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Abstract— Orange plantation centre in Bali are located in Bangli Regency, Kintamani District. Kintamani orange plantations
cultivated three types of oranges: tangerine, selayar, and mandarin oranges. The famous orange in Bali today is Kintamani orange,
tangerine type. The typical flavour and aroma of Kintamani tangerine make it is favoured by consumers from various regions. Based
on the information from Bangli District Agriculture Office and the results of field surveys in the last two years (in 2013 and 2014),
cultivation of orange in Kintamani has been infected with anthracnose disease. The disease is characterized by symptoms whereby
brown twigs spread to the leaves and fruit, and the fruits which are about to be harvested rot simultaneously and eventually fall due

to decay. This condition causes farmers to suffer significant losses. The cause of anthracnose on Kintamani orange is Colletotrichum
gloeosporioides . The Control of these diseases has been carried out by farmers with various synthetic fungicides but the disease is
still widespread. It is feared that the uncontrolled use of synthetic pesticides can harm the environment, cause resistance to C.
gloeosporioides fungi, and kill non-target beneficial micro-organism. It is necessary to conduct research that aims to control
anthracnose biologically to maintain the ecological balance and environmental safety. Based on the results of this research by
exploring the fungi on healthy plants around orange trees infected with anthracnose diseases, nine isolates of antagonist candidate
fungus were obtained based on colony colour of fungal hyphae (I1S1, 1S2, IS3, 1S4, IS5. I1S6, 1S7, IS8, 1S9). Based on the test results of
the in vitro dual culture, two candidates of antagonistic fungal isolates were selected, the isolates 1S4 and 1S7. It was because on day 7
after the second dual culture, these two isolates had the highest percentage of inhibition, 89.22% and 85.11 % respectively. Based on
the conventional and molecular identifications, it is known that the two candidate isolates of antagonistic fungus (IS4 and 1S7) belong
to one species of thAspergillus aculeatus.

Keywords— orange; antagonists fungi; kintamani tangerine; anthracnose; Cilletotricum gloeosporioidesAspergillus aculeatus.

traditional markets the imported orange are still widely sold.
I. INTRODUCTION This indicates that the production of orange plants still needs

Orange is one type of horticultural crops that become the© be improved both in quality and quantity to reduce

important commodity in Bali. Orange plant centre in Bali are Imports. .Ohne tr)easonh IS thed c;)ultwatlhon of oranges '2
located in Bangli Regency, Kintamani District. Currently, Kintamani has been threatened by anthracnose (Figure 2).

there are three types of oranges cultivated at the heart of h_e dlseas% IS cuar?cterlzed k()jyfsy_mptoms the_rebyllq_bgown
Kintamani orange plantations: tangerine, selayar, andtWgs spread to the leaves and fruit, orange fruit which Is

mandarin oranges. Tangerine type is the famous most WideI)FbOUt to be harvested simultaneously rot, and eventually, fall
grown by farmers because of this type has a sweeter tastef,Or th_e foul [1_]'_ N

thinner rind, delicate fruit pulp, and prices in the market This cond_ltl_on_ causes th_e ff_;lrmers to suffer_ S|gn|f|cant
better than selayar oranges and mandarin. Kintamani Orangéosses, and if it is continue it will cause the cultivation and

fruit (Figure 1) has typical taste and aroma that make it is development of tangerine in_ Kintamani to be unsustainable.
favoured by consumers from various regions Anthracnose on Kintamani orange plants needs to be

The production of Kintamani orange fruit is handled properly so that orange fruit remains available to

approximately 500 tons per day in its peak season. In fact,'ﬁm:‘et the consumer needs and farmers can get optimal
today, almost every well-known supermarket and even in revenue. Counter measures of anthracnose in orange have
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been carried out by farmers using synthetic fungicides, butcompetition and parasitism. Based on the above description,
the attack of the disease has been getting worse. it is very important to do research on the identification of
fungi that cause anthracnose and utilization of antagonistic
fungi as natural enemies for the biological control of
anthracnose on Kintamani orange crop&tr(s sp.) in
Bangli Regency Bali Province.

Il. MATERIALS AND METHODS

A. Fidd survey

The research was conducted in two stages, consisting of
field surveys and research in the laboratory. A field survey
conducted was the observation of plants infected with
anthracnose and healthy plants that are not infected with the
disease.

