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Abstract: Fusarium is one of the best-known plant pathogenic fungi,
particularly in bananas. This study was conducted to determine the variability
of Fusarium isolates and their potential impact on banana quality in Cote
d’lvoire. Apparently healthy bananas were collected from the seven production
localities and used to isolate the associated fungi. Morphological
characterization of the fungi included macroscopic (appearance, coloration and
mycelial growth) and microscopic (presence or absence of septa, shape, size
and conidial concentration) cultural characteristics. The pathogenicity of the
isolates was assessed by the absence or presence of rotting symptoms on the
bananas. The results showed that the coloration of the Fusarium isolates varied
from white to yellow. Some isolates were cottony and thick, while others were
flaky and carpeted. The mean macroconidia dimensions were 19.11-29.52 x
2.69-4.64 um. The average number of septa in macroconidia ranged from 3-5
septa. Macroconidia were fusiform with pointed ends; microconidia were oval
with one or two pointed ends. Among the morphometric characteristics of
Fusarium isolates, the number and size of macroconidia was the most
important discriminating traits for differentiating isolates. In terms of
pathogenicity, all isolates caused a symptom except the one isolated in the
Dabou area, which did not cause any symptoms. The incubation period varied
from 10 to 16 days depending on the isolate.

1. Introduction

Banana (Musa accuminata L.) is one of the most widely traded fruits in
the world and plays a significant role in the economies and diets of many
tropical and inter-tropical countries. It ranks 4" in the world after rice,
wheat and maize in terms of global yield (Lassoudiére, 2007). As well as
playing a significant role in food security, bananas are a cash crop and a
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source of employment and income for local popula-
tions (Arias et al., 2003). In Cote d’Ivoire, the banana
sector is one of the mainstays of the agricultural
economy. With a cultivated area of 11,918 ha (FAOQ,
2022) and production of 531,382.44 tons in 2022
(FAO, 2022), Céte d’lvoire ranks 2" behind Cameroon
in Africa and 13 in the world. Banana dessert indus-
try in Cote d’lvoire is based on a limited number of
cultivars belonging to the Cavendish sub-group, and
the varieties marketed in Cote d’lvoire are ‘Grande
naine’, ‘Poyo’ and ‘Williams’ (Kouassi, 2001; Kouame
and Kanpigni, 2022). It accounts for 8% of agricultural
GDP and provides 15,000 direct jobs and 30,000 indi-
rect jobs (Chauvin et al., 2025).

However, annual banana production and quality
are severely reduced by pest and disease attacks.
Losses caused by pests and diseases can reach 100%,
affecting all organs of banana plant, from roots to
flowers (Ploetz et al., 2003). In addition to field dis-
eases, post-harvest fungal diseases are another
major threat, especially for dessert bananas intended
for export. These are crown rot and anthracnose,
which cause significant damage and economic losses
due to the deterioration of bananas during storage
and transport (Nath et al., 2014; Kra et al., 2018).

Among the fungi associated with these post-har-
vest diseases, the genus Fusarium is among the most
common and most damaging to fruit (Nelson et al.,
1981). The Fusarium genus is a cosmopolitan fungus
that can be transported by soil, air or plant debris.
On bananas, this fungus is responsible for rotting
(Ploetz, 2006). At least six species of Fusarium have
been described as responsible for or associated with
banana rots throughout the world. These are
Fusarium camptoceras, Fusarium concentricum,
Fusarium proliferatum, Fusarium semitectum and
Fusarium subglutinans (Ploetz et al., 2003; Leslie and
Summerell, 2006). This diversity of Fusarium species
in bananas makes it difficult to identify the precise
agent responsible for rotting (Ploetz, 2006). As a
result, the pesticides used to control the disease are
ineffective and targeted control strategies have
failed. With a view to ensuring agricultural sustain-
ability and boosting the competitiveness of banana
exports, this study was conducted with the aim of
understanding the variability that exists among
species belonging to the Fusarium genus. It focuses
on their involvement in the development of post-har-
vest diseases in bananas in Cote d'lvoire in order to
contribute to improving the quality of bananas for
export.
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2. Materials and Methods

