PGPR 2021
First Asian PGPR Indonesian Chapter International e-Conference 2021
Volume 2022

Research article

Control of Antracnose Disease in Tomato
(Solanum Lycopersicum) Using Endophytic
Fungi
Sopialena Sopialena*, Tjatjuk Subiono, Abi Umar Rosyidin, and Devi Tantiani
Laboratory of Insect and Plant Pathology, Faculty of Agriculture, Mulawarman University,
Indonesia
ORCID
Sopialena https://orcid.org/0000-0002-8078-6204

Corresponding Author:
Sopialena Sopialena; email:
sopialena88@gmail.com
Published 07 June 2022
Publishing services provided by
Knowledge E
Sopialena Sopialena et
al. This article is distributed
under the terms of the Creative
Commons Attribution License,
which permits unrestricted use
and redistribution provided that
the original author and source

Abstract.
Anthracnose is a disease that affects tomato plants and causes farmers to lose money.
The fungus Colletotrichum coccodes causes this disease, which manifests as small
blackish spots on the tomato. The fruit then becomes shrivelled and dry, and it rots.
One of the safest and most environmentally friendly methods of biological control
is the use of endophytic fungi. These fungi are found in living plant tissue and can
form colonies in the tissue without harming the host or causing disease symptoms.
The goal of this study was to identify the different types of endophytic fungi found in
tomatoes, as well as the role of endophytic fungi in the control of anthracnose disease.
Plant samples were collected in Lempake Village in North Samarinda District, and
antagonists between the endophytic fungi found in tomatoes and pathogens that cause
anthracnose disease were tested. In the tomato plants, the researchers discovered
four genera of endophytic fungi: Aspergillus flavus, Aspergillus niger, Trichoderma sp.,
and Rhizopus sp. Antagonist tests revealed that Aspergillus flavus, Aspergillus niger,
and Rhizopus sp. fungi suppressed pathogenic fungi that cause anthracnose disease
by 33.17%, 36.43%, and 38.37%, respectively. The fungus Trichoderma sp. had the best
ability to control anthracnose.
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1. Introduction

2021 Conference Committee.

Tomato (Solanum lycopersicum L.) is a horticultural commodity which fruit is popular
and developed in Indonesia. Apart from being a vegetable, tomatoes are also used as
raw material for medicines, cosmetics, as well as raw materials for food processing
such as sauces and fruit juices. Therefore, tomatoes have a high economic value
[1]. Anthracnose is a disease in tomato plants that can cause direct economic losses
for farmers, because this disease is a disease caused by the fungus Colletotrichum
coccodes Wallr. S. Hughes. This fungal infection in tomatoes is characterized by small
blackish spots. Further attacks are the fruit shriveled, dry and rot [2]
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The use of chemical pesticides is still a reliable way for farmers to maintain plant
health, although not all farmers manage it wisely. Many research results show that
the unwise use of synthetic pesticides has been detrimental to humans and agroecosystems [3]. Biological control of pests and plant diseases by utilizing natural
enemies, such as predators, parasitoids, pathogens, and antagonists has long been
declared as one of the components of integrated pest and disease control [4]. Biological
control is able to reduce the dependence of plant production processes on fertilizers,
pesticides, and chemical hormones. This control is becoming popular with increasing
public attention to health and environmental sustainability. Safe and environmentally
friendly control, one of which is biological control using endophytic fungi [5]. The aim
of this study was to explore the endophytic fungi found in tomato plants, which were
then used to control the pathogens that cause anthracnose Colletotrichum coccodes
Wallr. S. Hughes in tomato plants.

2. Methodology

Figure 1: Tomato Plant Sampling Site.

