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29-Mav-2005 environment can be a factor in the diversity of the number and type of
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31-May-2025 also applies to red betel plants. This research aims to explore the diversity of
Published regularly: endophytic fungi in red betel plants that live in the highlands, especially in
31-May-2025 Sidomulyo Village, Batu. The methods used in this research were isolation,

identification, and analysis of diversity index (H') values. The results showed
that there were a total of 37 isolates from the roots, stems, and leaves of red betel
plants with the highest number of isolates in the leaves (21 isolates) and the
lowest in the roots (3 isolates). These isolates were grouped into 16
morphotypes. 12 morphotypes were identified including Purpureocillium
lilacinum, Corynespora cassiicola, Penicillium sp., Curvularia lunata, Phyllosticta
hostae, Cladosporium cladosporioides, Colletotrichum orientalis, Paecilomyces variotii,
Colletotrichum nymphaeae, Colletotrichum nupharicola, Fusarium oxysporum, and
Hypoxylon pulicicidum, four morphotypes namely MFE3, MFE10, MFE14, and
MFE15 have not yet been identified. The diversity index in the roots, stems, and
leaves is categorized as medium diversity with the highest in the leaves (H'=
1.818) and the lowest in the roots (1.099).
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INTRODUCTION

Endophytic fungi have been associated with plants for more than 400 million years (Krings et
al., 2007) and have been studied extensively across different geographies and climate zones (Sun and
Guo, 2012). According to Li et al., (2025), endophytic fungi play a role in increasing plant growth trought
the secretion of phytohormones, enhance host plant adaptability to biotic and abiotic stresses, and
facilitate nutrient absorption. Endophytic fungi can be isolated from stems, flowers, fruits, and seeds
(Roze et al., 2011). Previous research shows that many endophytic fungi are isolated from plants that
are known to have medicinal properties. Such as Hafsari and Asterina (2013) who isolated and
identified endophytic fungi from surian medicinal plants (Toona sinensis) and Widowati et al., (2016)
who isolated and identified endophytic fungi from turmeric plants (Curcuma longa L.). Endophytic fungi
that grow in medicinal plant tissues can produce compounds that have almost the same characteristics
as their host plants (Prihatiningtyas et al., 2005). In addition, endophytic fungi are able to produce
bioactive compounds and have the potential as a source of new drugs to treat a disease (Kuncoro and
Sugijanto, 2011).

Java Island has a variety of medicinal plants, one of which is the red betel plant. Red betel (Piper
crocatum Ruiz and Pav) is one of the potential medicinal plants that is theoretically known to have
properties to cure various diseases (Rachmawaty et al., 2009). Red betel is a shrub plant, stems with
tendrils and brushes, the upper leaves are dark green, with a silvery area around the leaves bones, and
the lower ones are purplish red. Red betel generally lives at an altitude of 0 - 2,500 masl, but there are
also some species that grow at altitudes above 3,000 masl (Quijano-Abril et al., 2006). The habitat of red
betel is a shady, cool place with sunlight intensity between 60 - 75%, and can grow well in mountainous
areas. However, red betel plants can also grow in hot areas, but will experience morphological changes
due to the influence of environmental temperature (Fadlilah, 2015).
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Endophytic fungi on red betel plants have been studied in the Sumbersari Jember area at an
altitude of 83 masl which is still categorized as lowland (0 - 200 masl). In this study, 11 types of
endophytic fungi were successfully isolated and identified. However, there is no information on the
diversity of endophytic fungi in red betel plants that live in highland areas. Red betel can thrive in
highland areas such as in Sidomulyo Village, Batu Subdistrict. Sidomulyo Village, Batu Subdistrict,
located at the foot of Mount Panderman with an altitude of 850 meters above sea level, is a place for the
cultivation of many plants, one of which is red betel. Isolation and identification of endophytic fungi
from red betel plants that live in highland areas, especially in Sidomulyo Village, Batu District has never
been done, so there is still no information about the number and diversity.

Isolation of endophytic fungi on the same plant species but living at different altitudes has been
done by previous researchers. Tambunan et al., (2018) have examined the diversity of endophytic fungi
in cocoa plants that live at different altitudes in the Bali area. In this study, there were no differences in
the diversity of endophytic fungi isolated from cocoa plants living in lowlands and highlands, but there
were differences in the number of colonies of endophytic fungi where more colonies were found in
cocoa plants living in lowlands compared to cocoa plants living in highlands. The difference in the
number of colonies is caused by temperature and humidity. Based on this research, it is possible that
there are differences in the types and numbers of endophytic fungi isolated from red betel plants living
in the Sidomulyo Batu area with an altitude of 850 meters above sea level with endophytic fungi isolated
from the Sumbersari Jember area. Therefore, it is necessary to explore the diversity of types and
numbers of endophytic fungi on red betel plants living in Sidomulyo Village.

This research is expected to enrich information about endophytic fungi from red betel plants
that live in the highlands, especially in Sidomulyo Village Batu Subdistrict with an altitude of 850 meters
above sea level in order to obtain information on whether there are differences in the diversity and
number of endophytic fungi from red betel plants living in lowlands and highlands.

MATERIALS AND METHODS

This research was conducted from September to December. Samples of roots, stems, and leaves
of red betel plants were collected from Sidomulyo Village, Batu District, Batu City. Isolation and
identification of endophytic fungi were carried out at the Microbiology Laboratory, Building C10,
Faculty of Mathematics and Natural Sciences, Surabaya State University. The tools used in this research
were autoclave (Tomy Kogyo ES-215), incubator (Lab-Line Instruments 302-1) petri dish, pipette,
inoculation needle, scissors, drigalsky rod, zip lock plastic, PP plastic, digital balance, glass beaker, test
tube, light microscope, label paper, object glass, cover glass, light microscope, label paper, object glass,
cover glass, test tube rack, Laminar Air Flow (LAF) (ESCO), tweezers, erlenmayer, label paper, marker,
scissors, knife/cutter, scalpel, cool box, hot plate, refrigerator (Sanyo Electric MPR-31 1D (H)), magnetic
stirrer, aluminum foil, and mobile phone camera. The materials used in this study were samples of
roots, stems, and leaves of red betel nut plants from Batu District, Batu City, 70% alcohol, sterile distilled
water, 2% sodium hypochlorite (NaOCl) solution, Potato Dextrose Agar (PDA; Merck Cat#1101300500)
medium, tissue, chloramphenicol antibiotics, and Lactophenol Cotton Blue (LPCB) dye; (Merck
Cat#1137410100).

The research was carried out in 8 stages, namely making medium, sterilizing tools and
materials, adding chloramphenicol antibiotics to PDA medium, taking samples of red betel plants,
isolating endophytic fungi, purifying endophytic fungi, characterizing endophytic fungi
macroscopically and microscopically, and identifying endophytic fungal isolates with books and
literature. Medium preparation was carried out by dissolving 39 grams of PDA medium in 1 L of
distilled water, homogenized with a magnetic stirrer while heating to boiling on a hot plate. Sterilization
of medium and tools and materials was carried out using an autoclave at 121°C and 1 atm pressure for
15 minutes. PDA medium after sterilization was added with 100 mg/L chloramphenicol antibiotic and
then homogenized.

