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ABSTRACT

Arbuscular mycorrhizal fungi (AMF) are an important form of symbiosis between
fungi and plants in an ecosystem. One of the medicinal plants used by the people
in West Papua is kebar grass (Biophytum petersianum Klotzsch.). This study aims to
determine the AMF association in the rhizosphere of B. petersianum in grasslands.
Survey method was used in this study. The presence of AMF was observed by ex-
amining root colonization and spore diversity. The results showed that the per-
centage of AMF colonization in roots was between 46.7—90.0% with an average of
71.66%. Meanwhile, the number of spores found in the plant rhizosphere averaged
119.8 spores per 10 grams of soil sample. There were 18 species of AMF dominat-
ed by the genus Glomus (7 species), Acanlospora (3 species), while the genus Cla-
roideoglomus, Entrophospora, Gigaspora, and Scutellospora were dominated each with 2
species. This finding is the first record on the presence of AMF on B. petersianum in
West Papua.

Copyright: © 2022, J. Tropical Biodiversity Biotechnology (CC BY-SA 4.0)

INTRODUCTION

Indonesia has a great wealth of biological resources (Kartikasari et al. 2012;
von Rintelen et al. 2017) and a diverse forest ecosystem that influences the
presence of other organisms (Kartikasari et al. 2012), including fungi
(Suharno et al. 2014). In Papua, the condition of the forest and its content
are even better than in other areas with a fairly large variety of fungi (Suharno
et al. 2014). Mycorrhizae are a form of mutual symbiosis (mutual benefit)
between fungi and plants.

Arbuscular mycorrhizal fungi (AMF) is one of the mycorrhizal groups
classified as large in membership and symbiotic in most groups of vascular
plants (Souza 2015; Suharno et al. 2020). This association involves the root
system of plants with fungi belonging to the phylum Glomeromycota (Smith
& Read 2008; Souza 2015). Furthermore, this symbiosis plays an important
role in nutrient cycling and uptake by plant roots (Zhang et al. 2021). Moreo-
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ver, mycorrhizae can associate around 80-90% of plant species (agriculture,
forestry, and plantations), including natural plants (Giovannetti et al. 2000;
Smith & Read 2008; Suharno et al. 2020) such as halophytic, hydrophytic,
and xerophytic plants (Souza 2015) and also helps in increasing the efficiency
of nutrient uptake (especially phosphorus) on some marginal lands (Souza
2015; Tuheteru et al. 2019; Suharno et al. 2021).

In addition to the development program of medicinal ingredients
(including traditional medicine), the role of fungi in increasing plant growth is
very important. The potential of indigenous fungi is very useful and has the
potential to be developed. Subsequently, the most important thing is to de-
velop the function of fungi and medicinal plants as superior products
(Suharno et al. 2018). However, supporting factors are necessary for optimal
production, and not just only the physical and chemical factors of the soil,
but the most important is also the involvement of microorganisms that sup-
ports plant growth. AMF is one of the multifunctional microorganisms in
symbiosis with plants.

AMF plays a role in the growth of medicinal plants. In China, several
types were found in symbiosis with the roots of medicinal plants such as gin-
seng (Panax spp.), Datura stramoninm, Atractylodes macrocephaly, and other types
of medicinal plants (Wang & Shi 2008). Furthermore, it is also found to be
associated with traditional medicinal plants in India (Kumar et al. 2021). Un-
der the salt stress condition, some AMF are also able to rise proline dan phe-
nol (Duc et al. 2021). AMF plays important role in facilitating secondary me-
tabolite synthesis as a protection from several pathogen (Sun et al. 2021).
While in Indonesia, research on AMF in medicinal plant is still limited. Inoc-
ulation of AMF on Centela asiatica was increased asiaticoside (0.1-0.6%)
(Trisilawati et al. 2019). In Papua, the medicinal plant Wati (Pjper methysticum)
is found to be associated with AMF (Suharno et al. 2018).

