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Abstract. Nuraini FR, Setyaningsih R, Susilowati A. 2017. Screening and characterization of endophytic fungi as antagonistic agents
toward Fusarium oxysporum on eggplant (Solanum melongena). Biodiversitas 18: 1377-1384. Fusarium oxysporum is a soil borne
pathogenic fungus that causes wilt disease in members of the family Solanaceae including the eggplant (Solanum melongena L.). One
approach to resolving the problem of wilt disease in eggplant is to find endophytic microbes with antagonistic activity against F.
oxysporum. The study reported here aimed to isolate such endophytic fungal antagonists from growing eggplants, to determine their
antagonistic mechanisms, and to identify them. Samples of pathogenic fungi from diseased plants, assumed to be F. oxysporum, were
obtained from the Laboratory of Plant Pests and Diseases of the Faculty of Agriculture, Universitas Sebelas Maret Surakarta. These
were used to evaluate the antagonistic potential of endophytic fungi obtained from healthy eggplants in Dawung Village, Matesih,
Karanganyar, Central Java. Specimens of various plant parts were collected from the healthy eggplants. The surfaces of these samples
were sterilized for four minutes to remove contaminants, and then crushed excisions were cultured on a potato dextrose agar (PDA)
medium. Antagonistic tests between endophytic and pathogenic fungi used the agar plug diffusion technique. Identification of fungi
isolates was carried out on the basis of morphological characteristics. Six endophytic fungi isolated had antagonist activity against F.
oxysporum. The antagonistic mechanism of FEB1, FEB2, FEB5 and FED1 was competition; FED2 was antibiosis, and FED3 was
parasitism. Based on their morphological characteristics, FEB2, FEB5 and FED3 were identified as Helicomyces spp.; FEB1 was a

Rhizopus sp.; FED1 was a Mucor sp.; and FED2 was a species of Penicillium.
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INTRODUCTION

Eggplant (Solanum melongena L.) is a vegetable crop
that can be grown in the tropics and subtropics (Daunay
and Janick 2007). The nutritional content of the fresh fruit
is good: it islow in calories, fat, and sodium; and contains
a favorable balance of protein, starch, fiber and additional
nutrients such as potassium, magnesium, folic acid, vitamin
B6, and vitamin A (Erica 2011). Extracts from the skin of
the purple eggplant have the effect of lowering blood sugar
levels (Aer et a. 2013). Anticancer activity has been
identified in hepatocellular carcinoma, owing to the
presence of steroidal akaloids and sterol glycoside
compounds (Shabana et a. 2013). Based on data from the
Central Bureau of Statistics (2015), eggplant vegetable
crop production in Indonesia has fluctuated little over the
period 2011 to 2014; the production decreased from
519,481 tons in 2011 to 518,827 tons in 2012 but increased
to 557,053 tonsin 2014.

One of the diseases that attack eggplant is wilt disease
caused by a soil-borne pathogen, namely the fungus
Fusarium oxysporum (Fo). The symptoms include the plant
looking wilted and yellowish, and its vascular tissue
developing a brown color (Yildiz et al. 2012). Plant
productivity declines. An effective, economical and
practical, way to control wilt disease has not been
discovered. Crop rotation, use of disease resistant varieties,

sterilizing or solarizing the soil, and use of fungicides have
all been recommended at times to deal with the disease
(Agrios 1988; Dikilitas and Kocyigit 2010; Yildiz et al.
2012). Fusarium oxysporum (Fo) produces chlamydospores
which can last a long time in the soil even when extreme
environmental conditions constrain other microorganisms
(Agrios 1988). Therefore, Fo is a funga pathogen of
eggplant that is difficult to control. One potential approach
to addressing the problem of wilt disease in eggplant is to
identify and use endophytic microbial isolates with activity
antagonistic to the development of the pathogen.
Endophytes are microbes that inhabit higher plants.
Endophytes are often considered as sources of novel
metabolites with potential for medical, agriculture, and/or
industrial exploitation. Natural products from endophytic
microbes have been observed to inhibit or kill a wide
variety of harmful diseases-causing agents, including
bacteria, fungi, viruses and protozoa that affect humans,
animals, and plants (Strobel and Daisy 2003). Endophytic
fungi have proved to be the most promising. Many have
been accessed as sources of bioactive compounds that can
be used for treatment of a number of diseases (Kumar et al.
2014). Many plants in nature appear to be symbiotic with
fungal endophytes. These endophytic fungi have a high
diversity, with various impacts on plants (Rodriguez et al.
2009). The purposes of the study reported in this paper
were to obtain endophytic fungi having antagonistic
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activity againgt Fo from eggplant, to determine their
antagonistic mechanisms, and to identify them.

