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ABSTRACT:

Postharvest black rot disease of mangoes is the most important disease in Bali, especially fruit that has
been used for religious ceremonies cannot last long if stored, and therefore there is a desire to
research efforts to prevent fruit rot with antaginist microbes. Postharvest fruit rot disease in mangoes
is Aspergillus niger. In our study we looked for the exophytic fungi, and tested their inhibition of
pathogen with exophytic microbes both in vitro and in vivo. The results showed that exophytic
microbes found in healthy mangoes include: Rhizopus sp. the number of colonies was 24 x 10% cfu,
while Nucordia sp., A. flavus, and A. niger with 18 x 10° cfu colonies, and Streptomyces sp. with a
colony of 12 x 10° cfu. The highest microbial inhibition test results of exophyte against A. niger were
obtained from Rhizopus sp. 1 and Rhizopus sp. 4 at 3 and 7 after inoculation. The results of the in vivo
antagonistic inhibition test against pathogens (A. niger) were the highest C treatment (Rhizopus sp. 2)
and very significantly different from K + P treatment (control with pathogens).
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INTRODUCTION
Post-harvest black rot disease caused by A. niger is a major post-harvest disease in Bali, especially in fruit

after being used during religious ceremonies. Mangoes cannot be stored for long, even they rot very
quickly. Disease caused by the fungus [Aspergillus niger V. Tiegh, A. variecolor (Berk & Br.) Thorn. &Raper,
A. nidulans (Eidorn) Wint, A. fumigatusFres., A. flavus Link, A. chevalieri (Mang.) Thorn. &Chruch)] (Prakash

etal, 2011).
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Infection occurs during and after harvest, when the fungus penetrates through cuts or stems. The
infection usually starts at the malignant part of the fruit or the base of the stem and progresses to a
grayish to pale brown tricycle mainly from the base of the stem, the lesions coalesce into dark brown to
black and then cover with a brown / black spore mass. The spots are soft and settle quickly to spread. In
the later stages of development there is an overgrowth of the development of fungal colonies. Disease

progresses faster under high temperatures of around 30-36°C (Prakash et al., 2011).

Efforts to control that are environmentally friendly are by utilizing microbial exposures which are
antagonistic to pathogens. The results of research by Sudarmaet al. (2018) found that the exotic fungi
originating from the leaves, fruit and twigs of the sugar apple plant were Aspergillus sp. A. niger, Fusarium
sp., Mycelia sterilia, Neurospora sp., and Rhizopus sp. in controlling Lasiodiplodia Theobromae Sevara in
vitro. Meanwhile, Sudarmaet al. (2019) found that microbial exposures in overcoming post-harvest
diseases of red grapes include Neurospora sp.1, Neurospora sp.2 and Sterptomycesantagonensis,

respectively with in vitro inhibition of 88.89%, 77.78% and 83.33. %.

MATERIALS AND METHODS
Place and time of research
The study was conducted in two places: 1) looking for specimens of sick and healthy fruit from the
Supermarkets and Batubulanmarkets. 2) Plant Disease Science Laboratory and Agricultural Biotechnology
Laboratory. The research was carried out from January to March 2020.

Isolation of exophytic fungi

Isolation of exophytic fungi can be done by dipping the mango fruit into 250 ml of water, then shaking it
and rinsing it evenly. This washing water of 250 ml was used as a dilution of the microbial population
found. Then 1 ml was taken and poured into a Petri dish, which was first filled with PDA media and added
with anti-bacterial livoploxasin at a dose of 0.1% (w/v).

Identification of exophytic fungi

The stored exophytic fungi were then grown in a Petri dish containing PDA and repeated 5 times. The
cultures were incubated in a dark room at room temperature (+ 27°C). Isolates were identified
macroscopically after 3 days of age to determine colony color and growth rate, and microscopic
identification to determine septa in hyphae, spore / conidia shape and sporangiophores. Fungal
identification using the reference book Samson et al, 1981; Pitt and Hocking, 1997; Barnett and Hunter,
1998; and Indrawatiet al, 1999, and identification of Actinomycetes using references Miyadohet al.,, 2002.
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Test of inhibition of exophytic microbes against pathogens

Each of the microbes found for their inhibition was tested for their inhibition against the growth of
pathogenic fungi using a dual culture technique (each one of the pathogenic fungi was grown in one Petri
dish, sandwiched with two exophytic fungi). The inhibition power can be calculated as follows (Dollar,
2001; Mojica-Marin et al., 2008):

A-B
Inhibition ability (%)= ——— x 100
A
Where:
A = Diameter of pathogenic colonies in a single culture (mm)

B = Pathogenic colony diameter in dual culture (mm)

Prevalence of exophytic microbes

Determining the prevalence of exophytic microbial was based on the frequency of the exophytic microbial
isolates found in healthy fruit per Petri dish, divided by all isolates found times 100%. The magnitude of
the prevalence of the isolates will determine the dominance of the exophytic fungi that are present in the
healthy mango fruit.