Collection site

Banana dessert samples were collected from
seven production areas in Cote d’lvoire (Fig. 1):
Abengourou (6°43’ N,-3°29’ W), Aboisso (5°55’N, -
4°12’'W), Agboville (5°55’N, -4°12'W), Azaguié
(5°55’N, -4°12'W), Dabou (5°19’ N, -4°22'W), Grand-
Bassam (5°12’N, -3°44’W); and Tiassalé (5°53’N, -
4°49’W). The sample collection was done every 6
months during one year
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Fig. 1- Map of banana sample collection sites in Cote d'lvoire.

Plant material

The material consisted of ripe and apparently
healthy bananas of the Grande Naine variety from
the Cavendish subgroup. In each production stations,
65 banana fingers was collected each 6 months for
isolation. A total of 2,080 banana fingers 18 weeks
old were collected from all seven banana-producing
localities in Cote d’lvoire. For the pathogenicity test,
81 mature banana fingers were collected in the
Dabou area. A total of 2161 banana fingers were
used for the study.

Sampling of banana

Samples of 18-week-old bananas were collected
at random from 16 production stations in seven pro-
duction areas in Cote d’lvoire. Three boxes (100
bananas/box) were taken from pallets of bananas
ready for export at each production station. The
bananas were incubated for 21 days at room temper-
ature (27+1°C) until symptoms developed at the
Plant Health Unit laboratory at Nangui Abrogoua
University.
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Isolation of fungal strains

Bananas showing symptoms of post-harvest dis-
eases after 21 days of storage were used for the iso-
lation of fungi. The surface of the bananas was disin-
fected with 1% diluted sodium hypochlorite for 5
minutes. Explant pieces measuring approximately 5
mm, taken from the edge of each symptom, were
seeded on agar in Petri dishes (Meddah et al., 2010).
The Petri dishes were incubated at laboratory tem-
perature (27 + 1°C) until fungal colonies developed.
The colonies developed from each explant were
transferred to Potato Dextrose Agar (PDA) medium
and purified by single spore culture according to the
method adapted from Choi et al. (1999).

Morphological characterization of fungal strains

Evaluation of mycelial growth. Colony diameter of
isolated fungi was measured daily along two perpen-
dicular axes drawn on the back of each Petri dish,
and the mean of the two values was recorded. For
each isolate, three plates were used, and the experi-
ment was repeated three times. The mycelial diame-
ter was calculated daily using the modified Dohou
formula (Dohou et al., 2004):

s d14d2
di = ==
where di is colony diameter of strain |, d1 is colony

diameter of strain along axis 1 and d2 = colony diam-
eter of strain along axis 2.

The mean growth diameter was then calculated
for the three Petri dishes using the following formula:

_ 1 :
D = =% (di)
where D is mean diameter of the colony of strain |, di
= diameter of the colony of strainlandn=3

Macroscopic and microscopic description of fungal
strains. Cultural characteristics, namely side and
reverse coloration, mycelium aspect and isolate
growth pattern, were observed on PDA medium.
These parameters were evaluated on seven-day-old
isolates.

Microscopic observation of isolates was per-
formed after 15 days of incubation on PDA medium.
Three plates were used for each isolate, and prepara-
tions were made and observed.

For each isolate, three boxes were used and
mounts were prepared and observed between a slide
and cover slip under an optical microscope fitted
with a micrometer at 400x magnification (Optika,

Italy). The conidia shape (macroconidia and micro-
conidia) was described, and the dimensions and
number of septa of the macroconidia were evaluated
after observing 90 conidia per isolate.

Evaluation of fungal strain sporulation. The num-
ber of spores produced was assessed by measuring
the spore concentration of 15-day-old Fusarium iso-
lates. Three 6 mm diameter mycelium pellets were
taken from the colonies and placed in 10 ml of dis-
tilled water. The solution was gently shaken for 30
seconds to separate the conidia from the coni-
diospores. The different conidial suspensions were
obtained after being filtered through sterile
Whatman paper.

