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Abstract: Of the 27 antagonistic bacteria isolated from the fructosphere of papaya and screened by dual and
concomitant test, four 1solates of bacteria (B23, B19, BO4 and B15) had high antagomstic activities against
Colletotrichum gloeosporioides of papaya. Using the Biolog system, isolates B23 and B19 were identified as
Burkholderia cepacia and BO4 and B15 as Pseudomonas aeruginosa. Both B. cepacia and P. aeruginosa
strongly mhibited the fimgal growth by an average of 74.13 and 68.45%, respectively during in vitro screening
on PDA medium. The bacteria also produced volatile as well as diffusible substances. Malformation of hyphae
occurred in the presence of both bacteria. Hyphae were thickened, vacuolar and many swellings occurred in
them or at the tips of hyphal strand. However, B. cepacia was found most efficacious biocontrol agent in this
study. Total inhibition (100%) in spore germination was noted in presence of B. cepacia at 24 h after treatment.
Filter sterilized culture filtrate of B. cepacia also significantly inlubited the mycelial growth (59.2%) and spore
germination (100%) of the test fungus, thus suggesting that an antibiotic substance (s) may be produced by
the bacterium. Therefore, in vitro activities of the B. cepacia against C. gloeosporioides of papaya in this study

suggested that the bacterium can be an effective biological control agent.
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INTRODUCTION

Papaya (Carica papava L.) 13 one of the most
popular tropical fruit in Malaysia and has an excellent
potential as an export crop. In 2002, Malaysia occupied
the top position for export papaya to Hong Kong and
ranked second in the world among the papaya exporter
countries after Mexico. Malaysia’s export of papaya was
accounted for 28.5% of the total world exports in 2002
(FAMA, 2006). However, during storage and
transportation, postharvest diseases may significantly
lower the quality and value of this commodity
(Gamagae ef al., 2004). Among the postharvest diseases,
anthracnose caused by Ceolletotrichum gloeosporicides
Penz. Sacc., 1s a major postharvest disease n tropical
countries (Paull e al., 1997; Snowdon, 1990). In Sri Lanka,
the disease restricts the export of papaya to overseas
markets (Gamagae ef al., 2003). Anthracnose m papaya
can be controlled by using postharvest application of
prochloraz or propiconazole (Sepiah, 1993), hot water
treatment (HWT) at 43-49°C for 20 min (Couey et al., 1 984)

and heat treatment or HWT in combination with
fungicides (Couey and Farias, 1979). However, heat
treatment leads to enhance softening of papaya fruit. The
response of papaya fruit to heat treatments varies with
maturity and season, with fruit being most susceptible to
injury during cooler periods of storage (Paull, 1995). HWT
affect the ripening process in papaya (Paull, 1990) and the
use of fungicides for extended periods may cause
emergence of strains of fungus resistance to these
fungicides. The use of fungicides 13 becoming more
restrictive due to health concerns (Ragsdale and Sisler,
1994) and consumers are demanding less chemical residue
on produce. For these reasons, elucidating non-chemical
control methods to reduce postharvest decay is becoming
increasingly important. It 1 therefore, necessary to
develop safer alternatives to synthetic fungicides that are
effective and economically feasible as well as
environmental friendly. An altemative that continues to
show promising results is biological control of
postharvest diseases (Zhou et al., 2001; Janisiewicz and
Teffers, 1997, Wilson and Wisniewski, 1989).
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However, there has been no report on the successful
biological control of Colletotrichum gloeosporioides, the
causal agent of anthracnose disease of papaya using
antagomstic bacteria. Therefore the objective of thus
study 1s to isolate, identify and evaluate bacterial
antagomsts against C. gloeosporioides.

MATERIALS AND METHODS

The experiment was conducted at Plant Protection
Laboratory, Faculty of Agriculture, University Putra
Malaysia, Serdang, Selangor, Malaysia in 2005.

