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Abstract. Sopialena, Suyadi, Sahil M, Nurdiana J. 2018. The diversity of endophytic fungi associated with Piper nigrum in the tropical
areas: a recent study from Kutai Kartanegara, Indonesia. Biodiversitas 19: 2028-2034. This research aimed to identify the diversity of
endophytes fungal in the root and leaves of Piper nigrum Linn. This research contributes to the knowledge gaps by focusing the
discussion on the Endophytic fungal communities of Piper nigrum Linn in tropical areas at Kutai Kartanegara, Indonesia. Two certain
plots within the study area were selected based on the different characteristics of topographic contours. The locations, named Plot A was
characterized by ramps area, while plot B was sloping or hilly area. A total of 55 isolates were obtained from the root and the leaves of
healthy plants, 35 isolates were from Plot A and the other 20 isolates were from plot B. Based on Shannon index (H’), both of the plots
corresponded to the same genus; namely Aspergillus sp., Fusarium sp., Nigrospora sp., and Trichoderma sp, and categorized as medium
diversity. In this regards, this study confirms that the genus Aspergillus sp. and Fusarium sp. represent a large part of the diversity of
Endophytes fungi. As the study indicates that plot B has higher diversity of endophytic fungi compared to plot A, it shows that the hilly

area turns out to be a better location for Piper nigrum Linn.
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INTRODUCTION

Pepper (Piper nigrum L) is a type of plant which is
widely used as a spice and pepper oil. In Indonesia, pepper
becomes the fifth largest foreign exchange earner in the
spice group and the fifth after rubber, tea, oil palm, and
coffee. Indonesia is one of the world's second largest
exporter of pepper. The largest pepper producing provinces
in Indonesia included Lampung, Bangka Belitung, South
Sumatera and East Kalimantan (Directorate General of
Plantations GOI 2011).

In the cultivating process; either modern or
conventional, many plant-disturbing organisms such as
pests or diseases get in the way and cause cropping
disturbances. The diseases may be caused by viruses,
bacteria or fungi, which are pathogenic to pepper plants
and could result inthe reduced crop production.
Nevertheless, some fungi have mutualism interaction
properties to the host called endophytic fungi. Endophytic
fungi are known to live in plant tissues such as leaves,
flowers, fruits or plant roots over a period and can live by
forming colonies in plant tissues without harming the host
(Clay 1988). According to Azevedo et al. (2000) and
Khastini et al. (2014), endophytic fungi have an important
role in host tissue which exhibits a mutualistic interaction,
i.e., positive interaction with the host and negative
interaction with plant pest organisms.

Endophytic fungi can produce secondary metabolites
from their host plants by adopting some genetic
information from its host (Strobel and Daisy 2003; Rubini

et al 2005). Meanwhile, Worcher et al (2013) stated that
endophytic fungi would benefit from the supply of
nutrients, and can endure the unfavorable environmental
pressures. On the other hand, host plants can benefit from
the induction of resistance to various pressures, both by
biotic and abiotic factors, and can also increase their
growth, through the production of phytohormones,
increased access to minerals and nutrients, and synthesis of
antagonistic metabolites (Labeda 1990; Tejesvi et al. 2010;
Drigo et al. 2010).

Associated endophytic fungi in host plants may vary
(Azevedo et al. 2000; Rodriguez 2009; Saunders et al.
2010; Suyadi et al. 2017). In tomato plants, for instance,
there are several genera of endophytic fungi such as
Acremonium sp., Aspergillus sp., Cephalosporium sp.,
Fusarium sp., Helicocephalum sp., Penicillium sp., and
Rhizopus sp. (Wulandari et al. 2014). Whereas fungi found
in leaf tissues, stems and roots of potato plants consisted of
12 genera (Tirtana et al. 2013). Further, Puspita et al.
(2013) found that endophytic fungi within the genus
Colletotrichum was dominant in citrus plants. More
number of endophytic fungi were isolated from plant parts
of clove, i.e., Curvularia sp., Colletotrichum sp., Mucor
sp., Gonatobotryum sp., Aspergillus sp., Beltrania sp., and
Aspergillus sp. (Shofiana et al. 2015). Moreover, Mandyam
et al. (2013) and Wang et al. (2014) also mentioned that the
presence of endophytic species always associated with the
host’ microhabitat conditions and genotype of the host
plants and the endophytic fungi. Thus it affects the
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diversity of endophytic colonies and host infectivity (Borer
et al. 2013; Aaron et al. 2016).

