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ABSTRACT. Arbuscular Mycorrhizal Fungi (AMF) technology can increase the success of revegetation on
post-mining land. In addition to the input of AMF technology, the selection of plant species is very important
for the success of post-mining land reclamation. This study aimed to determine the effectiveness of AMF on the
viability and growth of the 23-month-old mycorrhizal Angsana (Pterocarpus indicus Willd.) in the post-
Bombana gold mining area, Southeast Sulawesi. This research was conducted in the post-gold mining area of
PT. Panca Logam Makmur, North Rarowatu District, Bombana Regency and the Laboratory Unit of the
Forestry Department, Faculty of Forestry and Environmental Sciences Halu Oleo University, Kendari for 8
months. The research design used a Randomized Block Design which was divided into nine treatments; control
(A0), Claroideoglomus etunicatum (A1), Septoglomus constrictum A2), Acaulospora delicata (A3), Glomus
claroideum (A4), Glomus coronatum (A5), Ambiospora appendicula (A6), Mixed AMF | (A7); (A1+A2+A6)
and Mixed AMF Il (A8); (A1+A3+A4+A5). The total number of plants used was 27 plants. The results showed
that the application of arbuscular mycorrhizal fungi was effective in increasing the growth of P. indicus plants in
post-gold mining areas. The treatment of G. coronatum, G. claroideum, A. appendiculate, and C. etunicatum
significantly increased the growth of 23 months old P. indicus plant on post-gold mining land compared to
control and other treatments. G. coronatum and G. Claroideum have the potential to be developed as
mycorrhizal biofertilizers.
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INTRODUCTION

Post-mining land is land that has changed as a result of mining activities (Suprapto
2008). Post-mining land has general characteristics, including compacted soil conditions that
can damage the water system and soil aeration. Changes that occur also include changes in
the landscape, changes in physical, chemical, and biological conditions of the soil,
microclimate, and changes in flora and fauna (Siswanto et al. 2012). The condition of post-
mining land that is poor in nutrients and high in metal content also occurs in post-gold mines
in the Bombana region (Husna et al. 2019). These conditions can harm the function and
development of plant roots. Therefore, it is necessary to input environmentally friendly
technologies such as arbuscular mycorrhizal fungi (AMF). AMF is an essential component
needed to help increase plant viability and growth in post-mining land restoration programs
(de Moura et al. 2022).

Biofertilizer technology input in the form of AMF can support plant growth and
nutrient improvement. AMF technology can increase the success of revegetation on post-
mining land. AMF through the mechanism of nutrient and water absorption increases plant
resistance to biotic and abiotic stresses and is able to improve soil structure (Husna et al.
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2019a,b; 2021a,b). AMF was reported to increase the growth of plants grown on post-gold
mining media at the plastic house scale (Husna et al. 2019b; Husna et al. 2021a; Tuheteru et
al. 2020) and the field scale at 4 months after planting (Husnha et al. 2021b; Arif et al. 2021).
It is necessary to observe the sustainability of plant growth success in post-gold mining
during the growing period. The effectiveness of AMF is also strongly influenced by land
conditions and the type of AMF being tested.

In addition to the input of AMF technology, the selection of plant species is very
important for the success of post-mining land reclamation (Setyowati et al. 2017). Angsana
plant (Pterocarpus indicus Willd.) is a type of legume that is commonly grown for restoration
activities on degraded land and damaged forests. P. indicus is an endangered species so it
needs to be saved from its threat. Planting P. indicus in the post-mining land reclamation
program is also part of the P. indicus conservation strategy in Indonesia. P. indicus has been
planted in post-gold mines in Bombana District and has been evaluated for growth at 4
months after planting (Husna et al. 2021b). The purpose of this study was to determine the
effectiveness of AMF on the viability and growth of 23 months old P. indicus mycorrhizal
plants in the post-Bombana gold mining area, Southeast Sulawesi.

MATERIAL AND METHODS

Location and Time of Research.

This research was carried out for two months from March to April 2022 at the
location in the Bombana Gold Post Mining Land with coordinates 4°3927.7"LS 121°54'18.7”
E. This research was conducted at the Laboratory of the Faculty of Forestry and
Environmental Sciences, Halu Oleo University.

Research Design.

This study was designed using a Randomized Block Design (RBD), consisting of nine
treatments, namely: control (AO0), Claroideoglomus etunicatum (Al), Septoglomus
constrictum A2), Acaulospora delicata (A3), Glomus claroideum (A4), Glomus coronatum
(A5), Ambiospora appendicula (A6), Mixed AMF | (A7); (A1+A2+A6) and Mixed AMF Il
(A8); (Al+A3+A4+A5). This study was divided into three groups where each group
contained nine plants so total plants used were 27 plants.

