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Abstract. Dark Septate Endophyte (DSE) is an endophytic funguswith dark, sep-
tate hyphae and has the potential as a biocontrol agent in controlling pathogenic
fungi in plants. The purpose of this study was to determine the antagonism of
DSE fungi isolated from chili roots against Colletotrichum gloeosporioides fungi
in vitro. This research is descriptive exploratory and experimental. Three iso-
lates of DSE fungi isolated from chili roots were tested for antagonism against C.
gloeosporioides in vitro using dual culture 1 and dual culture 2 tests. The dual cul-
ture 1 test was by growing the DSE fungi first before meeting C. gloeosporioides
and the dual culture 2 test was by growing the DSE fungi and C. gloeospori-
oides directly on agar media. The percentage of inhibition was analyzed using the
ANOVA test and Duncan’s advanced test. The results showed the highest percent-
age of inhibition ofC. gloeosporioides by isolate CA7was 80.83% (dual culture 1)
and CA1 isolate was 51.33% (dual culture 2). The results of the ANOVA analysis
showed that there was an effect on the treatment performed (p< 0.05). Thus, DSE
fungi isolated from the roots of chili has the potential to inhibitC. gloeosporioides
fungi.
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1 Introduction

Chili is one of the important agricultural commodities in Indonesia. Based on data from
the Trade Assessment and Development Agency (BPPP) (2019), chili consumption in
Indonesia from 2016 to 2019 tends to increase. Chili cultivation in Indonesia often
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results in a decrease in production, one of which is anthracnose. Anthracnose is the
main disease in chili cultivation caused by the pathogenic fungi Colletotrichum sp. [1].
The anthracnose attack phase varies, starting from the vegetative phase (germination) and
the generative phase (fertilization). Anthracnose disease can appear in the postharvest
period due to the latent period of Colletotrichum sp. namely the time when the pathogen
is already in the plant tissue and then develops and infects the plant [2].

Prevention and control of anthracnose in chili is currently generally using synthetic
fungicides, the reason being that the results are visible faster. Excessive use and adminis-
tration of synthetic fungicides both in terms of dosage and frequency can cause negative
impacts on non-target organisms, human health and environmental pollution [3]. The
use of biological agents that have active ingredients such as endophytic fungi is currently
attracting attention because it can support environmentally friendly and sustainable agri-
cultural activities [4]. He et al., (2019) [5] stated that endophytic fungi such as Dark
Septate Endophyte (DSE) can be used as growth promoters or biological fertilizers in
plant management, environmental conservation, and functional food production [6].

DSE fungi has dark mycelium on agar media, dark hyphae, septates and is able to
colonize plant roots intercellularly and intracellularly without causing disease [7]. DSE
fungi have been reported to be able to symbiotically with plants and are able to live
in conditions exposed to biotic stresses (attacks from pests and diseases) and abiotic
stresses (drought, high salinity, heavy metal pollution and etc.) so that plants are able to
adapt and grow normally in these conditions [8].

Several species of DSE fungi have been known to suppress the growth of several
pathogenic fungi such as Rigidoporus microporus, Pyricularia oryzae, and Fusarium
sp. [9]. The mechanism of DSE fungi in fighting pathogenic fungi includes competi-
tion between space and nutrients, producing allelochemical compounds that can inhibit
pathogens and induce systemic resistance in host plants. DSE fungi is expected to be
an alternative solution as a biological agent in controlling Colletotrichum sp. cause
of anthracnose disease in chili plants. The purpose of this study was to determine the
antagonism of DSE fungi isolated from chili roots against C. gloeosporioides fungi
in vitro.

2 Methods

2.1 Research Procedures

Media Preparation
The preparation of the media began by weighing 19.5 g of PDA powder dissolved in
500 ml of distilled water and homogenized until dissolved on a hotplate.

Cultivation of Isolates DSE and C. gloeosporioides fungi
Three isolates of DSE fungi with codes CA1, CA7, and CB isolated from chili roots
were cultivated by planting mycelium on new media and incubated for 7–14 days in
an incubator. Likewise, the isolates of C. gloeosporioides obtained from the Indonesian
Culture Collection Microorganisms Storage Institute (Ina CC), the National Research
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Fig. 1. Schematic of dual culture test of DSE fungi with C. gloeosporioides

and Innovation Agency (BRIN), Cibinong were cultivated on new media and incubated
for 7 days.