The number of conidia in the solutions was deter-
mined after counts were made in 1 pl of spore sus-
pension using a Malassez slide. Ten rectangles were
considered. Three spore solutions were prepared per
isolate and 10 counts were performed per spore
solution. The average number of conidia per millilitre
of solution was calculated using the formula devel-
oped by Duncan and Torrence (1992):

_ > (ni)
N = axv X Fd
where N is mean number of conidia, ni is conidia
number per rectangle i, a is number of rectangles
considered, V is volume of a small rectangle (LxWxH
=0.01 mm) and Fd is dilution factor

Assessment of the pathogenicity of fungal strains

Production of fungi inoculum. Fusarium conidia
suspension was obtained from 15-day-old cultures.
Three mycelium pellets were taken and placed in 10
ml of sterile distilled water. The suspension obtained
was filtered through sterile filter paper to separate
the conidia and mycelial fragments. The spore solu-
tions were adjusted to a final concentration of 10°
conidia/ml with distilled water.

Soft inoculation of banana fruits. Bunch of appar-
ently healthy bananas, ready to be packaged at the
station, were collected at random on the day of the
experiment. These bananas were cut to obtain sever-
al detached fingers. The surface of the crowns was
refreshed with a sterile scalpel. The fruits were
soaked in a 2% diluted sodium hypochlorite (NaClO)
solution for 5 min. The fruits were then dried on ster-
ile tissue paper under a laminar flow hood. The soft
inoculation technique was used to evaluate the path-
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ogenicity of the eight Fusarium isolates.

Sterile compresses were soaked in 50 pl of spore
suspension from each isolate and placed on the
crown, epicarp and distal end of each fruit in order to
assess the sensitive part of the banana.

The inocula were kept on the fruit using sterile
parafilm. The bananas were then incubated at room
temperature (28+1°C). The pathogenicity of the
Fusarium isolates was studied and demonstrated by
the development of symptoms and the incubation
time of the disease. Three bananas were used per
isolate tested, and the experiment was repeated
three times. Control bananas were inoculated with
sterile distilled water and placed under the same
conditions as the test bananas (Fig. 2).

Statistical analyses

The data collected during this study were ana-
lyzed using Statistica software (version 7.1). A one-
factor analysis of variance was performed to com-
pare the average colony diameters on day 5 and the
average number of partitions in the macroconidia of
Fusarium isolates.

A two-factor analysis of variance was used to
compare the average sizes of macroconidia and

Crown

Epicarp

Distal end

Fig.2- Control and test bananas: Left= Control bananas
inoculated with distilled water; Right= Test bananas
inoculated with the spore suspension of the fungal

microconidia according to Fusarium isolates, as well
as the average spore concentrations of macroconidia
and microconidia from different Fusarium isolates.
Significant results at the 5% threshold were sepa-
rated with least significant difference (LSD) test.

3. Results

Macroscopic characteristics of Fusarium isolates
Culture of isolates on PDA medium showed diver-

sity in color, aspect and mode of mycelial growth.

Three morphological groups were observed (Table 1).
Isolates F1 from the Abengourou area, F3 from

Table 1 - Cultural characteristics of the morphological groups of the eight Fusarium isolates

) Collection Coloration Growth
Morphological groups Isolates Colony aspect
areas (front) (reverse) pattern
Creamy white colour Abengourou F1 carpet-like diffuse
(front and reverse) Abidjan F3 and cottony
Aboisso F4
Dabou F6
Grand- F7
Tiassalé F8
Ivory colour (front) Abengourou F2 dense and concentric
Light yellow colour (reverse) cottony circles
Light yellow colour Azaguié F5 carpet-like diffuse