Research Procedure.

The research starts with preparing the tools and materials needed to carry out
research. The stages of the research are as follows: 1) This research is a follow-up study from
previous research on a greenhouse scale related to the application of AMF for Angsana wood
plants (Husna et al. 2020) and continued with field-scale research on a four-month-old post-
gold mine (Husna et al. 2021b). At the age of Twenty Three months in the field, 15 leaves
were harvested from each plant (randomly selected leaves that were old and green) in each
treatment to keep the plant intact in the field (Giri et al. 2005), 2) The harvested leaves are
then dried in an oven at 70°C for 2x24 hours. After that, the dry weight of the leaves was
weighed using an analytical balance, and 3) Measurement of height, diameter, leaf size, width
of the crown and length of plant roots.
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Parameters

1) survival rate ([X Number of viable seedlings / Number of seedlings] x 100%), 2)
plant height and diameter were measured on the stem at a height and diameter of 3 cm,
number of plant petioles, leaf width measurement, measurement of plant leaf length, crown
width and root length, 3) length and width and oven-dried weight of 10 leaves per plant
(randomly selected) and 4) AMF colonization (%) = [£ mycorrhizal field of view / observed
field of view ] x 100% (Brundrett et al. 1996)

Data Analysis.

The data analysis used was the analysis of variance (F test) and continued with the
different treatment tests according to Duncan Multiple Range Test (DMRT) at a 95%
confidence level using the SAS version 9.1.3.

RESULT AND DISCUSSION

A recapitulation of the results of variance (F test) of the effect of AMF treatment on
growth parameters and AMF colonization in Twenty Three-month-old Angsana is presented
in Table 1. Table 1 shows that AMF treatment had a very significant effect on the observed
number of stalks leaf length, leaf width, leaf dry weight, and AMF colonization and
significantly affected plant height. Observation of diameter, number of branches, the width of
the crown, length of roots, and viability did not show a significant effect on the Angsana
plant.

Table 1. Recapitulation of the results of the variance of the effect of AMF treatment on the
growth parameters of the Angsana plant

No Parameter ANOVA Coefficient of variance
1 Height (cm) * 11.17
2 Diameter (mm) ns 16.09
3 Number of branches ns 22.74
4 Number of stalks *x 12.39
5 Leaf length (cm) ** 11.04
6 Leaf width (cm) *x 9.78
7 Leaf dry weight (g) falad 17.70
8 Width of a crown (cm) ns 20.98
9 Root length (cm) ns 17.09
10 AMF colonization (%) el 11.07
11 Survival rate (%) -

Description: ** Very significant effect; * Have a real impact; ns = No significant effect; at the 95% confidence
level, the survival parameters were not analyzed for variance but directly used the percent survival formula
because they had the same results in all treatments..

The AMF treatments of G. coronatum, A. appendiculate, and G. claroideum increased
AMF colonization and were not significantly different from those of A. delicata, Mixed AMF
I, and Mixed AMF, but significantly different from control plants and other treatments. All
AMF-colonized plants were characterized by the presence of external hyphae, internal
hyphae, coil hyphae, and vesicles on root observations. The results of this study indicated that
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the AMF treatment was effective in increasing the growth of the Angsana (Pterocarpus
indicus Willd) plant on post-gold mining land. The increase in the growth of the Angsana
plant was strongly associated with AMF colonization. This study is in line with the research
results of Husna et al. (2021b) that the level of AMF colonization in Angsana plants in the
AMF treatment was higher than the control treatment.

The control treatment for AMF colonization was thought to come from nature or
contaminated with AMF on the Angsana plant which was given AMF treatment around it
through wind and water at the time in the greenhouse or in the field. Angsana plants that were
colonized by AMF were evidenced by the presence of AMF structures in the form of internal
hyphae, external hyphae, coiled hyphae, and vesicles (Suharno et al. 2014). This is in line
with research by Goltapeh et al.(2008) the structure of long and fine hyphae can penetrate the
soil to absorb water, and macro and micronutrients that cannot be reached by roots, while the
vesicle structure acts as a store of food reserves (Smith and Read 2008). ), thus enabling the
Angsana plant to survive in post-gold mining areas contaminated with heavy metals.