Antagonistic Test (Dual Culture)
The dual culture test used in the antagonist test follows [10], namely the dual culture 1
test (DC 1) and the dual culture 2 test (DC 2). DC 1 test, DSE fungi were first grown
on PDA media and incubated for 5 to 7 days. The pathogen C. gloeosporioides was
grown on the other edge with a distance of 3 cm with the DSE fungi. All treatments
were incubated for 14 days. DC 2 test, DSE fungi and pathogen C. gloeosporioides
were grown at the same time with different edges (3 cm apart) and the treatments were
incubated for 14 days. Observations were made by measuring the colony radius of C.
gloeosporioides (cm size) every 2 days until 14 days. Control treatment was carried out
by growing C. gloeosporioides on PDA media without DSE fungi (Fig. 1).

The calculation of the percentage of inhibition of DSE fungi against C. gloeospori-
oides follows the formula of Rahayu et al., (2021) [10]:

P(%) = R1− R2

R2
× 100%

Note:
P(%) = Percentage of inhibition of mycelium growth
R1 = C. gloeosporioides colony radius away from DSE
R2 = C. gloeosporioides colony radius towards/near DSE
(DSE fungi which has an inhibitory power of > 50%, has antagonistic properties).

2.2 Data Analysis

The data obtained were analysed using Analysis of variance (ANOVA) with a 95%
confidence level using the Statistical Package for the Social Science (SPSS) software
version 25 and if the results were significantly different, then tested with Duncan’s
Multiple Distance Test at a level of 5%.
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3 Result and Discussion

The DSE fungi that has been isolated from chili roots contained three isolates obtained
from 320 chili root segments. The three DSE isolates were coded CA1, CA7, and CB
which can be seen in Fig. 2.

DSE fungi appear dark in color on agar media and tend to grow slowly (<5 mm
per day), in accordance with Surono and Narisawa (2017) [7] that DSE fungi have dark
pigmentation onmedia and colony growth tends to be slow. There are several factors that
affect the biodiversity of DSE fungi such as plant age which affects the pattern of plant
roots formingwhich can be in symbiosis withDSE fungi [11]. In addition, environmental
factors such as soil fertility conditions, vegetation type, geographical conditions of the
location also affect the diversity of DSE fungi that are symbiotic with certain host plants
[12].

The characteristics of DSE fungi can be seen by macroscopic, microscopic, and
molecular observations which can be seen in Table 1.

Based on Table 1, macroscopically the three DSE fungal isolates had a filamentous
shape, cottony surface, greenish brown color on CA1 and CB isolates, and blackish
brown color on CA7 isolates.Microscopic observation showed that the three DSE fungal
isolates had dark, septate hyphae, and only CA7 isolates had pyriform conidia. The
results of molecular analysis using ITS rDNA PCR, the three isolates of DSE fungi were
homologous to the Trichocladium pyriforme species with a percentage of more than
90%. The characteristics of DSE fungi are dark hyphae, septate, have conidia or sterile.
The three DSE isolates will be used in the antagonism test.

This antagonist test was carried out in vitro on agar media using 2 tests following
Rahayu et al., (2021) [10], namely the dual culture 1 (DC 1) test and the dual culture
2 test (DC 2). The principle of DC 1 test, DSE fungi were grown for 7 days on agar
media and thenC. gloeosporioideswas inoculated on the other edge.While the principle

Fig. 2. Macroscopic (top) and microscopic at scale: 50 m (bottom) morphology of DSE fungi
from chili root (C. annuum) on PDA media. Note: Hy, hyalin; S, Septa; Cd, Conidia.
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Table 1. Characteristics of DSE fungi isolated from chili roots (C. annuum)

Identification Isolate code

CA1 CA7 CB

Macroscopic Shape Filamentous Filamentous Filamentous

Surface Cottony Cottony Cottony

Color Brown greenish Brown blackish Brown greenish

Microscopic Hyphae Dark and septate Dark and septate Dark and septate

Conidia form – Pyriform –

Molecular Trichocladium
pyriforme

Trichocladium
pyriforme

Trichocladium
pyriforme

of the DC 2 test, DSE and C. gloeosporioides were inoculated together on PDA media
with different edges. Each treatment was given a distance of 3 cm. The results of the
antagonism test can be seen in Fig. 3.

Treatment using the dual culture test (Fig. 3) revealed that the fungal antagonist
mechanism of DSE exhibits mycelium physical contact. In the DC I test, the growth of
C. gloeosporioides was inhibited by the DSE fungi and did not go beyond the direction
of the DSE fungi growth, while in the DC II test both C. gloeosporioides and DSE
fungi both maintained space for mutual growth and the growth of C. gloeosporioides
did not go beyond the DSE fungi growing direction. The mechanism of DSE fungi
antagonist against C. gloeosporioides can be assumed as a mechanical mechanism due
to the competition for space and nutrients that occurs between the two fungi.According to
Atugala and Deshappriya (2015) [13], one of the pathogenic mechanisms by biocontrol

Fig. 3. Interaction between C. gloeosporioides and DSE fungi after 14 days incubation on PDA
media. Note: DC 1, Dual Culture 1; DC 1, Dual Culture 2; A) DSE CA1; B) DSE CA7; C) DSE
CB; D) Control; Cg, C. gloeosporioides.
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agents is the ability to compete for space and nutrients. Endophytic fungi are known to
tend to slow down the growth of pathogens compared to controls, besides competing for
space and nutrients is possible by producing antifungal substances.