This research has been conducted for 6 months, starting from May to October
2020. The location for sampling healthy plants and plants that experience symptoms of
anthracnose disease is in Lempake Village. Geographically, Lempake Village is located
at 0∘ 25’26 South Latitude and 117∘ 12’06 East Latitude, with an altitude of 21.427 masl,
a slope of 44.99∘ , and with rainfall of 1,936 mm/year. This area is about 15 km from
the provincial capital of East Kalimantan. Lempake Village, North Samarinda District,
Samarinda City is an area with an area of 3,224 Ha [6].
DOI 10.18502/kls.v7i3.11147
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The laboratory works was carried out at the Laboratory of Plant Pests and Diseases,
Faculty of Agriculture, Mulawarman University, Samarinda.
The materials used in this study were Potato Sucrose Agar (PSA) media, samples
of healthy tomato plants, sick tomato plants, 70% alcohol, water, distilled water, methilene blue, chloramphenicol, and spirits, potatoes, sucrose, chloramphenicol, agar and
distilled water.
The activities carried out in the research include determination of location and
sampling, sterilization of tools and materials, preparation of Potato Sucrose Agar
(PSA) media, isolation of endophytic and pathogenic fungi, identification of endophytic
fungi and pathogenic fungi, fungi purification, propagation of endophytic fungi and
pathogenic fungi, in vitro antagonist tests, data retrieval.
Identification is done by looking at the morphological characteristics of the fungus
using lab optics and a microscope. Purification of the fungus Colletotrichum coccodes
and endophytic fungi was carried out from the results of fungal isolation that had been
carried out previously. After doing the isolation, on PSA media the hyphae and fungi
will grow, then take part of the spores using an ose needle and place them in a petri
dish containing the new PSA media. Petri dishes are wrapped in cling wrap.
In Vitro Antagonist Test
In Vitro testing of endophytic fungi antagonists against disease fungi was carried out
using the dual culture method by taking each pure culture of the characterization results
belonging to the test endophytic fungi and pathogenic fungi using a ose needle, then
the inoculum was placed in a 9-diameter petri dish. cm. For each test a center line is
drawn and two points are given. The distance between them from the edge of the cup
is 3 cm [7].
How to lay:

2.1. Data retrieval
1. Endophytic Fungal Morphology and Pathogens
The data taken is the result of isolation and identification from research that has
been carried out by observing the special characteristics possessed by endophytic
fungi and pathogenic fungi Colletotrichum coccodes, such as color and shape of the
colony, type of hyphae (insulated or not insulated) and hyphae shape. macroscopic
observations by using a mushroom identification key book. Microscopic observations
of endophytic fungi and pathogenic fungi Colletotrichum coccodes include observation
DOI 10.18502/kls.v7i3.11147

Page 395

PGPR 2021

R1
3 cm

:
:
A
R1 :
R2 :

A R2

3 cm

Pathogenic fungal colonies
Endophytic fungal colonies
Pathogenic colony away from endophytic fungi
Colonies of pathogens approaching endophytic fungi
Figure 2: Dual culture method.

of conidiophores and phyalids under a microscope using a fungal identification key
book [8].
1. Growth of Endophytic Fungi and Pathogens
To determine the growth of fungi (cm) was carried out by measuring the diameter
of the colonies of each fungus every day after inoculation, measurements were carried
out using a ruler.
1. Percentage Barriers %
The percentage of inhibition was calculated on the 8th day after inoculation, based
on the formula proposed by [7], namely: 𝑙 =

𝑟1−𝑟2
𝑟1

𝑥 100%

Information :
𝑙 : Pathogenic fungal colonies
r1 : Pathogenic colonies away from endophytic fungal colonies (cm)
r2 : Pathogenic colonies approaching endophytic fungal colonies (cm)
1. Endophytic Fungus Antagonist Mechanism
DOI 10.18502/kls.v7i3.11147
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Observations on the mechanism of inhibition were competition as indicated by the
slow growth of C. coccodes fingers towards endophytic fungi, antibiosis as indicated
by the clear zone between C. coccodes fungi and endophytic fungi, and parasitism as
indicated by the growth of endophytic fungi that covered the entire medium including
fungus C. coccodes. Determination of the selected antagonist isolate was taken from
the results of the percentage of endophytic fungal inhibition which was more than 40%
[9].
The research design used in this study was A Completely Randomized Design (CRD).
If there is a significantly different F test, it is followed by the Least Significant Difference
Test at the 5% confidence level.