B. Fungusisolation antagonists (in vitro)

Isolation of fungal antagonists was done by taking part of
the healthy orange organ (fruit, twigs, and leaves) located
around orange planting area infected with anthracnose
disease. These organs are cut and put in a new plastic bag
and labelled form of the date and location and time. The
samples were stored in a place protected from direct sun
exposure and taken to the laboratory. Isolation antagonist
fungi were conducted at the Laboratory of Plant Diseases,
Faculty of Agriculture, University of Udayana. The samples
were cut to a certain size and then grown on PDA that has
been provided beforehand. Isolation of endophytic fungi
antagonist was done by splitting the stems and twigs that
have been sterilized on the tissue surface using alcohol 95%

. . for 5 minutes, then the inside of the tissue was taken and cut
The orange fruits to be harvested decrease drastically du.efnto pieces of a certain size. The pieces of tissue are then

to anthracnose disease. The uncontrolled use of fungicides % oculated on PDA Fungus growing colonies were isolated

feared to be harmful to the environment. Synthetic pesﬂmdesbased on the colour and shapes of different colonies. The

are also very dangerous for human health especially the . . ) .
farmers. It Wi}|/| alsogcause pathogenic resistancepwheny it ispreparatlon was then incubated for five days to obtain some

used without anv control by farmers. Sometimes it Causesfungal antagonist candidates which were assumed that one or
y y ' more of the fungi were beneficial as fungi antagonistic to

respiratory diseases and other diseases for farmers. Late%atho enic fundi
many negative effects of excessive application of synthetic 9 gl

pesticides have been reported. . C. Dual Culture process/ antagonistic Test
The use of synthetic fungicides intensively was reported Fungal isolates that had been obtained from the isolation
to cause some pathogens to become resistant to benomylt antagonistic fungi were antagonistically tested in vitro

qumtozeng, and. blasticidin as well as t.he presence 0fagainst pathogenic fungi that cause anthracnose disease in
residues in agricultural products. Biological control of ,zn0e The method used was the dual culture method [5],
anthracnose for ecosystem security is important to be dongggjates of fungal antagonist candidate were placed on the

[2]. A . i )
Ref. [3] conducted a study on the ulebaryomyces sp. nghoosét:nfcldfinogitr?]icpeeﬁ[;ogemc fungi with a certain range of

and S(_:hi_zosac?aror:ycesh SP. las . microorgaﬂi_srﬁs The most accurate method for calculating the inhibition of
antagonistic to fungal pathogenSalletotricum sp.) whic fungal antagonist is by calculating the inhibition by using

cause anthracnose on mangdaggifera sp.). Based on the o, "0 paper. The growth areas of the pathogenic and

research findings, it was reported that the two antagonist fungi were respectively calculated with mm block

microorganisms categorized as yeast are able to suppress ”}f‘aper, with the help of tracing paper and carbon paper. The
development of anthrachnose on mango shown with 3formula used was as follows:

diameter blotch substantially smaller. [4] conducted research
on fungi antagonistic towardsloesporium piperatum which -P
causes anthracnose on large chilli. Based on his research, it = T}{ 1008,

Fig. 2 Orange fruit harvest fall due to being infected with anthracnose

is known that there are three fungal antagonists that can be @

used to controlG. piperatum namely: Aspergillus niger, A. Description:

flavus and Mucor sp. The percentage inhibition 8f niger | = Percentage inhibition of antagonist fungi (%)

amounted to 50.66%A. flavus 49.33% andMucor sp. K = Growth area of the control pathogenic fungi (without antagonist)

40.67%. The mechanism of inhibition Af niger andMucor P :d Growth area of pathogenic fungi after being antagonistically
treate

sp againstG. piperatum is antibiosis andA. flavus is
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The preparation was incubated at room temperature (26{9) antagonist fungal candidates were found, pathogenic
28C) for 7 days. The data obtained were analysed usingfungi causing anthracnose disease on Kintamani orange
CoStat to determine whether there was a significantcrops. On day 10, after the isolation process of a fungal
difference between treatment and control. Based on thecandidate was carried out, separation of antagonist fungal
results of calculation of the percentage inhibition of fungal candidates was made based on colour and its colonies until it
antagonist candidates, antagonistic fungal candidates thatvas completely pure on PDA. Based on the results of this
have highest inhibiting activities could be determined. separation, nine isolates of antagonistic fungi had been

