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ABSTRACT
Plantain is a major staple food crop for millions of people in Cameroon and contributes significantly to
food security. A limiting factor to large-scale production of plantains is the difficulty in obtaining healthy
planting materials. Macro-propagation technology, which has the potential to produce 50-60 shoots per sucker
in 4-5 months, was introduced to bypass this difficulty. The aim of this study was to isolate and identify the
fungi growing in plantain propagators in Buea municipality, which could probably be responsible for the corm
rot and blight symptoms observed. Fungi were isolated from the corm, root, pseudostem, leaves and from
fruiting bodies on Potato dextrose agar. Isolates were characterized using cultural, micro-morphological and
molecular techniques. A total of 5 isolates were obtained, most of which were whitish in colour and all had
septate hyphae, belonging to the Ascomycota. The molecular weight of the DNA of the isolates ranged
between 500-800 bp. Based on sequence similarity, these isolates were identified to belong to five species viz:
Alternaria burnsii, Fusarium oxysporum, Chaetomium globosum, Hypocrea lixii and Trichoderma harzianum.
Of these five isolates, F. oxysporum was the only one that had been reported to be the causal agent of Fusarium
wilt (Panama) disease of plantain. Fusarium and Chaetomium are likely responsible for the diseased symptoms
observed. Proper management and control of these fungal species in propagators will permit the production of
healthy seedlings, thus enabling large scale production of plantains.
© 2017 International Formulae Group. All rights reserved.
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INTRODUCTION
Bananas and plantains are major staple

an increase in the prevalence of pests and
diseases combined with lack of effective

food crops for millions of people in Cameroon
and do contribute significantly to food

control strategies (Kahangi et al., 2004). The
major diseases have been Fusarium wilt

security. They serve as raw materials for
many popular delicacies and snacks (Ngoh et

caused by Fusarium oxysporum f. sp.
cubense (Foc); Black and Yellow sigatoka

al., 2005). However, the productivity and

leaf spot caused by Mycosphaerella fijiensis

lifespan of banana and plantain fields have
drastically reduced due to pest and disease

and Mycosphaerella musicola respectively,
weevils (Cosmopolites sordidus) and plant

pressure. The decline was attributed mainly to

parasitic nematodes. This problem is made
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intense because farmers usually depend on
natural regeneration of plants for the supply of

Corm rot and blight have caused great
losses in the production of suckers and

planting materials, which are
contaminated by pests and diseases.

often

plantlets, thus resulting to the scarcity of
planting material. This has made some

A common limiting factor to largescale production of bananas and plantains

farmers who produced and sold planting
materials for a living to abandon the business.

and/or expansion of existing plantation is

There is urgent need to identify the

the difficulty in obtaining planting
materials (Baiyeri and Ajayi, 2000), which

fungus and develop proper control measures.
The objective of the study reported here was

may be due to several diseases which are
easily spread during the production of

therefore to isolate, characterize and identify
the macroscopic fungus as well as other fungi

seedlings
by
vegetative
propagation
(Gandonou et al., 2012). Demand for pest free

associated with
propagators.

diseased

suckers

in

and high quality planting materials has been
on the increase since they are required for the
development of new plantations and
expansion of the existing ones. As a result,
tissue culture which was introduced in 1997,

MATERIALS AND METHODS
Study area
This study was carried out in Small
Soppo and Mile 14 in Buea municipality,

has been poorly adopted due to high costs of
seedlings, capital requirements and skills

Fako Division, South West Region,
Cameroon. Cameroon is located between

involved (Njau et al., 2011).

latitude 4o 8ʺ 40N – 4o 11ʺ North of the

As a consequence, macro-propagation
technology was introduced as an alternative to

equator and between longitude 9o 16ʺ 90E – 9o
17ʺ 45E of the Greenwich meridian.

tissue culture. The technology requires little
capital and skill for implementation. Macropropagation has the potential to produce 50-60

Sample collection
The propagation sites were visited;

shoots per sucker in 4-5 months (Singh et al.,
2011). Fungi especially those belonging to

pictures of the symptoms on diseased plants
and that of the macroscopic fungus were

Mycosphaerella cause the most important leaf
diseases of banana and plantain worldwide

taken. This was followed by collection of
samples. Samples were collected after.

