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Abstract: Fusarium wilt caused by Fusarium oxysporum f.sp passiflorae is the most important
disease on passion fruit that causes yield losses ranging from 50 to100%. The disease is
difficult to control because the pathogen systematically infected plants and can survive up
to five years in the soil in the absence of its hosts. The objective of this paper was to select
potential antagonistic microbes in suppressing the growth of Fusarium oxysporum f.sp
passiflorae (Fop) in vitro. Antagonists were isolated from the rhizosphere of purple passion
fruit (Passiflora edulis form edulis) and sweet passion fruit (Passiflora sp) from Gowa and
Makassar. To obtain the best isolates, their ability to inhibit the growth of Fop and their
production of cellulase, chitinase, pectinase as well as toxine compound were tested in vitro.
The results showed that out of 22 fungal and bacterial isolates tested, four and three isolates
respectively, gave an excellent growth inhibition to Fop. Highest percentage of growth
inhibition was provided by fungal isolate U, (86.11%) and bacterial isolate Mb, (76.44%).
The highest cellulase, chitinase and pectinase enzyme production were observed on fungal
isolate U , followed by isolates U, M|, M, and M,. Only two bacterial isolates Ub, and Mb,
showed highest cellulase, chitinase and pectinase enzyme production. The presence of toxin
was detected by using a thin layer chromatography on fungal isolates U, M, and Mb,. HCN
compound from bacterial isolates were obtained from isolates Ub, and Mb..
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1. Introduction Gowa, Sinjai and Tana Toraja district, but

In Indonesia, passion fruit is widely
grown by small-scale farmers for subsistence
and commercialization. It has a potential to
alleviate rural poverty. The major passion

fruit growing areas in South Sulawesi are

Gowa serve as center area for purple passion
fruit plantation and beverage industry.
Based on our field observation, there are
some problems causing reduction of passion

fruit production. Beside the wilt disease that
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attacked 5,915 plants from 9,820 plants in
2005, and increase up to 6,465 plants in 2006
(Dinas Pertanian, 2007).

Diseases are the major passion fruit
production constraints worldwide. The low
productivity in South Sulawesi is mainly due
to diseases like Fusarium wilt (Fusarium
oxysporum fsp.passiflorae) and brown spot
(Alternaria passiflorae) (Gardener, 1989).
The increase in disease incidence resulting
from continuous cultivation in some areas
can cause yield losses of 40-60 %. Between
2003-2006, production of passion fruits
decreased from 18.780 to 7.519 ton (BPS,
2007).

The fungus is both seed and soil
borne. The fungus produce resting spores
(chlamydospores) that survives as in soil
or in diseased plant tissues. Infected seeds
harvested from wilted plants are a primary
source of inoculums. The disease is
characterized by sudden wilting of passion
plants followed by drying and death of
entire plants. Some control techniques
have been used for suppressing the wilt
disease such as sanitation, plant rotation
and use of fungicide. However, none of the
methode is able to reduce the intencity of
wilt disease significantly. Biological control
1S an alternative control measures, which
is effective in controlling plant pathogens
and at the same time it is safer compared
to synthetic fungicide. (Soesanto, 2008).
Therefore, the specific objectives of this
study was to evaluate the effectiveness of
fungal and bacterial antagonist isolated from
purple passion fruit and sweet passion fruit
rthizospheres in inhibiting the growth of
Fusarium oxysporum f. sp. passiflorae in
vitro and the production of enzymes, toxine
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and volatile hydrogen cyanide (HCN).