found.
D. ldentification of Antagonist Fungal Candidate Species

Identification of antagonist fungal candidates species wasC- Dual Culture Process Resuits

done by observing the shape, the colour of the vegetative On October 15, 2015 dual culture process was conducted
organs matched with the identification guide of fungal simultaneously between pathogenic fungi and 9 antagonist
species in the CMI (Commonwealth Mycology Institute) fungal candidates with 4replications. Dual culture process
book, conducted at the laboratory of Plant Pathology Facultywas carried out to determine the candidate fungi that have
of Agriculture, University of Udayana. Molecular the highest percentage of inhibition of the growth of
identification was carried out in LIPI (Indonesian Institute of pathogenic fungi. Measurement of the power resistor
Sciences), Cibinong Bogor-Indonesia. Molecular candidate fungi antagonistic to pathogenic fungi began one
identification was done by using PCR (Polymerase Chainday after the dual culture was done. It can see on Table 1.
Reaction) using ITS eukaryote-specific primary to amplify
the ITS region of the fungus and the amplification product in

TABLE 1.
sequence. PERCENTAGEOF INHIBITION ACTIVITIES BY ANTAGONISTSFUNGUS
Lo ) CANDIDATE THAT GROW ON PATHOGENSFROM DAY 1 TO DAY 7 AFTER
E. Satistic analysis DUAL CULTURE PROCESS
The design of experiments was conducted using a Treatment

completely randomized design (CRD) with 4 replications |Days| IS [ IS | 1S3 | IS4 | IS | IS6 | IS7 | IS8 | 1S9

and treatment of 9 antagonist fungal candidate isolates an 1] 2 5

added with 1 control (total of at least 10 treatments). Control 26.27/13.43| 21.23 | 0 0 0 | 2235 192 0
0 0 0 7.14 0 0 21.75| 0 0

treatment as a comparison was carried out by isolating the
pathogen on PDA medium untreated with fungal antagonist
candidates. The preparation was incubated at room
temperature (26-2€) for 7 days. The data obtained were
analysed using CoStat to determine whether there was a
significant difference between treatment and control.

2.28 | 31.13 20.5 61.14 | 12.84 44.67 52.35 7.96 42.65
28.87|43.16| 22.49 79.24| 32.4 51.8] 64.61 26.06 50.p7
44.82| 54.45| 43.42 79.76 | 52.76 67.45 77.1 42.4 66.72
59.6 | 72.73 53.61 87.35| 62.51 75.6 83.62 51.11 74.8
69.38| 63.54| 52.18 89.22 | 66.3p 79.23 85.11 52.28 75.81

~N| OO~ W|IN|F

Based on Table 1 above, it can be explained that on day 1

I1l. RESULTS ANDDISCUSSION and day 2 after the dual culture was implemented, the
inhibiting activities of all the antagonist candidate fungi
A. Field Survey Results were still all under 40%. Antagonist candidate fungi 1S4, IS5,

Exp|0rati0n of antagonist fungi begun on June 17, 2015, |86, and 1S9 percentage of the Inhlbltlng activities against
the antagonist fungal candidates were isolated from samplefathogens growth was 0%, but on day 2 for fungi 1S4
of healthy orange plants (branches, fruit and leaves) thatdntagonist candidates had started to rise.
were around plants affected with anthracnose. It was highly Day 3 percentage of the inhibiting activity of dark
likely caused by healthy orange plants that are in locations ofchocolate fungal candidates (IS6) was 44.67%, green
orange plants infected with anthracnose there were fungicandidate fungi (IS9) amounted to 42.65%, fungi light gray
which were able to suppress the growth of fungi that causecandidate fungi (IS7) amounted to 52.35%, while the

anthracnose. inhibiting activities of other antagonist candidate fungi were
_ _ still below 40%.
B. Isolated Results of Antagonist Fungus Candidates Day 4 white candidate fungi 1 (IS5) inhibiting power

Samples were taken to the lab later, washed with runningamounted to 43.16%, green candidate fungi (1IS9) amounted
water, drained, and then dipped in 95% alcohol. On June 1810 50.57%, dark chocolate candidate fungi (1IS6) amounted to
2015, antagonist fungus candidate isolation was conductecb1.81%, light gray candidate fungi (IS7) amounted to
in a Plant Pathology Laboratory, Faculty of Agriculture, 64.61%, the brown candidate fungi (1S4) amounted to
University of Udayana. Materials were cut according to the 79.24%, while other fungi inhibiting activities was still
size. below 40%.