Kebar grass (Biophytum petersianum Klotzsch.) is widely known in Indo-
nesia as a traditional medicinal plant for women's fertility (Unitly & Inara
2011; Sembiring & Darwati 2013). It is also used for the immune system, in-
flammation, fever, and wound healing (Inngjerdingen et al. 2006; In-
ngjerdingen et al. 2008; Kayadoe et al. 2012). Besides that, B. pefersianum is
also used for the treatment of malaria (Giovannetti et al. 2010; Kayadoe et al.
2012), hypertension (Mouzou et al. 2009), thrush medicine, an antidote to
snake bites, and laxative for children (Unitly & Inara 2011).

The distribution of this herbaceous plant is quite wide in tropical re-
gions such as Africa, Madagascar, and Asia (Sambodo et al. 2018), including
Papua, New Guinea. In Indonesia, it is found in several areas such as Java
and Papua (Tambrauw and Manokwari) (Sembiring & Darwati 2013). It be-
longs to the family of Oxalidaceae (Inngjerdingen et al. 2006; Sambodo et al.
2018) and has a synonymous name B. seusitivumz (L) DC (Inngjerdingen et al.
20006). Although it is not included in the grass family (Poaceae), its stature
looks like grass and is often found among weeds (Imperata cylindrica), creates a

perception for local people to call it “grass” kebar. In Papua, B. petersianum is
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commonly found in Kebar District, Tambrauw Regency, especially in grass-
land areas. The relationship between AMF and plants in absorbing nutrients
to improve plant growth is very important. Therefore, it is necessary to study

the association of B. pefersianum with AMF in grassland areas.

MATERIALS AND METHODS

Study Area

This study was conducted in 2 sub-districts, Kebar and East Kebar in Tam-
brauw Regency, West Papua. The selection of the location was based on in-
formation about the existence of kebar grass from the local community. The
Tambrauw regency is located in the bird's head area of Papua (Figure 1).
Furthermorte, the total area is 11,529,179 km2 and consists of 29 sub-districts.
Moreover, Kebar and East Kebar are savanna grassland areas in Tambrauw

Regency, West Papua.

Environmental Condition

The environmental condition such as altitude, temperature, and humidity of
the study site were measured. Soil properties of the B. petersianum thizosphere
such as pH, organic C, N total, C/N ratio, available P, kalium, Ca, Na, Mg,
Cation Exchange Capacity (CEC), and soil texture were tested. Soil samples
were only taken in three locations, i.e.: Kebar (DK1), Kebar (DK4), and East
Kebar (DKT2), because of the similar condition. The analysis of the soil

samples was carried out at the Seameo-Biotrop Bogor laboratory.
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Figure 1. Sampling location in Tambrauw regency, West Papua.
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Survey of B. petersianum Presence

A survey of kebar grass was carried out in 10 locations in the districts of Ke-
bar and East Kebar. These locations were chosen because they are kebar
grass producer areas according to the local community. The initial survey
showed that B. petersianum was not found in the primary and secondary forest
areas, while it was abundant in the grasslands. Therefore, the grassland area
was the main focus of the observation. Furthermore, five observation sites
were located in each district, then 10 plots (1 x 1 m?) were randomly distrib-
uted with 20 meters distance between plots to have totally 100 plots. The
presence of kebar grass was observed and the number of individuals in each

plot was counted.

Survey of AMF Presence

The survey of AMF existence in the rhizosphere of B. petersianum was carried
out by observing the AMF spores; the method used was the extraction of
spores by wet sieving. Then, 1 kg of soil samples was taken and the AMF
was isolated using the wet sieving method with swuerose centrifugation technique
(Vierheilig et al. 2005). Meanwhile, the soil samples (100 g) was filtered using
a stratified sieve with a mesh size of 250, 100, and 30 pm. Furthermore, the
solution containing the filtered spores was centrifuged (2,500 rpm, 10
minutes) with the addition of 50% sucrose. The separated spores were
washed on filter paper and then observed and counted under a stereo micro-

scope (30x).

AMF Association in B. petersianum

The AMF association with B. petersianum was determined by observing the
infection and colonization of AMF in the plant root system. The method
used in this observation is root staining (Brundrett et al. 1996). Plant roots
was taken randomly at two district locations, each at five different locations
(Table 1). To determine fungal colonization, the slide method was used
(Brundrett et al. 19906; Vierheilig et al. 2005) by observing 30 of 1 cm root
slices, while staining was carried out with tryphan blue (Kormanik &
Mc.Graw 1984; Vierheilig et al. 2005; Sun & Tang 2012). The status of AMF
is known through symbiotic characteristics, such as the presence of intrarad-
ical and extraradical hyphae, vesicles, arbuscules, as well as the possible pres-

ence of intraradical spores in root tissue.