Considering the abundant studies related to endophytic
fungi, however, the analysis of endophytic fungi in pepper
plants is limited, particularly in Indonesia. On the other
hand, pepper plants have an important role in Indonesian
economy. Therefore, this study considers that it is very
important to analyze the diversity of endophytic fungi in
the pepper plant to increase its productivity. As a result,
this study can improve the yield of pepper plant in the areas
with poor endophytic association by investing the potential
mushrooms to become endophytic fungi.

MATERIALS AND METHODS

The leaf and root sampling

This study was conducted in Batuah Village, Loa Janan,
Kutai Kartanegara District, East Kalimantan, Indonesia
from March to May 2018. The data collection of
endophytic fungi on leaves and roots of pepper plant was
conducted by using a systematic method (systematic
sampling). The sample of plants were located at the
position of the diagonal line (Figure 1); five plant samples
were taken from the healthy plants exhibiting no symptoms
of pests and diseases attack (Figure 2. A-B). From each of
the selected sample (Figure 2.C-F), a stratified random
sampling was applied to identify and divide the leaf and
root into strata. For the root, three strata were taken into
consideration; at a depth of 2, 4 and 6 cm (Figure 3. A-C).

The isolation of endophytic fungus

Endophytic fungi were isolated by the following steps:
the surface of leaves and root samples were sterilized using
the alcohol and aquadest to make the growing fungus
appear within the leaf tissue and roots of the pepper plant.
Each of the sample was cut at £ 1 cm in length, and was
sterilized using 5% NaOCL solution. The samples were
later soaked in 70% alcohol in approximated one minute.
This process was replicated twice, before drying it using
the sterile tissue and growing it into the Potato Dextrose
Agar (PDA) media inside the petri dish. In the last rinse,
about 1 ml of aquadest were poured into new PDA media
and used as a control. If fungus grew in the controlled
sample, then the isolated fungus from the leaf and root
samples are not endophytic fungi, as the endophytic fungi
only found in healthy plants to help them increasing the
resistance of the plants and absorbing the nutrients. On the
other hand, the fungus found in the sick plants, are
classified as pathogen that harms the plants instead of the
biological agents.

Purification

Any fungal colony that grew later was purified on a
new PDA medium. Purification was done on every fungal
colony that was considered distinct based on macroscopic
morphology that includes the color and shape of the
colony. Each of these microorganisms was separated, taken
using an ose needle, and then grown again in a petri dish
containing a solid PDA. If the fungus that grows is still
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mixed with other mushrooms, there is a need to perform
another purification to obtain the purely isolated fungi.

Preparation

Fungi that have been successfully purified on PDA
media, were later incubated for 7-10 days in the wet tissue
covered by a glass cover.

Observation and identification

This study employed a direct survey and observation to
collect the data in the field. The information collected was
used to identify the diversities of endophytic fungi in two
different areas. The areas were selected based on the
different topography and the pepper cultivation methods at
two different locations in Batuah Village. The collected
microorganisms were identified based on Barnett and
Hunter (1988) by matching some of the morphological
characters; macroscopically and microscopically.

Data analysis
Diversity Index (H') of Shannon (Odum 1971; Goswami
2015)

The H’ diversity index was used to determine the
diversity levels of root and endophytic leaf fungi in two
locations in Batuah Village. The formula for calculation of
diversity index is as follows:

’=-> Piln (Pi); Pi = %

Where,

H' : Shannon-Wienner diversity index

ni  : Number of individuals of type I

N : Number of individuals of all types

The diversity level was determined based on the criteria
according to Brower and Zar (1977) and defined as
follows:

H <1 : low diversity
I<H'<3 : medium diversity
H"™>3 : high diversity

Uniformity Index (E) (Ludwig and Reynold, 1988)

The uniformity index is used to determine the balance
of the fungal community. It is based on the size of the
similarity of the number of individuals among species
within a community. The formula for calculation of
uniformity is as follows:
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® ®
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Figure 1. An illustration of the sampling plots. @ riant samples
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Figure 2. A. Sampling location in Plot A, B. Sampling location in Plot B, C. The pepper plants selected as samples in Plot A, D. The
leaf and root samples in Plot A, E. The pepper plants of Plot B, F. The leaf and root samples in Plot B