2. Materials and Methods
2.1 Isolation and Growth Condition

Six rhizosphere soil samples of purple
and sweet passion fields were collected from
different areas in Gowa district and Makassar
to isolate fungal and bacterial antagonist.
In order to screen them for the presence
of potentially antagonistic strains of fungi
and bacteria, one gram of soil sample was
placed in a 250 mL conical flask containing
100 mL of sterile distilled water and mixed
thoroughly. Different dilutions of working
samples were prepared by serially diluting
the stock solutions. Fifty microlitres of each
of'the dilutions was spread on Patato Dextrose
Agar (PDA) and on King’s mediaum B (KB)
agar as described by Dhingra and Sinclair
(1995). A large number of bacterial and fungal
colonies were developed. Morphologically
different colonies were selected and purified

by sub-culturing

2.2 Dual Cultures Assay

A total of twenty two fungal and
bacterial isolates (U, U, U,, U, U, U,
U, U, M, M, M, M, M, M, Ub,, Ub,,
Ub,, Mb, Mb,, Mb,, Mb, and Mb,) were
secrenened for their antagonistic activity
against the wilt pathogen by employing the
dual culture technique according to Singh
et al.,(2002). The interaction was studied
in 90-mm diameter petriplate containing
PDA. One disc of each of isolates were
placed on the solidified PDA medium at
one side of plates and one of F. oxysporum
f sp. passiflorae at opposite to test isolates.
Plates were incubated at 25 + 2°C. The

radial growth of test pathogens in treated




and control plates were recorded after 2
days until two week of incubation and the
percent inhibition of mycelial growth of the
pathogens was calculated using following
formula: I = (C-T/C) x 100 (Singh et al.,
2002) where, I = Inhibition (%), C = Colony
diameter in control plate and T = Colony
diameter in treated plate.

All experiments were performed in
triplicate. Duncan Multiple Range Test was
used to evaluate the significant differences
between treatments (P < 0.05). ANOVA
analysis was done with the SPSS statistics

software.

2.3 Extracellular Metabolites

Selection of extracellular metabolites
was conducted by using of salt mineral
medium or czapek dox agar using carboxy-
methylcellulose, amylum, or chitin as sole
carbon source (Gessner, 1980). After an
incubation period, a Congo Red solution was

used to reveal the hydrolytic zones.

3. Results and Discussion

In the present study, rhizosphere
associated fungi and bacteria were evaluated
for their antagonism against Fop, causative
agent of wilt disease on passion fruit.
The objective of the study was to select
antagonistic fungi and bacteria active
against Fop in vitro, and how their ability
in producing secondary metabolites that
correlated with antagonism. A total of 22
fungal and bacterial isolates were isolated
from healthy rhizosphere of passion fruit
plants collected from Gowa and Makassar.
Antagonism of all the fungal and bacterial
isolates was first evaluated against Fop in

vitro test i.e., dual culture assay and extra-
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cellular metabolite efficacy test. On the
basis of these tests, overall forty fungal and
bacterial isolates were selected, which were
found to control Fop. Dual culture assay
can be used as standard test for the selection
of biocontrol agent and shows cumulative
effect of all mechanisms undergoing for bio-
control i.e., diffusible and volatile antibiotic

production, and lytic enzymes production.

3.1 Dual Culture Assay

Based on dual culture test indicated that
the highest percentage inhibition of fungal
isolates were showed by U, (86.11%), M
(82.82%) and M, (81.32%) isolates, whereas
inhibition of bacterial isolates were observed
by Mb2 (76.44%) and Ub2 (74.17%) and
Mb1 (73.45%) isolates respectively.

Most of fungal and bacterial isolates
tested had capacity to inhibit the growth
of Fop. In some interactions there was no
physical contact between any of the isolates
and the pathogen (Figure 1). An inhibitory
zone was observed suggesting the presence
of fungistatic metabolites secreted by
the bacterial or fungal isolates. Bacterial
and fungal isolates significantly reduced
pathogen growth in comparison to the
control (Table 1).