(front and reverse)

and cottony

(F 1) Isolate 1 from Abengourou; (F 2) Isolate 2 from Abengourou; (F 3) Isolate from Abidjan; (F 4) Isolate from Aboisso; (F 5) Isolate from
Azaguié; (F 6) Isolate from Dabou; (F 7) Isolate from Grand-Bassam; (F 8) Isolate from Tiassalé.
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Abidjan, F4 from Aboisso, F6 from Dabou, F7 from
Grand-Bassam and F8 from Tiassale had white
mycelium on the top and bottom of the Petri dish.
The aspect of their mycelium was flaky and carpet-
like, with a diffuse growth pattern. Isolate F2 from
Abengourou had yellow-colored mycelium on the
front. On the back, the mycelium was yellow in the
centre and white at the margin. The mycelium was
cottony and thick with concentric rings. Isolate F5
from Azaguié had yellow aerial mycelium and a pale
yellow back. The mycelium was flaky and carpet-like.
Isolate F5 from Azaguie had yellow aerial mycelium
and a pale yellow underside. The mycelium was flaky
and carpet-like in aspect. The growth pattern was
diffuse.

Mycelial growth of Fusarium isolates

The average diameters of Fusarium isolates varied
over time on PDA medium. Statistical analysis
revealed a significant difference between the average
colony diameters (F = 10.120 and P < 0.001). The
mycelial growth curves of Fusarium isolates showed
an initial adaptation period from day 1 to day 2, dur-
ing which weak growth in colony diameter was
observed for all isolates (from 0.85 to 1.84 cm). Then,
a phase of rapid radial expansion from day 2 to day 4,
during which the diameter of the colonies of isolates
F1, F2, F3, F5, F6, F7 and F8 showed rapid growth
(from 1.2 to 5 cm), except for isolate F4, which
showed slow growth (from 0.86 to 1.64 cm). Finally a
plateau phase from day 4 to day 9, during which the

diameter of the colonies of isolates F1, F2, F3, F5, F6,
F7 and F8 reached a plateau of around 5 to 5.5 cm,
except for isolate F4, which grew slowly from 1.62 to
5 cm, reaching a plateau at the end of day 8 (Fig. 3).

Microscopic characteristics of Fusarium isolates

Two types of conidia were observed among the
Fusarium isolates. Some conidia, called macroconi-
dia, had partitions and were elongated, spindle-
shaped, with both ends pointed. Other conidia, called
microconidia, had no septa and were hyaline with
different shapes (Table 2).

Average colony diameters {cm)

1 2 i 4 5 6 7 8 a9
Time (days)

F

ig. 3- Evolution of the average diameters of Fusarium isolates
over time: (F 1) Isolate 1 from Abengourou; (F 2) Isolate 2
from Abengourou; (F 3) Isolate from Abidjan; (F 4) Isolate
from Aboisso; (F 5) Isolate from Azaguié; (F 6) Isolate
from Dabou; (F 7) Isolate from Grand-Bassam; (F 8)
Isolate from Tiassalé. Values assigned the same letter are
identical according to Fisher's LSD test at the a= 5%
threshold.

Table 2 - Different shapes of macroconidia and microconidia of Fusarium isolates

Fusarium isolates Macroconidia

Microconidia

F1,F3,F4,F5F6,F7,F8 Fusiform (two

pointed ends)

F2 Fusiform (two
pointed ends)

==

Oval (two
rounded ends)

Oval (one rounded
end and one

pointed end)

(F 1) Isolate 1 from Abengourou; (F 2) Isolate 2 from Abengourou; (F 3) Isolate from Abidjan; (F 4) Isolate from Aboisso; (F 5) Isolate from
Azaguié; (F 6) Isolate from Dabou; (F 7) Isolate from Grand-Bassam; (F 8) Isolate from Tiassalé.
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All isolates had fusiform macroconidia with both
ends pointed. Isolates F 1 from Abengourou, F3 from
Abidjan, F4 from Aboisso, F5 from Azaguié, F6 from
Dabou, F7 from Grand-Bassam and F8 from Tiassalé
had oval-shaped microconidia with rounded ends.