3. Results and Discussion
Based on the results of the isolation of the sample health plant material in the field, the
endophytic fungi in tomato plants were found as follows:

3.1. Aspergillus flavus
Aspergillus flavus

Figure 3: Colony of Aspergillus flavus.

When young, Aspergillus flavus colonies are white, and will change to a yellowish
green color after forming conidia with a rough top surface of mycellium, then mycellium
spreads in all directions to fill the petri dish after 7 days. This is in accordance with the
statement [10] which states that the Aspergillus flavus fungus produces colonies that
DOI 10.18502/kls.v7i3.11147
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are green or yellow gray to black in color. The conidiophores are colorless, rough, the
tops are slightly rounded and the conidia are rough.
Microscopic observation showed a short smooth greenish stalk of conidia (conidiophores), conidia heads (vesicles) shaped like a club (clavate) and round, and became
oval (columnar) with increasing age of the colony. Sterigmata appear to cover the upper
half of the vesicle. Spores / conidia are round, greenish in color, and have a serrated
surface (echinulate). Conidiophores are clear, non-pigmented, coarse, less than 1 mm
long. When the age of the colony is old, the colony turns dark green and the top
surface of mycellium forms rough. The results of these observations are in accordance
with the statement [11] which states that the conidiophores of Aspergillus flavus are
clear, non-pigmented, coarse, microscopically less than 1 mm in length.
The fungus A. flavus seen visually on PSA media has colonies that are bright green
with a spreading round shape, the mycellium that is formed appears to grow upward
with a peak filled with spores [12]. When viewed microscopically, A. flavus fungi have
similar characteristics to A.niger fungi, namely conidiophores with smooth walls, hyaline
hyphae and round conidia, but these fungi have a lighter color than A.niger fungi. This
is in accordance with Iskandar’s statement which states that A. flavus fungi produce
colonies that are greenish yellow or yellow-gray to blackish in color. The conidiophores
are colorless, rough, the upper part is slightly rounded and the conidia are rough with
various colors. This fungus is very easy to find, as well as the genus Aspergillus sp.

3.2. Aspergillus niger
The growth of the Aspergillus niger fungus (Figure 4) begins with having white colonies
then turning dark brown to black, circular but irregular and the mycelium is like grains
of sand. In accordance with the statement [13] which states that, macroscopically the
A. niger species shows compact white and yellow colonies on the lower surface of the
colony which will turn dark brown to black after conidiospores are formed.
Observation of the Aspergillus niger fungus using a microscope found that microscopically characterized by conidial color, phialids filled the entire surface of the vesicles
and large round vesicles. Aspergillus niger has a black colony color and the underside
of the colony is yellowish white. The results of this observation are in accordance with
the statement [13] which states that microscopically vesicles are round to semi-spherical.
Conidia round to semi round and brown in color.
Aspergillus niger the colony is black with a white border and the underside of the
colony is yellowish to brown. Microscopically characterized by conidial color, phialids
DOI 10.18502/kls.v7i3.11147
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Figure 4: Aspergillus niger colony.

fill the entire surface of the vesicles and large round vesicles, spherical (radiate). The
conidia stalk (conidiophores) has smooth walls, hyaline, but often brown [14]. According
to [15], the characteristics of the fungus colony are black. The conidia was very clearly
visible and the mycelia were very thick and white. Aspergilllus sp. is a fungus that
is often found in nature in various mediums such as the root area (rhizosphere), plant
philosphere, plants, food and drink. Fungis of the genus Aspergillus sp. This can produce
antibitic compounds so that it is included in one of the biological control fungi

3.3. Rhizopus sp.
Rhizopus sp.

Figure 5: Colony of Rhizopus sp.