Figure 3. Three root strata A. 2 cm, B. 4 cm, C. 6 cm

et
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Where,

E  : Uniformity index

H' :Shannon diversity index

] : Number of genus/species!| |

The uniformity level was determined based on criteria

according to Brower and Zar (1977) and defined as
follows:

0.00 <E <0.50 : Small uniformity, depressed community
0.50 <E <0.75 : Moderate uniformity, community |
0.75 <E <1.00 : High uniformity, stable community
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The dominant index (C) (Odum, 1971)

The dominant type index is used to determine the
dominance of endophytic fungus species in a community.
The Dominance index was calculated using the following
formula:

C =X (ni/N)?
Where,
C  : Simpson dominance index

ni  : Number of individual types I

N : Total number of individuals

The value of dominance index ranged from 0-1 and
based on the criteria proposed by Hamsiah (2006) and
Hamsiah et al. (2016) as follows:

0.00<C<0.50 :Low
0.50<C<0.75 :Medium
0.75<C<1.00 :High
RESULTS AND DISCUSSION

The general condition of the research sites

The study site was located in Batuah Village, Loa
Janan, Kutai Kartanegara District, East Kalimantan,
Indonesia. Batuah lies at an altitude of 500 m above a sea
level with monthly rainfall between 66.9-212.7 mm or
about 13-18 rainy days per month. The rainy season begins
between April-August. The relative humidity was 87%, and
the average air temperature recorded was between 25-27°C,
whereas the temperature difference between maximum and
minimum, was about 14°C. In addition, based on the data
collected from the Meteorological, Climatology, and
Geophysics Bureau, the average rainfall in the area of Loa
Janan and its surrounding was about 155.4 mm per year.

The location of the study was divided into two sites;
namely Plot A and Plot B of which they have different
topographic contours. Plot A has a sloping topography or
while Plot B is a slope or hilly area. At the time of
sampling, the observed plants were in good condition, free
of pests or diseases attack.

Based on the isolation and identification of endophytic
fungi of the samples in plot A and plot B, a total of 55
different endophytic fungi colonies of the pepper plant
(Piper nigrum Linn.) was obtained. As seen in Figure 4.A-
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B and Figure 5.A-C, there were four genera of endophytic
fungi in both locations, namely Aspergillus sp., Fusarium
sp., Nigrospora sp., and Trichoderma sp. but the genera of
Aspergillus sp. and Fusarium sp. were the most dominant.
However, as seen in Table 1 that the diversity of root and
leaves born endophytic fungi in Plot B was higher than Plot A.

The difference of endophytic fungal diversities in Plot
A and Plot B, was determined based on calculated
diversity, uniformity, and domination. This study suggests
that the use of different cultivation method in each plot
may affect the level of endophytic fungal diversity. It is
mentioned that the presence of endophytic fungi, as well as
the variations of its isolates, are affected by host species,
plant parts, and location (Ghimire et al. 2011; Kivlin et al.
2013). The calculated Shannon diversity index (H'),
uniformity index (E), and dominance index (C) are
presented in Table 2.

Table 1. The diversity of endophytic fungi in the research location

Number of colonies

Endophytic fungi Plot A Plot B
Fusarium sp. 12 7
Nigrospora sp. 1 2
Trichoderma sp. 7 5
Aspergillus sp. 15 6
Y Colony 35 20
> Genera 4 4

Figure 4. Microscopic features of the genus Fusarium sp isolated
from pepper plants in Loa Janan, Kutai Kartanegara, Indonesia.
(a) Macroconidia; (b) Microconidia

C

Figure 5. Microscopic features of endophytic fungi isolated from pepper plants in Loa Janan, Kutai Kartanegara, Indonesia. A.

Nigrospora sp., B. Aspergillus sp., C. Trichoderma sp.
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Tabel 2. The diversity analysis of endophytic fungi in Loa Janan,
Kutai Kartanegara, Indonesia

. Index value > > >
Location H' E C  Genera Species Colonies
Plot A 1.154  0.832 0.658 4 35 39
Plot B 1.306  0.942 0.715 4 20 24
Total 2460 1.774 1.373 8 55 63
Average 1.230 0.887 0.687 4 27.5 315

Note: H': diversity index, E: uniformity index, C: dominance
index

Diversity index (H ")

As seen in Table 2, the level of diversity of endophytic
fungi was higher in Plot B as compared to that in Plot A.
However, based on the criteria of the number of individuals
spreading per medium species, the index value of
endophytic fungi and root pepper fungi, either in Plot A
(1.154), and Plot B (1.306) are considered as medium
diversity. Brower and Zar (1977) stated that the index value
of <1 is included in the criteria of low diversity with the
spread of the number of individuals of each species is low.
The index value of 1-3 is considered as medium diversity
with the spread of the number of individuals of each
species, while the index value > 3 is included in the criteria
of high diversity.