The AMF treatment of G. coronatum significantly increased the increase in height of
the 23-month-old Angsana plant and was not significantly different from the Mixed Il AMF
treatment, and significantly different from the other treatments (Table 2). The AMF treatment
of G. Coronatum significantly increased the number of leaf stalks of the plant and was not
significantly different from the A. delicata and C. Etunicatum. All AMF treatments
significantly increased the leaf length and width of the Angsana plant and were significantly
different from the control plants. The AMF treatment of G. claroideum significantly
increased the dry weight gain of the leaves of the 23-month-old Angsana plant on post-gold
mining land and was not significantly different from the AMF treatment of C. etunicatum, G.
coronatum, and A. appendiculate, and significantly different from the control plants and other
treatments.

Table 2. The average increase in height, and a number of stalks. The length and width of the
leaves of the Angsana plant (Pterocarpus indicus Willd) aged 25 months after

planting
Treatment AMF Plant height Number of Leaf lenght Leaf widht Le_af dry
colonization (%) (cm) stalks (cm) (cm) weight (g)

Control 14.16+0.22 d 499.57+12.34 ¢ 31.33+5.84 d 7.23+0.53 b 4.00+0.22 ¢ 1.43+2.58 ¢
C. etunicatum 31.97+0.43 ¢ 612.20+42.56 bc 98.6614.70 ab 11.42+1.05a  4.99+0.43b 4.41+0.65 ab
S. constrictum 30.42+0.62 ¢ 565.00+66.98 bc 87.00+10.50 bc  10.98+0.81a  4.96+0.62 b 3.40+0.24 b
A. delicata 43.49+0.20 b 593.90+30.04 bc 101.33+5.81 ab 11.81+0.19a 5.7940.20 ab 3.58+0.32 b
G. claroideum 57.14+0.25 a 573.97+52.49 bc 84.33+3.28 bc 11.11+0.68a  5.50+0.25 ab 5.03+0.45 a
G. coronatum 62.43+0.11 a 747.87+44.62 a 115.33+11.28a  10.91+0.53a  5.37+0.11ab  4.20+0.36 ab
A. apendiculata 62.14+0.29 a 59,004+26.83 bc 71.00£1.52 ¢ 11.37+0.23a  6.11+0.29 a 4.18+0.18 ab
Mixed FMA | 44.32+0.45b 593.97+19.18 bc 88.67+5.36 bc 10.34+1.24 a 5.4310.45 ab 3.3240.29 b
Mixed FMA 11 43.93+0.41 b 670.93+28.87 ab 72.66x7.75 ¢ 11.40+0.55a  5.22+0.41 ab 3.35£0.02 b
cv 11.07 11.17 12.39 11.04 9.78 17.70
Pr>F 0.0075 0.0234 <.0001 0.0084 0.0085 0.0004

Note: The average value followed by the + standard error value with the same letter in the same column shows no significant
difference according to the DMRT test (o = 0.05); CV (Coefficient of variance).

In general, the treatment had no significant effect on the variables of diameter,
number of branches, the width of the crown, and root length of the 23-month-old Angsana
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plant (Table 1). Although the effect was not significant, the AMF treatment tended to
increase the diameter increase. Canopy width and root length of Angsana plants compared to
control plants (Figure 1). AMF treatment of G. claroideum tended to increase the number of
branches of the Angsana plant compared to control plants and other treatmentsents.

The results of this study showed that the G. coronatum AMF treatment significantly
increased the height of the Angsana plant compared to other AMF treatments and control
treatments. This is in line with various studies that have been carried out previously that the
application of AMF can increase plant height growth (Husna et al. 2019b, 2020, 2021a,b,
Arif et al. 2021). The existence of AMF symbiosis with Angsana roots is thought to be able
to improve the soil structure of post-gold mining land and increase the ability to grow plants.
This study is in line with the research study of Husna et al. (2018) that the effect of AMF
colonization on roots can increase the growth and nutrient accumulation (uptake) of Angsana
plants. AMF has external hyphae, with the help of external hyphae roots can increase the
absorption area, especially phosphorus (Indriani et al. 2016) and protect plants from biotic
and abiotic stresses (Nanjundappa et al. 2019). Absorption of nutrients, especially P, occurs
because AMF produces phosphatase enzymes that allow an increase in P in the soil so that
plants can absorb nutrients in sufficient quantities and help plants from heavy metal stress
(Miransari, 2017). This increase was caused by the role of AMF in the plant root system
which causes the photosynthetic activity to increase so that more photosynthate is produced.
Furthermore, it affects plant biomass (Lambers et al. 2008). AMF inoculation was effective in
increasing the leaf length and leaf width of 23-month-old Angsana plants in the field. This
study is in line with Sinaga et al. (2014) and Husna et al. (2021b) that the application of AMF
can increase the development of leaf dimensions in plants and leaf dry weight of plants in
post-gold mining fields.