DOI 10.18502/kls.v7i3.11147
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Observations on the petri dishes (Figure 5) show that Rhizopus sp. colony has a
grayish-white color, the mycelium looks like a bunch of cotton (hyphae) and the initial
colony which is grayish white over time will turn black, due to the large number of
spores. This is in accordance with the statement [16] which states that the macroscopic
observations of the Fungi Rhizopus sp. produces a white mold colony with black spores
on PDA media
Observation using a microscope with a magnification of 400x (Figure 5) shows
the characteristics of the fungus Rhizopus sp. that is, it has insulated hyphae and
sporangium (where spores are formed) which are slightly rounded at the tip of the hypha.
This is in accordance with the statement of [17] which states that the observations of
Rhizopus sp. Microscopically, the hyphae appear insulated, and produce sporangium
with a round shape at the tip of the hypha.
Rhizopus sp has white colonies at the beginning of growth, then grayish brown.
Colonies are shaped like cotton that produce large amounts of sporangia, have long
hyphae, are not seeped, have rhizoids, there are stolons that connect a series of sporangia consisting of 2-5 sporangiophores [15]. This is in accordance with the statement
of [18] that Rhizopus sp. Has physical characteristics, namely having a multicellular body,
its habitat on land as non-insulated saprophytes, the mycelium looks like a bunch of
cotton (hyphae) and its initial colony which is grayish white over time will turns black,
because of the large number of spores.

3.4. Trichoderma sp

Trichoderma sp

Figure 6: Colony of Trichoderma sp.

DOI 10.18502/kls.v7i3.11147
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Direct observations that have been made on the growth of the Trichoderma sp. found
in the stem (Figure 6). It can be seen that this Fungi colony initially has a white color
but after a few days turns green. The spore growth quickly spread to all parts of the
petri plate and was round in 7 days. The growth of the fungal colonies had filled the
9 cm petri dish. This is in accordance with the statement of [19] which states that the
observations of Trichoderma sp. Macroscopically, fungal colonies at the beginning of
growth are in the form of soft white mycelium which then at the age of 3 days turns
dark green to form irregular circles
Identification of Trichoderma sp. Using a microscope with a magnification of 400x
(Figure 6), the isolates of Trichoderma sp. which is found that has conidia that are round
to oval like eggs, have conidiophores that are upright and branched and mycelium with
septa. This is in accordance with the statement of [20] which states that the observations
of Trichoderma sp. microscopically it shows the branched conidiophores type. The
branches are short and smooth-walled with a few nodules. Conidia are nearly round /
oval with a diameter of 2μm and dark green in color. Conidia accumulate in one pialid
/ stem pialid.
This Fungi colony initially has a white color but after a few days turns green. The
spore growth quickly spread to all parts of the petri plate and was round in 7 days. The
growth of the fungal colonies had filled the 9 cm petri dish. Microscopically, it has conidia
that are round to oval like eggs, have conidiophores that are upright and branched and
mycelium has septa. This is in accordance with the statement of [21] which states that
the observations of Trichoderma sp. Macroscopically, fungal colonies at the beginning
of growth are in the form of soft white mycelium which then at the age of 3 days turns
dark green to form irregular circles. Microscopically shows the branched conidiophores
type. The branches are short and smooth-walled with a few nodules. Conidia are nearly
round / oval with a diameter of 2μm and dark green in color. Conidia accumulate in one
pialid / stem pialid.

3.5. Colletotrichum coccodes Wallr. S. Hughes
Observations made on this pathogenic fungus (Figure 7) show that the isolates that
grow on the petri dishes are grayish-white, round in shape and thickened with a texture
like cotton. This is in accordance with [22] statement which states that macroscopically
Colletotrichum has a grayish-white colony color, colony-like characteristics of cotton,
there are insulation on hyphae, and hyaline conidiophores.
DOI 10.18502/kls.v7i3.11147
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Figure 7: Colletotrichum coccodes Wallr. S. Hughes colony.