AMF Type Diversity

The AMF diversity was identified based on the morphological characteristics
of the spores. The morphological identification was based on spore charac-
teristics (spore shape, color, hyphae stalk attachment, wall, and reaction of
spore contents with Melzer's solution). Meanwhile, identification of genus to
species used several literatures from Schenck and Perez (1990), Brundrett et
al. (1996), and Suharno et al. (2020).
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Analysis Data
Observational data are displayed in the form of tables and figures.

RESULTS AND DISCUSSION

Environmental conditions

Observations showed that the study site is at an altitude of 572—619 m above
sea level (Table 1) which was quite high during the day, with a humidity of 28
to 68%. Moreover, soil characteristics in this area vary, ranging from dusty

clay to loamy sand (Table 2).

Table 1. Location, coordinate, and environmental condition of the study site in Ke-

bar Sub-district, Tambrauw, West Papua.

Location ) Altitude  Temperature Humidity
No Coordinate
(code) (m asl.) (°C) (%)

1 East Kebar S:00°50°38,9” 619 38 31
(DKT?2) E :133°12°45,9”

2 EastKebar §:00°50’38,9” 604 36 30
(DKT7) E :133°12°46,6”

3 EastKebar §:00°50°39,1” 603 32 28
(DKT9_1) E:133°127472”

4 East Kebar §:00°50°39,0” 606 33 29
(DKT9_2) E:133°12°48,6”

5  East Kebar S:00°50°39,3” 604 32 31
(DKT10) E :133°12°49,4”

6 Kebar S:00°4847,2” 574 22 68
(DK1) E :133°02°35,1”

7 Kebar S:00°48°47,3” 575 28 42
(DK3) E : 133°02°36,0”

8  Kebar S :00°48°50” 573 27 46
(DK4) E :133°02°29,4”

9  Kebar S:00°48°52,9” 573 33 38
(DK5) E :133°02°29,5”

10 Kebar S :00°48°54,1” 572 32 32
(DK6) E :133°02°27,4”

The analysis of the soil sample shows that the soil quality in the Tam-
brauw area was acidic, with a soil pH value of 4.8 to 6.4 (pH analysis (H20O)
classified as acidic. Meanwhile, the organic C content is between 1.56-4.01 %
(low—high), with an average of 2.65% including the medium category. The
total N content ranged from 0.19-0.49% with an average of 0.31% including
the medium category. Then, the C/N ratio between 8.00-9.00 with an avet-
age of 8.33 (low) (Table 2). According to Sorensen (1993) and Warren et al.
(2017), the high and low C content are associated with the carbon stock value
in an area. This result shows that under low acidity soil and low to high or-
ganic carbon condition, AMF still could be found with the presence of 18
species of AMF on the B. petersianum rhizosphere. AMF could grow at pH 2.7
—9.2 (Aguilera et al. 2015). Acaulospora is one of AMF that could well adapted

to the acid soil condition.
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The available P content (available P2Os) ranged from 10.7-16.2 ppm,
with an average of 14.0 ppm (high). Meanwhile, the K content ranged from
0.19-0.79 cmol.kg! with an average of 0.38 cmol.kg"! (low), Ca averaged 2.42
cmol.kg! (low), and Mg 0.97 cmol.kg! (low). Subsequently, the cation ex-
change capacity (CEC) of soil is between 9.55-21.22 cmol.kg! with an aver-
age of 14.55 (low), with a base saturation (BS) level of around 16.82-45.65
%, with an average of 29.79% (low). Its category of soil properties were
based on Eviati and Sulaeman (2009). Furthermore, the soil analysis shows
the area overgrown with Kebar grass has a loamy sand texture to dusty clay.
Carrenho et al. (2007) reported that host plant species and soil texture were
influenced to the level of AMF colonization. Host plant species is associated
with the compatibility of plant-fungus symbiosis. Some AMF only have asso-
ciation with specific host plant. Colonization of AMF were also influenced
by the nutrient content and its availability which related to the soil texture. In
some condition, soil texture also influenced the availability of water which
would have impact on the spore production in the rhizosphere.