Colletotrichum
gloeosporioides were 1solated from infected papaya
collected from different locations mn Selangor, Malaysia.
The 1solation of C. gloeosporioides was according
to procedures outlined by Bautista-Banos et al
(2003) and Gamagae ef @l. (2003). Identifications of the
C. gloeosporioides were done by comparing its cultural
and morphological characteristics with descriptions
published in specialized literature (Sutton, 1992; Barnett
and Hunter, 1972). The isolate was maintained on PDA
slant at 28+2°C. Continuous re-inoculations and re-
isolations on papaya fruit were carried out to maintain

Isolation of (.  gloeosporioides:

pathogenicity of the moculum.

Preparation of conidial suspension of
C. gloeosporivides: Isolate of C. gloeosporicides was
grown on PDA agar at 28+2°C for 7 days. Spores were
subsequently harvested by flooding the surface of the
media with distilled water and gently agitating the plate
with a bent glass rod to dislodge the spores. The resulting
suspension was filtered through two layers of sterile
muslin cloth. The concentration of conidia in the filtered
suspension was adjusted to 5x10° conidia per mL with
sterile distilled water using a haemacytometer (Sariah,
1994; Obagwu and Korsten, 2003).

Isolation of antagonistic bacteria from the surface of
papaya fruit: Both nfected and non-nfected papaya fruits
were used to isolate antagonistic bacteria. Pieces of fruit
tissues, 5 mm’, were cut from the healthy and lesion
area and then surface disinfected with 1%
hypochlorite. Fifty grams of sliced tissues are then soaked
in 10 mL of sterilized water and rotary shaking for 24 h
at room temperature (28+£2°C). Fold serial dilutions
(107'-107") of suspension was made in test tube. Then
0.5 mL suspension from each test tube was spread on
nutrient agar (NA; Difco, Detriot MI) medium with a sterile
bent glass rod and incubated for 24-48 h at 28+2°C. Single

sodium
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colonies of bacteria were then transferred onto petri
dishes contaming NA to obtain pure culture (Dikin ef af.,
2002; Monteallegre et al., 2003).

Screening, selection and identification of bacteria:
Seventy six 1solates of bacteria were obtained by the
dilution method from fructosphere of papaya collected
from different locations in Selangor, Malaysia. These
isolates were first dually cultured with C. gloeosporioides
on PDA medium. Tsolates with inhibitory characteristics
against C. gloeosporioides were selected for further
screening by means of dual and concomitant test (Wu
and Chou, 1995).

The effective antagomstic bacteria were then
identified by using BIOLOG (Biolog Inc., Hayward, CA,
USA) system  with the
Microstation System Release Version 4.20 as described by
Chiou and Wu (2001). This test was repeated once.

identification software

Preparation of aqueous antagonist suspension: Tsolates
of Burkhoderia cepacia and Pseudomonas aeruginosa
were selected based on their antagonistic activity. In
preparing acueous antagomnist suspension, isolates were
grown on NA at 28+2°C for 24 h. A loop of each culture
was then transferred to a 250 ml. conical flask containing
50 mL of nutrient broth (NB, Difco, Detroit, MI) and
incubated on a rotary shaker at 1 50 rpm for 48 h at 284+2°C.
The 1solates were re-cultured m fresh nutrient broth for
another 72 h before used (Smilanick et al, 1993). To
enumerate, Colony Forming Units (CFU), cultures were
serially diluted in 1% bacto-peptone (Difco, Detroit, MI)
and plated on nutrient agar. The number of cfu counted
after 48h incubation at 28+2°C. At the time of use, the
suspension was adjusted to approximately 109 cfu mL ™.

Preparation of filter sterilized culture filtrate: Culture
filtrates of both isolates were prepared using NB medium
following the procedure as described by Yosluida ef al.
(2001) and used mn this experiment to determine their effect
on fungal growth.