On observation using a microscope with a magnification of 400x (Figure 7), the
characteristics of the Colletotrichum coccodes Wallr. S. Hughes fungus can be seen,
namely having spores in the form of capsules with a tapered tip and spreading spores.
This is in accordance with [23] statement which states that Colletotrichum coccodes
Wallr. S. Hughes have spores that are cylindrical, spore ends that are tapered and
spore size is 14.9 x 4.2 µm.
Fungus Colletotrichum coccodes Wallr. S. Hughes is one of the fungi that causes
disease in tomato plants. Infection of the fruit usually occurs in the phase of young
fruit until the fruit is ripe with initial symptoms marked by the appearance of blackish
brown spots on the surface of the tomato fruit, where the spots turn soft [24] In the
middle of the spot there are black dots which are groups of spores. The cycle of blight
is caused by fungi Colletotrichum sp., which the fungus belongs to the category of
fungi. Morphological characteristics of Colletotrichum coccodes Wallr. S. Hughes are
macrocopically white in color with round growths and thick mycelium like cotton and
thickened. This is consistent with the statement of [25] that fungi belonging to the genus
Colletotrichum have macromorphological characteristics of white colonies and smooth
colony textures like cotton.

3.6. Growth rate
The percentage of inhibition from the results of in vitro antagonism of endophytic
fungi against Colletotrichum coccodes on tomato plants is presented in table 2. The
percentage of inhibition observed was the growth of pathogenic fungi away from
endophytic fungi (r1) and growth of pathogenic fungi that approached endophytic fungi
DOI 10.18502/kls.v7i3.11147
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Table 1: Observation of the colony diameter of endophytic fungi and pathogenic fungi (cm).
Fungi

Growth Day1

2

3

4

5

6

7

A. flavus

1,2

2,6

4,4

6.2

7.5

8.6

9

A. niger

1

2.8

4,2

6

7,7

8.5

9

C. cocodes

0.6

1.8

3,4

5.7

6.8

8

8.5

Rhizopus sp.

1,1

2,4

4,3

6

7.5

8,4

9

Trichoderma sp.

1,2

2.7

4.5

6.3

7,8

8.7

9

(r2) on the 7th day. The results of the variance of the antagonist power test showed
very significant different results. The results of the average percentage inhibition of each
endophytic fungal isolate against the fungus Colletotrichum coccodes are presented in
(Table 2).
Table 2: Endophytic fungal antagonist test against pathogenic fungi (%).
Treatment

Repetition

Average

1

2

3

4

5

A.flavus

39.46

27.87

30.40

37.53

30.58

33.17 a

A.niger

28.18

43.67

31.16

37.67

41.49

36.43 a

Rhizopus sp.

43.97

32.43

38.36

37.44

39.64

38.37 a

Trichoderma sp.

44.73

43.26

40.94

45.37

42.38

43.34 b

Note: Numbers followed by the same lowercase letter in the same column, means
that they are not significantly different in the 5% LSD test (LSD = 6.59)
The results of the 5% LSD test of endophytic fungus inhibition against C.coccodes
fungi that cause anthracnose disease in tomato plants, it can be seen that the treatment
of C.coccodes Vs Trichoderma sp. significantly different to the treatment of C.coccodes
Vs A. flavus, C.coccodes Vs A. niger and C.coccodes Vs Rhizopus sp ..
The results of the observation of the endophytic fungal antagonist test against
pathogenic fungi in rice can be determined the highest percentage of inhibition to the
lowest percentage of inhibition Tables 3 and 4. The highest percentage of inhibitory
power, namely, C.coccodes Vs Trichoderma sp. with an average of 43.34%; followed
by the fungus C.coccodes Vs Rhizopus sp. with an average of 38.37%; then the fungus
C.coccodes Vs A. niger with an average of 36.43%; and the lowest percentage of
inhibition of C.coccodes vs A. flavus with an average of 33.17%. This is in accordance
with the statement of Loekas (2013) who conducted research on the inhibition of
Trichoderma sp. namely in the range of 33.33 - 62.46%. The fungus Trichoderma sp.
is an isolate that has the highest percentage in this test because this fungus is able to
DOI 10.18502/kls.v7i3.11147
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antagonize other fungi with faster growth and has a high spore density compared to
pathogenic fungi.
This happens because of the nature of the fungus Trichoderma sp. which is able to
antagonize other fungi with faster growth. Trichoderma sp. damage the host hyphae
by constricting, hooking, or appressorium-like structures and penetrating the host cell
wall by secreting lytic enzymes. Namely proteinase, -1.3-glucanase, and chitinase. In
addition, the purification/purification of chitinolytic enzymes produced by Trichoderma
can be used for plant disease control [24].