The ability of all 22 isolates to
produce secondary metabolites showed
those fungal and bacterial isolates had
different ability to produce extracellular
enzymes, toxine and Hydrogen Cyanide
(HCN). However, that ability of the isolates
was not the only determinant of antagonist
agents against Fop. Highest qualitative
enzyme activity was observed by U, M, M,
isolate, followed by M,, Ub, and Mb isolates

respectively (Table 2 & Table 3).
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Figure 1. Dual culture assay between fungal and bacterial isolates to Fusarium oxysporum
f.sp passiflorae (Fop), 7 days after inoculation (F = Fop colony, A = antagonist

colony)

Table 1. Percentage of growth inhibition of Fop after treatment with different fungal isolates

2-14 days post inoculation

Day Post Inoculation (dpi)

Isolates 2 6 10 14
K 00.00? 00.00? 00.00? 00.00?
U, 64.80¢ 66.66" 85.10° 86.118
U, 6.24% 10.69% 41.81° 45.85%
Us 10.50% 29.54%¢ 40.31% 40.21%
Uy 25.27% 29.75% 40.16° 42.90%

ab cdef bed bede

Us 27.75 53.37 55.25 58.95
Us 28.72% 36.03%4 36.72° 38.03°
U, 18.75% 38.750%d¢ 64.54°%t 72.43°%
Us 29.28% 40.50°% 46.91% 47.625
M, 40.12%¢ 57.40°%f 69.88bcde 76.18°%f
M, 55.10% 73.73f 75.16%t 78.54°'¢
M; 59.18¢ 63.86" 74.70%t 75.62°
My 55.63% 59.26% 74.814t 75.74°
M; 62.094 66.374f 82.82F 82.821%
Mg 57.30¢ 67.57° 79.63°" 81.32°%

Biological control of soil borne
plant pathogens is a potential alternative to
the use of chemical pesticides, which have
already been proved to be harmful to the
environment. There is a growing demand for
sound, biologically-based pest management
practices. Recentsurveysofbothconventional
and organic growers indicated an interest in
using biocontrol products (Rzewnicki, 2000;
[123}

Van Arsdall and Frantz, 2001). Rhizosphere
associated fungi and bacteria have drawn
much attention, as they have the ability for
root colonization and offensive mechanisms
against the pathogen by the production of
allelochemicals, including lytic enzymes,
volatile and diffusible antibiotics and HCN
(Cook and Baker, 1983). An important

role of hydrolytic enzymes has been well
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Table 2. Percentage of growth inhibition of Fop after treatment with different bacterial
isolates 2-14 days post inoculation

Day After Inoculation

Isolates 2 6 10 14

K 00.00° 00.00? 00.00? 00.00?
Ub;, 42.99% 58.26° 62.20° 71.32°
Ub, 37.06" 64.41° 72.15° 74.17°
Ub; 39.06 55.47° 67.65° 71.71°
Mb;, 55.03¢ 66.26° 71.21° 73.45°
Mb, 43.11% 69.38° 70.72° 76.44°
Mb; 27.66%° 59.27° 65.45° 68.25°
Mby, 53.97° 55.15° 59.65° 67.01°
Mbs 21.80% 52.64% 70.27° 71.64°

Within each row means followed by the same superscript (a,b,c,d,e,f) are not significantly
different. Duncan (o = 0.05).

Table 3. Qualitatively measurement of fungal and bacterial isolates in producing secondary
metabolites in vitro

Enzyme
Isolates Cellulase  Chitin  Pectin Toxin Hydrogen
Cyanide

U ++ + + +++

U, + + + -

Us + ++ ++ -

Uy - - - -

Us + + + +

Us + + + +

Uy ++ ++ ++ +

Usg - - - -

M, ++ ++ ++ -

M, ++ ++ ++ -

M; ++ + + -

M, +H+ + + -+

Ms + ++ ++ +

Ms - ++ ++

Ub, ++ ++ + ++ ++
Ub, - - - + -
Ub; - - - + -
Mb; + - - ++ -
Mb, + + + ++ -
Mb; ++ ++ + + ++
Mby, + + + + -
Mbs - + - ++ -

- (no secondary metabolite);+ ( weak); ++ (moderate); +++(strong); ++++( very strong)
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documented as a variety of microorganisms
also exhibit hyperparasitic activity, attacking
pathogens by excreting these enzymes. The
ability to control Fop might be through
the secretion of diffusible and volatile
metabolites. It may be concluded that they
use these two latter mechanisms (volatile
and diffusible antibiotic production) of
biocontrol against fungus in this study
(Singh, 2006; Woo et al., 2006).