On the second day after isolation colonies of white fungi  Day 5 all the inhibiting activities of the antagonist fungi
began to be found; on the fourth day, there grew a colony ofwas above 40%, i.e. each candidate fungi white 3 (IS8)
light gray fungi other than white fungal colonies; on day 5, amounted to 42.40%, black candidate fungi (IS3) 43.42%,
there were fungi with mycelia which had green, brown, light gray candidate fungi (IS1) was 44, 82%, candidate fungi
gray, gray, dark brown, and black colour. On day 9, fungi White 2 (IS5) amounted to 53.76%, the candidate fungi white
with white mycelia fungus can be distinguished from the 1 (IS2) amounted to 67.45%, light gray candidate fungi (1S7)
appearance of colonies, namely white as cotton (white 1), aamounted to 77.10%, the brown candidate fungi (I1S4)
thin white (white 2), and the snow white (white 3). So, nine amounted to 79.76%.
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Day 6 the inhibiting activities of all kinds of fungal conducted at the Laboratory of Plant Pathology, Faculty of
antagonist were already above 50%, the snow whiteAgriculture, Udayana University while the molecular
candidate (I1S8) amounted to 51.11%, black (IS3) amountedidentification was done at Mycology Laboratory, Indonesian
to 53.61%, gray (IS1) amounted to 59.60%, white 2 (IS5) Institute of Sciences (LIPI) Cibinong, Bogor, using the PCR
amounted to 62.91%, white 1 (1S2) amounted to 72.73%, using specific primers eukaryotic ITS, to amplify the area of
green (IS9) amounted to 74.80%, dark chocolate (IS6)ITS fungi, and after amplification product was sequenced
amounted to 75.60%, light gray at 83, 62%, and chocolatethen the sequencing results were compared with the data
candidate 87.35%. sequences in NCBI gene Bank through BLAST-N program,

Day 7 the inhibiting activities of black candidate in order to obtain images to determine the phylogenic
fungi(IS3) amounted to 52.18%, candidate white 3 (1S8) proximity of tree species that were already registered with
amounted to 52.28%, white candidate 1 (IS2) amounted toGene Bank.

63.54%, candidate white 2 (IS5) 66.35%, gray candidates Extraction was done by extracting genomic DNA of
(IS1) 69.38%, candidates white 3 (1IS8) amounted to 75.81%,Colletotricum spp (pathogen) by taking the hyphae of fungal
dark chocolate candidate (IS6) 79.23%, the light gray colonies which were then put in a centrifuge tube and mixed
candidate (IS7) amounted to 85.11% and the candidatewith 100 mL of Prep Man ultra reagent (Prep Man Ultra
chocolate (IS4) amounted to 89.22%. Observations on day 7Protocol, applied Biosystems, USA). Furthermore sample
all petri dish were already filled with pathogenic fungal was spined using vortex for 30 seconds was later put on the
hyphae and fungal hyphae candidate antagonist. heat block temperature 45-100C for 10 minutes and then

Observation on day 7 was the last observation becauselaced at room temperature for 2 minutes and the pellet was
petri dish had been filled with the candidate antagonisttaken as a DNA extract to be used for further processing [7].
fungal hyphae and fungal pathogens. Fungal antagonist The next process is the DNA amplification by PCR, 18S
candidate which had the inhibiting activities above 80% was rRNA gene was amplified by PCR using a primer Internal
prepared for testing in vivo in the field. Based on the results Transcript Spacer (ITS) 1 (5-
of statistical analysis it was explained that on day 1 to day 4TCCGTAGGTGAACCTGCGG-3) and ITS 4  (5-
inhibition of 9 fungal isolates antagonist candidate were not TCCTCCGCTTATTGATATGC-3). The reaction took place
significantly different from the control (the fungal pathogen by using Takara PCR thermal cycler Personal (Takara Bio,
without fungal isolates antagonist candidates). Otsu, Japan) with Ex Tag (Takara Bio, Otsu, Japan) with

On day 5 to day 7 after the dual culture, statistical testconditions: pre-denaturation 940 C for 4 minutes, followed
results showed significant difference about the inhibiting by 35 cycles of denaturation 940C for 35 seconds and then
activities of 9 isolates of fungal antagonist against controls. annealing 520C for 55 seconds, elongation 72°C for 2
This means that the nine isolates of antagonist candidateminutes and post elongation 72°C for 10 minutes [8].
fungus had the ability to inhibit the growth of antagonist M
fungi. The inhibiting activities of the isolates of antagonist
candidate fungi having the most significant difference from
control were isolates of candidate fungi with brown hyphae
(IS4). The growth of fungal isolates 1S4 was very quick from
day 2 to 7. Fungal growth media was quickly controlled by
antagonistic fungal candidate so that the growth of the
fungal pathogen was very limited. In can be see on Figure 3.

