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Abstract. Tuheteru FD, Husna, Albasri, Effendy HM, Arif A, Basrudin, Tuheteru EJ, Mulyono S, Irianto RSB. 2022. Diversity of
arbuscular mycorrhizal fungi in asphalt post-mining land in Buton Island, Indonesia. Biodiversitas 23: 6327-6334. Studies on the
presence and diversity of Arbuscular Mycorrhizal Fungi (AMF) on overburden (OB) and asphalt post-mining areas in Buton Island are
still limited. The purpose of this study was to examine the presence and diversity of AMF on OB and asphalt post-mining stockpiles in
Buton Island, Southeast Sulawesi Province. The sampling of soil and roots of successional plants was carried out at eight post-mining
sites at the IUP Kabungka (Pasarwajo) (6 sites) PT. WIKA Aspal and IUP Lawele (2 sites), PT. WIKA Bitumen. The AMF spores were
isolated using the wet filter pour method, followed by the identification of AMF which was done by observing the morphology of AMF
spores. The results showed that all successional plants were in symbiosis with AMF, which was indicated by the existence of AMF
structure in plant roots with the percentage of AMF colonization ranging from 5-95%. The number of spores per 50 g ranged from 1 to 9
spores. A total of 9 AMF species were found to belong to five genera, i.e., Claroideoglomus, Haloatospora, Glomus, Gigaspora, and
Cetraspora from three families. Claroideoglomus claroideum was found to be the most dominant species isolated with the high
occurrence and the highest Importance and Shannon-Wiener Diversity Indices followed by Haloatospora cf. pansihalos, Glomus sp. 5,
and Glomus sp. 4. This study also showed that the AMF diversity index differed among locations. The presence of AMF can accelerate

the emergence and development of adaptive plants on post-asphalt mining land in Buton Island.

Keywords: Asphalt, Buton, Glomeraceae, passive restoration

INTRODUCTION

Arbuscular  Mycorrhizal Fungi  (AMF) (phylum
Glomeromycota) is one of the important soil microbes that
establish mutual symbiotic associations with many plant
species (Brundrett and Tedersoo 2018) and can accelerate
the formation and development of plants for restoring
degraded land after mining practices (de Moura et al.
2022). AMF are reported to have the ability to accelerate
the restoration of various post-mining lands in the world.
Acceleration mechanisms by AMF include increasing nutrient
and water acquisition and plant tolerance, improving soil structure
and quality, sequestration of heavy metals, and maintaining
ecosystem stability and function (Lone et al. 2016; Wang
2017; Husna et al. 20214, b; Tuheteru et al. 2020a; Manjula
et al. 2022). In particular, publications related to AMF as a
restoration tool have been reported by several other researchers
(Asmelash et al. 2016; Wang 2017; Neuenkamp et al. 2019;
Aavik etal. 2021). A study conducted by Martins et al. (2020)
showed that the trend of post-mining land restoration
research and mycorrhizal research in supporting the
restoration effort is also increasing.

The use of local AMF isolated from damaged lands,
such as post-mining land, is more tolerant toward stress
conditions, especially pollutants, and has good adaptation
to local habitats due to long-term natural selection (Kodre
et al. 2017). Several studies also reported that the use of
AMF isolated from local species is more effective than that
from exotic species (Husna et al. 2016, 2019, 2021a;
Tuheteru et al. 2017, 2021) and is more efficient and cost-
effective. The local AMF has the potential to be developed
for revegetation, reforestation, and restoration programs of
damaged land and forests. To support these efforts, it is
necessary to explore AMF existence and abundance on degraded
lands to determine AMF composition and diversity and to
implement the use of AMF on a wider scale.

Understanding the composition and diversity of
Arbuscular  Mycorrhizal Fungi (AMF) is imperative for
potentially enhancing their ecological roles in different terrestrial
ecosystems (Tuheteru et al. 2021). AMF composition and
species richness in a habitat or ecosystem are highly
dependent on the types of vegetation, soil properties,
climate, and damage regimes (Tuheteru et al. 2020b).
Therefore, it is crucial to identify AMF species abundance
in disturbed environments (Jean-Philippe et al. 2011).
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Studies related to AMF symbiosis with successional plants
on post-mining land have been widely reported. Wang
(2017) reported that from 98 studies, more than 80% of
plants observed on post-mining land were colonized by
AMEF. A study conducted by Tuheteru et al. (2019) showed
that 100% of vegetation on gold tailings fields was
colonized by AMF. In Indonesia, studies on AMF diversity
and colonization in adaptive plants have been reported in
gold (Suharno et al. 2016, 2017; Tuheteru et al. 2019 2020b),
nickel (Husna et al. 2015), and coal post-mining areas (Tomo and
Prasetyo 2021). Twenty species of 75 AMF species in
Indonesia were found on post-mining land (Husna et al.
2021). In Southeast Sulawesi, exploration and identification of
AMF in adaptive plants are still limited to nickel (Husna et al.
2015) and gold post-mining areas (Tuheteru et al. 2019,
2020b).