Antagonism

Dual culture assay: For this test dual culture plates were
prepared as described by Sariah (1994). Plates were
incubated for seven days at room temperature (28+2°C).
After the incubation period, percent inhibition of radial
growth (PTRG) was recorded based on the following
formula (Sivakumar, 2002; Sariah, 1994):

R1-R2

PIRG = %100




Asian J. Plant Sci., 6 (1): 12-20, 2007

Where, RI1 =Radial growth of C. gloeosporicides in
control plate
R2=Radial growth of C. gloeosporioides
mteracting with antagonistic bacteria

Furthermore, random plating of PDA plugs on fresh
PDA plates taken from the interaction zone was done to
assessed viability of the fungus in the zone of mteraction
in dual culture test. Each treatment was carried out with
five replicates. The experiment was arranged according to
completely randomized design.

Production of diffusible antifungal substances: In this
experiment, diffusible antifungal substance (s) was
produced in sandwich agar plates, which was prepared
according to the procedure as described by Dikin e al.
(2002). The experiment was conducted with five
replications and repeated thrice. Results were expressed
as means of Yomhibition of growth of C. gloeosporioides
1n the presence and absence of bacterial isolate.

Production of volatile antibiotics: The ability of the
bacterial 1solate to produce volatile antibiotics was
evaluated usmg published procedure as described by
Montealegre et al. (2003). Results were expressed as
means of % inhibition of growth of C. gloeosporicides
1n the presence and absence of bacterial isolate.
Mycelial growth test: Six mm agar plugs of
C. gloeosporioides were taken by cork borer and placed
mto a sterilized glass test tube. Mycelial agar plugs were
then dipped into selected antagomstic bacterial
suspension (109 cfu mL.™") for 30 min and air dried.
Treated mycehal plugs were transferred on petri dishes
contaimng PDA medium. Fungal plugs dipped mn sterile
distilled water served as control. Each plate of a treatment
was replicated 5 times. The plates were then incubated
at 28+2°C for 7 days. The observation of radial inhibition
of mycelial growth was carried out 7 days after mncubation.
In another experiment, filter sterilized culture filtrate
of B. cepacia and P. aeruginosa grown in nutrient broth
(NB) were also tested for their antagonistic activity to
C.  gloeosporioides. The culture filtrates of each
bacterium and a control of NB were mixed separately
with PDA (2:3v/v) cooled to 45°C. Radial growth of the
C. gloeosporioides on these amended media was
recorded after 7 days of incubation at 28+2°C. Both of the
experiments repeated twice.

Study on hyphal morphology: A 6 mm diameter
mycelial plug from four days old PDA culture of
C. gloeosporioides was transferred to the center of a petr1
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dish, containing 15 mL of PD broth and incubated at
28+£2°C for 2 days. When mycelial growth on the surface
of the liquid reached a diameter about 1.5 cm, 1 mm
bacterial suspension (109 cfu mL™") of either B. cepacia
or P. aeruginosa was transferred to the plate and the
culture was further incubated at 28+2°C for 3 days.
Hyphal strands at the end of the fungal colony
were removed and examined under a microscope
for abnormalities  (Sariah, 1994). Cultures of
C. gloeosporicides in PD broth without bacterial
mnoculation served as control. The experiment was
arranged m a completely randomized design, with five
replicates each. The experiment was repeated once.

Spore germination test: Two experiments were conducted
to determine the effect of antagomistic bacteria on the
spore germination of C. gloeosporioides. Bacterial
suspensions (10° cfu mL.™") prepared as described above
were used m this experiment. Spore suspension of
C. gloeosporioides was also  prepared with
5x10° spores/ml.. Then 100 uI. of cell suspension of
selected bacteria were placed into a sterile test tube and
added 100 pL of spore suspension of the test fungus. The
mixed suspension was then incubated for 30 min at
281+2°C. For the control plate sterilized water was added
instead of bacterial suspension. After completion of
incubation time, 100 pL of mixed suspension was spread
over the PDA plates with a sterile bent glass rod. The
plates were then incubated for 24 h at room temperature
(284+2°C). Spores were examined under a microscope for
germination. A spore was considered to have germimated
when the germ tube length was half of the length of the
spore (Sariah, 1994). The experiment was repeated two
times and plates were arranged n a completely
randomized design with five replicates.