The soil characteristics in several locations in Sub-district of Kebar are
quite suitable for agricultural land, which has long been known as a producer
of peanuts and corn. Although some investors seem to be developing corn
cultivation in grasslands, this land is located in a plain area lower than the

topography of the higher plains, hills, and surrounding mountains.

Table 2. Soil physicochemical characteristics in the Kebar grass area in West Papua.

Soil physicochemical characteristics Kebar Locatlorll <2;r11)(ircode Fast Kebar Average
(DK1) (DK4) (DKT9_1)

pH (H20) 6.4 53 4.8 5.5
pH (CaCly) 4.9 4.8 4.1 4.6
Organic C (%) 2.37 1.56 4.01 2.65
N total (%) 0.26 0.19 0.49 0.31
C/N Ratio 9.00 8.00 8.00 8.33
P>Os available (ppm) 15.1 10.7 16.2 14.00
K-dd (cmol.kg!) 0.20 0.19 0.76 0.38
Ca-dd (cmolkg?) 4.24 1.58 1.45 2.42
Na-dd (cmolkg?) 0.22 0.21 0.25 0.27
Mg —dd (cmolkg™) 1.21 0.59 1.11 0.97
CEC (cmol.kg!) 12.88 9.55 21.22 14.55
Base saturation (%) 45.65 2691 16.82 29.79
AFH4,KC] TN:

Al-dd (me.100g 1) 0.00 0.00 2.56 0.85

H-dd (me.100g1) 0.10 0.35 0.65 0.37
Soil texture

Sand (%) 89.4 84.4 2.9 58.90

Dust (%) 5.3 9.4 45.4 20.03

Clay (%0) 53 6.2 51.7 21.07

Loamy sand Loamy sand Dusty clay Sandy loam

Note: Soil analysis was carried out at Seameo-Biotrop soil laboratory, Bogor.
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The land in the form of grassland is a suitable location for livestock
food. According to public information, this area was once a center for cattle
breeding and development. However, it continues even after the cattle popu-
lation has decreased. These are provided by the government in form of assis-
tance to the community capital to develop a cattle farming business that of-
ten consumes kebar grass. According to Xu et al. (2017), land use change will
have impact on the diversity of AMF. AMF diversity was significantly higher
in grassland than in forest or arable land. Significant differences in AMF

community composition were found among different land use types.

The population of B. petersianum

The results show that the kebar grass distribution is not evenly distributed
throughout the Kebar and East Kebar Districts. The average population of
B. petersianum is 11.2 per m2. However, Kebar grass was not found in site 3
(East Kebar) site 6, dan 7 (Kebar) (Figure 2). Moreover, when the survey was
conducted, Kebar grass was not found in primary and secondary forest areas.
This is because the habitat and other plant associations do not allow it to
grow and to develop. Furthermore, forests with higher plant species can
cause land cover, and kebar grass which is less than six inches in height can-
not compete for light for growth.

The small kebar grass habitus (< 15 cm) grows in association with oth-
er plants in the grassland dominated by plant species from the Poaceae family.
Meanwhile, the one grassland in Kebar (DK4) is different, but weeds
(Imperata cylindrica) are widely distributed throughout the savanna area. Kebar
grass is known to be most commonly found in association with weeds
(Imperata cylindrica) in Kebar Sub-district area. Moreover, it is also associated
with “road” grass (Themeda triandra), melastoma (Melastoma malabathricum),
tekian (Cyperus spp.), Hetergpogon spp., and other types of grass in East Kebar
Sub-district.

20
® 188
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10

average of population (m?

sites (Location)

Figure 2. Distribution and trend of the kebar grass population in Tambrauw Re-
gency, West Papua. Observation locations 1 — 5 in East Kebar, and 6 — 10 in Kebar.
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Presence and Colonization of AMF

The presence of AMF in this area is known from spores found in the rhizo-
sphere of kebar grass (Table 3). The results show the average number of
spores found is 119.8 spores per 10 g (1,198 spores per 100 g) of soil sample.
Furthermore, Tao et al. (2004) found an average of 1,530 spores per 100 g in
a savanna field in southwest China. The number of spores found depends on
the depth of the soil. In general, it is very high to a depth of 20 cm, but it
decreases with the depth of the soil and depends on the type and composi-
tion of the plant (Cuenca & Lovera 2010).