MATERIALSAND METHODS

Sampling area and materials

Endophytic fungi were isolated from healthy eggplant
crops derived from Dawung Village, Matesih,
Karanganyar, Central Java, Indonesia. Fusarium (Fo)
isolates pathogenic towards eggplant were obtained from
the Laboratory of Plant Pests and Diseases of the Faculty of
Agriculture, Universitas Sebelas Maret Surakarta. These
isolates of the pathogen (Fo) derived from diseased
eggplants in Karanglo Village, Matesih. The medium used
to test antagonism of the endophytic fungal isolates again
Fo was potato dextrose agar (PDA).

Procedures

Sampling of healthy eggplant crop as a source of
endophytic fungi

Three eggplant plants were sampled from three
different random points in crops in Dawung Village.
Specimens of roots, stems, and leaves were taken from the
plants. The abiotic factors measured at the site were pH of
the soil, air temperature, soil temperature, soil humidity,
and air humidity.

Isolation and purification of endophytic fungi

Specimens of the plant parts were cleaned under
running water and cut into + 5x5 cm sections. The surfaces
of the specimens were sterilized by soaking in an emulsion
of 70% ethanol for 4 minutes; NaClO 5.25% for 4 minutes,
and sterile digtilled water three times each for 1
minute. Samples, 1 cm?in size, excised from the specimens
were then crushed and plated out on PDA media. Separated
fungal colonies that grew were purified on new PDA
medium.

I dentification of Fusarium oxysporum (Fo) isolates

Eight isolates of the pathogenic fungi from eggplants
with symptoms of Fusarium disease, coded C1, C2, C3,
C4, C5, C6, C7 and C8, were identified macroscopically
and microscopically for the presence of Fusarium
oxysporum (Fo) based on Gandjar et a. (1999) and
Watanabe (2002).

Endophytic fungi screening using agar plug diffusion method

The screening method used for assessment of
antagonism was a modification of the agar plug diffusion
method (Sharma et al. 2011; Balouiri et al. 2015). For the
test of antagonistic activity of the endophytic fungi against
the Fo pathogenic fungi, both were grown and incubated
for 3 days. Samples, 6 mm in diameter, from both the Fo
isolate and one of each of the endophyte isolates were then
placed on a new PDA medium. The two isolate samples
were separated by a distance of 3 cm on the medium.
Cultures were then incubated for 7 days at the temperature
of 25°C.
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The percentage of growth inhibition of the Fo
pathogenic fungi were categorized as follows; <30% = low
antifungal activity, 30 - <50% = moderate antifungal
activity, 50 - <70% = high antifungal activity, and =70% =
very high antifungal activity (Zivkovié et al.2010;
Khrueayu and Pilantanapak 2012). The percentage
inhibition was cal culated based on the formula of Kurnia et
al (2014).

| =fi=T2
r

X 100%

Where:

| = the percentages inhibition (%)

r, = the radial growth of the Fo pathogen away from
endophyte (mm)

r,= the radial growth of the Fo pathogens toward
endophyte (mm)

Observation of antagonistic mechanisms

Inhibition mechanisms of endophytic fungi against the
Fo pathogenic fungi were observed macroscopically and
microscopically. The  macroscopic  observation  was
conducted by observing the interaction between endophytic
fungi and Fo in a Petri dish. The mechanism of inhibition
that occurred could be identified based on Baker and Cook
(1983). Microscopic observation was conducted to detect
the meeting between the hypha of the endophytic fungi
with the pathogen, or else to detect changes in the hypha of
the pathogen due to the influence of the active compounds
produced by endophytic fungi. The way it worked was that
a part of each PDA medium that had been inoculated with
both endophytic fungi and pathogenic fungi isolates was
cut and dripped with lactophenol. Afterward, the
preparations were observed under a microscope (Kurnia et
al. 2014).

Morphological characterization of potential endophytic
microbes

Endophytic fungi were characterized macroscopically
and microscopically. Fungal isolates were characterized
based on Watanabe (2002).