In this study, C. claroideum was more effective in increasing the growth of the
Angsana plant. This species is thought to be effective because it has relatively small spores,
high sporulation ability in various environmental conditions, and is able to adapt to various
soil conditions and (Kivlin et al. 2011; Shukla et al. 2013). C. claroideum species were also
reported to be effective in increasing the growth of P. indicus and Kalappia celebica plants at
the plastic house scale (Husna et al. 2019, 2020, 2021a) and field scale (Husna et al. 2021b;
Arif et al. 2021).
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Figure 1. Graph of the average increase in diameter (mm), number of branches, the width of the crown and
root length of the 23-month-old Angsana (Pterocarpus indicus Willd) plant; Control (AO), FMA C.
etunicatum (A1), FMA S. Constrictum (A2), FMA A. delicata (A3), FMA G. Claroideum (A4), FMA G.
Coronatum (A5), FMA A. Apendiculata (A6), AMF Mix | (A7), AMF Mix. 1l (A8).

CONCLUSION

Based on the results of the research that has been carried out, it can be concluded that
the AMF treatment of G. coronatum, G. Claroideum, A. appendiculate, C. etunicatum
treatments significantly increased the growth of 23 months old Angsana (Pterocarpus indicus
Willd) plant on post gold mining land compared to treatment control and other treatments.
AMF species of G. coronatum and G. Claroideum is potential to be developed as mycorrhizal
biofertilizers.

REFERENCES

Arif A, Husna, FD Tuheteru, A Adiansyah. 2021. The conservation of endemic and endangered tree
species Kalapia celebica Kosterm with Mycorrhizal bio-fertilizer technology in post-gold
mining areas. IOP Conf. Series: Earth and Environmental Science 800 (2021) 012039

Brundrett M, Bougher N, Dell B, Grove T, Majalaczuk. 1996. Working With Mycorrhizas in Forestry and
Agriculture. Canberra (AU): Australian Centre for International Agriculture Research

84 | Journal of Tropical Mycorrhiza (JTM) Vol. 1 No. 2 October 2022 (79-86)



Journal of Tropical Mycorrhiza

https://journal.ami-ri.org/index.php/ITM
E-ISSN 2829-467X
Vol. 1No. 2 October 2022

De Moura MA, Oki Y, Arantes-Garcia L, Cornelissen T, Nunes YRF, Fernandes GW. 2022. Mycorrhiza
fungi application as a successful tool for worldwide mine land restoration: Current state of
knowledge and the way forward. Ecol. Eng. 178, 106580

Giri B, Kapoor R, and Mukerji K. 2005. Effect of the arbuscular mycorrhizae Glomus fasciculatum and G.
macrocarpum on the growth and nutrient content of Cassia siamea in semi-arid Indian wasteland
soil. Jurnal New Forest, 29, 63-73.

Goltapeh EM, Danesh YZ, Prasad. R, Varma A. 2008. Mycorrhizal Fungi : what we know and what should
we know ?. In : Varma. A, editor. Mycorrhiza :State of the Art, Genetic and Molecular
Biology, Eco-Function, Biotechnology, Eco-Physiology, Structure and Systematics. India (IN).
Springer.

Husna, FD Tuheteru, A Arif and Solomon. 2019a. Improvement of early growth of endemic sulawesi trees
species Kalappia celebica by arbuscular mycorrhizal fungi in gold mining tailings. IOP Conf.
Series: Earth and Environmental Science. 394:1-5.

Husna, FD Tuheteru, A Arif. 2021b. Arbuscular mycorrhizal fungi to enhance the growth of tropical
endangered species Pterocarpus indicus and Pericopsis mooniana in post gold mine field in
Southeast Sulawesi, Indonesia. Biodiversitas, 22(9): 3844-3853

Husna, FD Tuheteru, A. Arif dan Solomon. 2019. Improvement of Early Growth of Endemic Sulawesi
Trees Species Kalappia celebica by Arbuscular Mycorrhizal Fungi in Gold Mining Tailings.
IOP Conf. Ser.: Earth Environ. Sci. 394 012069

Husna, FD Tuheteru, A. Arif, GR Sera. 2018. Respon pertumbuhan dan ketergantungan jenis legume
terancam punah angsana (Pterocarpus indicus Willd) terhadap Aplikasi Fungi Mikoriza
Arbuskula Lokal. Prosiding Seminar Nasional Silvikultur V dan Kongres Masyarakat Silvi
kultur IV. Lambung Mangkurat University Press. Banjarmasin

Husna, I Mansur, S. Wilarso, R. Budi, FD Tuheteru, A Arif, EJ Tuheteru and Albasri. 2019b. Effects of
Arbuscular mycorrhizal fungi and organic material on growth and nutrient uptake by
Pericopsis mooniana in Coal Mine. Asian J. Plant Sci., 18: 101-109.