However, until now, studies related to the existence and
diversity of AMF in asphalt post-mining land in the world,
especially in Southeast Sulawesi Province, Indonesia have
not been carried out. Indonesia is among countries with the
largest natural asphalt deposits in the world (Widhiyatna et
al. 2007). Natural asphalt rock in Indonesia is only found in
Buton Island, Southeast Sulawesi Province with an average
asphalt content of 20% (Suaryana 2016), while the Buton
asphalt reserves (Asbuton) is around 667 million tonnes.
Exploration and exploitation of asphalt mines by private
companies and state-owned enterprises have long been
carried out on Buton Island. Asphalt mining activities are
generally carried out by land clearing, stripping, and
stockpiling of Overburden (OB) and asphalt mining. At the
OB stockpile location, successional vegetation usually be
overgrown. The presence and growth of successional
vegetation on OB stockpiles are thought to be accelerated
by the presence of arbuscular mycorrhizal fungi. Therefore,
it is necessary to conduct research to obtain information on
AMF colonization, presence and diversity, and adaptive
plants in asphalt post-mining land on Buton Island. The
long-term goal is to obtain a collection of local AMF
species for supporting active restoration of asphalt post-
mining land in the tropics. In this study, we hypothesized
that: 1) AMF diversity indices are low; 2) AMF
colonization, diversity indices, and species richness vary at
different sites.

Table 1. Description of the research site
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MATERIALS AND METHODS

Soil and roots samples in the field

Sampling of soil and roots of adaptive plants was
carried out at 8 (eight) sites of OB stockpiles and ex-
mining sites in the Kabungka IUP (six observation sites
created on overburden soils with age of 1 year-K1, 2 years-
K2, 5 years-K5, 7 years-K7, 10 years-K10 and 20 years-
K20) and IUP Lawele (post mining-land with no
overburden soils-LM 10 and overburden with age of 10
years-L10) belong to PT. WIKA Bitumen Buton, Southeast
Sulawesi in July-September 2022 (Table 1, Figure 1). Root
samples were taken from the rhizosphere of each plant
species and soil of each plot per site to a depth of 20 cm
(Husna et al. 2015). Soil samples for each plot were put
into labeled sample plastic bags. Roots samples were
preserved with 70% alcohol and then put into a film tube.
The soil and roots samples were then taken to the
laboratory. Soil (+ 1 kg) for each location was sent to the
SEAMEO BIOTROP’s Soil and Plant Laboratory in Bogor.

AMF isolation and identification from soil sample

AMF spores were extracted from 50 g of the soil
sample by using the wet filter pour method (Gerdemann
and Nicolson 1963). The supernatant was then centrifuged
with the addition of 50% sugar solution (Brundrett et al.
1996). The AMF spores obtained from the extraction were
then identified and counted under a dissecting microscope
with 35x magnification. AMF spores were identified based
on morphological characteristics such as shape, size,
colour, wall ornamentation,etc. using identification keys of
International Culture Collection of Vesicular and
Arbuscular Mycorrhizal Fungi
(http://www.invam.cafwvu.edu) and AMF phylogeny
(www.amf-phylogeny.com). The AMF  extraction,
counting, and identification were carried out at the
Laboratory of Mycorrhiza Interface of the Center for
Standardization of Sustainable Forest Management
Instruments of the Ministry of Environment and Forestry of
the Republic of Indonesia.