(Koné, 2008).
An unidentified species of macroscopic

Samples were collected by cutting infected
portions of the plantain suckers using a

fungus

infest

sterilized knife. Collections were from the

propagators in the Buea municipality, South
West Region, Cameroon. Propagators in

roots, corms, pseudo-stems, leaves and the
fruiting body of the macro-fungus. They were

which this fungus was found were
characterized by corm rot as well as blight

stored in damp tissue paper and transported in
plastic bags to the University of Buea Life

symptoms on the leaves of the plantlets,
indicating a possible relationship between this

Science Laboratory, where they were
immediately processed for fungal isolation.

has

macroscopic

been

fungus

observed

and

the

to

symptoms

observed.
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Media preparation
Potato dextrose agar (SIGMA) was

Sub-culture
Fresh plates of PDA were prepared,

used for the isolation of fungi, and was
prepared following the manufacturer’s

distinct fungi colonies from primary cultures
were cut out using a sterile scalpel, and then

instructions, in which 42 g of potato dextrose
agar (PDA) was weighed and distilled water

transferred to the fresh PDA plates to obtain
pure cultures. Inoculated plates were sealed

added to make 1000ml. The medium was

with parafilm wax and incubated at room

autoclaved at 121 °C for 15 minutes, allowed
to cool to about 50 °C before the addition of

temperature (25 °C), in the dark for 7 days.

0.1 g/L of streptomycin. The mixture was
stirred by gently swirling the flask, before

Cultural characterization
From each fungus isolated in pure
culture, 5 mm mycelia discs was transferred to

pouring into 9 mm diameter sterile Petri
dishes. The medium was allowed to solidify

the centre of sterile Petri dishes containing
fresh PDA. Inoculated plates were incubated

before inoculation.

for 7 days. Colony diameter was measured

Isolation of fungi

using a graduated 30 cm ruler and the mean
diameter was obtained through the following

Sample preparation
Isolation of fungi was based on the

formula:

method described by Hallman et al. (2007).
The five samples from the corm, the root, the

Mean colony diameter

=

Sum of colony diameter in the 3 plates (1)
Total number of replicates

pseudostem, the leaves and the fruiting body
were washed with running tap water to
remove dust and debris adhering to them and
surface sterilized with 70% ethanol for 1 min.
The infected portions were cut into small

Morphological characterization
For macroscopic observation, the
cultural appearances (colony colour, texture,

pieces of 1x1 cm under aseptic conditions

margin, form, elevation and aerial hyphae)

using a sterile scalpel. They were then
immersed in 4% sodium hypochlorite solution

were noted on PDA. Colony colours were
determined using Methuen handbook of

for 3 mins. This was followed by rinsing with
70% alcohol for 1 min. They were finally

colour chart (Kornerup and Wanscher, 1978).
A laboratory manual and a pictorial atlas for

rinsed in several changes of sterile distilled
water and blotted dry on sterile tissue paper.

identification of fungi by Watanabe (2002)
were equally used in the description of colony

Each plate was inoculated with 4 pieces of the

morphology.

surface sterilized plant part and fruiting body.
Inoculation was done in triplicates, giving a

Micro-morphological characterization
For
micro-morphological

total of 30 plates. Plates were sealed with
parafilm wax and incubated at room

characterization, all isolates were cultured on
PDA for seven days; hyphae were observed

temperature (25 °C) in the dark for 7 days.
Fungi growing out of the inoculants were sub-

for the presence or absence of septa in order to
determine their taxonomic classes.

cultured on fresh PDA plates at room
temperature.
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Spacers (ITS). The forward (ITS-1F) and
reverse (ITS-4R) primers (Table 1) used in
the PCR reactions to amplify the ITS
region of the rRNA operon have been
described in Michaelsen et al. (2006).
Each PCR mixture contained 10 µl of
Red taq ready mix, 0.5 µl of each primer pair,
8 µl of analytical grade sterile water (SigmaAldrich) and 5 µl of genomic DNA in a total
volume of 24 µl.
The
thermocycling
program used was an initial denaturation (94
°C for 5 minutes), 30 cycles of denaturation
(94 °C for 1 min), annealing (60 °C for 1
minute) and elongation (72 °C for 1
minute), then a stabilization (72 °C for 5
minutes) (Michaelsen et al., 2006). The
genetic materials were electrophoresed on 2%
agarose gel in Tris acetate- EDTA buffer and
the gel was stained with ethidium bromide
before observation in UV detector (Okoro et
al., 2009). Approximated molecular sizes of
the amplicons were determined using
molecular weight marker 1 kb Plus DNA
ladder (Invitrogen Carlsbad, California, USA).
DNA sequencing
Five amplicons were sent to Inqaba
Biotechnical Industries (Pty) Ltd, Pretoria –
South Africa for sequencing. The sequences
were then blasted against known sequences in
the GenBank using BLAST (Basic alignment
search tool) to find regions of local similarity
between sequences in order to identify the
species.