In Vivoantagonistic test

In vivo antagonistic test of the microbial exophytic was found by stabbing fresh fruit with a spore needle
20 times, then smearing it with antagonistic fungal spores (spores of one Petri dish in 250 ml of sterile
distilled water), then immersed in a suspension of pathogenic fungal spores. Exophytic microbes found
include:

A = antagonist treatment 1 (spore suspension 5x107)

B = antagonist treatment 1 (spore suspension 5x107)

C = antagonist treatment 2 (spore suspension 5x107)

D = antagonist treatment 3 (spore suspension 5x107)

E = antagonist treatment 4 (spore suspension 5x107)

K-P = control without pathogens

K + P = control with pathogens

All treatments were repeated 5 times. The experiment was designed with a randomized block design
(RBD), and after analysis of variance (ANOVA) was carried out, it was followed by the least significant
difference test (LSD) at the 5% level. Attack parameters measured by formulation: how many punctures

were attacked by the fungus divided by all punctures (20 x) times 100%.
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RESULTS AND DISCUSSION

Pathogens identification
Based on the results of post-harvest rotten fruit isolation, symptoms of disease were obtained, including

black symptoms at the base of the fruit (Figure 1). The results of the identification of the pathogen that
causes fruit rot at the end was Aspergillis niger. According to Prakash et al. (2011) diseases that interfere
with black fruit are [Aspergillus niger V. Tiegh, A. variecolor (Berk & Br.) Thorn. &Raper, A. nidulans (Eidorn)
Wint, A. fumigatusFres., A. flavus Link, A. chevalieri (Mang.) Thorn. &Chruch].

Figure 1. Symptoms of mango fruit rot seen at the tip of the fruit (A),
mycelium growth in Petri dishes, and (C) the form of conidia and
conidiophores of pathogenic fungi (4. niger)
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Exophytic Microbes and Prevalence

The most abundant microbes found in mangoes were Rhizopus sp. with a total population of 24 x10°cfu,
followed by Aspergillus flavus, A. niger and Nucordia sp. (Actinomycetes) each with a population of 18 x
10%cfu, and the last is at least Streptomyces sp. (Actinomycetes) as much as 12 x 10°cfu, (Table 2; Figure 3).
Mean that the highest prevalence is held by Rhizopus sp. with a value of 26.67%, followed by Nucordia sp.,
A. flavus and A. niger each 20% and the lowest was held by Streptomyces sp. with a value of 13.33% (Table
1.

Table 1. Population and prevalence of exophytic microbe that found in fruit mangoes healthy

No. Name of microbes Population x 10°cfu Prevalence (%)
1 Rhizopus sp. 24 26,67

2 Nucordia sp. (Actinomycetes) 18 20

3 Streptomyces sp. (Actinomycetes) 12 13,33

4 Aspergillus flavus 18 20

5 Aspergillus niger 18 20

Total 90 100

Aspergillus niger .
Rhizopus sp.

Aspergillus flavus
Nucordia sp.
(Actinomycetes)

Streptomyces sp.
{Actinomycetes)

® Rhizopus sp. ® Nucordia sp. (Actinomycetes)

W Streptomyces sp. (Actinomycetes) m Aspergillus flavus

Aspergillus niger

Figure 2. Types of exophytic microbes in healthy mangoes

According to Sudarmaet al. (2019) found in healthy sugar apple plants, among others, Aspergillus
sp. population as much as 9 x10°cfu, A. niger population as much as 18 x 10°cfu, Fusarium sp. as much as
3 x 10°cfu, Mycelia sterilia 3 x 10°cfu, Neurospora sp. as much as 3 x 10°cfu, and Rhizopus sp. as much as 3
x 10° cfu. According to Stone et al (2014) Aspergillus spp. has been recorded as widespread and

polyphyletic endophytic Penicillia.
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In Vitro Microbial Effectiveness against Pathogens

Inhibition of microbial exophytic against pathogens (A. niger) was the highest. 1 at 3 days (days after
inoculation) was 98 + 0.2%, followed by Rhizopus sp. 3 of 86.67 + 0.4%, Rhizopus sp. 2 of 83.33 + 0.7%,
Rhizopus sp. 4 of 83.33 + 0.3% and Rhizopus sp. 4 at 7 days was 99.0 + 0.1%, followed by Sterptomyces sp.
1 of 88.89 + 0.6%, Streptomycessp, 2, Nucordia sp.1 and Rhizopus sp. 1, respectively 88.89 + 0.5%, 88.89 +
0.4% and 88.89 + 0.3% (Table 2).

Basically A. niger is a non-ligninolytic fungus that is soil borne. Contamination can occur due to
the presence of spores through the wind and their transportation to water, food, plants, humans and
animals. The spores can be easily carried by humans and animals, while in plants spores exist and
germinate through absorption of nutrients from the location of the infection, for example fruit, stems,

leaves and flowers, so it can be said that fungi contaminate through water, air and soil (Sharma, 2012).

