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Abstract. Djuuna IAF, May NL, Kubangun SH, Massora M, Aibini SW. 2023. Distribution of Arbuscular Mycorrhiza Fungi in different 
plants within tailings deposition areas of Freeport, Timika, Central Papua, Indonesia. Biodiversitas 24: 4515-4522. This study 

investigated the presence of Arbuscular Mycorrhiza Fungi (AM fungi) in various vegetation types within tailings deposition areas in 
Freeport Timika, Papua. Soil and root samples were collected from 41 sampling locations, representing 28 types of vegetation growing 
in these areas. AM fungi spores were extracted using the wet sieving technique, while root samples were cleaned, stained, and analyzed 
for the percentage of root infection using the gridlines method. Some soil characteristics were also analyzed, including pH (H2O), 
moisture content, organic carbon (C), Total nitrogen (N) and phosphorus (P), and soil texture. The study showed low total soi l N and P 
levels, with organic C ranging from low to high and a pH range from 6 to 6.7. The spore number ranged from 2 to 20 spores/10 g soil, 
and the percentage of root colonization varied from 17 to 89.5%. The highest number of spores (20 spores/10 g soil) was found in the 
rhizosphere of Homalanthus sp. and Polyalthia glauca, while the highest percentage of root colonization (89.5%) was observed under 

Pandanus sp. at Upper ADA. Notably, the highest number of spores did not correspond to the highest percentage of infected roots. 
Additionally, four genera of AM fungi, namely Glomus, Acaulospora, Scuttelospora and Gigaspora, were found to thrive in tailings 
areas and have the potential to be developed as biofertilizers for tailings rehabilitation programs.  
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INTRODUCTION  

Freeport Indonesia is one of the largest mining 

companies in Indonesia, involved in the mining, 

processing, and exploration of copper and gold ores in the 

highlands of Mimika, Papua. The mining process generates 
tailings or leftover sand, resulting from fine rock after 

copper and gold are obtained through the flotation process 

at the ore processing operations. These tailings contain the 

highest mineral content with physical characteristics 

ranging from coarse to medium and very fine textures, 

affecting soil formation (PTFI 2007). The soil derived from 

these tailings has very low organic matter and a limited 

amount of nutrients. Taberima et al. (2010) reported that 

tailings contain only 0.02% of total N (very low), 20 

me/100g (low to medium) of cation exchange capacity 

(CEC), 0.1-2% of organic C, and a pH value from 7 to 8. 

Moreover, the nutrients in tailings soil are not in a form 

that is readily absorbed by the plants, resulting in a very 
low soil fertility level. Therefore, the natural revegetation 

process in Freeport Indonesia work areas is significantly 

affected in both lowland and highland areas. Therefore, to 

support the revegetation in these areas, it is necessary to 

implement various strategies using existing technologies. 

One method is the application of Arbuscular Mycorrhiza 

(AM) Fungi as a biofertilizer source.  

Arbuscular Mycorrhiza Fungi (AM fungi) are 

ubiquitous in soils and establish symbioses with the roots 

of about 85% of all terrestrial plants. These Fungi are 

important in enhancing the plants' uptake of soil nutrients, 

particularly phosphorus (Smith and Read 2008). This 

symbiotic association is thus generally considered 
beneficial for the host plant's growth and development 

under limited phosphate availability. AM fungi are 

essential components that promote plant growth, especially 

in post-mining sites (Gardner and Malajczuk 1988; Wang 

2017; Husna et al. 2019; 2021). Furthermore, it is 

important in the agricultural growth, productivity, and 

quality (Chen et al. 2018) of plantation and forestry crops, 

especially those cultivated on less fertile soils. It has an 

essential biological role and contributes to improving 

nutrition and plant growth (Diagne et al. 2020), biological 

protection (Azcón-Aguilar and Barea 1996; Rouphael et al. 

2015; Lin et al. 2021), plant resistance to drought (Abdel-
Salam et al. 2018; Begum et al. 2019; Li et al. 2019; Zhang 

et al. 2019), synergy with other microorganisms 

particularly bacteria (Christensen and Jacobsen 1993; 

Artursson et al. 2005), as well to maintain plant diversity in 

different ecosystems (Heijden et al. 1998; Klironomos et al. 