3.7. Antagonist Mechanism

a

b

c

d

Figure 8: Mechanism of antagonist of endophytic fungi against pathogenic fungi. (a) Aspergillus flavus, (b)
Aspergillus niger, (c) Rhizopus sp., (d) Trichoderma sp.

Observation of the antagonist mechanism of C. coccodes against endophytic fungi
was carried out for 7 days after incubation. The results of the observations are presented
in Figures 9 – 12. The antagonist mechanism is seen when the two fungi tested inhibit
each other’s growth. In this observation there are three mechanisms that occur, namely
competition, antibiosis and parasitism. For more details, it can be seen in the image
below:
Observation of the mechanism of inhibition of endophytic fungi against C.coccodes
fungi was carried out every day until the 7th day after incubation. In vitro antagonist
test results showed that 4 endophytic fungi inhibited the growth of C.coccodes through
an antagonistic mechanism of growth space competition. These endophytic fungi controlled the growth space more than pathogenic fungi. This is in accordance with the
statement of [26], which states that Aspergillus niger has a growth space competition
mechanism because the Aspergillus niger fungus that grows towards pathogens can
inhibit the growth of pathogens. [27] stated that the fungus Aspergillus sp. has an
antifungal compound in the form of white crystals identified as phenolic. Apart from
that Aspergillus sp. also capable of removing aspulvivone compounds, asterik acids,
asteriquinone and others to inhibit the growth of pathogenic fungi. [28] stated in his
research results, that Rhizopus sp. has the ability to compete for growth space which
DOI 10.18502/kls.v7i3.11147
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is quite high, because it is able to cover pathogenic colonies so that the pathogens
are not able to develop anymore. The faster the growth of endophytic fungi, then the
growth of pathogenic fungi will be increasingly pressed because they run out of growth
space.
Observations on the fungus C.coccodes Vs Trichoderma sp. showed the growth of
the fungus Trichoderma sp. can control the growing space, so that pathogenic fungi
become difficult or even unable to grow in a petri dish. This is in accordance with the
statement of Alfizar et al, that Trichoderma sp. able to remove antibiotic compounds
such as glyotoxin and glioviridin. These antibiotic compounds affect and inhibit many
functional systems and make pathogens susceptible. Initial interactions of Trichoderma
sp. that is, by means of its hyphae turning towards the host fungus it attacks. This
shows the phenomenon of chemo-tropic response in Trichoderma sp. due to stimulation
from the host hyphae or chemical compounds released by the host fungus. When the
mycoparasites reach their host, the hyphae then coalesce or squeeze the host hyphae
by forming a hook-like structure, these mycoparasites also sometimes penetrate the host
mycelium by degrading part of the host cell wall. Trichoderma sp. produce enzymes
and antibiosis compounds that can inhibit and even kill pathogens. These antibiotic
compounds, namely gliotoxin, glyoviridin and Trichodermin, severely inhibit the growth
of pathogens.