Table 2. Inhibition ability of exophytic microbe on A. niger

No Name of fungi A. niger

ai 3 hsi (%) ai 7 hsi (%)
1 Rhizopus sp.1 98+0,2 88.89+0.3
2 Nucordi sp. (Actinomycetes) 1 77.78%0.5 88.89+0.4
3 Streptomyces sp. (Actinomycetes) 1 77.78+0.3 88.89+0.6
4 Aspergillus flavus 1 66.67£0.2 -
5 A. niger 1 77.7810.4 77.78%0.5
6 A.niger 2 - -
7 Rhizopus sp. 2 83.3310.7 86.67£0.3
8 Nucordia sp. (Actinomycetes) 2 77.78+0.2 -
9 A. flavus 2 80+0.5 -
10 Rhizopus sp.3 86.671£0.4 -
11 A.flavus 3 77.7840.3 72.2240.4
12 Streptomyces sp. (Actinomycetes) 2 83.3310.6 89+0.5
13 Rhizopus sp.4 83.33+0.3 99.0+0.1
14 Nucordiasp. (Actinomycetes) 3 77.78+0.6 -
15 Rhizopus sp. 5 - -

ia = inhibition ability

Inhibition ability test of exophytic microbes on pathogen in vivo

The results of the observation 3 days after inoculation of the in vivo antagonist test, the best antagonist
with the pathogen (A. niger) obtained treatment A (Streptomyces sp. 1) the percentage of attack reached
490 * 2.83% the same as the K-P treatment, followed by treatment C (Rhizopus sp. 2) with an attack
percentage of 14 + 3.74% and D (Rhizopus sp. 4) with an attack percentage of 11.4 + 1.96%, then

treatment B (Rhizopus sp.1) the percentage of attacks 29 + 2%, and treatment E (Streptomeces sp. 2) the
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percentage of attack was 53 + 4%, K-P treatment (control without pathogen) the percentage of attack was
92 + 5.10%, and K + P (control with pathogen) was the same with K + P treatment the attack percentage
was 100%. All treatments were significantly different except for treatment A and K-P (Table 3; Figure 3).

As many as 20 species of A. niger were found to be potentially used as biological agents against
the pathogen (Phytophthora palmivora) pod rot pathogen in cocoa. Aspergillus niger is directly related to
food ingredients in the media. A niger also produces every enzyme such as enzyme amylase,
amyloglucosidase, pectinase, cellulose, glucoside, which break down urea into amino acids and CO,

(Wulandariet al, 2016).

Table3. The results of the best in vivo antagonist inhibition test against pathogens (A. niger)

Treatment ~ Name of microbes Diseases incidence (%) Notation

5% 1%
A Streptomyces sp. 1 4.90+2.83 F F
B Rhizopus sp. 1 29+2 C C
C Rhizopus sp. 2 14+3.74 D D
D Rhizopus sp. 4 11.4£1/96 E E
E Strteptomyces sp. 2 53+4 B B
K-P Control without pathogen 4.90+2.83 F F
K+P Control with pathogen 92+5.10 A A

Rhizopus sp. can suppress the growth of Aspergillus flavus toxic fungi and degrade aflatoxins.
Rhizopus sp. can also produce compounds that can inhibit pathogenic bacteria and function as
antioxidants. Rhizopus sp. absorbs some mineral elements and converts them into organic minerals so as
to increase the absorption of minerals in the body better. Utilization of fermented feed ingredients by
Rhizopus sp. in livestock shows better results than without fermentation. Rhizopus sp. also has the
potential to be applied as supplementary feed for livestock (Endrawati and Kusumaningtyas, 2017).
Sixteen endophytic fungi have been identified, such as Acremonium sp., Aspergillus spp., Cephalosporium
sp., Fusarium spp., Helicocephalum spp., Penicillium spp., Rhizopus sp., And 4 species were unable to be
identified. The results of the anatgonistic test, the percentage of inhibition power ranged from 36.93% -
100%. Statistical analysis shows that endophytic fungi are able to control P. infestans (Wulandariet al,

2014).
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Figure 3. Best in vivo antagonist test with pathogens (4. niger), (A = Streptomycessp 1), B = Rhizopus sp. 2, C =
Rhizopus sp. 4, D = Rhizopus sp.1, E = Streptomyces sp. 2, K-P = control without pathogens and K + P = control
with pathogens) 3 days after inoculation.

CONCLUSION
Based on the results and discussion above, it can be concluded as follows: The pathogen found to cause

fruit rot in mangoes is Aspergillus niger. Exophytic microbes found in healthy mangoes include: Rhizopus
sp. the number of colonies was 24 x 10° cfu, while Nucordia sp., A. flavus, and A. niger with 18 x 10°cfu
colonies, and Streptomyces sp. with a colony of 12 x 10°cfu. The highest microbial inhibition test results of
exophytic against A. niger were obtained from Rhizopus sp. 1 and Rhizopus sp. 4 at 3 days and 7 days. The
results of the in vivo antagonistic inhibition test against pathogens (A. niger) were the highest treatment C

(Rhizopus sp. 2) and very significantly different from the K + P treatment (control with pathogens).
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