Molecular characterization
DNA extraction
All isolates were grown in PDA for 7
days at 25 ºC. A sterile tooth pick was used to
collect and transfer a small lump of mycelia
from the pure culture into a 1.5ml eppendorf
tube containing a lysis buffer (400 mM
Tris-HCL (pH 8), 60 mM EDTA- pH 8.0,
150 mM NaCl and 1% sodium dodecyl
sulphate). The tube was briefly vortexed to
disrupt the mycelia, after which it was
maintained at room temperature for 10 min.
150 µl of potassium acetate was added into
the eppendorf tube and this was followed by
brief vortexing. The tube and contents were
finally centrifuged at >13,000 x g for 1 min.
The supernatant was transferred to another
1.5 ml eppendorf tube and centrifuged
again as described above. The resulting
supernatant was transferred into a new 1.5 ml
eppendorf tube and an equal volume of
isopropyl alcohol was added. The tube was
thoroughly mixed by inversion and
centrifuged at >13,000 x g for 2 minutes and
the supernatant was discarded. The resultant
DNA pellet was washed in 300 µl of 70%
ethanol, after which it was spun at 10,000 rpm
for 1 min and the supernatant was discarded.
The DNA pellet was air dried and dissolved in
50 µl of 1xTris- EDTA. 1 µl of purified DNA
was used in 24 µl of PCR mixture (Liu et al.,
2000).
PCR amplification
Fungi were characterized by the
amplification of their Internal Transcribed

Table 1: The ITS primer pair used in this study.
Sequence 5’

Primer

3’

ITS1 (forward)

TCCGTAGGTGAACCTGCGG

ITS4 (reverse)

TCCTCCGCTTATTGATATGC
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and elevation was umbonate, with filamentous
form. Aerial hyphae were present, with a
surface colour tint which was white to grey
while the reverse was brown to red (Table 3,
Figure 6a).
Isolate P had an average colony
diameter of 27.4 mm, margin was filiform,
elevation was raised, form was filamentous
and aerial hyphae were present. Mycelia were
whitish but gradually turned to light brown
(Table 3, Figure 7a).

RESULTS
Macroscopic fungus, corm rot and blight
symptoms observed
The fungus was dark-brown in colour
with hair-like structures (Figure 1). The leaves
of the plantlets were yellowish with dark
spots, all being symptoms of the blight
(Figure 2a). When some of the plantlets were
uprooted, we observed that the corms of some
were rotten (Figure 2b).
A total of 5 fungal isolates were
obtained in pure culturefrom the root, the
corm, the pseudostem, the leaf and the fruiting
body. It is worth noting that isolate F was
obtained from all the plant parts as well as
from the fruiting body (Table 2). Isolate R
was present only in the roots; P was present
only in the pseudostem and L only in the leaf.
Isolate C was obtained from the corm,
pseudostem and leaf (Table 2). The isolates
and their codes are presented in Table 2.

Identification of isolates
Based
on
micro-morphological
characters (Figures 3b-7b), all isolates were
believed to belong to Phylum Ascomycota,
since they all had septate hyphae which lacked
clamp connections.
Isolate C produced large numbers of
tiny spores (Figure 3b) just like isolate L
(Figure 4b). Isolate R produced ascospores
(Figure 5b) while isolate F showed an ascoma
releasing spores (Figure 6b). Isolate P also
had prominent hyphae as well as spore mass
(Figure 7b).

Morphological characterization
The cultures of all isolates were
whitish in colour with septate hyphae (Table
3).
Isolate C grew best, with an average
colony diameter of 53.7 mm in 3 days. The
margin was filiform, elevation was flat and
the form was filamentous. Aerial hyphae were
present and mycelia were whitish both on the
surface and the reverse view (Table 3, Figure
3a).
Isolate L had an average colony
diameter of 53.2 mm. The margin was
filiform, elevation was crateriform with a
filamentous form. Aerial hyphae were present
and the colour tint on the surface was white,
while the reverse side showed a colour change
from white to pale yellow (Table 3, Figure
4a).
Isolate R showed the least growth with
a colony diameter of 18.4 mm. The margin of
the isolate was entire, with a flat elevation and
irregular form. Aerial hyphae were absent.
The surface colour of mycelia was white just
like the reverse colour (Table 3, Figure 5a).
Isolate F had an average colony
diameter of 22.7 mm, margin was filiform,