Husna, Tuheteru FD, Arif A and P Sintalia. 2020. Pemanfaatan Fungi Mikoriza Arbuskula Untuk

Mendukung Pertumbuhan Jenis Terancam Punah Angsana Pada Media Tailing Emas. Talenta
Conference Series: Agricultural and Natural Resources (ANR), 3 (1) : 37-42

Husna, Tuheteru FD, Arif A. 2021a. The potential of arbuscular mycorrhizal fungi to conserve Kalappia
celebica, an endangered endemic legume on gold mine tailings in Sulawesi, Indonesia. J For
Res 32: 675-682

Indriani, N.P., Y. Yuwariah, A. Rochana, I. Susilawati dan L. Khairani. 2016. The Role of Vesicular
Arbuscular Mycorrhiza (VAM) and Rock Phosphate Application on Production and Nutritional
Value of Centro Legumes (Centrosema pubescens). Agricultural Research Communication
Centre. 39(6): 987-990.

Kivlin SN, Christine VH, KK Treseder. 2011. Global diversity and distribution of arbuscular mycorrhizal
fungi. Soil Biology & Biochemistry 43:2294-2303

Lambers, H., F.S. Chaplin Ill dan T.L. Pons. 2008. Plant Physiological Ecology: Second edition. Springer
Science+Business Media LLC.

Miransari, M. 2017. Arbuscular mycorrhizal fungi and beavy metal tolerance in plants. In : QS Wu (eds.)
Spinger. Nature Spinger Pte Ltd.

Nanjundappa, A., D.J. Bagyaraj, A.K. Saxena, M. Kumar dan H. Chakdar. 2019. Interaction Between
Arbuscular Mycorrhizal Fungi and Bacillus Spp. In Soil Enhancing Growth of Crop Plants.
Fungal Biol Biotechnol 6: 23.

Setyowati DN, NA Amala dan NNU Aini. 2017. Studi Pemilihan Tanaman Revegetasi Untuk
Keberhasilan Reklamasi Lahan Bekas Tambang. 3(1):4-20.

Shukla A, D Vyas, Anuradha J. 2013. Soil depth: an overriding factor for distribution of arbuscular
mycorrhizal fungi. J. Soil Sci. Plant Nutr. 13(1):23-33

85


https://talentaconfseries.usu.ac.id/anr/issue/view/23
https://talentaconfseries.usu.ac.id/anr/issue/view/23

Husna et al : Growth Of Angsana...

Sinaga P, E Purba and J. Ginting. 2014. Pengaruh pemberian fungi mikoriza arbuskula trhadap
pertumbuhan dan produksi beberapa varietas tembakau. Journal online technology 2(2): 586-
597

Siswanto B, BD Krisnayani, WH Utomo and CWN Anderson. 2012. Rehabilitation of Artisanal Gold
Mining Land In West Lombok, Indonesia: Characterization of Overburden and The
Surrounding Soils. Journal of Geology and Mining Research. 4(1):1-7.

Smith SE dan DJ Read. 2008. Mycorrhizal Symbiosis. Third ed. New York (US): Academic Press.

Suharno, RP sancayaningsih, ES Seotarto and RS Kasiamdari. 2014. Keberadaan fungi mikoriza arbuskula
di kawasan tailing tambang emas timika sebagai upaya rehabilitasi lahan ramah lingkungan.
Jurnal Manusia dan Lingkungan. 21(3):295-303.

Suprapto SJ. 2007. Tinjauan Reklamasi Lahan Bekas Tambang dan Aspek Konservasi Bahan Galian.
Buletin Sumber Daya Geologi, 3(1): 20-32

Tuheteru FD, A Arif, Husna, I. Mansur, ED Tuheteru, Jusniar, Basrudin, Albasri, MH Hadijah, and S.
Karepesina. 2020. Arbuscular mycorrhizal fungal inoculation improves Nauclea orientalis L.
growth and phosphorus uptake in gold mine tailing soil media. Journal of Degraded and
Mining Lands Management 7 (3): 2193-2200

86 | Journal of Tropical Mycorrhiza (JTM) Vol. 1 No. 2 October 2022 (79-86)