Table 3. The number of spores and the colonization of AMF in the rhizosphere of

B. petersianum in Tambrauw Regency, West Papua.

No Sample code Location Number of spores AMF
(sub-district) (10 g soil sample)  colonization
(%)
1. DK1 Kebar 124.5 86.7
2. DK3 Kebar 160 90
3. DK4 Kebar 100 90
4, DK5 Kebar 113 70
5. DKG6 Kebar 132 66.7
Average 125.9
6. DKT2 East Kebar 116 76.7
7. DKT7 East Kebar 120.5 46.7
8. DKT9_1 East Kebar 108 60
9. DKT9_2 East Kebar 113 63.3
10. DKT10 East Kebar 111 66.7
Average 133.7
Total average 119.8

The results show that there is an AMF colonization in the root system
of B. petersianum (Figure 3). Meanwhile, the AMF colonization rate is in the
range of 46.7-90.0%, with an average of 80.0% (high category) (Table 3).
Furthermore, Suharno et al. (2018) found the level of AMF colonization in
the medicinal plant wati (Pijper methysticum) originating from the lowlands of
Merauke between 38.46—83.3%. According to Suharno et al. (2020), the per-
centage of AMF colonization is included in the large category. Moreover,
Casazza et al. (2017) and Zhang et al. (2021) suggested that the intensity and
diversity of AMF colonization levels varied for each plant species and habitat
differences. Several factors influence the content of the soil water (Cuenca &
Lovera 2010), pH (Coughlan et al. 2000), temperature, and altitude (Zhang et
al. 2021). However, AMF colonization rates are lower at high altitudes in dif-
ferent mountainous environments (Zhang et al. 2021).

The level of AMF colonization is very important in the symbiotic pro-
cess with plants (Smith & Read 2008; Suharno et al. 2021). The intraradical
mycelium will influence the ecosystem processes indirectly through the nutri-
tion and performance of host plants, while the extraradracal mycelium is di-
rectly related to the ecosystem function (Barcelo et al. 2020). Therefore, the

infection and colonization of AMF in the ecosystem are very important.
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S ) « .

Figure 3. The presence of AMF on the root system of kebar grass (B. pefersianum). a. intraradical hyphae and vesicules in
the root, b. vesicules c. intraradical hyphae, d. extraradical hyphae on the root hairs, e. intraradical spore. (v: vesicula, IH:

intraradical hyphae, EH: extraradical hyphae, S: intraradical spores, scale bar: 100 um).

Moreover, AMF hyphae proliferation and spore production can also contrib-
ute to mycorrhizal activity and function related to ecosystems and environ-
mental variables (Furrazola et al. 2015). In this study, on low pH soil (Table
2) AMF colonization was high and may be maximal if pH would be in-
creased. Rohyadi et al. (2004) reported that under acid condition, AMF colo-
nization also low, but it will improve in line with the increasing of pH. The
increment of AMF colonization has positive correlation with the host plat

growth.

AMTF Diversity

Based on the characteristics of the spore, there are 18 species of AMF (Table
4; Figure 4). These species belong to six genera, including Glomus (7 species
of AMY), Acanlospora (3 species), and the genus Claroideoglomus, Entrophospora,
Gigaspora, Scutellospora with two species each (Table 4; Figure 4). Some spore
could not been identified yet since the identification process was only based
on morphological characteristics.

In Papua, a study on AMF diversity based on the morphological
characteristics of the medicinal plant Wati (Piper methysticun) found around 10
species (Suharno et al. 2018), while nine species were found in the pokem
plant (Setaria italica) nine types (Suharno et al. 2015). G. etunicatum, A. foveata,
Glomus sp. DK1-1., and Scutellospora sp. DK4-2., were widely distributed,
while Gigaspora sp. DKT9-2, Gigaspora sp. DK, Claroideoglomus lamellosun, and
Acaulospora sp. DK4. have limited distribution. Suharno et al. (2018), reported
that G. etunicatum and A. foveata are AMF which have broad distribution in