Dominance Index (C)

Table 2 shows that the level of dominance of
endophytic fungi in Plot B was greater than the level of
dominance of endophytic fungi in Plot A. Even so, the
index values of dominance in Plots A and Plot B are
categorized as medium criterion. This finding is supported
by the study proposed by Hamsiah (2006) which stated that
if the value of the dominant index between 0.00-0.50 is
considered low, between 0.50-0.75 is medium, and
between 0.75 to 1.00 is high.

Figure 6 indicates the result of the analysis of
endophytic fungi found in the root and leaf. It can be seen
that the genus of Aspergillus sp. and Fusarium sp, were
dominant in both plot A and B. [
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0 Fusariums Nigrospora Trichoderma Aspergillus
usariump. 5. . 5p.
=—Plot A 0,118 0 0,04 0.184
-B—PlotB 0,123 0.01 0.063 0,09

Figure 6. Dominance index
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Uniformity index (E)

Based on the result shown in Table 2, the level of
uniformity of endophytic fungus in Plot B was higher than
that of Plot A. This finding is based on the total index
uniformity of endophytic fungi in Plot A as of 0.83,
whereas the index of uniformity of endophytic fungi in Plot
B was 0.94.

Discussion

This study revealed that the endophytic fungus
dominated in the two different sampling sites have the
same genus, i.e., Fusarium sp., Nigrospora sp., Aspergillus
sp., and Trichoderma sp. This finding is in line with the
study conducted by Kusumawardani et al. (2015) which
located Fusarium sp. and Trichoderma sp. in the isolated
endophytic fungi in pepper plant tissue. Also, several
studies explained that the genus Aspergillus sp.,
Trichoderma sp., and Nigrospora sp. are known as
endophytic fungi. Though the genera of the endophytic
fungus are similar, but the number of endophytic fungi
colonies at two different sampling sites was different. As
many as 55 isolates of endophytic fungi were found, where,
the number of isolates found in plot A was higher than that
in Plot B.

However, the level of diversity of endophytic fungus in
Plot B was greater than Plot A, even so, based on the
spreading of some individuals of each species, both are
considered as low. This is allegedly due to the influence of
the cultivation methods employed by the local people
which may affect the growth of fungi. In the hilly area, the
diversity of endophytic fungi is higher because the
humidity is better compared to sloping area. Also, this area
receives more sun exposure and helps to increase the
resistance of the plants to pathogens, thus the endophytic
fungi can be found more as they are associated with healthy
plants. Further, biotic and abiotic factors influence the
abundance of endophytic fungi. Biotic factors consist of
varieties and host species, while influential abiotic factors
cover the weather factors, i.e., temperature, relative
humidity, and groundwater content as well as the
cultivation techniques (Evans and Wallenstein 2012; U’
Ren et al. 2012; Craine et al., 2013). This is confirmed by
Petrini et al. (1992) and David et al. (2016) that the
abundance and diversity of endophytic fungi in colonizing
the host is influenced by several factors such as differences
in crop varieties, sampling sites, rainfall, and cultivation
aspects. These factors will illustrate the high level of
colonization of an endophytic fungus in the crop. In
addition, the dominance of species that colonize the host
will be different for each sampling (Petrini et al. 1992).

Further, among of the factors that can affect the
existence of endophytic fungi is the cultivation process.
This covers any adopted process to increase plant
production, included the use of fertilizers and pesticides.
From the observation, this study revealed that conventional
farming was applied in the two sampling sites.
Conventional agricultural cultivation means that the use of
inorganic fertilizer and synthetic pesticides is more
intensive rather than organic farming. In organic fertilizer
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farming land, manure is given in the land preparation, and
then two weeks after the planting, it is continued by the
biological fertilizer. On the other hand, in the conventional
land, the chemical fertilizer, i.e., urea was used three times
at the age of 7, 21 and 35 days after planting. Though the
same conventional planning was being applied, however,
the sun exposure and the humidity which are different in
both sites, are likely to bring different effects to the plants.