Site Size (ha) GPS '?r::';l;?; Dominant vegetation rainAfglr:u(iLm)
IUP Kabungka
K1 0,5 122°53” 38,76”-5° 23” 8,28” 153,99 Blechnum finlaysonianum, 2.340,19
Muntingia calabura, Pteris wallichiana
K2 1 122° 53’ 40,44-5° 23" 10,61~ 159,21 M.calabura L. Imperata cylindrica,
Neolamarckia macrophylla
K5 3 122053’ 33,967-5° 23" 8,13” 163,77 M. calabura L. N.macrophylla
K7 1 122052 23,487-5023" 42,14” 205,46 M.calabura L. P. wallichiana
K10 3 122053 11,127-5°24° 19,98” 173,78 N. macrophylla
K20 3 1220 53° 1,177-5° 23* 46,977 166,89 Microcos sp. Alstonia spectabilis
IUP Lawele
L10 15 1220 53” 38,76”-5° 23” 8,28” 35,24 Mallotus paniculatus, N. macrophylla, 2.076,48
Nauclea orientalis
LM10 2 122°53” 40,44-923° 10,617 41,32 Chromolaena odorata, N.orientalis
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Figure 1. Map of study area showing observation sites in two locations (i.e., IUP Kabungka and IUP Lawele) in Buton Island, Southeast

Sulawesi Province, Indonesia

Table 2. Parameters of AMF diversity and calculation methods

Parameter

Formula

References

Frequency of isolation
Relative abundance
Importance Value (V)
means dominant species or genus
Spores amount per 100 g soil
Species in each soil sample

H’ =-Zpi In pi

E = H’/H max

D = Z[ni(ni-1)/N(N-1)]

Spore densities
Species richness
Shannon-Wiener Index
Evenness Index
Simpson’s Index

AMEF colonization

[the amount of soil samples where AMF presence/total sample] x 100%
Percentage of spores amount from a species or a genus
(Isolation frequency + Relative abundance)/2. Importance Index > 20

[2 mycorrhizal field of view/total field of view observed] x 100%

Gaonkar and Rodrigues (2020)

Husna et al. (2015)

Gaonkar and Rodrigues (2020)

Brundrett et al. 1996

Note: Pi = ni / N, ni = the number of AMF spores per species; N = the total number of spores that are identified; H 'max =In S, S = the

total number of species identified

Observation of roots colonization

To study the roots colonization, was done using the root
staining technique of Brundrett et al. (1996). A total of 30
pieces of fresh roots (x 1 cm long) were randomly taken
from plant roots. The roots were cleaned in 10% KOH for 2
days, then immersed in H,O, solution for 10-20 minutes
and rinsed thoroughly. The roots were then soaked in 0.2%
HCI solution for 20 minutes and were put into 0.05%
Trypan Blue solution. Ten roots samples were placed on a
glass slide and covered with a cover glass and then
observed under a microscope.

Soil laboratory analyses

The analyses of soil physical and chemical properties
were conducted at the SEAMEO BIOTROP’s Soil and
Plant Laboratory in Bogor, Indonesia.

AMF diversity indices

Diversity data observed in this study were isolation
frequency, relative abundance, importance value, spore
density, species richness, Shannon-Wiener index, evenness
and Simpson's index as presented in Table 2.

Data analysis

All data were statistically analyzed using MS Excel.
The correlation analyses between soil properties, number of
vegetation and age OB with AMF spore number, roots
colonization and diversity indices were carried out using
Pearson's correlation.
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RESULTS AND DISCUSSION

AMPF colonization and spore density

Adaptive plant roots in all study sites were confirmed to
be colonized by AMF (Figure 2). The range of colonization
percentage was 5-95% with a mean of 45%. AMF
colonization with percentage of more than 40% was found
at the Kabungka site age 1 year (K1), 2 years (K2) and
Lawele site age 10 years (L10) (Figure 2). The AMF
structures found were internal hyphae, external hyphae,
vesicles and arbuscule. The highest number of spores per
50 g of soil sample was shown in the ex mining-land site
with no overburden soils (LM10) (9 spores).

AMF species

A total of 9 AMF species belonging to five genera, i.e.
Claroideoglomus, Halonatospora, Glomus, Gigaspora and
Cetraspora, from three Family were identified during
present study (Table 3, Figure 3). Six species belongs to
Glomeraceae family, two species belong to Gigasporaceae
family and one species belongs to Claroideoglomeraceae
family. Claroideoglomus claroideum and Glomus sp. 5
were each found in the 5 locations. Cetraspora pellucida,
Glomus sp. 1, Glomus sp. 2, and Glomus sp. 3 were found
at a different location.