Variability in the morphometric dimensions of macro-
conidia in Fusarium isolates

Diversity was observed in the average morphome-
tric dimensions (length and width) of macroconidia
depending on the Fusarium isolates (Fig. 4).
Statistical analyses showed a significant difference (F
=39.75 and P < 0.001). The average length of macro-
conidia in the eight Fusarium isolates ranged from
19.11 pm to 29.52 um. The average width of macro-
conidia in the eight Fusarium isolates ranged from
2.69 um to 4.64 um.

The F1 isolate from Abengourou and the F5 iso-
late from Azaguié had the longest macroconidia. The
F3 isolate from Abidjan and the F6 isolate from
Dabou had the smallest macroconidia. The F5 isolate
from Azaguié and the F1 isolate from Abengourou
had the widest macroconidia. The F4 isolate from
Aboisso, the F6 isolate from Dabou and the F7 isolate
from Grand-Bassam had the narrowest macroconi-
dia.

Statistical analysis showed an interaction between
the length and width of the macroconidia. Strains F1
and F5 had the longest and widest macroconidia.
Isolates F3, F4 and F6 had shorter and narrower
macroconidia. Morphometric dimensions of macro-
conidia (um)

B Width Length

Morphometric dimensions of
macroconidia (um}

Fl F2

F':'Fmara'::n?: a'sofu&‘:';ﬁ Fe . £

Fig. 4 - Variations in the average morphometric dimensions of
Fusarium isolate macroconidia according to different
collection areas Gx400: (F 1) Isolate 1 from Abengourou;
(F 2) Isolate 2 from Abengourou; (F 3) Isolate from
Abidjan; (F 4) Isolate from Aboisso; (F 5) Isolate from
Azaguié; (F 6) Isolate from Dabou; (F 7) Isolate from
Grand-Bassam; (F 8) Isolate from Tiassalé. Values
assigned the same letter are identical according to
Fisher's LSD test at the a= 5% threshold.
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Variability in the morphometric dimensions of micro-
conidia in Fusarium isolates

Diversity was observed in the average morphome-
tric dimensions (length and width) of microconidia
depending on the Fusarium isolates (Fig. 5).
Statistical analyses showed a highly significant differ-
ence (F =39.86 and P < 0.001). The average length of
microconidia in Fusarium isolates ranged from 6.11
um to 10.53 um. The average width of microconidia
in the eight Fusarium isolates ranged from 2.5 um to
3.00 um. The F7 isolate from Grand-Bassam and the
F3 isolate from Abidjan had the longest macroconi-
dia. The F2 isolate from Abengourou and the F6 iso-
late from Dabou had the smallest microconidia.
Isolate F5 from Azaguié had the widest microconidia.
Isolates F2 from Abengourou, F3 from Abidjan, F4
from Aboisso and F6 from Dabou had the narrowest
microconidia.

mWidth ®Length a

10 1 b be
-] d

Morphometric dimensions of

3 | F2 F3 Fa F5 Fb F7 F8
Fusarium isolates

Fig. 5- Variations in the average morphometric dimensions of
Fusarium isolate macriconidia according to different
collection areas Gx400: (F 1) Isolate 1 from Abengourou;
(F 2) Isolate 2 from Abengourou; (F 3) Isolate from
Abidjan; (F 4) Isolate from Aboisso; (F 5) Isolate from
Azaguié; (F 6) Isolate from Dabou; (F 7) Isolate from
Grand-Bassam; (F 8) Isolate from Tiassalé.

Groups of macroconidia with a homogeneous number
of septa

The number of septa in the macroconidia was
ranged from 3 to 5. Statistical analysis showed a high-
ly significant difference between the number of septa
in Fusarium isolates depending on the collection area
(F =12.55 and P < 0.001). The two isolates from
Abengourou and the one from Tiassalé had the high-
est number of partitions (4-5 septa), while the isolate
from the Azaguié area had the lowest number of par-
titions (3-4 septa). The other isolates had an interme-
diate number of partitions between 3 and 4 septa