2000; Bagyaraj and Revanna 2017; Horn et al. 2017; 

Zhaoyong et al. 2017), and to improve soil quality through 

its structure, texture, and plant health (Zou et al. 2016; 

Thirkell et al. 2017). These fungi also assist the 

revegetation process by increasing mineral solubility, 
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nutrient uptake, binding soil particles into stable 

aggregates, and increasing tolerance to drought and heavy 

metal toxicity (Hildebrandt 2007; Amir et al. 2013; 

Asmelash et al. 2016; Chen et al. 2018; Husna et al. 2019). 

In addition, they enhance plant growth on critical and 

degraded lands (Al-Karaki 2013), including those affected 

by mining activities. Several studies have previously been 

conducted on AM fungi in Freeport Indonesia's Modified 

Ajkwa Deposition Areas (Mod ADA). These studies have 

focused on various aspects, such as the examination of the 
spatial distribution of AM fungi (Djuuna et al. 2010), Fungi 

associated with dominant plant growth in Mod ADA 

(Suharno et al. 2014), the association of AM fungi with 

Fern (Suharno et al. 2016), and the association of AM fungi 

with Brachiaria precumbens (Poaceae) (Suharno et al. 

2017). This study examined the highest number of plants 

(28 types) at three different areas of Mod ADA, including 

Upper, Middle, Lower Mod ADA, and Mile Point 21 (MP 

21), characterized by different soil textures and plant types. 

The aim of this study was to assess the distribution and 

variability of AM fungi in the soils and roots of plants 
growing under varying soil textures in the tailings sites of 

Mod ADA and MP 21.  

MATERIALS AND METHODS  

Soil and root sampling 

Soil and plant root samples (0-20 cm) were collected 

from multiple locations within the Mod ADA areas, 

particularly at the Upper, middle, and lower ADA and MP 

21. Therefore, 41 sampling points were established, 

encompassing 28 distributions of existing plant species, as 

presented in Figure 1. Subsequently, soil and root samples 

were taken to the laboratory for further preparation and 

analysis. 

Soil analysis 

Soil samples obtained from all sampling locations were 

analyzed to determine various chemical and physical 

properties, including soil pH (H2O), organic C (%) 
(Walkley and Black), Total N (%) (Kjeidahl), and P (ppm) 

(Bray I), soil moisture content (%) through the gravimetric 

method, and soil texture using a hydrometer. 

Mycorrhiza bioassay method  

Mycorrhiza bioassays measure the infectivity in the soil 

at a point in time, indicating the potential of AM Fungal 

propagules present to colonize plant roots. The 41 

composite soil samples collected from Mod ADA and MP 

21 areas were used as growth media for Zea mays (corn) in 

plastic pots containing 500 grams of soil. The soil was 

consistently watered to maintain field capacity for the 
bioassay duration. Each pot was initially sown with five 

seeds of corn and then thinned to two plants per pot. The 

pots were then randomized in blocks and placed in a 

glasshouse for maintenance. After six weeks from seedling 

emergence, plants were harvested, and the roots were 

further assessed for AM Fungal colonization. 

 

 
 

Figure 1. Sampling location of soils and roots at Mod ADA areas and MP 21 of Freeport Indonesia of Timika District, Central Papua 
Province, Indonesia 
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Isolation and extraction of AM fungal spores 

AM fungal spores were isolated and extracted from soil 

samples using the wet Sieving and decanting technique 

(Gederman and Nicholson 1963). For this procedure, 10 g 

of soil was added to 100 mL of water and mixed vigorously 

with a glass rod for about 30 seconds to free AM fungi 

spores from the soil. The suspension was then allowed to 

settle for 10-15 seconds before gradually decanting it 

through standard sieves with mesh sizes of 300 um, 125 

um, 106 um, and 63 um, respectively. The contents 
retained on each sieve were decanted into separate Petri 

dishes using a wash bottle for further processing. 