Sampling of red betel plants was carried out in Sidomulyo Village Batu. A total of 3 red betel
plants were taken from 3 different locations. The plant organs taken were root samples (2 cm from the
tip/root cap), stems that do not touch the ground (10 cm from the top of the soil), and leaves in position
number 5 from the top of the red betel plant from each plant. Samples were taken using scissors and a
knife. Samples that have been taken were then wrapped separately using zip lock plastic and labeled,
then all samples were put into a cool box. The samples were then taken to the Microbiology Laboratory
of FMIPA, State University of Surabaya.
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Sampling Location
Sidomulyo Village, Batu City
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Figure 1. Map of sampling location

Isolation of endophytic fungi was performed using the method described by Hallman et al.,
(2007) with modifications. All sample pieces were soaked in 70% alcohol solution for 1 minute. The
samples were then transferred to 2% sodium hypochlorite (NaOCl) solution for 5 minutes. The samples
were further immersed in 70% alcohol solution for 30 seconds. The samples were then rinsed with sterile
distilled water 3 times. The last rinse of 1 ml of distilled water was spread over the surface of the PDA
medium with a Drigalsky rod. The samples were placed in steril tissue paper inside the LAF (Tandon
et al., 2025). After the samples were dry, then each sample of red betel roots, stems, and leaves was cut
into 1 cm segments for roots and stems, and 1 x 1 cm square pieces for leaves using a sterile scalpel. The
cut samples were placed on the surface of a Petri dish containing PDA + 10% chloramphenicol medium
with a total of 3 segments/cup. All isolation procedures were repeated 3 times (triplo) for each sample
(a total of 81 segments). Culture incubation was carried out in an incubator at 27-29 oC for 3-14 days.
Observations were made daily for 3-14 days to observe the growth of fungal isolates.

Purification of endophytic fungal isolates was carried out by aseptically transferring parts of
the endophytic fungal mycelium that grew on the initial PDA medium into new PDA medium using
the hypal tip isolation method, transferring single mycelium to new medium for purification of
endophytic fungi (Gupta and Chaturvedi, 2017). The purification results were again incubated in a room
incubator for 7 days. Purified fungi were stored in test tubes containing PDA medium for working
cultures in a refrigerator at 4°C.

Macroscopic characterization was carried out by observing characters such as color of surface
and reverse colonies, surface texture (granular, like flour, mounting, slippery), zonation, growth area,
lines of radial, concentric circle, and exudate drop (Demeni et al., 2025). Isolates that have the same
characters were grouped into one morphotype group and one is taken as a representative of the species
to be identified. Isolates were documented using a mobile phone camera with a black or white
background (Barnett and Hunter, 1998). Microscopic characterization was performed by observing
endophytic fungal isolates under a light microscope with a magnification of 400x. Mycelium was taken
using a sterile inoculation needle, placed on a sterile object glass and dripped with LPCB dye as much
as one drop using a pipette and covered with cover glass and observed under a light microscope.
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RESULTS

The negative control showed no bacterial or fungal growth, meaning that the sterilization
process of the sample surface was successful. Research related to the isolation and identification of
endophytic fungi from red betel plants found as many as 37 isolates of endophytic fungi. Endophytic
fungal isolates were successfully isolated from all parts of the red betel plant with the number of isolates
from each part as presented in Figure 2.
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Figure 2. Number of fungal isolates in the root, stem, and leaves parts of red betel plants

Endophytic fungal isolates were grouped into 16 morphotype groups based on culture
characters after the purification process and incubation for 3-14 days. Observations were made
assuming the endophytic fungal isolates had reached maximum growth on PDA medium (Gandjar et
al., 2006). Morphotype data of endophytic fungal isolates based on morphological characteristics are
shown in Table 1.

Table 1. Fungal Isolate with Morphotype Group

No Isolate Code Morphotype
1 AlI2(2), BII2(2), BII3(2), DI1(1), DI3(1), DIII3(1), DII2(2)a, DI12(3), DIII3(3), MFE1
BII1(1
2 BI1(1), BI2(1), BI2(2), BI3(1) MFE2
3 AlI2(1) MFE3
4 BIII1(1), BIII1(2) MFE4
5 DII2(2) MFE5
6 DIII1(1) MFE6
7 DIII3(2) MFE7
8 DII1(2), DII1(2)b, DII1(1)a, DII3(1), DII1(1)b, DII2(1), DII3(3)b, BII2(1) MFES8
9 AI1(1) MFE9
10 BIII3(2) MFE10
11 DII1(3), DII1(1)c MFE11
12 DII3(2) MFE12
13 BIII3(1) MFE13
14 BII3(1) MFE14
15 DII3(3) MFE15
16 DI2(1) MFE16

Note: MFE: Morphotype; A: Root; B: Stem; D: Leaves; I, II, III: Plant Number -; 1, 2, 3: Segmen Number -; (1, 2, 3):
Repeat Number -; a, b, c: Isolate Number - in One Segmen

The characteristic observed in each endophytic fungal morphotype were macroscopic
morphological data and microscopic data. The macroscopic characters of isolate MFE1 are purplish
white upper surface color, yellowish white lower surface color, powdery surface texture, circular shape,
raised elevation, filamentous edges, dense density, and there are concentric circles which can be seen in
the picture a in Figure 2, Figure 3 and Table 2.

Macroscopically isolate MFE2 has a grayish white upper surface color, black lower surface,
cottony surface texture, circular shape, umbonate elevation, filamentous edges, dense density and
concentric circles which can be seen in picture b in Figure 2, Figure 3, and Table 2. The macroscopic
characters of isolate MFE3 are white in the middle and yellowish at the edges color upper surface,
yellowish in the middle and yellowish white at the edges lower surface color, the surface texture is
powdery, circular shape, umbonate elevation, filamentous, dense density edges and there are radial
lines as seen in picture c in Figure 2, Figure 3 and Table 2.
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Macroscopic characters of isolate MFE4 are dark gray upper surface color, black lower surface
color, cottony surface texture, circular shape, raised elevation, filamentous edges and dense density as
seen in picture d in Figure 2, Figure 3 and Table 2. The macroscopic character of isolate MFE5 are
brownish green upper and lower surface color, cottony surface texture, circular shape, raised elevation,
filamentous edges, dense density and there are radial lines as seen in picture e in Figure 2, Figure 3 and
Table 2.

The macroscopic characters of isolate MFE6 are black with transparent white edges upper and
lower surface color, wolly surface texture, irregular shape, flat elevation, lobate edges and medium
density as seen in picture f in Figure 2, Figure 3 and Table 2. The macroscopic characters of isolate MFE7
are grayish green with white edges upper surface color, blackish green with white edges lower surface
color, powdery surface texture, irregular shape, umbonate elevation, filamentous edges, dense density
and there are concentric circles as seen in the picture g in Figure 2, Figure 3 and Table 3.

The macroscopic characters of isolate MFES8 are white upper and surface color, yellowish white
lower surface, velvety surface texture, circular to irregular shape, raised elevation, filamentous edges,
dense density and concentric circles as seen in picture h in Figure 2, Figure 3 and Table 3. The
macroscopic characters of isolate MFE9 are brownish yellow upper and lower surface color, powdery
surface texture, irregular shape, raised elevation, filamentous edges and dense density as seen in picture
iin Figure 2, Figure 3, and Table 3.