The calculation of the percentage of inhibition of C. gloeosporioides by DSE fungi
was statistically analyzed using Analysis of Variance (ANOVA). The results of ANOVA
on the DC I and DC II tests showed that DSE fungal isolates had a significantly different
effect on the percentage of inhibition of C. gloeosporioides. This means that the DSE
fungal isolate affected the percentage of inhibition ofC. gloeosporioides.Based on these
results, to determine the extent of the influence of DSE fungal isolates on the percentage
of inhibition of C. gloeosporioides, Duncan’s Multiple Range Test was continued with
the 5% level which is presented in Table 2.

Based on Table 2, the DC I and DC II tests showed a significant effect between
DSE fungi treatment and control on the percentage of inhibition of C. gloeosporioides.
The treatment of different DSE fungi did not significantly affect the inhibition of C.
gloeosporioides in both the DC 1 and DC 2 tests, so that the administration of different
DSE fungi did not significantly affect the percentage of inhibition of C. gloeosporioides
in vitro.

Based on the DC 1 test, the three DSE isolates had antagonistic properties with the
percentage of inhibition >50% and the DSE CA7 isolate had the highest percentage of
inhibition. Based on the DC 2 test, only CA1 isolates had antagonistic properties with
a percentage of inhibition >50% while isolates CA7 and CB had a negative percentage
of inhibition (less able to inhibit) because the percentage of inhibition was <50%.
According to Rahayu et al., (2021) [10], DSE fungi which have inhibition percentage
>50% have antagonistic properties.

The percentage of inhibition of DSE fungi against C. gloeosporioides was better in
the DC 1 test. All DSE isolates used were able to inhibit the growth of C. gloeospo-
rioides on agar media. This inhibition could occur because DSE fungal colonies were
already formed when encountered with newly growing C. gloeosporioides colonies.
This condition allows the DSE fungi to develop another mechanism to deal with C.
gloeosporioides, in this case a mechanical barrier is formed and slows the development

Table 2. Duncan’s Multiple Distance Test Results 5% Level on the Percentage of Growth
Inhibition of C. gloeosporioides by DSE Fungi

Treatment Inhibition percentage (%)

Dual Culture I Dual Culture II

CA1 62,00b 51,33c

CA7 80,83c 37,67b

CB 75,33cb 46,00cb

Control 0,00a 0,00a

Note: Different Lowercase Letters Read in the Vertical Direction Show Differences in Statistical
Significance according to Duncan’s Multiple Distance Test (p < 0.05). A) DSE CA1; B) DSE
CA7; C) DSE CB; D) Control.
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of the pathogenic fungi then followed by hyphal connection between the two fungi or
replacement of mycelium [14].

In the DC 2 test, the DSE fungi grew slower than C. gloeosporioides, so that the
DSE fungi occupied a smaller space than C. gloeosporioides. All DSE fungi colonies
generally started growing after three days of incubation and it took 25 to 30 days for
the colonies to fill the petri dish (Ǿ = 9 cm). DSE fungi grows slowly (<5 mm per
day), and its colonies begin to develop from 7 to 14 days after inoculation [7] while C.
gloeosporioides grows relatively faster than DSE fungi which grows about 12 mm per
day. And it takes 12 to 14 days for the colony to fill the petri dish (Ǿ = 9 cm) [1].

Based on the two dual culture tests used, the DC 1 test gave the best results, where
each DSE fungi was grown before meeting the pathogen. According to Rahayu et al.,
(2021) [10] in the application the use of DSE fungi which have antagonistic properties
against pathogenic fungi can be applied by growing DSE fungi first on the planting
medium before meeting the pathogens. This was due to the slow growth rate of DSE
fungi, so that DSE fungi could first form an antagonist mechanism to fight pathogenic
fungi. Therefore, to maximize the use of the three DSE fungi by growing them first as
in the planting medium.