RESULTSAND DISCUSSION

Sampling locations of healthy eggplant crops

The total area of Dawung is * 256.6040
Ha. Dawung Village includes areas that are located in the
uplands (= 370 mad) with rainfal + 2,000 mm/year
(Dawung Village Monograph Data 2013). Dawung Village
has soil and air temperatures between 25-33°C, soil and air
humidity around 64-88%, and soil pH ranging from 6.8 to
7.4 (Table 1). The temperature range in Dawung Village
where the samples were taken supports the growth of
eggplant crops, since eggplants are commonly grown in a
temperature range of 22-30°C (Andersen 2011), a humidity
of 85-90% (Delahaut and Newenhouse 1997), and a soil pH
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of 6.0 to 7.0 (Andersen 2011). Fo has an optimum
temperature of growth about 25°C while its optimum pH
for growth is about 8 (Fayzalla et al. 2008). Temperatures
in Dawung Village support the growth of Fo but the neutral
soil pH condition is perhaps less than optima for the
growth of Fo.

Endophytic fungal isolates

Samples of the healthy eggplant crop being used, were
four months old. The eggplant crops at that age are usually
in good condition, not too young or too old. From the
specimens taken from plant parts, six endophytic fungi
isolates were obtained (Table 2).

I solates of Fusarium oxysporum (Fo)

The identification of the putative Fusarium isolates
obtained from the diseased field showed that the C2 isolate
was, in fact, Fusarium oxysporum.Its macroscopic
characters  included circularly shaped  colonies,
flat elevation, colony edges, purple-colored smooth colony
profile, aerial mycelia in moderate numbers and white
color. The diameter of the colony reached 60.0 mm on the
7" day and the growth rate reached 8.6 mm/day (Figure
1A). In addition to the macroscopic characters, its
microscopic characters included elongated and curved
macroconidia with a slightly tapered tip. The macroconidia
had 4 cells sized 30.3 ym x 3.6 ym (Figure 1C and 1D).
Microconidia had 1-2 cells with or without septa and size
of 11.6 uym x 3.2 ym (Figure 1B and 1E). The C2 isolate
had two kinds of chlamydospores namely intercalary
chlamydospores and termina  chlamydospores. The
diameter of the chlamydospores was 5.6 ym (Figure 1F and
1G).

Activities of endophytic fungi as antagonistic agents

From the screening results, six endophytic fungal
isolates with antagonistic potential were obtained. The
percentage inhibition at 7 dai (days after inoculation) for
these six isolates was more than 50%. Therefore, they were
classified in the category of high antifungal activity (Table
3).

Isolate FED1 had a very high antifungal activity while
isolates FEB1, FEB2, FEB5, FED2, and FED3 were
categorized as having high antifungal activity. Overall, the
percentage inhibition by endophytic fungi increased up to 7
dai. Six of the endophyte isolates exhibited visible signs of
antagonistic mechanisms such as antibiosis, parasitism, and
competition (Figure 2). and

Isolates FEB1, FEB2, FEB5, and FEDlwere
antagonistic  towards Fo by a  competition
mechanism. Those four isolates competed with Fo for food
resources and space as indicated by the dominance of
endophytic fungi in the Petri dishes (Figures 2B-E). Fo
nutritional needs were disrupted by the mechanism of
competition, causing a decline in the germination
percentage of its spores by as much as 20-30% (a
phenomenon described by Berlian et a. 2013). The FED2
isolate achieved inhibition by an antibiosis mechanism as
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indicated by the zone of inhibition in Figure 2F. The FED3
isolate acted as a parasite of Fo because its hyphae grew
over the Fo hyphae (Figure 2G).

According to Dolakatabadi et al. (2012), endophytic
fungi can form hooks around the hyphae of fungal
pathogens before penetration, or sometimes can directly
penetrate into the area of the fungal pathogens. Kurnia et
al. (2014) explains that the hyphae of fungi pathogens
undergo malformations into spiral, curved, irregular
shapes, and experience a shortening, due to the exposure to
the active compounds produced by endophytic
microbes.