The macroscopic characters of MFE10 are white upper surface color, brownish white lower
surface color surface, cottony surface texture, irregular shape, umbonate elevation, filamentous edges,
dense density and there is green exudate as seen in picture j in Figure 2, Figure 3 and Table 3. The
macroscopic characters of MFE11 are olive in the middle and white at the edges upper and lower surface
color, cottony surface texture, circular shape, raised elevation, filamentous edges, dense density and
there are concentric circles as seen in picture k in Figure 2, Figure 3, and Table 3.

The macroscopic characters of MFE12 are transparent white with orange exudate upper and
lower surface color, cottony surface texture, circular shape, raised elevation, filamentous edges, dense
density and concentric circles as seen in picture 1 in Figure 2, Figure 3 and Table 3. The macroscopic
characters of MFE13 are white upper surface color, yellowish in the middle and white at the edges lower
surface color, cottony surface texture, irregular shape, raised elevation, filamentous edges and there is
orange exudate as seen in the picture m in Figure 2, Figure 3 and Table 4.

The macroscopic characters of MFE14 are grayish white upper surface color, brownish white to
brown lower surface color, cottony surface texture, irregular shape, raised elevation, filamentous edges,
dense density and there are concentric circles as seen in the picture n in Figure 2, Figure 3 and Table 4.
The macroscopic characters of MFE15 are grayish white upper surface color, white with greenish white
lines lower surface color, wolly surface texture, irregular shape, elevation raised, filamentous edges,
dense density and there are concentric circles as seen in the picture o in Figure 2, Figure 3 and Table 4.

The macroscopic characters of MFE16 are grayish white upper surface color, brown lower
surface color, velvety surface texture, circular shape, umbonate elevation, filamentous edges, dense
density and concentric circles as seen in the picture p in Figure 2, Figure 3 and Table 4. Documentation
of macroscopic and microscopic data of all endophytic fungal morphotypes is shown in Figures 2, 3,
and 4.

Microscopic characters of MFE1 are septate hyphae, hyaline colored, smooth-walled and
straight conidiophores, hyaline in color, elliptical conidia shape and hyaline in color which can be seen
in the picture a in Figure 4 and Table 2. MFEL1 identified as Purpureocillium lilacinum. The microscopic
characters of MFE2 are septate hyphae, hyaline in color, straight conidiophores, smooth-walled, hyaline
in color, straight cylindrical conidia shape and hyaline color as in picture b in Figure 4 and Table 2.
MEFE2 identified as Corynespora cassicola.

The microscopic characters of MFE3 are non-septated hyphae, blue in color, straight
conidiophores, smooth-walled, blue in color, round conidia shape and hyaline/blue in color as shown
in picture ¢ in Figure 4 and Table 2. MFE3 can’t be identified. Microscopic characters of MFE4 are
septated hyphae, hyaline color, straight conidiophores, smooth walled, dark blue in color, bottle-like
phialids, elliptical conidia shape and dark blue in color as in the picture d in Figure 4 and Table 2. MFE4
identified as Penicillium sp.

Microscopically MFE5 has the character of septated hyphae, hyaline color, straight
conidiophores, smooth walled, hyaline in color, elliptical conidia shape with 3 septate, the 3rd cell of
the conidia is wider and browner than the other cells and hyaline to brown color as in the picture e in
Figure 4 and Table 2. MFES identified as Curvularia lunata. Microscopic characters of MFE6 are non-
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septate hyphae and hyaline to gray color, branched conidiophores, smooth-walled, dark blue in color,
round to elliptical conidia shape and hyaline in color as in picture f in Figure 4 and Table 2. MFE6
identified as Phyllosticta hostae.

Figure 2. Upper surface of endophytic fungal isolates. a. MFE1; b. MFE2; c. MFE3; d. MFE4; e. MFES5; f. MFEG6;
g. MFE7; h. MFES; i. MFE9; j. MFE10; k. MFE11; 1. MFE12; m. MFE13; n. MFE14; o. MFE15; p. MFE16

Figure 3. Lower surface of endophytic fungal isolates. a. MFE1; b. MFE2; c. MFE3; d. MFE4; e. MFE5; f. MFES6;
g. MFE7; h. MFES; i. MFE9; j. MFE10; k. MFE11; 1. MFE12; m. MFE13; n. MFE14; o. MFE15; p. MFE16
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Figure 4. Microscopic morphology under light microscope. a. MFE1; b. MFE2; c. MFE3; d. MFE4; e. MFES5;
f. MFE6; g. MFE7; h. MFES; i. MFE9; j. MFE10; k. MFE11; 1. MFE12; m. MFE13; n. MFE14; o. MFE15; p. MFE16

Microscopic characters of MFE7 in the form of hyphae are septate, hyaline color, branched
conidiophores, smooth-walled, hyaline color, elliptical to cylindrical conidia, dark blue color and
arranged like a chain as in the picture g in Figure 4 and Table 3. MFE7 identified as Cladosporium
cladosporioides. Microscopically, MFES8 has the character of hyphae that are septated, hyaline color,
straight or branched conidiophores, smooth-walled, dark blue color, fusiform or cylindrical conidia
shape and hyaline color as in the picture h in Figure 4 and Table 3. MFES identified as Colletotrichum
orientalis.

Microscopic characters of MFE9 are septate hyphae, hyaline in color, branched conidiophores,
smooth conidiophorous walls, dark blue conidiophores, semi circular to elliptical conidia shape, dark
blue conidia color. The phialid is cylindric, narrowed at the end and forms like a neck as shown in
picture i in Figure 4 and Table 3. MFE9 identified as Paecilomyces variotii. The microscopic characters of
MFE10 are septate hyphae, hyaline in color, straight conidiophores, smooth walled as in the picture j in
Figure 4 and Table 3. MFE10 can’t be identified.

The microscopic characters of MFE11 are septate hyphae, blue in color, straight conidiophores,
smooth-walled, hyaline color, cylindrical conidia shape and blue until green color as in picture k in
Figure 4 and Table 3. MFE11 identified as Colletotrichum nymphaeae. The microscopic characters of
MFE12 are non-septate hyphae, blue in color, cells scattered throughout the hyphae, straight
conidiophores, smooth walls, blue in color, cylindrical conidia shape and blue color as in picture | in
Figure 4 and Table 3. MFE12 identified as Colletotrichum nuparichola.

The microscopic characters of MFE13 are septate hyphae, blue in color, straight conidiophores,
smooth-walled, blue in color, fusiform conidia shape and blue in color as in the picture m in Figure 4
and Table 4. MFE13 identified as Fusarium oxysporum. Microscopically characters of MFE14 are non-
septate hyphae, hyaline in color, straight conidiophores, smooth walled, round conidia shape, hyaline
in color as in the picture n in Figure 4 and Table 4. MFE14 can’t be identified.

The microscopic characters of MFE15 are septate hyphae, blue in color, branched
conidiophores, smooth walled, round conidia shape and hyaline color as in the picture o in Figure 4
and Table 4. MFE15 can’t be identified. The microscopic characters of MFE16 are non-septate hyphae,
hyaline in color, branched conidiophores, rather thick-walled, hyaline conidiophores and round shape
as in the picture p in Figure 4 and Table 4. MFE16 identified as Hypoxylon pulicicidum.