4 Conclusion

The results showed that the highest percentage of inhibition of DSE fungi isolated from
chili roots against C. gloeosporioides by CA7 isolate was 80.83% in the dual culture 1
test and CA1 isolate was 51.33% in the dual culture 2 test. The potential of DSE fungi
as a biocontrol agent for C. gloeosporioides can be applied by seed coating method
on chili seeds or by growing DSE fungi on growing media. In addition, to identify
the type of antifungal produced by the DSE fungi can use tools such as Pyrolysis-Gas
Chromatography-Mass Spectrophotometry (Py-GCMS).

Acknowledgement. The authors acknowledge the facilities, scientific and technical support
form Advanced Characterization Laboratories Cibinong – Integrated Laboratory of Bioproduct,
National Research and Innovation Agency through E- Layanan Sains, Badan Riset dan Inovasi
Nasional.

References

1. SK., S. Isolasi dan Identifikasi JamurColletotrichum spp. Isolat Pcs Penyebab Penyakit Antra-
knosa pada Buah Cabai Besar (CapsicumAnnuumL.) di Bali.Metamorf. J. Biol. Sci. 1, 23–30
(2016).

2. Ramdan EP, Arti IM, R. Identifikasi dan Uji Virulensi Penyakit Antraknosa pada Pascapanen
Buah Cabai. J. Pertan. Presisi 1, 67–76 (2019).

3. Y., M. Prevention of Antrachnose in Big Chili (Local: Lombok Ganal) by Treatment of Seeds
with a Combination of Vegetable Fungicides. Proc. Natl. Wetl. Environ. Semin. 2, 113–116
(2020).



Antagonistic Test of Dark Septate Endophyte (DSE) 23

4. Jia M, Chen L, Xin HL, Zheng CJ, Rahman K, Han T, Q. L. A Friendly Relationship Between
Endophytic Fungi and Medicinal Plants: A Systematic Review. Front. Microbiol. 7, (2016).

5. He C, Wang W, H. J. Plant Growth and Soil Microbial Impacts of Enhancing Licorice with
Inoculating Dark Septate Endophytes Under Drought Stress.Microbiol 10, 22–77 (2019).

6. Xie ZC, Chu Y, Zhang W, Lang D, Z. X. Bacillus pumilus Alleviates Drought Stress and
Increases Metabolite Accumulation in Glycyrrhiza uralensis Fisch. Environ 158, 99–106
(2019).

7. Surono, N. K. The Dark Septhate Endophyte Fungus Phialocephala fortinii is A Potential
Decomposer of Soil Organic Compounds and A Promoter of Asparagus officinalis Growth.
Fungal Ecol. 28, 1–10.

8. Dalimunthe CI, Soekarno BPW, Munif A, S. Seleksi dan Uji Potensi Jamur Dark Septate
Endophyte Sebagai Agensia Hayati Penyakit Jamur Akar Putih (Rigidoporus microporus)
pada Tanaman Karet. J. Penelit. Karet 1, 11–20 (2019).

9. Harsonowati W, Marian M, Surono, N. K. The Effectiveness of a Dark Septate Endophytic
Fungus, Cladophialophora chaetospira SK51, to Mitigate Strawberry Fusarium Wilt Disease
and With Growth Promotion Activities. Front. Mycrobiologi 11, 1–11 (2020).

10. Rahayu G, Surono, O. D. Antagonistic Capacity of Dark Septate Endophytes (DSE) Against
Ganoderma boninense from Oil Palm (Elaeis guinensis Jacq.). 4th Int. Conf. Biosci. (ICoBio
2021) 948, 1–10 (2021).

11. Sondergaard TE, Sculz A, Palmgren, M. Energization of Transport Processes in Plants. Roles
of The Plasma Membrane H+ -ATPase. Plant Physiol 136, 2475–2482 (2004).

12. Sieber TN, G. C. Biodiversity of Fungal Root- endophyte Communities and Populations, in
Particular of The Dark Septate Endophyte Phialocephala fortinii s.I Soil Biology. Microb.
Root Endophyte 9, 107–132 (2006).

13. Atugala DM, D. N. Effect of Endophytic Fungi on Plant Growth and Blast Disease Incidence
of Two Traditional Rice Varieties. , 43(2): 173–187. J. Natl. Sci. Found. Sri Lanka 2, 173–187
(2015).

14. Kolesidis DA, Boddy L, EastwoodD, Yuan C, F.M. Predicting Fungal Community Dynamics
Driven by Competition for Space. Fungal Ecol. 41, 13–22 (2019).

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

http://creativecommons.org/licenses/by-nc/4.0/

	Antagonistic Test of Dark Septate Endophyte (DSE) Against Colletotrichum gloeosporioides on Chili Plantation (Capsicum annuum)
	1 Introduction
	2 Methods
	2.1 Research Procedures
	2.2 Data Analysis

	3 Result and Discussion
	4 Conclusion
	References




