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Abstract

In order to extend shelf life of banana fruit, controlling anthracnose disease must be done.
Knowledge of Colletotrichum musae, the pathogen causing  anthracnose disease, is
needed to be studied in order to get better understanding about the patogen. The
characteristics and virulence of the patogenare very important as a basic knowledge on
controlling anthracnose disease.The objectives of this research were to characterize seven
isolates of C. musae and to study the virulence of all isolates on banana fruit
cvambonCurup. Methods of experiment were (1) isolation of C. musae from seven
cultivars of banana (Kepok, Jantan, Srindit, Mas, Moli, ambon Hijau, and ambon Curup)
using three kind of media (Potato Dextrose Agar, Banana Peel, and Banana Peel Dextrose
Agar), (2) characterization of isolates, and (3) virulence study of isolates on banana fruit
cvambonCurup. The variables that was observed were the diameter of colony, number
of conidia, development of colony, incubation periode, diameter of lesion, and time for
lesion to be united.The result indicated that on Potato Dextrose Agar media, all isolates
of C. musae had white colony and become grey with the age which the centre of colony
was black-very black. On Banana Peel and Banana Peel Dextrose Agar, the colour of all
isolates colony were darker. Aerial mycelia grew with different thickness. All isolates
had septate hypha, conidia were oval, nonspetate, hyaline with the size 8.12 – 11.5 x 3.04
- 3.89 µm, and had no setae. Isolate from banana cultivar Kepok had the highest number
of conidia.Isolate from banana cultivar Jantan was the most virulen isolate because it had
the shortest incubation periode (3.77 days), the biggest diameter of lession (21.28 mm),
and the shortest time for lession to be united (7.90 days).
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Introduction

Ambon Curup banana fruit is very famous in RejangLebong District, the Province of Bengkulu,
due to its high sugar content, delicious taste, good flesh color, and excellence texture. As a result,
Ambon Curup banana fruits have good prices and people love to have them as a table fruits [1].
However, because of its high sugar content, low tannin contents, and thin wax layer, the fruits are very
susceptible to anthracnose disease, caused by Colletotricum musae. Therefore, a very effective and
efficient method to control the disease needs to be established to prolong the fruit shelf life so we can
market the banana overseas.

The first step to control the disease is by understanding the characteristic of the pathogen and its
virulence. The objective of this research was to study the characteristics of Colletotricummusaeand its
virulence on Ambon Curup banana fruits.

Materials and Methods

The experiment was carried out at the Plant Protection  Laboratory,  Faculty of Agriculture,
Bengkulu University and at the Micology Laboratory, Faculty of Agriculture, GadjahMada University.



The experiment was conducted in three steps as the following: isolation, characterization, and testing
the virulence of C.musae.

Isolation of Colletotrichum musae

The fungi of C.musaewere isolated by moist chamber method from seven different banana
varieties (“Kepok”, “Jantan”,  “Srindit”,” Mas”, “Moli”,  “Ambon Curup”, and “Ambon Hijau”)
having been infected by anthracnose disease. The banana fruits were washed under running water to
eliminate the debris and were followed by blotch drying with clean clothes. Afterward, the fruits were
disinfected with sodium hypochloride of 1% for 3 minutes, washed with sterile water, and air dried.

The fruits showing anthracnose disease symptoms were peeled. The inside part of the peel were
cut in a size of 1 cm x 1 cm. The cuts were incubated in the petri dishes containing Potato Dextrose
Agar (PDA) under room temperature condition. The hypha growing from the spot of anthracnose
were sub-cultured to a new PDA medium and the colony of the fungi was identified to get a pure
culture of the anthracnose fungi.

To get a stabile isolate of C. musae, suspension of conidia was stricken in an S shape onto a new
solid PDA medium by following the method developed by Boisson and Lahlou having been modified
by Hadisutrisno [2]. After six hours of incubation under room temperature, a single germinating spore
was isolated in a new PDA medium and incubated for 4 x 24 hours to get a single spore isolate.