(Fig. 6).
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B

number of septa in the
macroconidia
~

a a a
I I b b b b
c
1
Fl F2 F3 Fa F5 Fb F7 F8

Fusarium isolates

Fig. 6 - Average number of septa in macroconidia of Fusarium
isolates in collection areas Gx400: (F 1) Isolate 1 from
Abengourou; (F 2) Isolate 2 from Abengourou; (F 3)
Isolate from Abidjan; (F 4) Isolate from Aboisso; (F 5)
Isolate from Azaguié; (F 6) Isolate from Dabou; (F 7)
Isolate from Grand-Bassam; (F 8) Isolate from Tiassalé.
Values assigned the same letter are identical according
to Fisher's LSD test at the a= 5% threshold.

Groups of isolates with homogeneous conidia concen-
tration

The average concentration of macroconidia was
3.5 x 10° conidia/ml, while that of microconidia was
3.1 x 10° conidia/ml (Fig. 7). The macroconidia con-
centration of Fusarium isolates ranged from 1.7 x 10°
to 6.3 x 10° conidia/ml. The microconidia concentra-
tion ranged from 3.4 x 10° to 9.9 x 10° conidia/ml
(Fig. 7).

The highest concentration of conidia (macroconi-
dia and microconidia) was 7.10° conidia/ml. In con-
trast, the lowest concentration of conidia was
114.103 conidia/ml. Statistical analysis showed a
highly significant difference (F = 260.213 and P <
0.001). Statistical analysis showed an interaction
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B Macroconidia Microconidia

1000000
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b
600000
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400000 | of -
y fg
hi et
200000 -
k i ik
. :
F1 F2 Fa

F4 £s
Fusarium isolates

b

¢
I d
i
. i I
e er ks

Fig. 7- Variations in average spore concentrations in
macroconidia and microconidia of Fusarium isolates in
different collection areas: (F 1) Isolate 1 from
Abengourou; (F 2) Isolate 2 from Abengourou; (F 3)
Isolate from Abidjan; (F 4) Isolate from Aboisso; (F 5)
Isolate from Azaguié; (F 6) Isolate from Dabou; (F 7)
Isolate from Grand-Bassam; (F 8) Isolate from Tiassalé.
Values assigned the same letter are identical according
to Fisher's LSD test at the a= 5% threshold.

Average conidia concentrations
{number of conidia/ml))

between the average concentrations of conidia and
Fusarium isolates (F = 212.439 and P < 0.001).

The group composed of isolates from
Abengourou, Abidjan, Azaguié, Aboisso and Dabou
had more macroconidia than microconidia. The
group composed of isolates from the Tiassalé and
Grand-Bassam areas had more microconidia than
macroconidia. Two patterns emerged in each of the
two groups: in the first group, some isolates
(Abengourou and Azaguié) produced more macro-
conidia than others (Abidjan, Aboisso and Dabou); in
the second group, some isolates (Tiassalé) produced
more microconidia than others (Grand-Bassam).

Correlation between the morphometric parameters of
Fusarium isolates

Principal component analysis revealed the exis-
tence of two dimensions (dim1 and dim2) with
respective inertia rates of 25.5% and 17.4% (Fig. 8).
The variables macroconidia length (ML), macroconi-
dia width (MW) and septa number (NS) are the vari-
ables that strongly influence (20 to 25%) the forma-
tion of the dim1 axis. The variable microconidia width
(mW) contributes moderately (15%) to the formation
of the dim1 axis. On the other hand, the variables
macroconidia concentration (CM), microconidia con-
centration (Cm) and microconidia length (mL) strong-
ly influence the formation of both axes. There is a

i contrib
= =

Fal

T4

(1

15

]
@

10

Dimg

|
Dim1 (25.5%)

Fig. 8 - Correlation between the morphometric parameters of
Fusarium isolates infecting bananas: (ML) Macroconidia
length; (MW) Macroconidia width; (mW) Microconidia
width; (MI) Microconidia length; (NS) Septa number;
(CM) Concentration of macroconidia, (Cm) Concentration
of microconidia; (Dim 1) Dimension 1; (Dim 2) Dimension
2; (Contrib) Contribution.
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very strong positive correlation between the ML, mW
and NS variables. Similarly, the correlation between
the mL and MW variables is strongly positive.
However, there is no correlation between the vari-
ables CM and Cm. Thus, the morphometric dimen-
sions and number of macroconidia are the most dis-
criminating variables. The morphometric dimensions
of microconidia are less discriminating.