In the second experiment, filter-sterilized culture
filtrates of selected bacteria were used instead of bacterial
suspension to determine their effect on the spore
germination and sterilized NB served as the control.

In another test, 100 pl. of spore suspension of
C. gloeosporioides was spread over the PDA plate with
a sterile bent glass rod. Two sterilized filter paper discs
(1 cm diameter), were placed 3 cm apart on the agar and
50 pL of bacterial suspension was pipetted onto each of
the paper disc. In control plate, discs received 50 ul, of
sterilized NB only. After 24 h of incubation at 28+2°C,
spore occurring within 10 mm around each disc were
examined under a microscope for germination.

Statistical analysis: Data were statistically analyzed
using SAS software (SAS, Institute Cary, NC, 1987), by
analysis of variance and the sigmficance of the treatments
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was determined using LSD (p=<<0.05). The percentage data
were transformed into Arcsine transformation before
subjected to ANOVA (Gomez and Gomez, 1984).

RESULTS

Isolation of antagonistic bacteria from the surface of
papaya fruit: A total of 76 bacterial isolates were izolated
based on liquid assay. Pure culture of each isolate was
maintained for screening test against C. gloeosporicides.

Screening, selection and identification of antagonistic
bacteria: Isolates with inhibitory characteristics were
selected and screened by means of dual culture and
concomitant tests. Of the 76 isolated bacteria, 27 were
inhibitory to . giceosporicides on PDA (Table 1). Out of
27, four isolates namely B23, B19, BO4 and B15 had a
significantly (p<<0.05) higher inhibitory effect than the
others. The PIRG of B23, B19, B04 and B15 were 74.2,
74.06,68.78 and 68.21%, respectively, with respect to the
control after seven days of incubation (Fig. 1).

Four selected antagonistic isolates were gram-
negative, aerobic rod-shaped bacteria. Using the Biolog
system, isolates B23 and B19 were idenfified as

Table 1. Screening for antagonistic bactenia against Colletotrichum
glozosparicides of papava.

Antagonism

Isolate No.  Location of collection Substratum (PIRG)*
EOL UPM, Serdang, Papaya fruit and 3702¢g

Selangor Malaysia leaf
BOZ 16.56n
EBO3 18.73m
BO4 68.78b
EBOS 40.65e
BO6 2.98p
EBO7 18.22m
BOE 13.16m
EO9 19791
BlO 15.17m
Ell 5.040
BlzZ 31.58h
B13 MARDI, Serdang, Papaya fruit

Selangor Malaysia and leaf 21.48k
EBEl4 32.3%h
BlS 68.12b
Eld 24 701
B17 23.604
Bl1g 2213k
Bl9 74.06a
B20 2202k
Bzl 4271d
B22
BZ3 24791
74.20a
B4 Kajang, Selangor Papaya fruit BZ5
B2d Ialaysia B27
49.30c 20.251
17.96m 38.45f

Means in the column followed by same letter(s) are not different significantly
at p<0.05 according to LSD,* Percentage inhibition of radial growth of
Collatotrichum gloecsporicides at 7 days after incubation

Burkholderia cepacia and B4 and B15 as Fseudomonas
aeruginosa. Both B. cepacia and P. geruginosa strongly
inhibited the mycelial growth of C. glocosporioides on
PDA medium. No mycelial growth was obzerved after four
days of incubation, when PDA plugs from interaction
zone were re-cultured on fresh PDA plates.