Claroideoglomus claroideum was found to be the most
dominant species isolated with high occurrence and the
highest Importance and Shannon-Wiener Diversity Indices
followed by Halonatospora cf. pansihalos, Glomus sp. 5
and Glomus sp. 4 (Table 4). The richness and diversity of

LM
L10
K20

K10

Site

K7

K5

K2

K1

BIODIVERSITAS 23 (12): 6327-6334, December 2022

AMEF species differed among locations (Figure 3). Site
Kabungka age 10 years (K10) had the highest species
richness followed by Site Kabungka age 5 years (K5), 20
years (K20) and Lawele age 10 years (L10). The species
richness found was between 1-3 species per 50 g soil
sample.

Diversity indices

The Simpson’s index of diversity (D) ranged from 0.24
to 1, Shannon-Wiener diversity index (H) ranged from 0.12
to 1.24, and Evenness index (E) ranged from 0.13 to 0.98
(Figure 4) was observed in present study. Site Kabungka
age 10 years (K10) had the highest species diversity (H'-
Shannon-Wiener index) followed by Site Kabungka age 20
years (K20) and Lawele age 10 years (L10). The
uniformity and the Simpson's dominance indices (D) were
higher at the Lawele site age 10 years (L10), while the
uniformity and Simpson’s dominance indices (D) were the
lowest at the Kabungka site age 7 years (K7).

Soil properties

The chemical and physical properties of the soil
samples presented in Table 5 showed that the soil pH was
slightly alkaline (7.7-8.1). The C-org, N Total, P,Os and Ca
tended to be high at the Kabungka site age 10 (K10) and 20
years (K20), at the Lawele site age 10 years (L10) and at
the ex-mining land site with no overburden soils (LM10).
The P,Os levels were categorized as very high at both sites
in the Lawele IUP (L10 and LM10).

LM 10
L10
K20

K10

Site

K7

K5

K2

K1

0,0 10,0 20,0 30,0 40,0 50,0 60,0 0 2 4 6 8 10
AMF Colonization (%) Number AMF spore/50 g soil
Figure 2. AMF colonization and spore density
Table 3. Glomeromycota species recovered from field soils
Family AMF Species Color Shape Size (um) Site
Claroideoglomeraceae Claroideoglomus claroideum  Brownish Globose  85-118 (285) x K5, K10, K20, L10, LM10
85.915-104 (276)

Glomeraceae Halonatospora cf. pansihalos  Brownish Globose 83-121 x 87-118 K5, K7

Glomus sp. 1 Yellowish Globose 55-80 x 56-71 K10

Glomus sp. 2 Yellowish Globose 108-128 x 101-123 K20

Glomus sp. 3 Yellowish Oval 76.126-103.929 K2

Glomus sp. 4 Brownish Globose 97-113 x 43-145 K20, L10

Glomus sp. 5 Brownish Globose 127-147 x 109-143 K2, K5, K7, K10, LM10
Gigasporaceae Gigaspora sp. Pale yellow  Globose 198 x 190 K10, L10

Cetraspora pellucida Pale yellow  Globose 245-286 x 240-275 K1
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Table 4. frequency of isolation, relative density, importance and diversity indices of AMF species

Frequency of isolation  Relative abundance Importance value Shannon-Wiener Index

AMF species F) (RA) (V) (H)
Claroideoglomus claroideum 35.29 49.25 42.27 0.35
Halonatospora cf. pansihalos 11.76 13.43 12.60 0.27
Glomus sp. 1 5.88 4.48 5.18 0.14
Glomus sp. 2 5.88 2.99 4.43 0.10
Glomus sp. 3 2.94 2.99 2.96 0.10
Glomus sp. 4 11.76 7.46 9.61 0.19
Glomus sp. 5 14.71 10.45 12.58 0.24
Gigaspora sp. 5.88 2.99 4.43 0.10
Cetraspora pellucida 5.88 5.97 5.93 0.17

Figure 3. The types of AMF found in the rhizosphere of pioneer plants that grow naturally in asphalt post mining land site at PT. Wika
Bitumen, Buton, Southeast Sulawesi, Indonesia. A. Claroideoglomus claroideum, B. Halonatospora cf. pansihalos, C. Glomus sp. 1, D.
Glomus sp. 2, E. Glomus sp. 3, F. Glomus sp. 4, G. Glomus sp. 5, H. Gigaspora sp., |. Cetraspora pellucida
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Figure 4. Diversity indices of AMF species in the natural habitat of Kalappia celebica, Southeast Sulawesi Province, Indonesia
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Table 5. Soil chemical and physical properties

BIODIVERSITAS 23 (12): 6327-6334, December 2022

H C org (%) N Total %)  P,Os (ppm) ca Mg -3 dTeglUIre Cl
p org (% otal (% 205 (ppm an ilt ay
Site (Cmol/kg) (Cmol/kg) %) (%) (%)