Characterization of C.musae fungi

The pure culture of the seven isolates of C.musae were multiplied in five replication by growing
a dish of culture 6 mm in diameter produced by using a cork borer in the center of the PDA medium.
The variable measured to characterize the colony include: (1) Colony diameter, observed from the day
one to the day when the colony fully occupied the dish; (2) Conidia density, measured by
haemositometer on day seven after incubation. A ten milliliter of sterile water was poured onto the
culture, followed by conidia harvest by sweeping the conidia suspension with sterile L glass three
times. The culture was diluted to a certain concentration and then the conidia density was measured
with hemositometer under 100x magnifying microscope; (3) Colony growth was measured by the
change of the colony color, evaluated since day one until no more color change took place. The color
of the colony was compare to that of Metheun Handbook of Colour [3]. Colony thickness was also
observed visually every day since day one to day seven of the incubation. To promote seta growth,
C.musae isolate was grown under Banana Peel Dextrose Agar (BPDA) and Banana Peel (BP).
Observation was done when the culture had been isolated for at least seven days in culture.

Virulence Test of C. musae Fungi

Mature Ambon Curup banana fruits were inoculated with C.musae isolate by following the
method described by  Martoredjo [4]. The fruits were washed under running water, air dried,
disinfected with 1% of sodium hypochloride solution for 3 minutes, and rewashed with sterile water.
The fruits then were punctured for 2 mm in depth in three different spot (petiole end, middle, stem
end), by using sterile needles. A disc of C. musae isolate, 6 mm in diameter, was taken from 7 days old
culture and put on top of the hole on the fruits. The fruits were incubated under room temperature (27
oC) for further observation.

The variables observed included: (1) Incubation period, observed daily from the day  of
incubation to the day of infection, indicated by the appearance of brown spots on the inoculation spot;
(2) Brown spot diameter, observed daily by measuring diameter of the spot appeared on the banana
peel; (3) Period of brown spot union, observed daily by counting the day when all brown spot get in
touch together. The shortest period of union, the fastest time to show infection symptom, and the
largest diameter of the colony were used to determine which isolate was the most virulence one.

Results and Discussion

Characteristics of Colletotrichum musae Fungi

All C.musae isolates incubated under 27 oC and 90% of relative humidity had fully covered the
surface of the petri dish on the 4th day, with the highest rate of diameter growth on the day 2. Among
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the isolates, Moli isolate (PMI) showed the largerst colony diameter growth on the day 1 and day 2,
but slowed down on the day 3. (Table 1, Figure 1).

Table 1.Characteristics of Colletotrichum musae isolate.

Isolate

Colony diameter (mm) based on the
incubation period Conidia

density Colony growth
0 1 2 3 4 (x 106/ml)

Pisang 6.0 a 10.0 c 44.5b 84.5a 90 a 7.21 d 1A1-1D1-1E1-1F1, thick, dark black
kepok (PK) at the center
Pisang jantan 6.0 a 13.2ab 41.5b 90 a 1.70 ab 1A1-1D1-!E1-1F1, thin, grey at the
(PJ) 4.2ac center
Pisang  srindit 6.0 a 9.9c 40.5b 75.7a 90 a 0.71 a 1A1-1D1-1E1-1F1, thick, dark black
(PS) at the center
Pisang mas 6.0 a 13.3 ab 48,.ab 83.8a 90 a 1.48 ab 1A1-1D1-1E1-1F1, between thin and
(PM) thick, black at the center
Pisang moli 6.0 a 13.6a 53.5a 88.4a 90 a .,69 bc 1A1-1D1-1E1-1F1, between thin and
(PMI) thick, black at the center
Pisang 6.0 a 9.3c 41.5b 77.7a 90 a 2.47 bc 1A1-1D1-1E1-1F1, thick, black at the
ambon center
Curup (PAC)
Pisang 6.0 a 9..7c 42.5b 75.3a 90 a 3.25 c 1A1-1D1-1E1-1F1, thick, black at the
ambon center
hijau (PAH)
Note: two or more numbers followed by the same letter at the same column were non significant based on Duncan’s