Production of diffusible and volatile antibiotics: Both
B. cepacia and P. aruginosa were found to produce
diffugible as well as volatile antibiotics, which showed
significant difference with control (p<0.05) in respect of
mycelial growthinhibition (Table 2). Mvcelial growth of .
gloeosporicides was completely inhibited by diffusible
antibiotics produced by both of the bacterial isolates
after 7 days of incubation. B. cepacia showed the
highest inhibitory effect on the growth of .
gloeosporioides by producing wvolatile antibiotics.
Inhibition of mycelial growth was 26.6% at 7 days after
incubation with respect to the control.

Mpycelial growth test: Both 5. cepacia and
F. aeruginosa completely inhibited the mycelial growth
of C. gloeosporioides on PDA medium after 7 days of
incubation with respect to the control {Table 3). Filter
sterilized culture filtrate of both bacteria also significantly

Table 2. Growth inhibition of & glogosporicides by diffusible and volatile
antibiotics produced by antagonistic bactena at 7 days after
incubation

Inhibition of radia growth (34)

Armtagonistic bacteria Diffusible antibiotics Volatile antibiotics

Burkholderia cepacia 100a 26.61a
Pseudomonas aeruginasa 100a 14.36h
Cuonitrol -

Means in a column with the same letter(s) do not different significantly at
0.05 levels according to LSD

Control

Fig. 1: Inhibition of Colletotrichum gloeasparioides by
B. cepacia and P. aeruginosa 7 days after
incubation at 28+£2°C
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Table 3: Effect of antagon sti c bacteria on the growth and spore germination of & glosnsparizides

Effect of bacterial suspengion (10° cfu mL-%)

Effect of filter sterilized culture filtrate

Inhibition of spore germination (%6)

Antagonistic bacteria PIRG* PIRG Inhibition of spore germination (%4)
B repaacia 100a 100a 58.18a 100a

P deruginosa 100a 37 16.91b 1.31h

Control - -

Means in a column with the same letter(s) do not different significantly at 0.05 levels according to LSD, *Percentage inhibition of radial growth of

Colletotrichum glososporioides at 7 days after

Fig. 2: Hyphal morphology of C. gloeosporicides as affected by B. cepacia and P. aeruginosa. Occurrence of bubbles,
vacuoles and swelling in hyphae (A); Thickened and swelled hyphae and hyphal tips (B-C) and D = Normal

hyphae

reduced the growth of C. gloeosporioides. Inhibition of
mycelial growth was recorded as 59.2 and 16.9% by the
culture filtrate of 5. cepacia and F.
respectively with respect to the control.

AEFULINGSa,

Study on hyphal morphology: A little additional niycelial
growth of (. gloeosporioides was observed after
introduction of both B. cepacia and F. asruginosa to
PDB. Hyphal tips of the fungus became malformed and
hyphae were thickened and vacuolar compared with
hyphae in the control plate. Many swellings occurred in
the hyphae or at the tips of hyphal strands, whereas

normal hyphal walls were smooth with no swellings or
vacuolation (Fig. 2).

Spore germination test: Spore of C. gloeosporioides
did not germinate in the presence of cell suspension
or the culture filtrate of 5. cepacia after 24 h of
incubation (Table 3). Whereas, only 3.7 and 1.31% of
spore germination was inhibited in presence of cell
sugpension and culture filtrate of P. aeruginosa,
respectively. In the control plates, 94.43% spore
germination wasrecorded after seven h of incubation.
The germinated spores were characteristics by the
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Effectof B. cepacia

Effect of P. areruginosa or in control

Control plate

Effectof P. aeruginosa

Effectof B. cepacia

Fig. 3: Un-germinated spores of C. glocosporioides in the presence of B. cepacia (US); Germinated spores in the
presence of P. aeruginosa or in control plate (GS); A clear zone {CZ) of un-germinated spores around the paper

discs in the presence of B. cepacia

production of germ tubes and sometimes with the
devel opment of globose appressoria (Fig. 3).