Pathogenicity of Fusarium isolates

Symptoms observed. Soft inoculation of bananas
with Fusarium isolates showed only one type of
symptom depending on the part of the banana
inoculated and the strain (Fig. 9). The symptom was
characterised by soft brown rot of varying extent on
the surface of the fruit. Considering the strain
inoculated, all isolates caused soft rot, except for the
Dabou strain, which caused no symptoms. The
control bananas showed no symptoms. As for the
inoculated part of the banana, the isolates from
Abengourou, Abidjan, Aboisso, Azaguié and Grand-

Soft rot
of the
distal end

Fig. 9 - Variations in average spore concentrations in
macroconidia and microconidia of Fusarium isolates in
different collection areas: (F 1) Isolate 1 from
Abengourou; (F 2) Isolate 2 from Abengourou; (F 3)
Isolate from Abidjan; (F 4) Isolate from Aboisso; (F 5)
Isolate from Azaguié; (F 6) Isolate from Dabou; (F 7)
Isolate from Grand-Bassam; (F 8) Isolate from Tiassalé.
Values assigned the same letter are identical according
to Fisher's LSD test at the a= 5% threshold.

Soft
rot of

the crown
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Bassam all caused symptoms at the crown of the
infected bananas. The Tiassalé isolate caused
symptoms at the distal end, and the Aboisso isolate
caused symptoms on the crown and distal end of the
inoculated bananas. However, no symptoms were
observed on the epicarp, regardless of the strain
inoculated.

Incubation period. The time to symptom
expression varied from 10 to 16 days depending on
the isolates and inoculation sites (Table 3). The first
symptom appeared 10 days after inoculation, caused
by the Abidjan strain at the crown. The Aboisso strain
induced the symptom 14 days after inoculation at the
crown and 2 days later at the distal end. The F1
isolate induced the symptom 14 days after
inoculation at the crown and 2 days later at the distal
end. The F2 isolate induced the symptom 14 days
after inoculation at the crown and 2 days later at the
distal end. The F3 isolate induced the symptom 14
days after inoculation at the crown and 2 days later
at the distal end.

The F4 isolate induced the symptom 14 The
Aboisso strain induced the symptom 14 days after
inoculation at the crown and at the distal end 2 days
later. The Abengourou F1 isolate induced symptoms
on the 12th day and the F2 isolate caused symptoms
on the 13th day after inoculation. The Grand-Bassam
and Tiassalé isolates induced symptoms 13 days after
inoculation at the crown and distal end, respectively.
The Azaguié strain caused symptoms 16 days after
inoculation. The control fruits and those inoculated
with the Dabou strain showed no symptoms during
the incubation period.

Table 3 - Incubation time and duration of symptom appearance

L Incubation period
Fusarium isolates

(days)
F3 10
F1 12
F2 13
F7 13
F8 13
Fa 14
F5 16

(F 1) Isolate 1 from Abengourou; (F 2) Isolate 2 from
Abengourou; (F 3) Isolate from Abidjan; (F 4) Isolate from
Aboisso; (F 5) Isolate from Azaguié; (F 6) Isolate from Dabou; (F 7)
Isolate from Grand-Bassam; (F 8) Isolate from Tiassalé.
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4. Discussion and Conclusions

Macroscopic characterization of Fusarium isolates
revealed variability in color and appearance
depending on their origin. Three types of coloration
were observed: white, ivory and pale yellow, and two
types of aspect (cotton-like and downy).