Multiple Range Test on 5%
1A1: white, 1D1: light grey, 1E1: grey, and 1F1: dark grey

Note: Isolat pisang kepok (PK), pisang jantan (PJ), pisang srindit (PS), pisang mas (PM),
pisang moli (PMI), pisang ambon Curup (PAC), and pisang ambon hijau (PAH).

Figure 1.Diameter growth of the seven isolates of isolate Colletotrichum musae

All isolates of C.musae demonsrated uniform color when grown on PDA media. The colonies
were initialy looked white and finally turned to grey and dark grey in the end of the incubation period.
These findings were conformed with the previous report by Kornerup and Wanscher [3] reporting that
based on the Meutheun Handbook of Colour, the growth of C musae isolate showed the change in
color pattern as follow: Code 1A1 (white) – 1D1 (light grey) – 1E1 (medium grey) – and 1F1 (dark
grey). The center of the colony, from which the air miselia grew in different rate, looked blackish to
black (Figure 2).

When grown on the Banana Peel Dextrose Agar (BPDA), the isolates showed the same colony
growth rate as those grown on the PDA media. However, the colony grown on the BPDA showed
darker colony color than those grown on PDA meda.
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Note: Isolate from pisang kepok (PK), pisang jantan (PJ),pisang srindit (PS), pisang mas (PM), pisang moli
(PMI), pisang ambon Curup (PAC), danigur ?

Figure 2. The growth of Colletotrichummusaecolony at different period of incubation
(1, 2, 3 and 5 hari, from left to right) on PDA media.
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Different from the rest, pisang jantan (PJ) isolate showed blackish color at the center of the
colony with thin air miselia while the others showed black to dark black color at the center of the
colony with thick air miselia (Table 1). Moreover, pisang kapok (PK) isolate demonstrated the highest
number of conidia among them.

Microscopic observation demonstrated that all isolates of C.musae had segmented hypha and
non-segmented oval conidia with colored hialin, whose size was 8.12 – 11.5 µm x 3.04 – 3.89 µm
(Figure 3). Furthermore, the results showed that all isolated produced no seta when grown in PDA,
BP, and BPDA media.

a b

10µm 5 µm

Figure 3. Hypha (a) and condia(b) of Colletotrichum musae

These findings confirmed the previous works of Ploets s or z et al. [5], [6], and [7] demonstrating
that the color of C.musae colony grown on PDA media grew from white to grey, with no seta and
sclerotium. Moreover, the isolates produced oval conidia and colored hialin with 11-17 x 4-6 m [7]
or 12-17 x 4.5-5.5 m [6], and no segment [5]. Furthermore, Abdul-Elsalam et al. [8] reported that 11
isolates isolated from imported banana in Saudi Arabia produced non-segmented oval conidia and no
seta. The results of genetic analysis of the 11 isolates with Microsatellite-Primed PCR (MP-
PCR)showed that the genetic variability of the isolates was very narrow with 83-100% degree of
similarity.

Colletotrichummusae Virulence

The results of virulence test of seven isolates on Ambon Curup banana fruits demonstrated that
the isoaltes incubation periods were 3.77 – 6.60 days, with 2.78 – 21.28 mm in diameter brownspot
and 7.90 – 9.90 days of period to the spot to unite (Table 2). Further analysis showed that C. musae
isolated from pisang jantan (PJ) had the shortest period of incubation (3.77 days), largest brown spot
diameter (21.28 mm), and shortest period of brownspot union (7.90 days). These results suggested that
the PJ isolates was the most virulence isolate among the seven isolates tested on the Ambon Curup
banana fruit. Furthermore, the severity of anthracnose disease of the seven isolates of C. musae was
presented on Figure 3.