4. Conclusion
In the research on the potential of endophytic fungi to suppress the pathogen Colletotrichum coccodes Wallr. S. Hughes which causes anthracnose disease in tomato
plants in Lempake Village. Several conclusions were obtained that endophytic fungi
identified in tomato plant tissue, namely Aspergillus flavus, Aspergillus niger, Rhizopus
sp. and Trichoderma sp. and the four endophytic fungi colonies have different antagonistic power against the pathogenic fungus Colletotrichum coccodes Wallr. S. Hughes,
the highest antagonistic power of endophytic fungi is Trichoderma sp. 43.34%. The
antagonistic mechanism that occurs between endophytic fungi and the pathogenic
fungus Colletotrichum coccodes Wallr. S. Hughes is competition for growth space.

References
[1] Wijayanti E, Anas D, Susila D, and Susila AD. Pertumbuhan dan produksi dua
varietas tomat (Lycopersicum esculentum Mill.) secara hidroponik dengan beberapa
DOI 10.18502/kls.v7i3.11147

Page 405

PGPR 2021

komposisi media tanam. Buletin. Agrohorti. 2013;1(1) : 104 - 112
[2] Yuniar Y, Periadnadi P, and Megahati R. Inventarisasi jamur pada buah tomat (
Lycopersicum esculentum Mill) dibeberapa pasar di kota Padang. Jurnal Ilmiah
Mahasiswa. 2014; 2006 : 3-10
[3] Chopan M and Littenberg B. The association of hot red chili pepper consumption
and mortality: A large population-based cohort study. PLoS One. 2017;12(1) : 1-10
[4] Yulianti T. Pemanfaatan endofit sebagai agensia pengendali hayati hama dan
penyakit tanaman. Buletin Tanaman Tembakau, Serat dan Minyak Industri. 2013;5(1)
: 40-49
[5] Hanudin H, Budiarto K, and Marwoto B. Potensi beberapa mikroba pemacu
pertumbuhan tanaman sebagai bahan aktif pupuk dan pestisida hayati. Jurnal
Litbang Pertanian. 2018;37(2) : 59-70
[6] Nugroho RA and Lariman L. Pemberdayaan kelompok tani hijau makmur desa
Lempake Samarinda Utara melalui pembekalan teknologi pembenihan ikan patin
(Pangasius sp). Jurnal Pengabdian Kepada Masyarakat. 2016;22(3) : 114-120
[7] Fajarfika R, Rafsanjani A dan Nurdiana D. Eksplorasi jamur antagonis terhadap
penyebab busuk pelepah padi (Sarocladium oryzae). Jurnal Ilmiah Media Agrosains.
2020;6(2) : 56-64
[8] Barnett HL and Hunter BB. Illustrated Genera of Imperfect Fungi. 3rd Edition. 1972.
Burgess Publishing. Minneapolis. 241 p.
[9] Sunariasih NPL, Suada IK, dan Suniti NW. Identifikasi jamur endofit dari biji padi dan
uji daya hambatnya terhadap Pyricularia oryzae Cav. secara in vitro. Elektronik Jurnal
Agroekoteknologi Tropika. 2014;3(2) : 51-60
[10] Widhyastuti N. Produksi kitinase ekstraseluler Aspergilus rugulosus 501 secara
optimal pada media cair. Berita Biologi. 2007;8(6) : 547-553
[11] Gautam AK, Sharma S, Avasthi S, and Bhadauria R. Diversity, pathogenicity and
toxicology of A. niger: an important spoilage fungi. Research Journal of Microbiology.
2011;6(3) : 270-280
[12] Fallo G. Pertumbuhan Fusarium verticillioides, Aspergillus flavus, dan Eurotium
chevalieri pada berbagai media. Savana Cendana. 2017;2(3) : 39-41
[13] Wangge ESA, Suprapta DN, and Wirya GNAS. Isolasi dan identifikasi jamur penghasil
mikotoksin pada biji kakao yang dihasilkan di Flores. Journal of Agricultural Science
and Biotechnology. 2012;1(1) : 39-47
[14] Hayani N, Erina E and Darniati D. Isolasi Aspergillus sp pada paru-paru ayam
kampung ( Gallus domesticus ). Jurnal Ilmiah Mahasiswa Veteriner. 2017;1(4) : 637642
DOI 10.18502/kls.v7i3.11147