Each morphotype has different macroscopic and microscopic characters. Macroscopic and
microscopic character data of each morphotype of endophytic fungi are presented in Tables 2, 3, and 4.
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Table 2. Macroscopic and microscopic characteristics of MFE1-MFE6

Character Morphotype
MFE1 MFE2 MFE3 MFE4 MFE5 MFE6
Macroscopic Characteristics
Growth rate Slow Slow Slow Fast Fast Slow
Top color Purplish white ~ Grayish white Yellowish Dark grey Brownish Black,
white green transparent
edge
Bottom color Yellowish Black Yellowish Black Brownish Black, white
white white green edge
Surface Powdery Cottony Powdery Cottony Cottony Wolly
texture
Form Circular Circular Circular Circular Circular Irregular
Elevation Raised Umbonate Umbonate Raised Raised Flat
Edge Filamentous Filamentous Filamentous Filamentous Filamentous Lobate
Density Dense Dense Dense Dense Dense Medium
Concentric + + - - + +
circles/radia
1 lines
Medium - - + - - _
change
Microscopic Characteristics
Hyphae Septate Septate Septate Septate Septate Aseptate
Hyphae Hyaline Hyaline Biru Hyaline Hyaline Hyaline,
color grey
Conidiophor Straight Straight Straight Straight Straight Branching
e
Conidiophor Smooth Smooth Smooth Smooth Smooth Smooth
e wall
Conidiophor Hyaline Hyaline Blue Blue Hyaline Blue
e color
Phialidss - - - Bottle-like - -
Conidia Elliptic Cylinder Round Elliptic Elliptic Round/
shape Elliptic
Conidia Hyaline Hyaline Blue Blue White to Hyaline
color brown
Identified Purpurecociliu Corynespora - Penicillium sp. Curvularia Phyllosticta
species m lilacinum cassiicola lunata hostae
Note: (+) = available, (-) = not available
Table 3. Macroscopic and Microscopic Characteristics of MFE7-MFE12
Character Morphotype
MFE7 MFES8 MFE9 MFE10 MFE11 MFE12
Macroscopic Characteristics
Growth rate Slow Fast Slow Slow Slow Fast
Top color Grayish green, White Yellowish White Olive center Transparent
white edge brown white edge with orange
dot point
Bottom color Blackish Yellowish Brownish Brownish Olive center Transparent
green, white white yellow white white edge
edge
Surface Powdery Velvety Powdery Cottony Cottony Cottony
texture
Shape Irregular Circular/irregul Irregular Irregular Circular Circular
ar
Elevation Umbonate Raised Raised Umbonate Raised Raised
Edge Filamentous Filamentous Filamentous Filamentous Filamentous Filamentous
Density Dense Dense Dense Dense Dense Dense
Concentric + + - - + +
circles/radia
1lines
Medium - - - - - _
change
Microscopic Characteristics
Hyphae Septate Septate Septate Septate Septate Aseptate
Hyphae Hyaline Hyaline Hyaline Hyaline Blue Blue
color
Conidiophor  Straight/branc Branching Branching Straight Straight Straight
e hing
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Character Morphotype

MEFE7 MFE8 MFE9 MFE10 MFEI11 MFE12
Macroscopic Characteristics
Conidiophor Smooth Smooth Smooth Smooth Smooth Smooth
ewall
Conidiophor Hyaline Blue Blue - Blue Blue
e color
Phialids - - Cylinder like - - -

neck
Conidia Elliptic to Fusiform/cyli ~ Semi round to - Cylinder Fusiform
shape cylinder nder round
Conidia Blue Hyaline Blue - Blue Hyaline
color
Identified Cladosporium Colletotrichum Paecilomyces - Colletotrichum  Colletotrichum
species cladosporioides orientalis variotii nymphaeae nupharicola
Note: (+) = available, (-) = not available
Table 4. Macroscopic and Microscopic Characteristics of MFE13-MFE16
Character Morphotype
MFE13 MFE14 MFEI15 MFE16
Macroscopic Characteristics
Growth rate Slow Slow Slow Slow
Top color White Greyish white Greyish white Greyish white
Bottom color Yellowish center, white Brownies white to White with green Brown
edge brown lines

Surface texture Cottony Cottony Wolly Velvety
Shape Irregular Irregular Irregular Circular
Elevation Raised Raised Raised Umbonate
Edge Filamentous Filamentous Filamentous Filamentous
Density Dense Dense Dense Dense
Concentric - + + +
circles/radial lines
Medium change - - - +
Microscopic Characteristics
Hyphae Septate Aseptate Aseptate Septate
Hyphae color Blue Hyaline Blue Hyaline
Conidiophore Straight Straight Branching Branching
Conidiophore Smooth Smooth Smooth Slightly thick
wall
Phialids Like bottle - - -
Conidia shape Cylinder Round Round Round
Conidia color Blue Hyaline Hyaline Hyaline
Identified species Fusarium oxysporum - - Hypoxylon pulicicidum

Note: (+) = available, (-) = not available

The diversity index of endophytic fungi in red betel plants can be known using the Shannon-
Wienner diversity index formula. Based on the results of the calculation, it shows that in the roots,
stems, and leaves, the diversity index value is 1.099; 1.778; 1.818, respectively. Diversity index value
data can be seen in Figure 5.

Diversity Index (H')

Roots

Steems

Red Betel Plant Parts

Leafs

Figure 5. Diversity index of red betel plants endophytic fungi
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DISCUSSION

Endophytic fungi that were successfully isolated from various parts of the red betel plant varied
in number. Figure 4 shows the highest number of endophytic fungi isolates on the leaves with 21
isolates. The second highest number of isolates was in the stem (13 isolates) and the least in the root (3
isolates). Endophytic fungal isolates were then purified and identified using identification books and
other literature sources. The identification results show there were 16 morphotypes where each
morphotype is a different species. The following are the results of species identification for each
morphotype.

Ten isolates belonging to the group of endophytic fungal isolates with the code MFE1 were
identified as Purpureocillium lilacinum. This is in accordance with the characteristics mentioned by Sun
et al., (2021) and Gandjar et al., (1999), namely purple P. lilacinum colonies, dense colony texture, round
to elliptical conidia. Microscopically, P. lilacinum has the characteristics of concentrated hyphae, hyaline
hyphal color, straight conidiophores, smooth conidiophore walls, hyaline conidiophore color, elliptical
conidia shape and hyaline conidia color. P. lilacinum is commonly found in soil (Gandjar et al., 1999) and
according to Lopez et al., (2014) this species is widely detected in plant root tissue. However, the isolation
and identification data show that P. lilacinum isolates are mostly found in the leaves of plants. According
to Christian et al., (2016), this can occur because the colonization of endophytic fungi can be influenced
by the characteristics of the host plant and the habitat where the host plant grows. P. lilacinum is known
for its entomopathogenic properties, which act as a biocontrol agent against a variety of insect pests
both living in and above the soil (Goffré and Folgarait, 2015). Lopez et al., (2014) reported in their study
that P. lilacinum as an endophytic fungus causes adverse effects on the performance of herbivorous
insects and is parasitic on some nematodes.

