schwartz 

and Mohan, 2008) and are the main cause of 

poor seedling emergence (Özer and Köycü, 

2004). Their introduction into production 

areas is usually via seeds and agricultural 

tools (Schwartz and Mohan, 2008). Seeds 

production fields infected by basal rot produce 

seeds that are highly infected by F. oxysporum 

(Cramer, 2000).   

The damage inflicted by F. oxysporum 

on seed germination and coleoptile length 

differed greatly. This finding accords with 

those reported by Taylor et al. (2013) who 

saw the same phenomenon when working 

with F. oxysporum isolates on onion seeds. A 

wide variation in aggressiveness among 

isolates of the same Fusarium species on 

onion seedlings was also observed by Palmero 

et al. (2012). The differences in 

aggressiveness among isolates of the same 

species were due to the use of different 

pathogenicity genes by each colony during 

seed attacks (Cuomo et al., 2007). Ramos et 

al. (2007) and De Vega-Bartol et al. (2011) 

reported finding a great quantity of a 

transcription factor called ftf1 (Fusarium 

transcription factor 1) in the cytoplasm of 

extremely virulent F. oxysporum isolates. This 

factor seems to play an important role in the 

initiation and development of infection. The 

production level of some pectinolytic enzymes 

(Beugré et al., 2019) (involved in seed 

infection) could explain the differences in 

aggressiveness among F. oxysporum isolates 

(Özer et al., 2003). In general, F. solani 

isolates were more virulent than those of F. 

oxysporum. This difference could be 

explained by the location of the fungus on 

onion seed. Mathur and Kongsdal (2003) 

reported that Fusarium species can infect 

seeds as spores on the surface or as mycelium 

inside the seed integument. Their effect on the 

seeds would then vary, depending on infection 

mode. Violet of Galmi tended to more 

sensitive to most of the fungal isolates than 

Prema 178. Özer et al. (2003) explained that 

for each variety-isolate interaction involving 

F. oxysporum, for example, the damage 

intensity depended on the nature and quantity 

of pectinolytic enzymes produced by the 

pathogen, on the one hand, and the nature and 

quantity of antifungal compounds produced 

by the variety, on the other. An interesting 

finding in our study was that farmers select 

Prema 178 (shown by our study to be the less 

sensitive variety) to produce onions during the 

rainy season, which is just when all the 

conditions that favor fungal diseases are 

present in Burkina Faso. If tolerance of these 

three fungal species can be achieved, this 

would enhance the possibility of producing 

good quality onion crops during the rainy 

season. 

 

Conclusion 

In conclusion, our study found that A. 

niger, F. oxysporum and F. solani are 

pathogenic for onion seeds. They reduced 

seed germinative power at rates ranging from 

31 to 60% for the Prema 178 variety and from 

36 to 52% for the Violet of Galmi variety. 

They also significantly reduced coleoptile 

length, compared with non-inoculated seeds. 

Fusarium species had a greater effect on seed 

germination and A. niger had a greater effect 

on coleoptile growth. Prema 178 was found to 

be more tolerant than Violet of Galmi. Our 

study showed that seed rot and seedling 

damping-off in onion production nurseries in 

Burkina Faso could be due largely to the 

infection of seeds by Aspergillus and 

Fusarium species. These results suggest that 

efficient seed disinfection methods need to be 

devised and applied by farmers in order to 

prevent disease problems in onion nurseries, 

in the field and during bulb storage. 
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