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Abstract: Screening of endophytic fungi which antagonize Colletofrichimm musae, the cause
of anthracnose disease, was carried out. The in vifro screening was studied by dual culture
method. The inhibition due to fast competitive growth of Cordana sp. (KPP-3) and the
antibiotic producing endophyte, Nodulisporium sp., reached a high percentage (90%
C. musae inhibition). Spore germination assay showed 91% C. musae germination, while
only 0.63 and 1.88% germinated in the comidial suspension of Cordana sp. and
Nodulisporium sp., tespectively. There was a significant difference between the Discase
Severity Index (DSI) of banana fruits treated with Cordana sp. and those treated with
Nodulisporium sp. The results presented in this research highlight the possibility of using
endophytic fungi as biological control agents for anthracnose disease of banana.
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INTRODUCTION

Banana (Musa spp.) is found throughout most tropical and warm temperate regions, especially
those with high precipitation. Banana species are important for the daily life of Thai people and are
utilized for food, drugs, utensils and are used for various traditions and culture. In addition, chemical
extracts from green banana skin contains antibiotic compounds that inhibit pathogenmic fungi
(Anonymous, 1998). On the other hand, there are several banana diseases whose confrol is
problematic.

The genus Colletotrichum includes about 50 species that cause serious worldwide plant diseases,
usually known as anthracnose (Suttor, 1992). Collefotrichum species cause major damage to crops in
tropical, subtropical and temperate regions. Cereals, vegetables, legumes, ornamentals and fiuit trees
may be seriously affected by this pathogen (Freeman, 2000). Colletotrichum musae causes anthracnose
in banana fruit and is one of the few Collefotrichuim diseases that is confined to mature fruits (Waller,
1992). This disease results in scarring from the infection lesion and is the main quality defect of ripe
fiuit causing consumer rejection. Fungicides have been used to reduce postharvest disease in banana
together with hot water dips and modified atmosphere packaging (Wade et af., 1993; Costa and
Erabadupitiya, 2005). Because the infection is latent and does not manifest itself until the fiuit ripens,
it 1s difficult to control the disease. There is a need to develop new control methods, including
biological control using antagonistic fingi and these could then become a component of an integrated
control program (Jones, 2000).
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In the last decade, the interest in endophytic fungi as potential producers of novel, biclogically
active products has increased (Petrini er af., 1992, Monaghan ef of., 1995). Endophvtes are a potential
sources of novel chermistry and biology to assist in solving human and animal health problems (Strobel,
2002). The objective of this study was to screen potential antagonistic endophytes and to study their
efficacy in inhibiting growth of Cofletotrichum musae.

MATERIALS AND METHODS

Isolation

Colletotrichum musae was isolated from anthracnose lesions of banana fruits. The diseased areas
were superficially disinfected, cut into small pieces (3-5 mm in diameter) and each piece was sterilized
in 10% Clorox for 3-5 min and washed in 3 series in sterile water. The washed tissues were then placed
separately on Potato Dextrose Agar (PDA) plates and incubated at room temperature (25-30°C). After
incubation, hyphal tip isolation technmique was used to transfer mycelium to fresh PDA plates.
Identification of the fungal isolate was carried out under microscopic observation according to
appropriate taxonomic key and description (Sutton, 1980).

Antagonistic Test

Seven hundred and twenty three isolates of endophytic fungi were isolated from healthy
leaves, petioles and pseudostems of wild banana (Musa acuminata) in Thailand from July 2004 to
April 2005 using the method developed by Photita er el (2001). Screening of the endophyte
strains for their antagonistic effects was carried out by inoculating each endophyte in dual cultures
with Colletotrichum musae in 9 cm Petri dishes containing PDA. Each agar plate was inoculated
with a 5 mm in diameter agar disk of the actively growing endophyte; this was positioned at the
opposite side of a 5 mm diameter agar disk of the actively growing pathogen. The distance between
discs was approximately 5 cm. Five replications were run for this experiment for each pairing.
Mycelium plugs of the endophytic fungi were taken from the margins of young colonies grown on
PDA.

Plates inoculated with C. musae alone were used as controls. All plates were then incubated at
room temperature (25-30°C) and the two colonies were allowed to grow towards each other. After
7 days, the diameters of the C. musae colony in the control and in each paired culture were recorded.
The percentage of inhibition was calculated by using the equation:

Percentage of inhibition = %100

Where:
A = Radius of pathogen in control plate
B = Radius of pathogen in dual culture plate

The endophytes showing highest percentage inhibition were selected as candidates for in vitro
germination and iz vive studies.

In vitro Germination Assay

Cordana sp. and Nedulisporium sp., the two endophytes significantly reduced the growth of
C. musae, were selected for an i vifro germination assay. Fungal suspensions of C. musae were
prepared from 9 to 13 day old cultures. PDA plates with growing fungi were flooded with sterilized
water and surface gently rubbed with a sterile grass rod. The concentration of conidia mL ™" was
determined using a haemacytometer and adjusted to 1x10° mL™. Fungal suspensions of two
endophytic strains were also carry out in the same method and same concentration of test pathogen.

369



Res. J. Microbiol., 3 (5): 368-374, 2008

Five replicates of 1 mL of conidial suspension of each endophytes and pathogen were incubated at
room temperature on microscope slides in humidified Petri dishes for up to 12 h. The percentage of
spore germination was determined hourly. Conidial suspensions of . musae incubated in distilled
water were served as a control.