Isolate MFE2 was identified as the species Corynespora cassiicola. C. cassiicola is characterized by
very abundant cotton-like aerial mycelium and a gray upper surface (Toulet et al, 2021).
Microscopically, C. cassiicola has the characteristics of concentrated hyphae, hyaline hyphal color,
straight conidiophores, smooth conidiophore walls, hyaline conidiophore color, straight cylindrical
conidia shape, and hyaline conidia color. A total of 4 isolates including MFE2 (C. cassiicola) were all
found on red betel plant parts. C. cassiicola has been found on the roots, stems, leaves, and fruits of more
than 300 plants in tropical to subtropical regions (Farr and Rosman, 2024). C. cassiicola is a pathogenic
fungus to the leaves, stems, roots, fruits and roots of about 300 plant species living in the tropics to
subtropics that cause leaves spot disease (Zou et al., 2022). However, there are reports that C. cassiicola
produces bioactive compounds as an endophytic fungus. According to Toghueo et al., (2017), C. cassiicola
is able to produce enzymes for industrial purposes such as amylase, cellulase, lipase, and laccase.

MFE4 was identified as Penicillium sp. Macroscopically Penicillium sp. has the characteristics of
rapid growth, dense aerial mycelium, and velvety surface texture Naeimi et al., (2021). Microscopically
Penicillium sp. has the characteristics of skeletal and hyaline hyphae, branched conidiophores, smooth
conidiophore walls, smooth conidia walls, there are Phialidss and metula (Ristiari et al., 2018). There are
2 isolates that include MFE4 and both are found in the stem of the plant. According to Abastabar et al.,
(2016) and Gandjar et al., (1999), Penicillium sp. has been isolated from soil, air, vegetables, and foodstuffs
such as flour and fruits. According to Toghueo & Boyom (2019), Penicillium species are able to protect
plant species against biotic stress, and also able to promote plant growth.

MFE5 was identified as the species Curvularia lunata. According to Gandjar et al., (1999), C.
lunata has the characteristics of dark green colony top surface, olive to white edges, olive to dark green
colony back, and cottony surface texture. Microscopically, C. [unata is characterized by septate hyphae,
elliptical conidia, 3-septate, 3rd cell of conidia is wider and browner than other cells (Gandjar et al.,
1999). The isolate identified as C. lunata species was only one isolate and was found on the leaves of the
plant. C. [unata is generally found in the tropics and has been isolated from plants, soil, and air (Gandjar
et al., 1999). Research by Nwobodo et al., (2022) reported that C. lunata was successfully isolated and
identified from healthy leaves of Elaeis guineensis plants. C. lunata was reported to cause brown spot
disease on the leaves of rice plants in Cambodia (Tann and Soytong, 2017). However, although it can
cause disease (pathogen), C. lunata can also act as an endophyte in healthy plant tissues (Nwobodo et
al., 2022). According to Mehta et al., (2022), C. lunata extract as an endophytic fungus in E. guineensis
plants has strong antibacterial activity against Pseudomonas aeruginosa, Staphylococcus aureus, and
Candida albicans. C. lunata isolated from marine red algae (Acanthophora spicifera) is reported to produce
the macrolide secondary metabolite apralactone A which has cytotoxic activity against tumor cells
(Mehta et al., (2022). In fact, according to Khan et al., (2023), C. lunata strain AR11 is able to increase rice
plant growth and reduce stress due to salinity and drought.
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MFE6 was identified as Phyllosticta hostae species. According to Yi et al., (2015), P. hostae has
morphological characteristics on PDA medium the color of the upper and reverse surfaces (lower
surface) of black colonies, and irregular shape. Microscopically, P. hostae has the characteristics of
colorless to opaque shiny conidia, subcylindrical to doliform conidiophores, solitary conidia, hyaline in
color, septate, smooth-walled, elliptical to obovoid, tapering towards the base (Yi ef al., 2015). One
isolate identified as P. hostae species was found on the leaves of the plant.

One isolate with code MFE7 was identified as Cladosporium cladosporioides. According to
Gandjar et al., (1999), colonies of C. cladosporioides are initially velvety then after a few days become
powdery due to dense conidia, the upper surface of the colony is grayish green, the reverse (lower
surface) of the colony is blackish green, conidiophores are lateral/terminal in hyphae, conidia shape
like a chain. C. cladosporioides is commonly found in soil and plant parts (Gandjar et al., 1999).
Microscopically, C. cladosporioides has the characteristics of elliptical conidia (like lemons), greenish
brown in color, chain-like arrangement, and lateral conidiophores on hyphae (Gandjar et al., 1999). C.
cladosporioides is found on the leavess plant. This species is commonly distributed in soil and on various
plants and has been widely isolated from soil and air (Gandjar et al., 1999). C. cladosporioides is a
pathogenic fungus that causes scab disease on papaya, sooty mold on persimmon, and flower blight on
strawberries (Nam ef al., 2015). However, in another study, C. cladosporioides was reported to be able to
increase the resistance of thistle plants to insects by producing toxic chemicals (Tripathi et al., 2022).

MFES8 was identified as Colletotrichum orientalis species. Macroscopic characteristics of C.
orientalis include dense colony density, cottony surface texture, white upper surface of colonies and
aerial mycelium, brownish orange in the middle and white at the edges (Chen et al, 2022).
Microscopically, C. orientalis has the characteristics of hyaline-colored conidiophores, smooth-walled,
single or branched, septate, hyaline-colored conidia, smooth-walled, septate, fusiform or cylindrical
(Chen et al., 2022). A total of eight isolates were identified as C. orientalis with details of one isolate found
in the stem and seven isolates in the leaves of the plant.

MFE9 was identified as Paecilomyces variotii. According to Gandjar et al. (1999), P. variotii has
morphological characteristics in the form of slow colony growth, the color of the upper and reverse
surfaces (lower surface) is brownish yellow, and the surface texture is like powder/dry flour (powdery).
Microscopically, P. variotii has the characteristics of irregularly branched conidiophores, semicircular to
elliptical conidia, dark blue conidia color. The Phialids is cylindrical, narrowed at the end and forms
like a neck (Rezakhani ef al., 2019). One isolate identified as P. variotii was found in the roots plant. P.
variotii is cosmopolite and has been isolated from various substrates such as air, various types of soil, to
uncommon substrates such as chemicals (Gandjar et al., 1999). According to Moreno-Gavira ef al., (2021),
the bioactive metabolites of P. variotii have the potential to control diseases caused by pathogenic fungi
by reducing their mycelial development. P. variotii is also reported to have been widely utilized in China
by using the substance ZNC (ZhiNengCong) which is an extract of the endophytic fungus P. variotii as
a biocontrol agent (Lu et al., 2019). According to Lu et al., (2019), ZNC plays a role in protecting plants
from pathogens and also encourages the growth of host plants. ZNC plays a role in promoting plant
growth by increasing the absorption of nitrogen (N) and phosphorus (P) and auxin biosynthesis at the
root tip (Lu et al., 2019).

MFE11 was identified as Colletotrichum nymphaeae. According to Chen et al., (2022), C. nymphaeae
has the characteristics of white to grayish colonies, cotton-like surface texture, behind (bottom surface)
colonies are dark gray in the middle and white at the edges. Microscopically, C. nymphaeae has the
characteristics of hyphae that are concentrated and branched, hyaline conidiophores, smooth-walled,
septate. Conidia are generally cylindrical (Chen et al., 2022). There are two isolates identified as C.
nymphaeae found in the leaves of plants.