SNI 03- SNI 13-47211-1998 SNI 13-4721- SL-MU-TT- SL-MU-TT-07 SL-MU-TT-10

6787-2002 (Walkey & Black) 1998 (Kjeldahl) 05 (Bray I/11) (Hidrometer)
K1 8.1 1.11 0.08 1.92 34.64 0.60 41 204 38.6
K2 8.1 1.1 0.11 1.37 34.52 0.16 375 239 386
K5 8 1.38 0.11 1.63 27.25 0.16 44  20.7 353
K7 7.9 2.07 0.13 3.3 33.78 0.59 428 311 261
K10 7.7 2.83 0.25 9.46 36.8 0.59 40.8 29.6 29.6
K20 7.8 3.93 0.33 10.3 41.83 0.59 423 346 231
L10 7.8 4.2 0.35 16.6 47.59 0.65 242 267 49.1
LM10 7.8 3.19 0.23 19 49.9 1.12 429 343 2238

Note: IUP Kabungka, six observation sites created on overburden soils with age of 1 year (K1), 2 years (K2), 5 years (K5), 7 years (K7),
10 years (K10), and 20 years (K20), and IUP Lawele (ex mined-land with no overburden soils-LM 10 and overburden with age of 10

years-L10)

Table 6. Pearson-correlation matrix for edaphic variables associated with AMF abundance

Sail .
Parameter oH Corg NTotal  P0s Ca Mg Sand Silt Clay Vegetation number Age OB
H -0.61 0.55 0.68 024 010 -023 -034 029 0.06 -0.20 0.59
E -0.74 0.68 0.72 034 020 -0.04 -019 058 0.22 -0.23 0.46
D 0.44 -0.44 -0.75 -0.13  -0.02 0.40 035 -021 -0.12 0.07 -0.50
SN -0.29 0.15 0.05 052 036 057 0.35 030 -0.43 -0.26 0.55
SR -0.71 0.52 0.61 030 005 -013 -0.16 0.28 -0.06 -0.18 0.11
Col -0.31  -0.09 -0.41 -0.19 -042 -0.08 0.74 031 -0.71 -0.02 0.25

Note: Correlations above 0.75 are strong, 0.35-0.75 moderate, and less than 0.35 weak

The Ca level was categorized as very high for all study
sites. The Mg level was in the moderate category at the
LM10 site. Soil texture was divided into loam (at the K1,
K2 and K5 sites) and clay loam (at other sites).

The correlation between soil properties and AMF
diversity index, number of spores, and AMF species
richness is presented in Table 6. The soil pH was
negatively correlated with all parameters except D. The C
organic and total N were positively correlated with H, E
and species richness, while negatively correlated with D.
The P,Os and Mg were positively correlated with spore
number. The total N, Ca and clay were negatively
correlated with AMF colonization. The sand texture was
positively correlated with  AMF colonization. The
correlation between the number of plants and the diversity
parameter was weak (< 0.35). The stockpile age OB was
positively correlated with H, E and number of species,
while negatively correlated with D (Table 6).

Discussion

A total of 9 species of AMF from 5 genera and 3
families were isolated and identified in the present study.
The Glomeraceae family was found to be dominant with 6
species. The Glomeraceae family is reported to have a very
wide distribution globally. The Glomeraceae family is
found in 4 climatic zones, 7 continents, 17 biomes (Strimer
et al. 2018). Glomus is a genus that is tolerant and adaptive
to various soil and environmental conditions. Glomus can
survive in acidic to alkaline soils, produces small spores in