Molecular characterization
DNA extraction
DNA was successfully extracted from
all the five isolates as indicated by the
electrophoregram of genomic DNA which
showed distinct bands for each isolate (lanes
R, L, F, C, and P) as shown in Figure 8.
Polymerase chain reaction (PCR)
From the PCR products, the
approximated molecular sizes of the
amplicons were between 500 bp and 800 bp
(Figure 9)
Sequencing of PCR amplicons
Sequencing of the five amplicons was
successfully
performed
by
Inqaba
Biotechnical Industries (Pty) Ltd, Pretoria –
South Africa. Sequence analysis of the nuclear
encoded rDNA showed significant alignments
with 541/545 (99%) identity in isolate P for
Alternaria burnsii, 437/456 (96%) identity in
isolate C for Fusarium oxysporum, 359/361
2797
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(99%) identity in isolate F for Chaetomium
globosum, 561/563 (99%) identity in isolate L
for Trichoderma harzianum, and 573/576
(99%) identity in isolate R for Hypocrea lixii.
Based on sequence similarity to
corresponding sequences in the GenBank, all
the five isolates were identified to species as
follows: Alternaria burnsii (KR604839.1) for
isolate P, Hypocrea lixii (FJ461566.1) for
isolate
R,
Trichoderma
hazianum

(KJ028794.1) for isolate L, Chaetomium
globosum (KT780353.1) for isolate F and
Fusarium oxysporum (KT877646.1) for
isolate C.
Overall, T. harzianum, H. lixii, and A.
burnsii were each isolated from one sample
only; Fusarium oxysporum was isolated from
three samples while Chaetomium globosum
was isolated from all the five samples (Table
4).

Macroscopic
fungus

Figure 1: Macroscopic fungus observed on plantain corm.

a

b
Corm rot

Blight symptoms

Figure 2: a- Blight symptoms observed on diseased plantlets. b- Corm rot observed in propagators.
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Table 2: Isolates obtained from the different plant parts and the fruiting body.
Serial number
1

Plant parts
Root

Isolate code
R, F

2

Corm

C, F

3

Pseudostem

P, F, C

4
5

Leaf
Fruiting body

L, F, C
F

Table 3: Cultural characteristics of fungi isolated from plantain parts and from fungi fruiting body.
Isolate
code

Average
colony
diameter
(3days)

Margin

Elevation

Form

Aerial
hyphae

Colony tint

C

53.7mm

Filiform

Flat

Filamentous

Present

L

53.2mm

Filiform

Crateriform

Filamentous

Present

Surface
Transparent to
white
White

R
F
P

18.4mm
22.7mm
27.4mm

Entire
Filiform
Filiform

Flat
Umbonate
Raised

Irregular
Filamentous
Filamentous

Absent
Present
Present

White
White to grey
White to brown

Figure 3a: Culture of isolate C on Potatoes Dextrose Agar (i) front view (ii) reverse view.
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Reverse
White
White to pale
yellow
White
Brown to red
White
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Spore mass

Figure 3b: Micro-morphological presentation of isolate C.

i

ii
Figure 4a: Culture of isolate L on Potatoes Dextrose Agar (i) front view (ii) reverse view.
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Conidia mass

Septate hyphae

Figure 4b: Micro-morphological presentation of isolate L.

i

ii

Figure 5a: Culture of isolate R on Potatoes Dextrose Agar (i) front view (ii) reverse view.
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Ascus and

ascospores

Figure 5b: Micro-morphological presentation of isolate R.

i

ii

Figure 6a: Culture of isolate F on Potatoes Dextrose Agar (i) front view (ii) reverse view.
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Septate hyphae

Ascoma releasing spores
Figure 6b: Micro-morphological presentation of isolate F.

i

ii

Figure 7a: Culture of isolate P on Potatoes Dextrose Agar (i) front view (ii) reverse view.
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Septa

Figure 7b: Micro-morphological presentation of isolate P.

M

NC

R

L

F

C

P

10,000

1,000
750
Fungal
genomic
DNA

Figure 8: Electrophoregram of genomic DNA. Lane M: Molecular weight markers, NC: Negative control, P, R,
L, F, and C are the PCR products of isolates P, R, L, F, and C. Samples were run on 2% agarose gel.
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M

P

R

L

F

C

NC

1,000
750
500
300
500 - 800 bp

200
50

Figure 9: PCR products obtained from fungi isolates using ITS primer pair. Lane M: Molecular weight
markers, NC: Negative control, P, R, L, F, and C are the PCR products of isolates P, R, L, F, and C. Samples were run on 2%
agarose gel.

