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Abstract.

Dark Septate Endophytes (DSE) are a group of ascomycetes that live in intracellular
and extracellular root tissue to facilitate plant growth and stress tolerance in extreme
environments. However, little is known about the DSE fungi isolated from certain
plant roots such as Pteris vittata, especially under drought condition. Pteris vittata
is known for its ability to live in various types of substrates and ecosystems. In this
study, we obtained DSE fungi from the fern roots Pteris vittata collected from the area
of Universitas Negeri Jakarta. DSE isolation was carried out by inoculating the Pteris
vittata fern roots with a size of 0.5 cm on the surface of sterilized PDA media for 5-7
days at 27°C. Observations were made every 24 hours using a stereo microscope to
see the first hyphae appeared from the plant roots. The results exhibited 13 samples
of roots with hyphae colonization and were suspected to be DSE fungi. Of the 13
root isolates, only 3 isolate (PP2, PP4A, and PPB) showed the DSE growth (23%) with
melanin pigment. The morphological characteristics of endophytic DSE fungi collected
from Pteris vittata roots represented septate hyphae, brownish to black colony color, a
growing zone, and a velvety texture. For the isolate PP2, it showed sclerotia while for
the isolate PP4, it exhibited light brown colonies.
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The symbiotic relationship between Dark Septate Endophytes (DSEs) and host plants
has been reported previously. DSEs live in the intracellular or extracellular part of the live
plant roots to help them efficiently absorb soil nutrients [1, 2] without causing negative
effects to plant tissue [3]. The colonization of land by plants may not have been possible
without the ability of DSEs to make them available to the plants. The symbiosis between
DSE and plants is often called symbiotic mutualism in which the fungus benefits by
obtaining carbohydrates from the host and the host benefits from better growth and
more efficient nutrient acquisition [4]. In addition, it was also reported that mycorrhizae
can increase the investment in host reproduction as seen from the results of nutritional
content of seeds. Other studies have revealed that DSE has a wide range of enzymatic

abilities where it can utilize several major organic nutrient groups [3].

DSEs constitute a very heterogeneous group of Ascomycetes characterized by a
septate, a darkly pigmented hyphae, and melanized mycelium [4]. DSEs have a wide
distribution and high root colonization in various terrestrial ecosystems, especially in
extreme environments, including arid and semiarid environments [5, 6], which are char-
acterized by low water availability, high salinity, high irradiance, and nutrient deprivation
[7]. DSEs can also survive in alpine environments [8] and are even found extensively
distributed in polluted areas around the world [9]. These environmental conditions
generate a series of adverse effects on the physical and chemical properties of the
soil, as well as on microbial processes and plant growth [10, 11] .

Various types of DSE have been collected from several types of hosts. Picea glauca
and Potentilla fructicosa have been successfully isolated from the plant Leptodontidium
orchidicola, and several others from the classes Rosaceae and Salicaceae [12]. Research
also proved that there are types of DSE in ferns (Pteridophytes) [13, 14] Ferns (Pterido-
phyta) plays an important role in the forest ecosystem and found diversely in Indonesia.
Ferns can live in various places, ranging from soil, rocks, to sticking to other plant stems.
Ferns have a variety of types and potential for extraordinary use for feed ingredients,
medicine and ornamental plants. Besides being found as a wild plant, several types of
ferns are used as ornamental plants and have been widely cultivated. Ferns also have
many other potentials, including those that have been used by the community, namely
as antibacterial drugs, malaria drugs, laxatives, bleeding stop drugs, postpartum drugs,
skin diseases and anti-inflammatory drugs [15].

One type of fern that is easily found is Pteris vittata, which usually grows on almost

all substrates such as calcareous substrates, in savanna ecosystems, mixed tropical
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forest ecosystems and mountains [16]. The existence of ferns is very easy to find but
research on DSE in ferns is still little done. Therefore, this study aims to isolate and
identify the endophytic fungi collected from the ferns Pteris vittata roots in Universitas

Negeri Jakarta area.

21. Sampling

This research was conducted at the Microbiology Laboratory, Universitas Negeri Jakarta
in May—June 2019. The sample was taken from the root of the fern Pteris vittata obtained
from the surrounding area of Universitas Negeri Jakarta, Rawamangun, Indonesia. 16
pieces of root were chosen and the sampling was done using purposive sampling

technique. The isolates were then named by the codes PP1, PP2, PP3 and PP4.

2.2. Root Surface Sterilization

Isolation of endophytic fungi was carried out based on the method of Irawati et al.,[17].
Sterilization of the root surface of the Pteris vittata plant sample was carried out by
cleaning the root surface from the soil with running water, then sterilizing the root
surface by soaking the roots in 70% alcohol for 5 minutes, followed by immersing 5%
NaOCI for 5 minutes and then rinsing three times using sterile distilled water. Finally,

the roots were dried with sterile tissue for 15 minutes.

2.3. DSE Isolation from Pteris vittate Root

Root samples were cut with a size of 1 x 1 cm which were randomly selected and
then inoculated into PDA medium containing the antibiotic chloramphenicol to avoid
bacterial growth or contaminants. It was then incubated at 27°C in the dark for 5-7 days
[17]. Observations were made every 24h using a stereo microscope to see the growth

of hyphae. The hyphae that first grew were then inoculated onto new PDA media.