DISCUSSION

Results of the present study clearly showed the
potential of using a fructosphere-associated antagonistic
bacterium fo confrol anthracnose disease of papaya,
These
bacterial izol ates were idenfified as Burkholderia cepacia
and Fseudomonas aeruginose by the BIOLOG system.
The most efficacious biocontrol agent identified in this
present research was B. cepacia. It is a gram-negative,
nonfluorescent pseudomonad of extreme genetic diversity
(Ramette ef al., 2005; Schroth ef «f., 1983). It is a
ubiquitous, primarily zoil-inhabiting organism with little
tolerance to desiccation that can only survive in low

caused by Collefotrichum gloeosporioides.
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populations on leaf surfaces (Armstrong ef af., 1987;
Leben ¢t al., 1965). Many members of 5. cepacia complex
have been isolated from environmental and plant samples.
Among them, candidates suitable for biopesticide action,
plant growth promotion and bioremediation have been
found (Parke and Gurian-Sherman, 2001). Moreover,
izolates similar fo E. cepacia genomovar II, have been
found as a plant aszociated bacterium from soil and inner
tissues of crop plants such as maize, wheat and lupin
(Balandreau ef «l., 2001). This indicates the close
agsociation between B. cepacia and crop plant surfaces.
Furthermore, commercial products containing 5. cepacia
are available in the market for control of many soil-borne
pathogens (Fravel ¢f al., 1998).

The results of present study demonstrated that the
izolate of B. cepacia produced antibiotic substances
in wvitro that inhibited mycelial growth and spore
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germination of C. gloeosporioides. Mycelial malformation
observed was probably due to the toxic effect of antibiotic
substances 1interfering with normal growth processes
(Sariah, 1994). B. cepacia 1s known to produce a wide
range of secondary metabolites such as pyrrolmtrin,
phenazine and cepabactin, which can influence the
growth and morphology of fungal mycelium
(Cartwright et al., 1995, Meyer et al., 1989). Pyrrolnitrin
is a broad-spectrum antifungal antibiotic. Antibiotic
production by P. cepacia has been suggested to be the
mode of disease control (Homma et al., 1989; JTanisiewicz
and Roitman, 1988). The inhibition of radial growth of
mycelium in this study 18 considered to be antibiosis, in
which the antibiotic metabolites may be penetrate m cell
and mhibited its activity by chemical toxicity. The
vacuolar appearance of the mycelium also probably
may be due to the antibiotic metabolites produced by the
bacteria, which may penetrate and caused protoplasmic
dissolution and dismtegration (Huber et al., 1966).

The failure of spores of C. gloeosporioides to
germinate after 24 h exposure either to the bacterial cell
suspension or culture filtrate of B. cepacia indicated that
the antibiotic metabolite substances produced by the
bacterium was not only fungistatic but also fungicidal to
the spore of the test fungus. Suppression of spore
germination of several fungi by B. cepacia has been
reported (De Costa and Erabadupitiya, 2005; Smilamck
and Denis-Arrue, 1992; JTamsiewicz and Roitmary, 1988).

In present study we also found that both B. cepacia
and P. aeruginosa produced volatile substance as well as
diffusible substances that significantly inhibited the
mycelial growth of C. gloeosporicides on PDA. Many
workers reported that the production of volatile ammonia
by Pseudomonas spp. has been indicated as a possible
mechanism to control soilborne pathogens (Baligh et al.,
1996, 1991, Conway et al., 1989).

Therefore, in vitro activities of the B. cepacia against
C. gloeosporioides of papaya m this study suggested
that the bacterium can be an effective biological control
agent. The use of B. cepacia as a biocontrol agent against
C. gloeosporioides of papaya may be an economical as
well as environmental safe way to suppress the disease.
However, the form in which the bacterium can be applied
on fruits needed further investigation.
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