MFE12 was identified as Colletotrichum nuparichola species based on its macroscopic and
microscopic characteristics. C. nupharicola has macroscopic characteristics in the form of transparent
white upper and reverse surfaces (lower surface) of colonies with white edges, bright orange aerial
mycelium spread in concentric circles (Weir et al., 2012). Isolates identified as C. nupharicola were found
on the leaves of plants.

Isolate with code MFE13 was identified as Fusarium oxysporum species. According to Gandjar et
al., (1999), F. oxysporum has morphological characteristics such as the upper surface of the colony is
white, the reverse (lower surface) of the colony is yellowish in the middle and white at the edges, dense
air mycelium, looks like cotton and then like velvet. Microscopically, F. oxysporum is characterized by
branched /non-branched conidiophores, microconidia 0-2 intercepted, elliptical to cylindrical in shape.
Macroconidia are 3-5-cepted, fusiform, slightly bent, both ends pointed. Phialidss on short-branched
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conidiophores, numerous, various shapes and sizes (Gandjar et al., 1999). The isolate was identified as
F. oxyspoum species found on the stem of the plant. This species is a cosmopolite and soil saprophyte
(Gandjar et al., 1999). F. oxysporum is commonly known as the cause of fusarium wilt disease, even F.
oxysporum is included in the top 10 pathogenic fungi in plants in the world (de Lamo and Takken, 2020).
The initial symptoms of this disease are indicated by yellowing of the lower leaves of the plant, which
then wilts as the plant matures (Ghufron et al., 2017). However, according to de Lamo and Takken
(2020), some strains of F. oxysporum such as Fo47 and CS-20 actually provide protection for host plants
against root pathogens. F. oxysporum strain Fo47 has also been identified as a wilt disease suppressant
(de Lamo and Takken, 2020).

MFE16 was identified as Hypoxylon pulicicidum species. Ma et al., (2022) reported that H.
pulicicidum species on PDA medium has the characteristics of white to yellowish colonies, velvety
surface texture, entire edges, and dark brown colony color. Microscopically, H. pulicicidum has the
characteristics of conidiophores, 4-level branching, slightly thick conidiophore walls at the base, hyaline
conidiophore color to olive brown or grayish brown. Conidia are round to elliptical in shape and white
to shiny (Ma et al., 2022). One isolate identified as H. pulicicidum was found on the leaves of the plant.
This species undergoes a life cycle by growing on dead wood and on living plants alternately (Bills et
al., 2012). H. pulicicidum is reported to be a strong producer of antimicrobial VOCs (Volatile Organic
Compounds) that actively inhibit several species of fungi (Fadiji and Babalola, 2020), thus affecting
fungal interactions in host plant tissues (Tomsheck et al., 2010). In addition, the VOCs produced by H.
pulicicidum are utilized in industry, medicine, and energy production to improve agricultural practices
(Fadiji and Babalola, 2020).

MFE3, MFE10, MFE14 and MFE15 cannot be identified using the macroscopic and microscopic
data obtained. There is only one isolate from each morphotype. MFE3 was found in the roots, MFE10
and MFE14 were found in the stems, and MFE15 was found in the leaves.

The value of the diversity index (H') in the roots, stems, and leaves of the plant respectively
amounted to 1.099; 1.778; and 1.818. According to Brower and Zar (1997) the diversity index in
endophytic fungi in all parts of the red betel plant is classified as a medium category because the value
of H'is between 1 <H'<3. Based on Figure 5, the largest H' value is found in the leaves and the smallest
in the roots of the plant. This is in accordance with what Huang et al., reported (2008) that the tissue
parts of the leaves and stems of plants are the most common locations for endophytic fungi. This can
occur because it is related to the function of the leaves as the location of the photosynthesis process so
that nutrients can support the growth and development of endophytic fungi (Afandhi et al., 2018).
According to Afandhi et al., (2018), that in their research showed that mature apple leaves (not too old
and too young) have a high number and diversity of endophytic fungi compared to old and young
leaves. This is because adult leaves have a higher amount of chlorophyll than old and young leaves,
causing a high photosynthesis process in adult leaves. The results of the photosynthesis process are
useful for plant growth and these results are also used by endophytic fungi that live in plant tissue
(Afandhi et al., 2017). In quantity, the most number of individuals is found in the leaves, which is directly
proportional to the value of the diversity index. The value of the diversity index itself is influenced by
the number of species (Heri et al., 2020).

Some of the identified endophytic fungi such as C. lunata, C. cladosporioides, and F. oxysporum
are commonly known as pathogenic fungi. However, in other studies these fungi are actually
endophytic fungi that are associated with their host plants. According to Chauhan et al., (2019),
pathogenic fungi will evolve over time to form mutualistic relationships with their host plants.

In the study that was conducted in Sumbersasi Jember, all endophytic fungi that were
successfully isolated three genus including Curvularia sp., Colletotrichum sp., and Penicillium sp. There
are similarities but also differences in the results of this study, namely the same three genus were found
from all identified species including Culvularia sp. (C. lunata), Colletotrichum sp. (C. orientalis, C.
nymphaeae, C. nupharicola), and Penicillium sp., while other species are different.

Other species successfully isolated and identified include P. lilacinum, C. cassiicola, P. hostae, C.
cladosporioides, P. variotii, F. oxysporum, and H. pulicicidum have never been reported isolated from betel
nut plants. This shows that there are differences in the types and numbers of endophytic fungi of red
betel plants that live in lowlands and highlands. This difference can occur due to environmental
influences such as rain, temperature, and humidity (Materatski et al., 2019). In addition, the composition
of the endophytic fungal community in host plants is influenced by biotic and abiotic factors such as
plant species, plant tissue, plant chemical content, soil conditions, and plant habitat (Guevara-Araya et
al., 2020).
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CONCLUSION

A total of 16 morphotypes of endophytic fungi in the roots, stems, and leavess red betel plants
living in the highlands (Sidomulyo Batu Village) with details of 12 morphotypes identified namely P.
lilacinum, C. cassiicola, Penicillium sp., C. lunata, P. hostae, C. cladosporioides, C. orientalis, P. variotii, C.
nymphaea, C. nupharicola, F. oxysporum, H. pulicicidum, and also 4 morphotypes that were not identified
were MFE3, MFE10, MFE14, and MFE15. This number is greater both in terms of total individuals and
the level of diversity when compared to previous studies. Some of the identified species are also known
to not only benefit the host plant related to their role as endophytic microorganisms, but also have
benefits in the industrial, and medical fields.

ACKNOWLEDGEMENTS

The author would like to thank the Biology Department lecturers and staffs at the Universitas
Negeri Surabaya for their guidance and support throughout the process of writing this article.

CONFLICT OF INTEREST
There is no conflict of interest.

REFERENCES

Abastabar M, Mirhendi H, Hedayati MT, Shokohi T, Rezaei-Metahkolaei A, Mohammadi R, Badali H, Moazeni M,
Haghani I, Ghojoghi A, dan Akhtari ], 2016. Genetic and Morphology Diversity of the Genus Penicillium
from Mazandran and Tehran Provinces, Iran. Jundishapur Journal of Microbiology 9(1): e28280.

