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Seven species of Fusarium isolated from rotten bananas were studied for their mycotoxigenicity. The first
pathogenicity assay revealed symptoms of Fusarium rot infection when the Fusarium isolates were inoc-
ulated to wounded banana fruits. The second pathogenicity assay, where seedlings of Nicotiana were
inoculated with Fusarium isolate filtrations, revealed evidence for the pathogenicity for six of the
Fusarium species. One species, Fusarium oxysporum did not display any pathogenicity symptoms on
Nicotiana seedlings. It neither produced the mycotoxins fumonisin, zearalenone and deoxynivalenol,
which were produced by all of the other species. However, the mycotoxin concentrations did not corre-
late with the disease severity in the pathogenicity assay with banana fruits. We conclude that that
pathogenicity is a complex issue regulated by many factors and several toxins and the pathogenicity
assessment needs bioassays with a multi-mycotoxin approach.
� 2019 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Banana (Musa spp.) is the most commonly cultivated and
exported fruit throughout the world and a significant source of
income for many developing countries. Banana fruits are often
spoiled by fungal infections (Fu et al., 2017; Kamel et al., 2016;
Lassois et al., 2010). One common genus, Fusarium causes apprecia-
ble yield losses in many perennial crops, including bananas
(Deltour et al., 2017; Mirete et al., 2004). Serious diseases of
banana are Fusarium fruit rot and Fusarium crown rot (Hirata
et al., 2001; Kamel et al., 2016; Moretti et al., 2004).

Mycotoxins produced by filamentous fungi have been exten-
sively studied, as recently reviewed by (Alshannaq and Yu, 2017).
Furthermore, our knowledge about Fusarium mycotoxins (e.g.,
deoxynivalenol, fumonisins, moniliformin, and zearalenone) has
increased(Asam et al., 2017; Chakrabarti and Ghosal, 1986;
Hirata et al., 2001; Jimenez et al., 1997; Vesonder et al., 1995;
Zakaria et al., 2012) The pathogenicity and toxicity of different
compounds vary considerably and may depend upon the origin
of the fungus. Deoxynivalenol is among the most common and
well-studied mycotoxins, but it has been assessed to have rela-
tively low toxicity (Bennett and Klich, 2003). Most studies have
focused on studying the toxicity of the chemical compounds sepa-
rately. However, fungi produce several toxins at the same time
(Botha et al., 2018). Due to a wide variety of toxins, fungi and hosts,
additional knowledge based on a multi-mycotoxin approach is
needed. The actual toxicity is not straightforward to assess and,
therefore, the development of bioassays for assessing the toxicity
of the particular fungal infection are needed.

Our objective was to assess the mycotoxigenicity and virulence
of different species of Fusarium isolated from stored banana fruits.
We carried out two pathogenicity assays, one with banana fruits
and another with Nicotiana seedlings. We hypothesized that the
mycotoxin concentrations and toxicity symptoms correlate posi-
tively. To verify the hypothesis, we analyzed the relationship that
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existed between the severity of the disease the different Fusarium
species caused and the concentrations of toxins they produced. The
study will provide understanding how the toxins affect the
virulence.
Fig. 1. Mycotoxins produced by different species of Fusarium isolated from banana.
Error bars refer to SD of the isolates. See n from Table 1.
2. Materials and methods

Banana fruits (50) with typical symptoms of fruit rot disease
were randomly collected from markets at five locations in Riyadh,
Saudi Arabia. The bananas originated randomly from Brazil, Costa
Rica, Ecuador, and Malaysia.

Ten samples (each consisting of a piece approximately 0.5 cm
� 0.5 cm) of banana fruits that displayed rot symptoms were dis-
infected with a 4% sodium hypochlorite solution, plated onto
potato dextrose agar (PDA, HiMedia chemicals, Mumbai, India),
and a single spore culture was prepared and stored as described
previously by Alghuthaymi and Bahkali (2015). Identification of
the fungi, according to morphological and molecular techniques,
is provided by Alghuthaymi and Bahkali (2015). The seven species
used in the experiments were F. semitectum (5 isolates), F. prolifer-
atum (3 isolates), F. circinatum (3 isolates), F. chlamydosporum (3
isolates), F. solani (2 isolates), F. oxysporum (2 isolates), and F. thap-
sinum (1 isolate).