Figure 3A shows norma hypha that grew straight
lengthwise. On the other hand, FEB1 hyphae were wrapped
around the Fo hyphae, then directly penetrated into the Fo
area (see Figure 3B). Isolates FEB2 and FED1 formed a
hyphal structure that looked like a hook and wrapped
around the Fo hypha (Figure 3C and 3E). FEB5 and FED3
hypha ensnared Fo (3D and 3G). Fo hypha underwent
shortening, breakage, and crimping, presumably due to
active compounds produced by FED2 (Figure 3F).

Tablel. The abiotic factors at the sampling site

Parameter Sampling time
Morning Afternoon  Evening
Soil temperature (°C) 255 313 26.0
Air temperature (°C) 281 325 26.8
Soil humidity (%) 84.0 74.3 80.0
Air humidity (%) 84.3 64.7 87.5
Soil pH 6.8 6.8 7.0

Tabel 2. Endophytic fungi isolated from Solanum melongena

Part of plant Codes given to identify the No. of
endophyteisolates isolates

Roots FEA1 1

Stems FEB1, FEB2, FEB3, FEB4,FEB5 5

Leaves FED1, FED2, FED3 3

Totdl isolates 9

Table 3. Percentage growth inhibition of Fusarium oxysporum C2
resulting from antagonism by endophytic fungi isolated from
Solanum melongena

Isolate Per centage of inhibition (%)
2dai 3dai  4dai  5dai 6dai 7 dai

FEA1 6.3 7.3 13.2 26.7 336 40.8
FEB1 24.2 38.4 577 61.8 68.0 68.6
FEB2 15.3 46.8 59.2 63.8 69.0 68.5
FEB3 35 5.9 22.0 375 40.0 48.1
FEB4 5.0 4.2 10.3 255 39.0 432
FEBS5 11.7 24.4 444 55.6 60.1 62.9
FED1 24.7 419 63.2 718 75.6 73.4
FED2 9.2 14.8 254 36.0 435 50.2
FED3 9.3 10.5 23.5 42.0 47.9 50.3
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Figure 1. Fusarium oxysporum C2 (Fo); (A) colony on PDA medium incubated 7 days in the dark, (B and E) microconidia, (C and D)
macroconidia and (F and G) chlamydospores.

B : D
_—
E > G

Figure 2. Inhibition of Fusarium oxysporum C2 by endophytic fungi isolated from Solanum melongena. (A) F. oxysporum control; (B-
G) endophytic fungi tests - (B) FEB1, (C) FEB2, (D) FEBS5, (E) FED1, (F) FED2, and (G) FED3. All cultures incubated for 7 days on
PDA media
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Figure 3. Interaction between endophytic fungi isolated from Solanum melongena and Fusarium oxysporum C2 (Fo); (A) normal Fo
hyphae, (B) FEB1 and Fo hyphae, (C) FEB2 and Fo hyphae, (D) FEB5 and Fo hyphae, (E) FED1 and Fo hyphae, (F) Fo hypha
becoming curly due to FED2 hyphae, (G) FED3 and Fo hyphae. (a) endophytic fungi (b) Fo

Morphological characteristics of endophytic microbes
with potential as antagonistic agents

Characterization aimed to determine the macroscopic
and microscopic characteristics of the endophytic microbes
antagonistic to F. oxysporum. The observation of
macroscopic features of the endophytic fungi showed that
endophytic fungi have characteristics that can support their
antagonistic activity; for example, exudate drops, aeria
mycelia, and sclerotia. Exudate drops are the result of
fungal metabolism that usually forms water droplets
(Watanabe, 2002). The time when the exudate drops appear
varies, there were some that appeared when the isolates
were still at ayoung age (around 2-4 days after inoculation)
or others at an old age (approximately 7 days and
over). Isolates of the endophytic fungi appeared to produce
antagonistically active compounds, except for FEB5
isolate.

A cluster of hyphae forms an intertwined mass called a
mycelium that gets thicker through time and forms aerial
hyphae or aerial mycelia (Gandjar et al. 2006). Endophytic
fungal isolates that have a lot of aerial mycelia are highly
benefited in terms of reproduction and dispersion. The
fungal spores will quickly spread because the aerial

mycelium can elongate and penetrate tissues inside the
plant. In our study, isolates that had a lot of aerial hyphae
were FEB1 and FED1 while the isolate that had only a few
aerial hyphae was FED2.