This difference in cultural characteristics could be
linked to the presence of different species within this
population. However, this should be confirmed by
further molecular analysis. Nevertheless, during their
work on bananas in Morocco, Meddah et al. (2010)
identified several species of Fusarium with different
colors and appearances. With regard to the mycelial
growth of Fusarium spp., the latency phase could
correspond to an adaptation phase, during which the
fungus establishes its mycelium growth elements by
mitosis, leading to mycelium elongation and allowing
the fungus to grow. Ruiz-Roldan et al. (2010), in their
study on germination, sporulation and hyphal fusion
in Fusarium oxysporum, showed that these different
processes were carried out through mitosis. The
exponential phase corresponds to the phase of active
cell division and rapid vegetative growth of Fusarium
isolates. This result would suggest that Fusarium
isolates make optimal use of the energy resources
available in the nutrient medium. The plateau phase
indicates that the fungus has begun its reproductive
or conservation phase due to a nutrient depletion in
the environment or limited space in the Petri dish. To
avoid death, the fungus undergoes conservation. In
all Fusarium spp. isolates, it was observed
approximatively three periods, except for isolate F4,
which was characterized by slower mycelium growth.
This could reflect lower virulence in this isolate,
unlike the other isolates.

The present study highlighted two types of
conidia: macroconidia (spores with septa) and
microconidia (spores without septa), which are
specific to fungi of the Fusarium genus (Heit, 2015).
Morphometric variability in macroconidia and
microconidia was observed between Fusarium
isolates. Some isolates had large, broad conidia,
while others, such as isolate F6 from Dabou, had the
smallest conidia. This diversity in conidia size could
reflect genetic diversity or ecological adaptation of
these species.

In terms of spore concentrations, the variability
observed between the numbers of macroconidia and
microconidia may be related to the fact that some
isolates produced more macroconidia than

microconidia, unlike other isolates in which there
were more microconidia than macroconidia.

The macroconidia were fusiform and the
microconidia were oval with one or two rounded
ends. Balali and Iranpoor in 2006 also observed
variability in the shape of Fusarium species.
According to these authors, this difference is due to
genetic variability between Fusarium species.
Furthermore, the strong positive correlation
between macroconidia size and the number of septa
suggests that Fusarium isolates with the longest
macroconidia also have the widest and most septate
macroconidia.

The Fusarium isolates tested developed soft rot
symptoms on inoculated bananas, except for the
Dabou isolate. These same symptoms were observed
by Odame (2010) and Zakaria et al. (2012) after
inoculating bananas with Fusarium isolates. These
results also show that bananas are a host for this
pathogen. The results obtained suggest that the
Fusarium isolates that induced symptoms on bananas
are pathogenic to bananas. The absence of
symptoms in the presence of the Dabou isolate could
be due to the fact that this isolate has smaller conidia
than the other seven isolates, as demonstrated in
this study. Several authors have demonstrated the
potential role of fungal spore size in pathogenicity (Li
et al., 2011). In fact, large spores don’t need to
expand further before the germination tube is
produced, which happens quite quickly, allowing for
rapid invasion of the host. Small spores, on the other
hand, undergo a very long phase of volume increase,
which delays the formation of the germ tube and
thus slows down the infection or blocks it if
conditions become unfavorable. Furthermore, of the
three parts inoculated with the isolates, only the
crown and the distal end of the bananas proved to be
susceptible. Symptoms began to develop 10 days
after inoculation of the fruit when they began to
ripen. This late onset of symptoms could be related
to the ripening of the fruit. Lassois et al. (2009)
showed that the development of rot was linked to
the physiological state of bananas after harvest.
Coates and Jonhson (1997) stated that during the
ripening of fruit and vegetables, respiration and
water loss increase, chlorophyll decreases, aromas
are secreted and the fruit loses rigidity. These
conditions favor the development of fungi that were
in a dormant state before the fruit was harvested.

Our findings demonstrate that Banana post-
harvest rot can be caused by several isolates of
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Fusarium. These isolates a very different in
morphologic characters that affects their
pathogenicity. These findings may contribute to the
development of more effective strategies for the
management of banana post-harvest diseases,
thereby improving fruit quality.
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