2.4. Macroscopic and Microscopic Observations

During this period, the growth rate of the endophytic mold was observed. If the endo-

phytic mold showed morphological characteristics, the mold could be transferred to a
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new PDA medium to obtain pure isolates and observed microscopically and macro-
scopically. Macroscopic observations included color and surface of the colony (gran-
ular, powdery, mountainous, and slippery), texture, zoning, growing area, radial and
concentric stripes, and colony turning color [18]. Microscopic observation of DSE was
carried out by making preparations on glass objects using one drop of 70% alcohol
and one mold culture tube inoculated on alcohol and then covered with a cover glass.
Microscopic observations included microscopic observations of molds including the
shape and type of spores or conidia, types of hyphae, size of hyphae, hyphae insulation,

and the presence or absence of medulla, and vesicles [19][20].

3.1. Isolation of Dark Septate Endophyte (DSE)

The DSE mold was isolated from the roots of the fern Pteris vittata. Pteris vittata are
found to grow easily in pots with other plants. DSE can be found in various plant species
and most DSE colonize various plants in the root system [21].

Isolation of DSE from the roots was carried out by separating the roots from the base
of the stem, which was then cleaned of the remaining adhering soil. It was followed by
a sterilization process and cutting the roots into small pieces. Root pieces were inserted
into PDA medium with chloramphenicol antibiotic added in 4 petri dishes. Each petri
dish contains 4 Pteris vittata roots. Petri dishes containing roots were incubated in a
box in the dark at 27°C for 5-7 days of observation and their growth was observed
everyday. Observation on the growth of DSE hyphae was carried out by looking at the
characteristics of the hyphae microscopically using a stereo microscope. According to
[22], DSE differs from other fungal groups in that it has septate hyphae and melanised
hyphae. According to [23], it is also stated that the growth of DSE hyphae on plant roots
had hyphal growth characteristics which were generally septate, hyaline or dark in color
and melanized.

During the 7 days of observation, the highest hyphae growth on Pteris vittata roots
was shown on the first day of incubation. The hyphae that grow are thin and slightly
dark in color on the root surface. On the first day, there were 13 root samples from a
total of 16 roots that were incubated with a percentage of 81.25%. On the second day
to the seventh day of incubation, 12 root samples did not show any regrowth of hyphae,
but only one root sample that exhibited hyphal growth on the second to the forth day

of incubation. The hyphae in these root samples colonized more than half of the roots
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(Figure 1). The growing hyphae on the first day to the fourth day of incubation were

inoculated into new PDA media and incubated at 27°C.

Figure 1: Root samples on the first day of incubation (A), root samples on days 2-4 of
incubation (B). 100x magnification. Incubation at a temperature of 27°C.

From the 13 inoculated root samples, it resulted 3 isolates showed the growth in the
new PDA medium, namely PP2, PP4-A and PP4-B isolates (Figure 2 and 3). The unsuc-
cessful growth of inoculated DSE isolates could be due to the influence of environmental
temperature at the time of incubation which was not suitable, resulting in the inability
of DSE to grow. This requires further research on optimizing a good environment for
DSE growth. Based on the isolation results, the percentage of roots that were isolated

was 81.25% and the survival rate of roots suspected of DSE was only 23.07%.

Figure 2: Isolate PP2 within 4 days of incubation at 27°C (A) DSE colony top view (B) Sclerotia
at 100x magnification with a stereo microscope.
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Figure 3: Isolate PP4 within 4 days of incubation at 27°C. (a) Reverse DSE colonies, (b) DSE
colonies seen at 100x magnification with a stereo microscope.

3.2. Macroscopic and Microscopic Observation

The macroscopic observation shown in Figure 4, isolate PP2 has white-brown colonies,
with light brown mycelium at the edges. The texture of the colonies is velvety, having a
growing zone and a black exudate drop, while the color behind the colony is gold. From
the microscopic observation, isolate PP2 has a septate hyphae, while the conidiophores
could not be observed. The spores are in a sac containing 4-5 spores and are reddish

in color.

The macroscopic observation shown in Figure 5, isolate PP4B has a brownish colony
color, with light brown mycelium around the edges. The texture of the colony is velvety,
has a growing zone, has exudate drop and the reverse color of the colony is black
with white edges. From the microscopic observation, isolate PP4 has a septate hyphae,

while the conidiophores and spores could not be observed.

From the macroscopic observation shown in Figure 6, isolate PP4A has a faded brown
colonies from the center to the edges of the colonies. The texture of the colony is velvety,
has a growing zone, has no exudate drop and the reverse color of the colony is black
with brown radiance with white edges. From the microscopic observation, isolate PP4A
has a septate hyphae, while the conidiophores and spores could not be observed.

Of the three DSE isolates, hyphae of isolates PP4A and PP4B showed a dark pigment.
This result is in accordance with the statement of [24] which defines DSE colonizes
plant roots with a characteristic internal hyphae structure in the form of dark-colored

melanized hyphae and microsclerosia.
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Figure 4: Isolate PP2 within 15 days of incubation at 24°C. (A) DSE colonies top view, (B) DSE
colonies bottom view (C) mycelium 1000x magnification, (D) PP2 spores 1000x magnification.

Figure 5: Isolate PP4B within 15 days of incubation at 24°C on PDA media. (a) DSE colony
bottom view, (b) DSE colony top view, (c) DSE PP4B mycelium 1000x magnification.

Three isolates of DSE mold were obtained with the characteristics of having melanin pig-
ment. The isolates were coded as PP4A and PP4B. DSE growth from Pteris vittata roots
had a percentage of about 81.25%, but growth from the inoculation was only 23.07%
(3 isolates from 13 isolates). Based on the morphological characteristics of endophytic
fungi, it is suspected that the isolates were categorized as DSE. The characteristics
include having septate hyphae, brownish to black colony color, and having a growing

zone, and a velvety texture.
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Figure 6: Isolate PP4A within 15 days of incubation at 24°C on PDA media. (a) DSE image
bottom view, (b) DSE image top view, (c) DSE PP4A mycelium 1000x magnification.
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