ATl AT2

150(

100(
75C

500

25(

: n : Fig. 4 Result of PCR amplification process to ITS gene\ with ITS_5F and
Fig. 3 Dual Culture Process on day 7 Antagonist candidate Fungi IS4 (left) ITS_4R primary; M = marker 1 Kb ladder ; production of PCR
Vs Pathogenic fungi (right). Antagonistic sample 1 and antagonistic sample 2 (AT1, AT2.)

D. Molecularidentificati_on of antagonisticfungi _IS4and The next process was the ITS region sequencing and
|S7 Pathogenic Fungi Causing Anthracnose disease DNA sequence computer analysis. Nucleotide sequence was
Molecular identification of the 2 selected antagonist determined by using the Big Dye Terminator Cycle
candidate fungi (IS4 and IS7) was held in LIPI Cibinong, Sequencing Ready Reaction Kit (Apple Biosystems, Foster
Bogor. Identification of fungal species was conventionally City, CA, USA) according to the guidelines of the tool and
done by observing the shape of fungal vegetative andthe PE Applied Biosystems Automated DNA Sequencer
reproductive organs and matched with CMI Books; and [6] (model 313xI, Applied Biosystems). DNA sequences double

272



helix assembled and analysed using Genetyx version 11.8B5% similarity to nurragilys2 Fusarium strain ATCC 200
and Genetyx-ATSQ (version 4.0) software (Genetyx, Tokyo, 255 (Assesion Number Gen Bank AB586964.1).
Japan), consecutively and compared to the same DNA Biopesticides are appropriate alternatives to be chosen as
sequences taken from DDBJ / EMBL / Gen Bank through a natural pesticide that can be used to control plan pests.
NCBI BLAST program [9]. The results process of molecular Particularly; this study had found one natural enemy
identification can see on figure 4. organism or antagonist fungus as biological biopesticides.
The fungal organism i&spergillus aculeatus. The fungus
is a natural enemy or controlling bioavailable (biopesticides)
for fungal pathogen€olletotricum gloeosporioides causing
anthracnose on Kintamani orange crops. Based on the
g! 639126847 gb KJ588210 1 ASpergilllus aculeatus strain NFB5 X?pi&;llgﬁzcﬂ:zgjls étancg?od%ecesﬁeevr:/ ggrar;{p(;[lr]ﬁdsfuggrlrj]sely
508 gl 685497489 gb KM014690 1 Aspergillus aculeatus clone 1 . . . .
— , : , dioxomorpholine, okaramine, aflavinine, aculenes A-C.
4 {430IH o A5 1 AsPerg'”“S awleams‘mm AlS calbistrins, ocaramines and secalonic acid. These compounds
A AR g IR 1 Ssbaiglis aclaals eokale are able to kill fungal pathogens in this ca&eetotricum
D e gh KU T Aspardlles poricis alatesg) £FJ gloeosporioides fungus. Antibiosis mechanism occurs
4 DERGha Ku2033281Asperg|||u§Japon\cus 'SO.lale B9 1)1 because of secondary metabolites produced by microbes in
—g!158138931gb EU0218051Asperg!llus!apcn!cusstra!nNRRL35494 the form of antibiotics and mycotoxins. Mycotoxins are
g rasaTaln gh LRI Toepatilis Bpenats SR M/ T 008 secondary metabolites resulting from fungal metabolism and
g 60A0TA018 b 1c119220211 Aspargllus ol janonious G15.68 cytotoxic in nature, damaging cell structures such as
gi 759083615 gb KJ958359 1 Aspergillus aculeatus isolate X1 :
: , , , : membranes, as well as the process of forming cells, such as
g 343161730 dbj AB586964 1 Fusarium nurragi lys2 strain ATCC 200255 proteins. Naturally a number of fungi produce mycotoxins
Fig. 5 Phylogeny tree built from ITS Sequence of Library Gen Bank of dUring the process of metabolism [10]. Control of plant
2 Aspergillus spp antagonist candidate for pathogenic causing anthracnoséliseases that are environmentally friendly and support
disease on tangerine variety of Kintamani orange sustainable agriculture can be achieved by using biological
agents. Biological control aims to reduce the use of synthetic
pesticides that have an impact on the environment and food.
Utilization of microbes or microbial products to control
plant diseases and to improve plant production is an integral
part of sustainable agriculture [11]. The benefit of biological
pesticides include: cheap and easy to make and do not cause
toxicity in plants and do not cause resistance in pest,
relatively safe for the environment, compatible when