A pathogenicity assay was then carried out to study the viru-
lence of the various species of Fusarium on banana fruits. Healthy
banana fruits were surface sterilized with ethanol (70%) for
2 min, washed with sterile distilled water for 2 min, and placed
on filter paper for drying. Four replicate PDA plates for each of
the fungal isolates were prepared and incubated at 25 �C for seven
d. Fungal conidia were collected using 20 mL sterile distilled water.
Bananas were wounded with a sterile knife and a conidial solution
(300 mL) was inoculated into the inner tissue of the banana using
sterile tips. One banana was inoculated for each PDA plate. Bananas
were incubated for seven d. The assay was carried out with four
replicates and repeated twice. Four non-inoculated bananas were
used as controls. The disease severity index (DSI) was determined
visually by dividing bananas into four categories based on the
extent of the spoiled area (<25% mild, 26–50% moderate, 51–75%
severe, >76% devastating), as described by Amadi et al. (2009).
The DSI result for each Fusarium isolate was the mean rating of
the eight replicate bananas calculated as percentages.

A second pathogenicity assay using Nicotiana benthamiana
Domin seedlings was carried out for all fungal isolates. After 3
wk of incubation in PDB, the Fusarium isolates with conidiospores
were harvested using the method described by (Hilton et al., 1999).
An aliquot of 10 mL sample of conidial suspension (containing 108

conidia, as measured by a hemocytometer) was inoculated onto
the newly emerged leaves of Nicotiana seedlings, which had been
sown in the laboratory. Sterile distilled water (10 mL) was used
for control seedlings. Inoculated seedlings were incubated in a
moist chamber for 72 h and placed in a growth chamber with a
photoperiod of 16 h light, 21 �C (d) and 8 h dark, 18 �C. The symp-
toms in the leaves were inspected visually and classified as no
symptoms/symptoms (0/1).

The relationship of the mycotoxins (fumonisin, zearalenone and
deoxynivalenol, as published by Alghuthaymi and Bahkali (2015)
and the DSI index was studied with Pearson correlation analysis.
Differences in the mycotoxin concentrations between the Fusarium
species (which included replicated isolates) were studied with
ANOVA followed by Tukey’s test.
3. Results

All of the species of Fusarium studied except F. oxysporum pro-
duced mycotoxins fumonisin, zearalenone and deoxynivalenol
(Fig. 1). ANOVA indicated significant difference between species
and separated F. oxysporum with all other species in Tukey’s test.
ANOVA did not indicate any significant differences between the
species when F. oxysporum was excluded. However, F. chlamy-
dosporum generally produced the lowest concentrations of all tox-
ins (Fig. 1).

The pathogenicity assay with banana fruits indicated severe or
devastating fruit rot symptoms (>50% DSI) for all species of Fusar-
ium after six and seven days of incubation (Table 1). The differ-
ences between the species or isolates were minor. The non-
inoculated control bananas showed no symptoms of fruit rot until
the seventh day. A strong correlation (r > 0.8) was observed
between the different mycotoxins. However, and no correlation
appeared to exist between the DSI and mycotoxin concentrations
for any day (r < 0.2) (Table 2).

A relationship between DSI and mycotoxins was observed nei-
ther with different mycotoxins separately (Fig. 2) nor when the
three different toxin concentrations were totaled (Fig. 3).

Fusarium oxysporum did not cause symptoms of infection to the
leaves of Nicotiana seedlings. All other species of Fusarium (all
replicate inoculations) did cause symptoms. Small spots that
appeared first became distorted or chlorotic with irregular margins
and shapes, finally leading to necrosis on the leaves (Fig. 4). Leaf
tips turned yellow and curled downward. The infected leaves were
small, and their overall growth was stunted compared to the con-
trol seedlings.
4. Discussion