Endophytic fungi form sclerotia at the relatively old age
of about one month. Sclerotia are in the form of a hyphal
mass that thickens and has a black color. According to
Smith et al. (2014), the sclerotium is a structure that helps
the fungi to survive against conditions such as freezing,
desiccation, microbial attack, or the absence of the host. If
the state of the environment is conducive, this resting
cell will grow into hypha, mycelium, or stroma (Gandjar et
al. 2006). Endophytic fungal isolates that had sclerotia in
our study were FEB5 and FEDS3; they had a higher survival
rate than other isolates.

The diameter of the endophytic fungi isolates was
measured at 4 days after inoculation, at the time when one
of the isolates had almost covered the surface of the PDA
media in the Petri dishes. The diameters of the six
antagonistic endophytic fungal isolates were larger (> 40
mm) than the diameter of the Fo (34.30 mm), except for
FED2 isolate that inhibited the Fo by antibiosis. The rate of
growth of the endophytic fungi isolates was higher (10.36-
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27.18 mm/day) when compared to the Fo pathogenic fungi
(8.85 mm/day), except for FED2 isolate (5.11 mm/day).
Nevertheless, FED2 isolate was capable of producing
active compounds to inhibit the growth of pathogenic
fungi. With higher growth rates, the endophytic fungi can
inhibit the growth of Fo. FEB1 was the isolate with the
highest growth rate.

The colony shape of FEB1 isolate was circular. The
color of the surface and reverse side of the colony color
was yellow; it had a cottony texture and exudates drops. On
the fourth day, the colony diameter was 73.8 mm. Hyphae
of FEB1 were septate. Spores were semi-spherical, and
they were arranged inside a sporangium supported by a
sporangiophore. There was a root-like structure called a
rhizoid (Figure 4).

The colony shape of isolate FEB2 was circular. The
surface of the colony was white in color, while the reverse
side was gray to black. The colony had a cottony texture,
with exudates drops. On the fourth day, the colony
diameter was 81.87 mm. Hyphae of FEB2 were septate. Its
spore type was a helicospore supported by a conidiophore
(Figure 5).

Isolate FEB5 was irregular in colony shape. The
diameter of the colony was 60.25 mm on the fourth day.
The color of the surface and reverse side of the colony both
were white. The texture of the colony was cottony. Hyphae
of FEB5 were septate and the spore type was a helicospore
(Figure 6). This isolate formed sclerotia when the medium
was running low (Figure 7).
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Figure 4. Isolate FEB1; (A) FEB1 colony on PDA medium after
four days of incubation (B) sporangium supported by
sporangiophore (C) spores (D) rhizoids.

Figure 6. Isolate FEB5; (A) FEBS colony on PDA medium after four days of incubation, (B) hypha, (C) helicospore.
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Figure 7. Sclerotiaof FEB5 (A) and FED3(B)

Isolate FED1 had an irregular colony shape with a
colony diameter of 73.95 mm on the fourth day. The color
of the surface and reverse side of the colony both were
yellow. The surface of the colony was cottony in texture,
and there were exudate drops present. Hyphae were septate.
Spores were produced in a sporangium. Spore shape was
oblong (Figure 8). FED1 was similar to FEB1, except that
FED1 did not have arhizoid.

Isolate FED2 formed a circular colony with a velvety
texture and exudates drops. Colony diameter was 19.67
mm on the fourth day. The color of the young colony was
white and the mature colony was dark green. The reverse
side of the young colony was pinky white in color, while
the reverse of the mature colony was green white. Conidia
were supported by mono-verticillate conidiophores.
Conidiospores were round in shape (Figure 9).
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Figure 8. Isolate FED1; (A) FED1 colony on PDA medium after
four days of incubation, (B) hypha (C) sporangium, (D) spores

Isolate FED3 formed a circular colony with cottony
texture and exudates drops. The colony diameter was 48.1
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mm on the fourth day. The color of the colony surface was
white, and the color of the reverse side of the young colony
was light brown while the mature colony reverse side was
dark brown. Like FEBS5, isolate FEB3 also formed sclerotia
when the medium was running low. Its spore type was a
helicospore (Figure 10).

From the characterization results, the genera of the
endophytic fungi isolates could be determined, particularly
considering the shapes of their asexual spores/conidia
Isolates FEB2, FEB5, and FED3 were identified as
Helicomyces spp.; FEB1 was a Rhizopus sp.; FED1
aMucor sp., and FED2 a Penicillium sp.
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