Table 2.The virulenceof seven isolates of Colletotrichum musae on Ambon Curup banana fruits

Isolates
Incubation Period Spot Diameter (mm) Period of brown spot

(days) on the 6th day union (days)
Pisangkepok (PK) 4.13 de 10.20 bc 8.50 cd
Pisangjantan (PJ) 3.77 de 21.28 a 7.90 d
Pisangsrindit (PS) 6.00 ab 7.28 bc 9.80 ab
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Pisang mas (PM) 4.30 cde 12.58 b 8.00 d
Pisangmoli (PMI) 5.20 bc 11.20 bc 8.30 cd
PisangambonCurup (PAC) 4.87 cd 10.05 bc 9.20 abc
Pisangambonhijau (PAH) 6.60 a 2.78 c 9.90 a

Note: Data followed by the same letter at the same column were not significant based on DMRT at 5%

It appeared that the degree of virulence of C. musae isolated from pisang jantan (PJ) was related
to its ability to  produce enzyme that degrades the host pathogen cell wall (cell-wall degrading
enzymes) and phytotoxin. Albaersheim and Anne [9] and Lara-Marquez et al. [10] reported that
Colletotrichum sp. produced compound of enzymes to degrade the host cell wall. The first enzymes
produced were polygalacturose and pectin liase, enzymes which degraded polymer pectin. The groups
of enzymes were α and β-galactopiranosidaseas well as α-arabinofuranosidase to degrade polymer of
araban neutral and galactan. The first set of enzymes play important role in degrading the host cell
wall so that the Colletotrichum fungi could penetrate the host very easily while the seconf groups play
important role in the nutrition uptake from the host to the fungus. Albersheim and Anne [9] reported
that C.lindemuthianum produced polygalacturonase for hydrolyzing polygalacturonan and pectin liase
to depolymerasize pectin of green bean. Based on its enzyme and phytotoxin production, the highest
pathogenity (virulence) was founf in C.musae isolated from pisangjantan (PJ), as suggested by Bailey
et al. [11] having identified three types of fitotoksin, colletotrichin, colletopyrone, and aspergillo-
marasminfrom culture fitrat of Colletotrichum.

PK PJ PS PM PMI PAC PAH

Note: Isolate of pisangkepok (PK), pisangjantan (PJ), pisangsrindit (PS), pisang mas (PM), pisangmoli (PMI),
pisangambonCurup (PAC), and pisangambonhijau (PAH)

Figure 4. Anthracnose disease severity of sevenisolates ofColletotrichummusaeon ambonCurup banana fruits
after 7 days of incubation

It was likely that the morphological characteristic of air miselia of C musae colony isolated from
pisangjantan (PJ) contributed to the degree of virulence of the fungi. As reported by Hadisutrisno [2]
finding that a fungus having very thin air miselia demonstrated very high degree of virulence. As a
matter of fact, PJ isolate had very thin air miselia.

Our preliminary study showed that when the inoculum of C musae was inoculated to the banana
fruits without making any puncture, the infection had not yet taken place when the banana fruit riped.
So, we had to make a small hole, with sterile needle, and cover the whole with a mass of inoculum to
make sure that the inoculum penetrated well into the banana peel or flesh. Bailey et al [11] found that
even though direct penetration of the pathogen is the common way of Colletotrichum to penetrate its
target, the best infection of Colletotrichum on heart of banana flower took place when there was a
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puncture present. Because of this, avoding bruise during banana harvest is very imperative to prevent
anthracnose infection.

Conclussions

1. All colony of C.musaeisolates were initially white then turned to grey when aging, grey to dark
black in the center, with thin to thick air miselia, oval conidia, hialian and aseptat.

2. C musae isolate of pisangjantan was the most virulence isolate for Ambon Curup banana fruits.
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