Page 406

PGPR 2021

[15] Prastyo E. Sintesis bioetanol dari limbah biji durian ( Durio zibethinus ) dengan variasi
pH pada proses fermentasi. 2011. Repository UNNES. Semarang
[16] Indrawati A, Aeni HN, and Muyassara M. Isolasi dan uji potensi fungi endofit
kulit batang langsat (Lansium domesticum Corr.) penghasil antibakteri terhadap
Staphylococcus aureus dan Escherichia coli. Media Farmasi. 2019;15(1) : 1–15
[17] Hartanti AT, Rahayu G, and Hidayat I. Rhizopus species from fresh tempeh collected
from several regions in Indonesia. HAYATI Journal of Biosciences. 2015;22(1) : 136142
[18] Sopialena S, Suyadi S, Sofian S, Tantiani D, and Fauzi AN. Efektivitas cendawan
endofit sebagai pengendali penyakit blast pada tanaman padi (Oryza sativa).
Agriculture and Forestry. 2020;19(2) : 355-366
[19] Wirawan AE, Djauhari S, and Sulistyowati L. Analisis perbedaan pengaruh penerapan
sistem PHT dan konvensional terhadap keanekaragaman Trichoderma sp. pada
lahan padi. Jurnal Hama dan Penyakit Tumbuhan. 2014;2(3) : 66-73
[20] Sopialena S. Pengaruh pemberian Trichoderma sp. pada tanaman tomat terhadap
faktor-faktor produksi. Agriculture and Forestry. 2018;17(2) : 345-354
[21] Sopialena S. Ketahanan beberapa varietas tomat terhadap penyakit Fusarium
oxysporum dengan pemberian Trichoderma sp.. Agriculture and Forestry. 2015;14(1)
: 131-140
[22] Mukti PK, Hastuti US, and Sulisetijono S. Karakterisasi, identifikasi, dan observasi
histologik letak fungi endofit yang diisolasi dari tanaman Cordilyne fruticosa (L.) A.
Chev.. Proceeding Biology Education Conference. 2018;15(1) : 862–869
[23] Alfizar A, Marlina M. and Susanti DF. Kemampuan antagonis Trichoderma sp.
terhadap beberapa jamur patogen in vitro. Jurnal Floratek. 2013; 8(1) : 45-51
[24] Hamidson H, Suwandi S, and Effendy TA. Penyakit antraknosa ( Colletotrichum spp
.) pada tanaman cabai di Kabupaten Ogan Ilir. Prosiding Seminar Nasional Lahan
Suboptimal. 2019 : 129-137
[25] Sopialena S, Sofian S dan Allita LD. Diversitas jamur endofit pada tanaman padi (
Oryza sativa L .) dan potensinya sebagai pengendali hama. Jurnal Agroekoteknologi
Tropika Lembab. 2020;2(1) : 44-49
[26] Wulandari DE, Asrul A, and Lakani I. Seleksi jamur antagonis Aspergillus niger dari
beberapa lahan perkebunan kakao untuk mengendalikan Phytophthora palmivora.
Jurnal Agroland. 2016;23(3) : 233-242
[27] Lovera E, Pasaribu P, Sastrahidayat IR, and Muhibuddin A. Eksprorasi jamur filoplane
pada tanaman seledri ( Apium graveolens ) dan uji kemampuan antagonisnya
terhadap penyakit antraknosa ( Colletotrichum sp.). Jurnal HPT. 2016;4(1) : 1-7
DOI 10.18502/kls.v7i3.11147

Page 407

PGPR 2021

[28] Nursadin N, Suwanto I dan Supriyanto S. Penapisan jamur antagonis asidofilik
lignoselulolitik dari tanah gambut terhadap penyakit layu fusarium. Jurnal
Perkebunan dan Lahan Tropika. 2012;2(1) : 27-34

DOI 10.18502/kls.v7i3.11147

Page 408