Table 4: Frequency of occurrence and percentage of the different fungi species, as isolated from the
plant parts and fruiting body, on PDA containing streptomycin (100mg/L).
Species
Hypocrea lixii

Plant parts
Root

Frequency
1

Chaetomium globosum

Root
Corm
Pseudostem
Leaf
Fruiting body

5

100

Fusarium oxysporum

Corm
Pseudostem
Leaf

3

60

Alternaria burnsii

Pseudostem

1

20

Trichoderma harzianum

Leaf

1

20
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fruiting body which was seen in all macro
propagators during the survey.
Alternaria spp. have been isolated
frequently during surveys of endophytes in the
xylem and stem tissues of plants, in the leaves
of important medicinal plants (Kurandawad
and Lakshman, 2011), and in the shoots and
leaves of Vistis vinifera (Mostert et al., 2000).
Moreover, Thomma (2003) reported that most
Alternaria species are saprophytes that are
commonly found in soil or decaying plant
tissues which could possibly imply an
association between this species and the corm
rot observed in the macro propagators in this
study. Alternaria alternata has been
associated with Alternaria leaf spot of
ornamental dwarf banana in China (Fu et al.
2014). Although this fungus has not been
associated with any disease on edible bananas
in Cameroon and the rest of the world, it is
likely that its activities may have deleterious
effects on the growth and development of
bananas and plantains.
Isolate
L
was
identified
as
Trichoderma harzianum while isolate R was
Hypocrea lixii. Chaverri and Samuels (2002)
revealed that Hypocrea lixii is the teleomorph
(sexual stage) of Trichoderma harzianum
which is the anamorph (asexual stage) of the
same species. Therefore, isolates L and R
which were initially considered as different
species based on micro-morphological
characteristics were found to be different
stages of the same species based on molecular
techniques. Although no literature that
associates T. harzianum and plantain has been
encountered so far, it has been reported that
Trichoderma harzianum is a common soil
species and is used in biological control of a
variety of plant-pathogenic fungi. It has been
isolated from the rhizosphere of banana
(Haryono, 2007). T. harzianum is effective
against pathogenic fungi and diseases such as
Rhizoctonia solani root rots, Phytophthora
megasperma f. sp. glycine a root rot on
soybean, Gaeumannomyces gramminis takeall of wheat, Sclerotinia sclerotiorum rots,
Sclerotium rolfsii Southern stem blight of
tomato, and Fusarium wilt of tomatoes

DISCUSSION
Of all isolates identified, Fusarium
oxysporum is the only one that has been
reported as the causal agent of Fusarium wilt
(Panama) disease of Plantain. This was
confirmed by Ghag et al. (2015) who reported
that Fusarium wilt disease of plantain/banana
is caused by Fusarium oxysporum which
invades the roots and stems tissues, blocking
the water conducting channels and causing
leaves to turn yellow, dry and eventually
collapse.
So far, no literature has been
encountered
associating
Chaetomium
globosum with plantain. However, Biles et al.
(2012) reported that Chaetomium globosum
decomposes plant cells using hyphal cellulase
activity. More to that, they are known to cause
soft rot rather than brown rot, C. globosum
plant decomposition leaves behind lignin
residues (Biles et al., 2012). Therefore, C.
globosum could also be a contributing factor
to the corm rot observed in the macro
propagators. Moreover, Abou and Shebany
(2012) reported that C. globosum are
endophytic to many plants. In spite of their
ability to cause plant decomposition, their
asymptomatic colonization in some plants,
helps the plants to tolerate metal toxicity.
When maize plants were treated with C.
globosum, they expressed less growth
inhibition and increased biomass (Abou and
Shebany, 2012). C. globosum is also known to
reside in Ginkgo biloba plants (Zhang et al.,
2013). Sudarma and Suprapta (2011) isolated
Chaetomium sp. from soil collected in a
banana habitat, where the plants showed
symptoms of Fusarium wilt in Indonesia.
Interestingly in the same study, Chaetomium
was not present in soils from a banana habitat
where the plants did not suffer from Fusarium
wilt. It is therefore highly likely that
Chaetomium may play an important role in the
development of Fusarium wilt in plantains
and banana. In the study reported here, it is
possible that C. globosum had contributed
towards the disease symptoms observed. This
is more so because this fungus was isolated
from all parts of the plant, as well as from the
2806
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(Gnancadja et al., 2015). In addition to the
bio-control properties of T. harzianum, this
species has potential for the enhancement of
plant growth and resistance to plant pathogens
(Ouedraogo and Hien, 2015). It is therefore
unlikely that this species is implicated in the
diseased symptoms observed.
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Conclusion
From our findings, it is very likely that
Fusarium and Chaetomium were the causative
organisms for the corm rot and blight
symptoms observed in macro propagators in
Buea. Proper management and control of
these fungi in propagators will therefore
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