Afandhi A, Choliq FA, Anggrilika WSH dan Tarno H, 2018. Distribution of the Endophytic Fungi in Apple Leaves.
AGRIVITA 40(1): 91-100.

Barnett HL dan Hunter BB, 1998. Illustrated Genera of Imperfect Fungi 4th Edition. New York: Macmillan Publishing
Company.

Brower JE & Zar JH, 1997. Field and Laboratory Methods for General Ecology. lowa: Wm. C. Brown Publishers.

Chauhan NM, Gutama AD dan Aysa A, 2019. Endophytic Fungal Diversity Isolated from Different Agro-
Ecosystem of Enset (Ensete ventericosum) in Gedeo Zone, SNNPRS, Ethiopia. BMC Microbiology 19(172): 1-
10.

ChenY, Fu D, Wang W, Gleason ML, Zhang R, Liang X dan Sun G, 2022. Diversity of Colletotrichum Species Causing
Apple Bitter Rot and Glomerella Leaves Spot in China. Journal of Fungi 8(7): 1-17.

Christian N, Sullivan C, Visser ND dan Clay K, 2016. Plant Host and Geographic Location Drive Endophyte
Composition in the Face of Perturbation. Micobial Ecology 72(3): 621-632.

Das A dan Varma A, 2016. Symbiosis: The Art of Living. Geotechnical, Geological and Earthquake Engineering 16: 129~
145.

de Lamo FJ dan Takken FLW, 2020. Biocontrol by Fusarium oxysporum Using Endophyte Mediumted Resistance.
Frontiers in Plant Science 11(35): 1-15.

Demeni PCE, Betote PHD, Foko, GAD, Assam JPA, Bite MFBA, Tchamgoue EN, Efange NM, Lenta BN, Ayong L,
Nyegue MA, 2025. Morphological and Molecular Characterization of Endophytic Fungi Isolated Alstonia
boonei De Wild. Scientific African 27: e02550.

Fadiji AM dan Babalola OO, 2020. Elucidating Mechanisms of Endophytes Used in Plant Protection and Other
Bioactivities with Multifunctional Prospects. Frontiers in Bioengineering and Biotechnology 8(467): 1-20.

Fadlilah M, 2015. Benefit of Red Betel (Piper crocatum Ruiz & Pav.) as Antibiotics. | Majority 4(3): 71-74.

Farr DF dan Rossman AY, 2020. Fungal Databases, Systematic Mycology and Microbiology Laboratory, ARS,
USDA. http:/ /nt.ars-grin.gov/fungaldatabases/ (Diakses pada 9 Maret, 2024).

Gandjar I, Samson RA, van den Tweel-Vermeulen K, Oetari A dan Santoso I, 1999. Pengenalan Kapang Tropik Umum.
Jakarta: Yayasan Obor Indonesia.

Gandjar I, Sjamsuridzal W dan Oetari A, 2006. Mikologi Dasar dan Terapan. Jakarta: Yayasan Obor Indonesia.

Ghufron M, Nurcahyanti SD dan Wahyuni WS, 2017. Pengendalian Penyakit Layu Fusarium dengan Trichoderma
sp. Pada Dua Variates Tomat. Jurnal Agroteknologi Tropika 6(1): 29-34.

Guevara-Araya M]J, Vilo C, Urzua A dan Gonzales-Teuber M, 2020. Differences in Community Composition of
Endophytic Fungi between Above- and Below-Ground Tissues of Aristolochia chilensis in an Arid
Ecosystem. Revista Chilena de Historia Natural 93(1): 1-9.

Gupta S dan Chaturvedi P, 2017. Foliar Endhopytic Diversity of Centella asiatica (L.) Urban in Relation to Different
Seasons and Leaves Age. International Journal of Current Microbology and Applied Sciences 6(6): 468-477.

Hafsari AR dan Asterina I, 2013. Isolasi dan Identifikasi Kapang Endofit dari Tanaman Obat Surian (Toona sinensis).
Jurnal Istek VII(2): 175-191.

Hallman J, Berg G dan Schulz B, 2007. Isolation Procedurs for Endophytic Microorganisms. Microbial Root
Endophytes 9: 299-319.

Yogaswara & Lisdiana (2025), LenteraBio, 2025; 14(2): 273-287 285



Lentera@si

Berkala miah Bioloa Exploration of Endophytic Fungal Diversity

Heri P, Burhannudin, Riyono JK, 2020. Keanekaragaman Jenis Vegetasi Mangrove di Desa Sungai Bakau Besar Laut
Kecamatan Sungai Pinyuh Kabupaten Mempawah. Jurnal Hutan Lestari 8(2): 269-277.

Huang WY, Cai YZ, Hyde KD, Corke H dan Sun M, 2008. Biodiversity of Endophytic Fungi Associated with 29
Traditional Chinese Medicinal Plants. Fungal Diversity 33: 61-75.

Khan NA, Asaf S, Ahmad W, Jan R, Bilal S, Khan I, Khan AL, Kim K dan Al-Harassi A, 2023. Diversity, Lifestyle,
Genomics, and Their Functional Role of Cochliobolus, Bipolaris, and Cuvularia Species in Environmental
Remediumtion and Plant Growth Promotion under Biotic and Abiotic Stressors. Journal of Fungi 9(2): 1-29.

Krings M, Taylor TN, Hass H, Kerp H, Dotzler N dan Hermsen EJ, 2007. Fungal Endophytes in a 400-Million-Yr-
Old Land Plant: Infection Pathways, Spatial Distribution, and Host Responses. New Phytologist 174(3): 648-
657.

Kuncoro H dan Sugijanto NE, 2011. Jamur Endofit, Biodiversitas, Potensi dan Prospek Penggunaannya Sebagai
Sumber Bahan Obat Baru. Journal of Trophical Pharmacy Chemistry 1(3): 247-262.

LiQx, Lin Fc, Su Zz, 2025. Endophytic Fungi - Big Player in Plant-Microbe Symbiosis. Current Plant Biology 42(2025):
100481.

Lopez DC, Zhu-Shalzman K, Ek-Ramos M] dan Sword GA, 2014. The Entomopathogenic Fungal Endophytes
Purpureocillium lilacinum (Formerly Paecilomyces lilacinus) and Beauveria bassiana Negatively Affect Cotton
Aphid Reproduction Under Both Greenhouse and Field Conditions. PLoS One 9(8): 1-8.

Lu C, Liu H, Jiang D, Wang L, Jiang Y, Tang S, Hou X, Han X, Liu Z, Zhang M, Chu Z dan Ding X, 2019.
Paecilomyces variotii Extracts (ZNC) Enhance Plant Immunity and Promote Plant Growth. Plant and Soil
441(1-2): 383-397.

Ma X, Chomnunti P, Doilan M, Daranagama DA dan Kang ], 2022. Multigene Phylogeny Reveals Endophytic
Xylariales Novelties from Dendrobium Species from Southwestern China and Northern Thailand. Journal of
Fungi 8(3): 1-42.

Materatski P, Varanda C, Carvalho T, Dias AB, Campos, MD, Rei F dan Felix MdR, 2019. Spatial and Temporal
Variation of fungal Endophytic Richness and Diversity Associated to the Phyllosphere of Olive Cultivars.
Fungal Biology 123(1): 66-76.