Subsequently, the number of spores found in each sample 

was calculated as the total number per 10 grams of soil. 

Morphological observation of spores for identification 

AM fungi was identified by determining the spores' 

morphology, which involved placing the spores in a Petri 

dish. Spores were carefully selected using a dissecting 

microscope with tweezers and prepared as AM fungi 

specimens using the Polyvinyl-lacto-glycerol (PVLG) 

reagents (Koske and Tessier 1983). The specimens were 
then examined under a compound microscope for further 

identification. AM fungi spore was identified based on the 

Gedermann and Trappe identification guide (1974). 

Furthermore, morphotypes of AM fungi present in samples 

were identified up to the genus level (Abbott 1982). 

Assessment of AM fungi colonization 

Plant roots collected from the field and bioassay plant, 

particularly fine roots, were washed thoroughly until no 

soil was attached. The roots were then cleared and stained 

with Trypan Blue, following the method by Abbott and 

Robson (1981). The stained roots were examined under a 
dissecting microscope to assess the percentage of root 

length infected. The presence or absence of AM fungi that 

intersected the grid in the field of view was recorded for 

100 intercepts, and the root length was estimated (Newman 

1966). The percentage of roots infected by AM fungi was 

calculated using the formula by Brundrett et al. 1996 as 

follows: 

 

(Total number of fields of view colonized/Total 

observed field of view) x 100% 

RESULTS AND DISCUSSION 

Number of spores and percentage of roots infected by 

AM fungi 

Table 1 shows that the average number of AM Fungal 

spores in plants' root areas (rhizosphere) across all 

sampling locations were classified as low and ranged from 

2 to 20 spores/10 g of soil. The highest number of spores 

was found in the Upper ADA (8.7 spores/10 g of soil), 

followed by the Lower ADA (7.6 spores), Middle ADA 

(7.2 spores), and the lowest in the MP 21 areas (7.2 

spores). Moreover, based on plant types, a high number of 

AM fungi spores was observed in the rhizosphere of 

Homalanthus sp (Middle ADA) and Polyalthia glauca (MP 

21), compared to other types of plants. The lowest spore 

numbers were found in Casuarina litorea, Rhus taitensis, 

Campnosperma brevipetiolatum (Middle ADA) and Ficus 

benjamina (MP 21), with the low number attributed to the 

soil properties of tailings, which lack organic matter and 

some soil nutrients. 

 AM fungi colonization  

Based on the examination of the field root samples, the 

percentage of root colonization by AM fungi ranged from 

low to high, with values of 17.2 to 89.5%. On average, the 
Middle ADA had the highest percentage of root infection 

(72.78%) compared to the other sampling areas, while the 

lowest was in the Lower ADA areas (42.1%). Based on the 

type of plant, the highest percentage of root infection by 

AM fungi (>80%) was found in the rhizosphere of Ficus 

elastica, Maccaranga aleuritoides, Glochidion 

macrocarpus, and Ficus armitii in the Middle ADA, 

Euodia elleryana and Pandanus sp. in the Upper ADA, and 

Decaspermum fruticosum and Polyalthia glauca in the MP 

21. Although the percentage of infection varied among 

different plants, all plants examined were infected by AM 
fungi, indicating a well-developed association between AM 

fungi and plant roots growing in the tailings soil of Mod 

ADA and MP 21 areas. Similar trends were observed in the 

root infection of AM fungi using the bioassay method. The 

percentage of root infection in the bioassay plant was 

slightly higher compared to the field sample plant, which 

ranged from 22.22% to 94.52%. However, based on the 

sampling location, the average percentage of infection was 

highest in the Middle ADA areas (75.77%), followed by 

the Upper ADA (68.14%) and MP 21 (67.13%), while the 

lowest was in the Lower ADA (47.02%). Most of the soil 
samples in the bioassay experiment exhibited high levels of 

AM Fungal root infection. 