The pathogenicity of all seven species of Fusarium isolated from
infected bananas was confirmed by an assay with healthy banana
fruits. Severe or devastating infection covered most of the fruits
after six days of incubation. Six out of seven species produced
mycotoxins (fumonisin, zearalenone and deoxynivalenol) and also
showed evidence of pathogenicity to Nicotiana seedlings. Fusarium
oxysporum was the only species that did not produce the mycotox-
ins measured. Moreover, it did not seem to be pathogenic to Nico-
tiana seedlings. However, it was pathogenic to banana. The
differences in the pathogenicity may be explained by the different
combination of toxins that the various of Fusarium species produce.
Moniliformin, a less common mycotoxin that we did not measure,
has been shown to be produced by F. oxysporum (Jimenez et al.,
1997). This may explain the difference in the pathogenicity of F.
oxysporum to Nicotiana seedlings.

Fusarium oxysporum is a common soil-borne fungus known to
cause Fusarium wilt (Panama disease), one of the most devastating
banana diseases worldwide (Cumagun et al., 2007). Fusarium oxys-
porum is known to belong to the group of virulent pathogens
affecting wounded fruits (Alvindia et al., 2000). However, its



Table 1
Disease severity index (%) (mean ± SD, n refers to the number of isolates) in the 7-day pathogenicity assay with banana fruits for different Fusarium species isolated from banana.

Species n Days

1 2 4 6 7

F. chlamydosporum 2 0 ± 0 26 ± 2 49 ± 4 66 ± 6 76 ± 7
F. circinatum 3 0 ± 0 26 ± 2 47 ± 4 67 ± 1 75 ± 1
F. semitectum 5 1 ± 0 24 ± 2 50 ± 5 73 ± 7 79 ± 7
F. solani 2 3 ± 3 31 ± 6 55 ± 8 70 ± 4 75 ± 3
F. proliferatum 3 0 ± 4 27 ± 8 49 ± 6 74 ± 1 78 ± 2
F. oxysporum 2 0 ± 0 26 ± 3 47 ± 2 70 ± 3 75 ± 3
F. thapsinum 1 0 ± 0 24 ± 4 55 ± 4 75 ± 9 75 ± 6

Table 2
Pearson correlation coefficients (r, n = 18, p > 0.05) between different mycotoxins produced, their sum (Combined) and the disease severity index (DSI) after six days in the
pathogenicity assay with banana fruits for Fusarium species.

DSI, 6th day Fumonisin Zearalenone Deoxynivalenol

Fumonisin Ns
Zearalenone Ns 0.82
Deoxynivalenol Ns 0.97 0.90
Combined Ns 0.97 0.93 0.99

Ns, not significant.

Fig. 2. Disease severity index (DSI) in the pathogenicity assay with banana fruits in
relation to the different mycotoxin concentrations produced by Fusarium isolates.

Fig. 3. Disease severity index (DSI) in the pathogenicity assay with banana fruits in
relation to combined mycotoxin concentrations produced by Fusarium isolates.

Fig. 4. Mycotoxin-induced lesion formation in Nicotiana seedling infected with two
replicate Fusarium circinatum isolate filtrates.
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genetic diversity is high, and it may be either pathogenic or non-
pathogenic (Jimenez et al., 1997). The virulence depends on the
genetic background of the host and the pathogen (Tarekegn
et al., 2004; Tesso et al., 2004).

Phytopathogenic fungi produce a wide range of phytotoxic
compounds (Stone et al., 2000). Disease symptoms often result
from the effects of these fungal toxins. However, we did not
observe any positive relationship between the toxin concentration
and disease severity on banana, but we did observe that the species
which did not produce mycotoxins also did not cause any symp-
toms of infection on Nicotiana seedlings. Therefore, we reject our
hypothesis about the positive correlation between the toxicity
symptoms and toxin concentrations.
5. Conclusion

We conclude, based on the mycotoxins produced and the
pathogenicity assays, that multi-mycotoxin bioassays that allow
the evaluation of the toxicity of a particular fungal infection are
highly valuable and should be developed further. The virulence is
a complex issue regulated by many factors and several toxins, thus,
needing an assessment with bioassays and a multi-mycotoxin
approach. Contamination by species of Fusarium would pose a
human health hazard when contaminated fruits and the mycotox-
ins in them are eaten.
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