-9-



J. Tropical Biodiversity Biotechnology, vol. 07 (2022), jthb70021

Table 4. The diversity of AMF types found in the rhizosphete of B. pefersianum in Kebar, Tambrauw Regency, West
Papua.
Location (sub-district)
No Species of AMF Kebar East Kebar
1 2 3 4 5 6 7 8 9 10
1 Acanlospora sp. DK4 - - - + - - - - -
2 Acaulospora sp. DK1-3 + - + - - + - . - -
3 Acaulospora foveata DK2-3 + + - + - + - + - -
4 Clariodeoglomus etunicatum DKS8 - + - + - - + - + +
5 Clariodeoglomus lamellosun DKT10 + + - - + - - - - +
6 Entrophospora sp. DKT6-2 - - - - - + + + _ B}
7 Entrophospora sp. DKT9-3 - - - - - - - - +
8  Gigaspora sp. DK9 - - - - + - . , - -
9 Gigaspora sp. DKT9-2 - - - - - . . , + -
10 Glomus agregatum DKT?2 - - + - - - + - - -
11 Glomus sp. DK1-1 + - + _ + + _ + + +
12 Glomus sp. DK2-4 + + - - . - ; +
13 Glomus sp. DK3-2 - + - + - - - - - -
14 Glomus sp. DKT6-1 - - - + - + + _ _ _
15 Glomus sp. DKT6-4 - - - + - - + - - -
16 Glommus sp. DKT8-1 - - - - - - + + + -
17 Scutellospora sp. DK2-2 + - + - - + - - - -
18 Scutellospora sp. DKA4-2 - + + + - + - + - +
Notes: + = present, - absence

0

Figure 4. Diversity of AMF spores found in the rhizosphere of the kebar grass plant, in Tambrauw, West Papua. a.
Acanlospora foveata, b. Glomus sp. DK2-4, c. Glomus sp. DK3-2, d. Glomus aggregatum, e. Gigaspora sp. DK, f. Claroideoglomus
etunicatum, g. C. lamellosum, h. Entrophospora sp. DKT9-3 (scale bar: 50 um).

various types of habitat, while C. lamellosum often found in sandy soil habitat
(Suharno et al. 2016). The physicochemical characteristics of the soil
condition in the study site were similar, such as acidic soil, low-high C
organic, medium N, low K, therefore the AMF distributed widely in that
grassland.
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C. etunicatum 1s capable of symbiosis with medicinal plants such as .4/e
vera, Artemisia nilagrica, and Withania somnifera. G. aggregatum has symbiosis with
Colens aromaticus, and Acanlospora foveata associated with Paris pohphylla (Sun et
al. 2021). However, C. lamellosum which has symbiosis with Kebar grass is not
known to have symbiosis with other medicinal plants.

The results showed that the Glomus (38.89%) and _Acaunlospora
(16.67%) were the most dominant genus found in the area. Among the other
genera, the genus Glomus has the most species (Schilller & Walker 2010;
Souza 2015). There are approximately 76 types (56.72%) of AMF from the
genus Glommus, and 37 types (27.61%) from the genus Acaulospora, which have
been identified based on morphological and molecular characteristics. A total
of approximately 134 AMF types have been identified (Schufller & Walker
2010).

G. aggregatum, A. foveata, C. etunicatum, C. lamellosum and some other
species were found to be associated with B. pefersianum in the study site at 572
—619 m asl, temperature of 22-38 °C, and 30—68% humidity. Moreover, the
distribution of AMF is derived from the distribution of individual plant
biomes and climatic factors. However, dispersal limitations, local
environmental conditions, and interactions between AMF taxa also

determine local diversity and global distribution (Kivlin et al. 2011).

CONCLUSIONS

Kebar grass is in symbiosis with the AMF in a grassland area, Tambrauw Re-
gency. The high number of AMF spores and the level of its colonization in-
dicate that the kebar grass has a very close symbiotic form. Several species
such as G. aggregatum, A. foveata, C. etunicatum, C. lamellosum and others found
to be associated with kebar grass. The information of this study show new
record on the AMF association with B. petersianum. Therefore, there is a need
to conduct a compatibility test on the AMF diversity, including the possibility
of obtaining the species that plays the most effective role in the growth of

various other plants.
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