combined with other control methods, yields of healthy
agricultural and residue-free pesticide, under going
degradation / decomposition quickly by sunlight, having an
effect / influence quickly, stopping insects’ appetite even
though they rarely cause death, toxicity is generally low for
animals and relatively safe in humans, having a broad
Fig. 6 Spore of Apergillus aculeatus documented by SEM method control spectrum and selective, reliable to cope with pests
that are resistant to synthetic pesticides. Low phytotoxicity
Based on the results of molecular identification, it was that does not poison and damage the crop, the raw material is
known that the two candidates fungal antagonist (IS4 andabundant and available in nature. Because it is selective, it is
IS7) belong to 100% the same speciesAggergillus relatively safe to organisms that act as predators or natural
aculeatu swhich has 100% similarities td\spergillusa predators. It is easy to make and it can even be processed by
culeatus strain Al. 9 (Assesion number Gene Bank alayman, It may also serve as a liquid organic fertilizer.
EU833205.1) Aspergillus japonicus strain.chai.1l (Assesion Aspergillus spp grows quickly and is antagonistic to other
number KF613717.1). Having 99% similarity Agpergillus fungi to produce antafumicin antibiotics that kill the
japonicas strain chai.l (Assesion number Gene Bank opponent fungi. The fungal antagonist mechanism occurs are
KF613717.1) andAspergillus japonicus strain SB1 VIT competition, mycoparasitic, and antibiosis. flavus, A.
(Assesion Number Gen Bank KC128815.1). Having a 97% fumigatus, A. niger hamper by way of competition, lysis of
similarity to Aspergillus sp 2011.9 (Assesion number Gene the cell walls of pathogens, and produce an antibiotic
Bank KP668958.1). Having a 96% similarity Aspergillus substance called antibiosis mechanism, which opens plant
uvarum strain A 3297 (Assesion number Gene Bank roots against pathogen attack. If there are antagonist
JQ316520.1),Aspergillus niger strains GZ 4 (Assesion microorganisms in this area, the pathogen will be dealing
Number Gen Bank KT726919.1), andAspergillus with the antagonistic microorganisms during the spread and
indologenus isolates CBS 114 80 (Assesion Number Gen infect the roots. This condition is called natural obstacles,
Bank AJ280005.1). Having a 94% similarity to the strain antagonistic microbes is very potential to be developed as a
Aspergillus violaceofuscus CCF 4079 (Assesion Number biological control agent. Microorganisms that can live in the
Gen Bank FR733805.1) anfispergillus aculeatus isolate rhizosphere area are very suitable for use as a biological
P72 30 (Assesion Number Gen Bank KJ439163.1). Having acontrol agent, given that rhizosphere is the main area where

—— Sekuens Sampel AT1
Sekuens Sampel AT2
58 — g 639126846 gb KJ588208 1 Aspergillus aculeatus strain NFG4
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the plant roots are open to be attacked by pathogens. If thereepens), which amounted to 54% [21Aspergillus niger can

are antagonist microorganisms in this area, the pathogen wilimprove biological control of bacterial inoculants (P.
be dealing with the antagonistic microorganisms during the fluorescens) against the disease root knot nematodes, fungal
spread and infect the roots. This circumstance is calledantagonist can be used to protect the sun flower seeds from
natural barriers [12]. Research conducted by Ref. [13] aboutattack ofFusarium spp. [22]; [23]Aspergillus spp. A. niger,

Test antagonist®yriculariagrisea Sacc. Blast Cause in A fumigatus andA. repens) have been experimentéauvitro,
Rice used Fungus rhizosphere Local Isolates of the fuligus they can suppress the growth of fulgipalmivora causing
flavus, A. fumigatus, A. niger hamper by way of competition,  fruit rot disease of coco@spergillus niger has the highest
lysis of the cell walls of pathogens, and produce an antibioticinhibiting activities compared to the other two fundi. (
substance called antibiosis mechanism. Research by [14]fumigatus andA. repens), which amounted to 54% [21].