The samples of this study were the two years old pepper
plants provided with fertilizers at intervals of once in every
three months. The fertilizer used was compound NPK
fertilizer (dose 0.5 kg/plant) and compost (2 kg/ plant)
given in a rotation base at three times per year.

It is commonly known that the use of pesticides brings
negative effect by impeding the growth of the plants and
the endophytic fungi. It is mentioned that the avoidance of
pesticides has a positive effect on the number of the
endophytic fungus (Compants et al. 2005; Sopialena 2014).
Further, the chemical fertilizers and pesticides have
chemical contents that may affect the metabolism of plants.
The host plant whose metabolism is disrupted is likely to
affect the amount or diversity of endophytic fungi in it.

In addition, this study also found that the cultivation
method, such as plant spacing used also play an important
role. The pepper plants in Batuah Village in both sampling
sites were grown in plant spacing of 1.5 m x 1.5 m, while,
the recommended distance for pepper should be 2.0 x 2.0
m. Ariyanto et al. (2013) said that the narrower plant
spacing makes the nutrients absorbed by the plant is less
than optimal, while a wider plant spacing allows the plants
to have enough nutrients. Healthy and nutrient-rich plants
will be able to provide the elements needed by endophytic
fungi to live in plant tissues.

Based on the information collected from the
Meteorology Bureau, Loa Janan is classified to have a high
rainfall with the estimation of 66.9-212.7 mm per month.
Petrini et al. (1992) stated that the high colonization of
endophytic fungi is positively correlated with the altitude
and environmental conditions of a place, including the
rainfall. Further, the presence of endophytes depends on the
plant host as long as the nutritional requirements and
environmental conditions are met (Petrini 1996). Petrini et
al. (1992) also found that the diversity and abundance of
endophytic fungi in the Alps was very high. In addition,
permanent snow cover caused high humidity which
supported the development of the fungus (Sopialena and
Pratiwi 2017). However, the diversity of endophytic fungi
did not have a clear pattern in the distribution of each site,
as the chaos and sample size was too small to identify
differences in host relations in endophytic fungal colonization
(Canon and Simmons 2002; Larimer et al. 2012).

Previous studies have identified some genera of
endophytic fungi and their antagonistic potential (Yu et al.
2010; Yan et al. 2011; Lestari et al. 2018). Kusumawardani
et al. (2015) managed to isolate several types of endophytic
fungi on pepper plant tissues namely Acremonium sp.,
Cephalosporium sp., Colletotrichum sp., Curvularia sp.,
Fusarium sp., Humicola sp., Scytalidium sp. and
Trichoderma sp. as well as some unidentified isolates.
Several endophytic fungal isolates used in the study were
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known to inhibit the growth of Phytophthora capsici which
causes the stem rot disease in pepper plants. This is
because the endophytic fungus and its host can form a
mutually beneficial relationship (Narayan et al. 2013).
However, in this study, there were still disease symptoms
although low intensity, mainly because of the
environmental factors. Other factors that allegedly affected
the growth of P. capsici on pepper plant stems, namely the
condition of wvulnerable plants and the presence of
inoculation when the injection, so that pathogens can easily
penetrate the plant tissue and cause infection.

This study has proven the existence of endophytic fungi
and its diversity living in the root and the leaf of pepper
plants in Batuah village. The finding is along with the
research conducted by Wahyuno et al. (2017) who also
conducted endophytic fungus on pepper seeds. They
concluded that not all endophytic fungi from pepper root
were effective to suppress P. capsici attack on the seed. In
addition, pepper seeds that were inoculated by endophytic
fungus by immersing their rooting into the suspension of
endophytic fungus culture did not have any significant
effect. The endophytic fungus obtained needs to be selected
to prove that the isolates obtained have a positive effect on
the seeds of the pepper plant. It is found that not all
endophytic fungi help plants to withstand environmental
stress (Gao et al. 2010; Giauque and Hawkes 2013). The
diversity of endophytic fungi species successfully isolated
is also influenced by host species, plant parts, and the
seasons at when the samples are collected.

This study shows that the diversity of endophytic fungi
collected from the root and the leaf of pepper plants in
Batuah village. The diversity in Plot B was higher
compared to Plot A. There were four genera of endophytic
fungi in both locations, namely Aspergillus sp., Fusarium
sp., Nigrospora sp., and Trichoderma sp. but the genera of
Aspergillus sp. and Fusarium sp. dominated the others.
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