a short time compared to Gigaspora and Scutellospora and
Glomus has the highest number of species in the phylum
Glomeromycota (www.amf-phylogeny.com). Glomus is
also dominantly found in gold post-mining areas (Tuheteru
et al. 2019, 2020b) and limestone mining spoils (Suting and
Devi 2021). C. claroideum was the most dominant species
isolated with high occurrence and the highest Importance
and Shannon-Wiener Diversity Indices. This species is
thought to be dominant because of: 1) having a small spore
size 2) having the ability to sporulate (spore production) in
various environmental conditions; 3) having the ability to
adapt to various soil and climatic conditions as well as the
ability to produce inoculum (propagules) (Shukla et al.
2013; Husna et al. 2015; Tuheteru et al. 2019, 2020a).
Gigaspora is also found on post-mining land which is
polluted with pollutants (Husna et al. 2016; Tuheteru et al.
2020b). Cetraspora pellucida (syn. Scutellopora pellucida)
has been reported in post-mining fields (Buck et al. 2019;
Tuheteru et al. 2019; Rodriguez-Rodriguez et al. 2021).
Adaptive plant roots collected on all overburden
stockpiles and asphalt ex-mining sites in Buton Island were
colonized by AMF. The forms of colonization found were
internal and external hyphae, vesicles and arbuscules. Each
AMEF structure found has different roles in supporting plant
growth and development on degraded land. External
hyphae play a role in absorbing water and nutrients
(especially P) needed by plants. Roots of the Ageratum
conizoides (L.) L., Calopogonium mucunoides Desv,
Hyptis capitata Jacq, Neolamarckia macrophylla (Roxb.)
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Bosser, Neolamarckia cadamba (Roxb.) Mig., Solanum
torvum Sw., Chormolaena odorata (L.) R.M. King & H.
Rob., Imperata cylindrica L., Leucaena leucocephala
(Lam.) de Wit, and Muntingia calabura L. plants were also
reported in gold post-mining areas (Tuheteru et al. 2019).
The average spore density was observed in the range of 1-9
spores per 50 g of soil. The highest number of spores per
50 g of soil sample was shown at ex mining-land site with
no overburdened soils (LM10) (9 spores). The number of
spores was higher at LM10, presumably because it had
high P,Os and Mg levels. Most terrestrial plant species
associate with AM fungi, which have a fundamental role in
ecosystem functioning through enhancing plant nutrition
and tolerance to abiotic and biotic stress (Aavik et al.
2021).

AMF diversity index, the number of spores, and species
richness are influenced by soil properties. Some
contributing soil properties include pH, organic C, N, P20s,
Mg, Ca, and soil texture. Soil pH in all study sites was
categorized as slightly alkaline (7.7-8.1). Soil pH was
negatively correlated with all parameters except D (Table
6). However, soil pH and available P did not correlate with
AMF colonization and spore density. The organic C and
total N were positively correlated with H, E and species
richness and negatively correlated with D. The P.Os and
Mg were positively correlated with spore number. High
concentration of available P decreases the diversity of
AMF (Husna et al. 2015; Abdedaiem et al. 2020). On the
other hand, low P can increase AMF diversity (Wei et al.
2014; Bainard et al. 2015; Soka and Ritchie 2018;
Chiomento et al. 2019). The total N, Ca and clay were
negatively correlated with AMF colonization. The sand
texture was positively correlated with AMF colonization
(Table 6). Several factors have been identified that may
influence AMF distributions, including abiotic factors (e.g.,
soil physicochemical properties, latitude, and climate)
(Chaudhary et al. 2018; Melo et al. 2019).

The Simpson's dominance index (D) ranged from 0.24
to 1, Shannon-Wiener diversity index (H) ranged from 0.12
to 1.24 (low-moderate), and the Evenness index (E) ranged
from 0.13 to 1.79 was observed here in this study (Figure
3). Site Kabungka age 10 years (K10) had the highest
species diversity (Shannon-Wiener index) followed by Site
Kabungka age 20 years (K20) and Lawele age 10 years
(L10). The Lawele site age 10 years (L10) had higher
uniformity and the Simpson's dominance indices (D), while
the lowest uniformity and Simpson’s dominance indices
were found at the Kabungka site age 7 years (K7). The D,
E, and H in the OB embankment area tended to increase
with the age of the OB embankment (Table 6). Species
richness and AMF diversity may be related to host type,
life cycle, and site-specific conditions (Opik et al. 2006).
The number of plant species is very weakly correlated with
all parameters. This research is different from the research
of Moraes et al. (2019) that the diversity of AMF species
increases along with the increase in plant species diversity.
Although plant species richness is not always correlated
with AMF species richness (Cuenca et al. 1998). Host plant
genetic diversity and arbuscular mycorrhizal fungal (AMF)
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diversity and composition can be affected by
environmental and landscape context (Aavik et al. 2021).

In conclusion, adaptive plants that grow on overburden
stockpiles and asphalt ex-mining sites in Buton Island are
in symbiosis with Arbsula Mycorrhizal Fungi (AMF).
AMF colonizes plant roots as an indication that the
presence of AMF can accelerate passive restoration on
asphalt post-mining land. Therefore, the identified AMF
types can be developed as environmentally friendly
biological fertilizers to support post-mining reclamation
activities in Indonesia.
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