AM fungi spore morphotypes 

The identification process revealed the presence of 

several spore types in all observation locations, with the 

majority belonging to the genus Glomus, along with some 

from the Acaulospora, Scutellospora, and Gigaspora genera 

(Table 1). Glomus was found in all sampling locations and 

plant rhizospheres (Figure 2), and the spore morphotypes 

were more diverse in Mod ADA areas than in MP 21.  

The presence of spores and the percentage of root 

infection by AM fungi at all sampling locations indicate 
that the Mod ADA and MP 21 tailings areas are suitable 

habitats for the growth and development of AM fungi.  

 
 

 
 

Figure 2. Representation of Glomus Spores Morphotypes in study 
areas of Mod ADA 
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Table 1. Number of spores and percentage of roots infected by AM fungi at Mod ADA and MP 21 areas 
 

 Sampling location/ 

plant 
Spore numbers/ 

10 g of soil 
% AM 

fungi 
% root infected 

(bioassay) 
AM fungi 

spores morphotypes 

Lower ADA      
 Pandanus sp. 10 53.8 58.82 Glomus 
 Casuarina litorea 6 48.3 53.33 Glomus 
 Octomeles sumatrana 12 36.3 41.28 Glomus 

 Rhus taitensis 6 17.2 22.22 Glomus, Scutellospora 
 Campnosperma brevipetiolatum 6 61.9 65.96 Glomus, Scutellospora 
 Ficus elastica 4 46.6 51.58 Glomus, Scutellospora, Acaulospora 
 Maccaranga aleuritoides 8 55.5 60.53 Glomus, Scutellospora 
 Glochidion macrocarpus 16 41.2 46.24 Glomus, Scutellospora, Acaulospora 
 Homalanthus sp 12 32.2 37.23 Glomus 
 Ficus armitii 6 28.0 32.99 Glomus, Scutellospora, Acaulospora 
 Mean 7.6 42.1 47.02  

Middle ADA      

 Pandanus sp 6 55.9 70.37 Glomus 
 Casuarina litorea 2 59.0 72.41 Glomus 
 Campnosperma brevipetiolatum 2 67.3 72.31 Glomus, Scutellospora 
 Paraserianthes falcataria 12 67.4 60.87 Glomus 
 Ficus armitii 12 85.9 90.91 Glomus, Scutellospora, Acaulospora 
 Alstonia scholaris 2 65.4 64.04 Glomus, Scutellospora 
 Terminalia catappa 4 86.6 91.58 Glomus, Scutellospora, Acaulospora 
 Artocarpus communis 8 81.0 86.05 Glomus, Scutellospora 

 Premna corymbose 4 81.3 86.27 Glomus, Scutellospora, Acaulospora 
 Malotus philppinensis 20 73.0 78.02 Glomus 
 Mean 7.2 72.78 75.77  

Upper ADA      
 Maccaranga aleus 8 74.5 94.52 Glomus, Acaulospora 
 Euodia elleryana 4 88.9 48.00 Glomus, Gigaspora 
 Alstonia scholaris 14 73.9 70.51 Glomus 
 Piper aduncum 8 43.1 82.08 Glomus, Scutellospora 

 Rhus taitensis 10 77.1 70.18 Glomus 
 Campnosperma brevipetiolatum 6 65.2 79.47 Glomus 
 Pandanus sp 12 89.5 93.94 Glomus 
 Octomeles sumatrana 8 65.5 78.87 Glomus, Acaulospora 
 Cassuarina litorea 6 43.0 48.10 Glomus, Scutellospora 
 Pometia pinnata 12 42.0 47.01 Glomus, Acaulospora 
 Leucaena glauca 8 31.8 36.84 Glomus, Gigaspora 
 Mean 8.7 63.14 68.14  

Mile Point (MP) 21     
 Pandanus sp 4 31.2 92.20 Glomus, Acaulospora 
 Campnosperma brevipetiolatum 8 67.1 83.33 Glomus 
 Timonius timon 4 74.4 36.21 Glomus, Scutellospora 
 Schefflera sp 16 52.9 72.09 Glomus 
 Decaspermum fruticosum 4 80.1 79.38 Glomus 
 Ficus benjamina 2 78.3 57.89 Glomus 
 Polyalthia glauca 20 87.2 85.14 Glomus 
 Maccaranga aleus 6 35.3 40.30 Glomus 