Mehta T, Meena M dan Nagda A, 2022. Bioactive Compounds of Curvularia lunata as a Source of Various Biological
Activities and Biotechnological Applications. Frontiers in Microbiology 13: 1-17.

Moreno-Gavira A, Huertas V, Dianez F, Sanchez-Montesinos B dan Santos M, 2020. Paecilomyces and Its Importance
in the Biological Control of Agricultur Pests and Diseases. Plants 9(12): 1-28.

Naeimi B, Mohsenifard I, Ansar S, Sadeghzadeh F, Khamisipor G, Dobaradaran S, Ghasemi FF dan Ahmasi B, 2021.
Phenotypic Features and Molecular Study of Airborne Penicillium species Isolated in the Northern Part of
Persian Gulf, Busher, Iran. Current Medical Micology 7(2): 22-28.

Nair DN dan Padmavathy S, 2014. Impact of Endophytic Microorganisms on Plants, Environment and Humans.
The Scientific World Journal 2014: 1-11.

Nam MH, Park MS, Kim HS, Kim TI dan Kim HG, 2015. Cladosporium cladosporioides and C. tenuissimun Cause
Blossom Blight in Strawberry in Korea. Mycobiology. 43(3): 354-359.

Nwobodo CD, Eze PM, Okezie UM, Okafoanyali JO, Okoye FBC dan Esimone CO, 2022. Bioactive Compounds
Characterization and Antimicrobial Potentials of Crude Extract of Curvularia lunata, a Fungal Endophyte
from Elaeis guineensis. Tropical Journal of Natural Product Research 6(3): 395-402.

Prihatiningtyas W, Widyastuti SM dan Wahyuono S, 2005. Senyawa Antibakteri dari Thievalia polygonoperda, Fungi
Endofit Tumbuhan Akar Kuning (Fibraurea chloroleuca Miers.). Pharmacon 6(1): 19-22.

Quijano-Abril MA, Callejas-Posada R dan Miranda-Esquivel DR, 2006. Areas of Endemism and Distribution
Patterns for Neotropical Piper species (Piperaceae). Journal of Biogeography 33(7): 1266-1278.

Rachmawaty FJ, Citra DA, Nirwani B, Nurmasitoh T dan Bowo ET, 2009. Manfaat Sirih Merah (Piper crocatum)
sebagai Agen Anti Bakterial terhadap Bakteri Gram Positif dan Bakteri Gram Negatif. Jurnal Kedokteran
dan Kesehatan Indonesia 1(1): 12-20.

Rezakhani F, Khodaparast SA, Masigol H, Rojaz-Jimenes K, Grossart H dan Bakhsi M, 2019. A Preliminary Report
of Aquatic Hyphomycetes Isolated from Anzali Lagoon (Gilan Province, North of Iran). Rostaniha 20(2): 123-
143.

Ristiari NPN, Julyasih KSM dan Suryanti IAP, 2018. Isolasi dan Identifikasi Jamur Mikroskopis Pada Rizosfer
Tanaman Jeruk Siam (Citrus nobilis Lour.) di Kecamatan Kintamani, Bali. Jurnal Pendidikan Biologi Undiksha
6(1): 10-19.

Roze LV, Chanda A dan Linz JE, 2011. Compartmentalization and Molecular Traffic in Secondary Metabolism: A
New Understanding of Established Cellular Processes. Fungal Genetics and Biology 48(1): 35-48.

Strobel G, 2018. The Emergence of Endophytic Microbes and Their Biological Promise. Journal of Fungi 4(2): 1-19.

Sun T, Wu ] dan Ali S, 2021. Morphological and Molecular Identification of Four Purpureocillium Isolates and
Evaluating Their Efficacy Against the Sweet Potato Whitefly, Bemisia tabaci (Genn.) (Hemiptera:
Aleyrodidae). Eqyptian Journal of Biology Pest Control 31(1): 0-8.

Sun X dan Guo LD, 2012. Endophytic Fungal Diversity: Review of Traditional and Molecular Techniques. Mycology
3(1): 65-76.

Tambunan LR, Proborini M dan Astiti PA, 2018. Eksplorasi Spatial dan Identifikasi Cendawan Endofit pada
Tanaman Kakao (Theobroma cacao L.) di Bali. Jurnal Simbiosis VI(1): 1-6.

Yogaswara & Lisdiana (2025), LenteraBio, 2025; 14(2): 273-287 286



Lentera@si

Berkala miah Bioloa Exploration of Endophytic Fungal Diversity

Tandon T, Jain P, dan Kumar T, 2025. Isolation and Identification of Endophytic Fungi from Indigenous Medicinal
Plants. Biosciences Biotechnology Research Asia 22(1): 201-208.

Tann H dan Soytong K, 2017. Biological Control of Brown Leaves Spot Disease Caused by Curvularia lunata and
Field Application Method on Rice Variety IR66 in Cambodia. AGRIVITA 39(1): 111-117.

Toghueo RMK dan Boyom FF, 2019. Endophytic Penicillium Species and Their Agricultural, Biotechnological, and
Pharmaceutical Applications. 3 Biotech 10(3): 1-35.

Toghueo R, Zabalgogeascoa I, de Aldana BRV dan Boyom FF, 2017. Enzymatic Activity of Endophytic Fungi from
the Medicinal Plants Terminalia catappa, Terminalia mantaly, and Cananga odorata. South African Journal of
Botany 109: 146-153.

Tomsheck AR, Strobel GA, Booth A, Geary B, Spakowicz D, Knighton B, Floerchinger C, Sears J, Liarzi O dan Ezra
D, 2010. Hypoxylon sp., an Endophyte of Persea indica, Producing 1,8-Cineoleand Other Bioactive volatiles
with Fuel Potential. Microbial Ecology 60(4): 903-914.

Toulet ML, Neira DA, Escobar M, Pardo M, Arias ME, Ploper LD, Welin B, Castagnaro AP dan Chalfoun NR, 2022.
Morphological and Pathogenic Characterization of Corynespora cassiicola Isolates Reveals Spesific
Genotypic Interactions in Soybean. Plant Pathology 71(4): 1-17.

Tripathi A, Pandey P, Tripathi SN dan Kalra, A, 2022. Perspectives and Potential Applications of Endophytic
Microorganisms in Cultivation of Medicinal and Aromatic Plants. Frontiers in Plant Science 13: 1-21.

Weir BS, Johnston PR dan Damm U, 2012. The Colletotrichum gloeosporioides Species Complex. Studies in Mycology
73:115-180.

Widowati T, Bustanussalam, Sukiman H dan Simanjuntak P, 2016. Isolasi dan Identifikasi Kapang Endofit dari
Tanaman Kunyit (Curcuma longa L.) sebagai Penghasil Antioksidan. Biopral Industri 7(1): 9-16.

Yi RH, Gan L], Chen J dan Xu XL, 2015. Characterization of Phyllosticta hostae Causing Phyllosticta Leaves Spot on
Spider Lily in China. Journal of Plant Protection Research 55(4): 438-445.

Zou],Li],MaS§, Li P dan Zhou D, 2022. Subcutaneous Phaehyphomycosis Caused by Plant Pathogenic Corynespora
cassiicola: A Case Report. Chinese Journal of Traumatology 25(6): 400-403.

Yogaswara & Lisdiana (2025), LenteraBio, 2025; 14(2): 273-287 287