In vivo Screening of Antagonists

The selected endophytes were chosen as candidates for the in vivo screening test. They were
incubated on PDA for one week at room temperature. Conidia of Colletotrichum musae were gently
scraped from the surface of one PDA plate into 25 mL sterile distilled water to prepare a conidial
suspension. The suspension was adjusted to 10° conidia per milliliter. Ten fruits per replicate per
treatment were tested. Banana fruits were soaked in the endophyte suspensions at room temperature
for 30 min. The control treatment was soaked in distilled water. Banana fruits were spraved with 5 mL
of the tested fungal suspension. The treatments were maintained in plastic boxes (10<12x 10 cm) with
regularly moistened tissue papers and incubated at room temperature. The treated banana fruits were
incubated for 1-2 weeks at room temperature. The effectiveness of endophytes was determined as
percentage of disease reduction using the disease index (Ohata ef al.. 1995) with slight modifications.
Disease severity was based on the percentage of fruit surface covered by lesion.

RESULTS AND DISCUSSION

Antagonistic Test

Out of 723 isolates of endophytic fungi isolated from wild banana (Musa acuminata),
Cordana sp. (strain KPP4-3) and Nodulisporium sp. (JWL1-8) were the most effective fungi in
reducing the radial mycelium growth of Colletotrichum musae. Cordana sp. (KPP4-3) and
Nodulisporium sp. (JWL1-8) were paired in culture. The inhibition produced by Cordana sp. occurs
through its fast competitive growth, while the inhibition due to Nodulisporium sp. is produced by
antibiotic production. The inhibition reached a high percentage (90% of C. musae inhibition) (Fig. 1).

Fig. 1: Endophytic strains showing inhibition zone against growth of Colletotrichum musae on PDA.
A = Cordana sp. (strain KPP4-3) and B = Nodulisporium sp. (JWL1-8). Control plates on left.
C. musae inoculated on left-hand side of plates, endopohyte test strain on right-hand side
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The dual culbure method indicates the abdity of certan endophytes to inhibit the growth of pathogens
and has been shown previously (Denis and Webster, 1971; Lee and Harling 1999 Eraussefal, 2001,
Georgakopoulosef al, 2002, L arena ef @l ., 2002; Park ef &, 2003).

In vitro Germinating Assay

Drespite the norm al spore germination of Collefofriciean musae was 91%, the reduction in its
germination was only 063 and 1 B8% when germinated in comdial suspension of Corder sp. and
Modidisporium sp., respectively (Table 1. The germ tubes of O mesae were short and coiled when
incubated in corddidl suspension of endophytes (Fig 2. Dermds atd Webster (19717 observed that the
aerial mycelivm of pathogens were both shorter and smaller when inkibited by other fungi. The
morphological changes included changesinform, size and stactire of the Iyrphae and also changesin
the direction of growth and even cessation of growth, the segmerts of hyphae became shorter.

In vivo Screening for Antifungal Actirity

This assay showed that disease severity was signifi cantly reduced in banana fiiits treated with
endophytes compared to the wntreasted ones (Table 2. Thisresearch highlights the possitility of using
endopltic fungi as biological control agerts for arthractiose disease of banana Tt was reported that

Table 1: Germmination percentaze of Colletatrichen posas cormdia
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Fig. 2: Germ tube of Collefofrichean musae after 24 h incubation in conidial suspension of the
endophiytes;, Cordang sp. and Nodwlisporiaen sp. a = Contrdl;, b d = corddia treated with
endoplertes
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Cordana musae can cause large pale brown leaf spots on banana (Jeger et af., 1995; Photita ef al.,
2004). Nodulisporium sp. an endophyte from Bontia daphnoides can produce nodulisporic acids, that
exhibit potent anti-insect properties against the larvae of the blowfly (Demain, 2000), endophytes
fromJuniperus cedre can produce compounds exhibit herbicidal antifungal and/or antibacterial activities
(Dai et al., 2000). Nodulisporium sp. (JWL1-8) is good endophyte for further antifungal producing
strain. There are reports showing that endophytes can produce bicactive compounds ¢.g.,
Acremonium sp., an endophyte of European yew produces a leucinostatin (Strobel er af., 1997),
endophytes of Spondias nimbin can produce secondary metabolites for biological control
(Rodrigues et al., 2000) and Peslalotiopsis sp. and Monochaetia sp. isolated from rain forest plants can
produces ambuic acid (Li ef af., 2001). Moreover, endophytes may be beneficial to the host because
of their competition with, or chemical inhibition of pathogens or by activating host defense
mechanisms (Brown et af., 2003). Tt has been proposed that fungal endophyes could be potential
biological control agents, particularly for control of latent pathogens (Petrini, 1993). They are also
thought to induce resistance against disease through their ability to alter the alleochemical defenses of
a plant (Clay, 1991). Antagonists produce toxic metabolites near the infection site and thereby inhibit
growth of the pathogens by antibiosis (Singh er @i., 2003). Endophyte cultures have been tested for
antagomism against pathogenic fungi inleaf and stem iz vifro assays with significant inhibition recorded
for many isolates (Brown et al., 2003). Two isolates of Phialocephala fortinii, endophytes from root
of eggplant and Chinese cabbage almost completely suppressed the effects of post-inoculated virulent
strains of Verticillivm dahliae and V. longisporum causing Verticillium yellows in Chinese cabbage
(Narisawa ef al., 2003).

The above example illustrates the potential for using endophytes in the biological control of
certain plant pathogens. Further research is needed to determine which fractions of the extract are
responsible for the inhibition of pathogen growth caused by the endophytic strains. The structures of
the metabolites then needed to be elucidate, as they may represent novel therapeutic agents.
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