It is well known that some fungal
antagonist can parasitize fungal pathogens
and produce antibiotics, besides the fungus
have many positive effects on plants:
increased growth and yield, increased
nutrientuptake, increased fertilizer utilization
efficiency, increased percentage and rate
of seed germination and induced systemic
resistance to plant diseases (Harman et al.,
2004; Harman, 2006).

The present study demonstrated
that both fungal and bacterial isolates have
potential to be used as a biological control
agent to protect passion fruit plants from
FE oxysporum f. sp. passiflorae. However,
antagonist fungi and bacteria with the
highest level of bio-control in vitro may not
perform as well in vivo since environmental
conditions and competition with other
microorganisms are much more restrictive.
Therefore, the bio-control potential of these
antagonist fungi may be further evaluated in

field condition.

4. Conclusion

Dual culture test indicated that the
highest percentage inhibition of fungal
isolates were showed by U, (86.11%), M
(82.82%) and M (81.32%) isolates, whereas
inhibition of bacterial isolates were observed
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by Mb2 (76.44%) and Ub2 (74.17%) and
Mb1 (73.45%) isolates respectively.Fungal
and bacterial isolates had different ability
to produce extracellular enzymes, toxine
and Hydrogen Cyanide (HCN). However,
those ability of the isolates were not the only
determinant of antagonist agents against
Fop. Highest qualitative enzyme activity
was observed by U, M, M, isolate, followed
by M,, Ub, and Mb;, isolates respectively.

References

1. BPS. (2007). Data tanaman hortikultura.
Badan Pusat Statistik Sulawesi Selatan
(in Indonesian).

2. Cook, R.J., Baker, K.F. (1983). The
nature and practice of Dbiological

control of plant pathogens. American

Phytopathological Society, St. Paul,
MN., USA. 539p.

3. Cook, R.J., and Baker, K.F. (1993).
The Natural and Practice of Biological

of Plant The
American Phytopathological Sosiety
Press. St. Paul, Minnesota. USA.

4. Dinas (2005).

Selatan dalam Angka. Dinas Pertanian,

Control Pathogens.

Pertanian. Sulawesi
Sulawesi Selatan (in Indonesian).

5. Harman, G.E. (2006). Overview of
mechanisms and uses of Trichoderma
spp. Phytopathol. 96:190-194.

6. Harman, G.E., Howell, C.R., Viterbo,A.,
Chet, 1., Lorito, M. (2004). Trichoderma
species opportunistic, avirulent plant

symbionts. Nature Rev. Microbiol.
2:43-56.

7. Radwan, M. Barakat, Fadel Al-
Mahareeg, Muhammed S, Ali —Shayed
and Muhammad, Al-Masri. (2007).

Biological Control of Rhizoctonia solani




by indegeneus Trichoderma spp. Isolate
from Palestina. Hebron University
Research Journal. 3: 1-15

Rzewnicki, P. (2000). Ohio organic
producers: Final survey results. Online.
Ohio State University Extension,
College of Food Agricultural and
Environmental  Sciences.  Bulletin,
Special Circular 174.

Singh, H.B. (2006). Trichoderma:
A boon for biopesticides industry. J.
Mycol. Pl. Pathol. 36: 373-384.

10. Soesanto, L. (2008). Pengantar

I1.

12.

*kk

Volume 1 Issue 2 December 2013 IIIIININININGNG

pengendalian hayati penyakit tanaman.
Rajawali Press (in Indonesian).

Van Arsdall, R.T., Frantz, C. (2001).
Potential role of farmer cooperatives in
reducing pest risk: Final report. Online.
National Council of Farmer Cooperative.
US EPA, Pesticide Environmental
Stewardship Program. pp. 105-112.
Woo S.L., Scala F., Ruocco, M., Lorito,
M (2006). The molecular biology of
the interactions between Trichoderma
spp., phytopathogenic fungi and plants.
Phytopathol. 96:181-185.

[126]