[15] found thatAspergillus sp. was potential as microbial Aspergillus terreus can inhibit the growth of pathogenic
antagonists againgtusarium oxysporum in banana plants.  fungi Botrytis cinerea by releasing volatile compounds such
Food competition occurs in terms of utilizing the growing as a-phellandrene, acetic acid pentyl ester and 2-acetyl-5-
medium as a source of food. It can be seen from themethyl furan [24].Aspergillus nidulans can be antagonistic
macroscopic observation antagonist test showing that theto Colletotrichum gloeosporioides causes diseases in plants
edges Coalletotricum gloeosporioides pathogenic fungal  antraknose vanilla. Results of research by [25] foundAhat
colonies are tangent to isolate thAgpergillus aculeatuas niger, A. flAvus, A. terreus andA. versicolor can inhibit the
antagonists; growth continues to decrease due to competitiomgrowth of Fusarium spp. by forming a barrier zone in vitro.
for space is growing. Antagonist fungal and pathogen [26] also found that Aspergillus spp. can inhibit the growth
equally need nutrients from food to grow. PDA (Potato of pathogenic fungiSclerotium rolfsii with inhibition of
Dextrose Agar) Media used in the antagonist test is an73.12 to 88.35%. The process of inhibition caused by
element of main nutrients such as carbohydrates, aminoAspergillus spp. produces the enzyme chitinase gqid 3
acids, proteins, minerals, and trace nutrients such asglucanase Laminarinase) that has the ability to break down
phosphorus (P), magnesium (Mg), potassium (K) also the cell wall components of fungal pathogens such as chitin
vitamin C and vitamin B required by both types of fungi [16]. andp-1, 3 glucan.

Isolates of Aspergillus aculeatus have been used to Based on the discussion above, it can be concluded that
produce a number of important industrial enzymes the fungus genus dispergillus in general has been proven
(cellulases, hemicellulase, and protease) which are usedy many researchers as an antagonistic fungi against various
commercially in the food industryspergillus aculeatus as plants diseases. In this study it was found that the fungus
a general member of the community of microbes are foundAspergillus aculeatus as antagonistic fungi of pathogenic
in the sail, with the production of a variety of hydrolytic and fungi Colletotroticum gloesporioides causing anthracnose
oxidative enzymes involved in the breakdown of lingo disease on Kintamani orange crops to produce antibiotics
cellulosic crops. Aspergillus species are an important sourcethat kill fungal pathogens. Antagonistic mechanisms done by
of enzymes and play an important role in the global carbonfungusA. aculeatus, besides antibiosis, it is also capable of
cycle [17]. colonizing pathogenic fungiC. gloeosporioides. A

Based on the research by [18] on the selection andaculeatus also produces the chitanase enzyme gid 3
identification of antagonistic fungi as a biocontrol agent of glucanase Laminarinase that has the ability to break down
white root fungusRigidoporus mikroporus) selected several the cell wall components of pathogenic fungi such as chitin
fungal isolate antagonists includdrighoderma and andp-1, 3 glucan.
aspergillus. Both of these isolates are a potential antagonist
for controlling fungal diseases on rubber JAP. [19] also

fepofte‘?' t_he use bio-fungicide namélg)ergillus sp. which Based on the research and discussion above, it can be
can |nh|2|t the growth O.f pathogenIE. microporus more concluded thatin vitro fungi that can control growth of
than 50%. Besides being resistant to drought and theCoIIetotricum gloeosporioides is  Aspergillus aculeatus

condition of the copy, fur!guA_speg_iIIus su_r\_/ival in drought fungus. This study had found one natural enemy organism or
areas also can live in soil with high salinity, but the fungus antagonist fungus as biological bio-pesticides Bio-

Aspergillus also have the ability to decipher the cellulose ,oqjicides are appropriate choice as a natural pesticide that

compound into simple carbon compounds needed by SoOil.o, e ysed to control anthracnose disease of Kintamani
”?'C“’bes as a source of cgrbon (©). Th'S fungus can aISQSiam Orange Plan€{trus Nobillis Lour Var. Hass).
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