 Metroxylon sagu 4 68.1 73.08 Glomus 
 Elaesis guineensis 6 46.7 51.72 Glomus 
 Mean 7.2 62.13 67.13  

 
 
 

Soil properties 

The physical and chemical properties of the soil from 

all sampling locations in the Upper, Middle, Lower Mod 

ADA, and MP 21 areas are presented in Table 2. It was 

observed that the pH ranged from 5.2 to 6.7 (acid to 

neutral), with an average soil pH of 6.0 (slightly acidic). 

The organic C content ranged from 0.40 to 7.10% (very 

low to very high), with the Lower ADA observation site 

exhibiting a very high organic C content, followed by 

Upper ADA (low), Middle ADA, and MP 21 (very low). 

The total N at all observation locations ranged from very 

low to high, with an average of very low to low. Soil P 

content in all locations was generally low, ranging from 

3.20 to 17.20 ppm, with the Lower ADA showing the 

highest average soil P value compared to other locations. 

Soil water content at all sampling locations ranged from 

37.3 to 86.2%, and most of the areas comprised coarse 

particle sizes classified as loamy to loamy sand in terms of 

texture. Generally, the soils in tailings areas are classified 

as poor in nutrients and organic matter. 
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Table 2. Soil properties in the Mod ADA areas of Upper, Middle, Lower, and MP 21 
 

Sampling location/ 

plant types 
pH 

(H2O) 
C-org 

(%) 
N-Total 

(%) 
P 

(ppm) 
Moisture 

content (%) 
Texture class 

Lower ADA 
Pandanus sp 5.8 6.94 0.47 16.50 85.9 Loamy 
Casuarina litorea 5.8 0.80 0.08 5.70 86.2 Loamy 
Octomeles sumatrana 5.2 6.14 0.43 14.50 86.1  Sandy clay loam 

Rhus taitensis 5.2 3.75 0.34 10.50 85.9 Sandy clay loam 
Campnosperma brevipetiolatum 5.6 5.98 0.45 14.80 84.9 Sandy clay loam 
Ficus elastica 5.5 7.10 0.53 17.20 86   Sandy clay 
Maccaranga aleuritoides 5.9 6.86 0.48 15.60 86.2 Sandy clay loam 
Glochidion macrocarpus 5.8 6.62 0.48 15.10 86 Sandy loam 
Homalanthus sp 6.0 0.88 0.09 6.50 86.2 Sandy clay 
Ficus armitii 6.3 5.58 0.49 15.40 41 Sandy clay loam 
Mean 5.71 5.06 0.38 13.18 62  

Middle ADA       

Pandanus sp  5.8 0.71 0.06 4.10 38.2 Sandy loam 
Cassuarina litorea  6.4 0.48 0.05 3.60 41.1 Loamy sand 
Campnosperma brevipetiolatum  5.8 0.40 0.06 3.20 44.1 Sandy loam 
Paraserianthes falcataria  5.8 0.88 0.08 4.50 41.2 Sandy loam 
Ficus armitii  5.6 0.48 0.05 3.40 37.9 Sandy loam 
Alstonia scholaris  6.2 0.64 0.06 4.40 39.3 Sandy loam 
Terminalia catappa  6.5 0.55 0.06 3.70 45.2 Sandy loam 
Artocarpus communis  6.5 0.72 0.07 4.50 38.2 Sandy loam 

Premna corymbose  5.3 0.80 0.08 4.70 37.8 Sandy loam 
Malotus philppinensis  6.1 1.51 0.13 5.20 41.7 Sandy loam 
Mean  6.0 0.71 0.07 4.13 40.47  

Upper ADA       
Maccaranga aleus  6.3 1.20 0.11 6.00 86.1 Sandy clay loam 

Euodia elleryana  6.2 1.51 0.14 6.50 86.2 Sandy clay loam 

Alstonia scholaris  5.8 6.06 0.57 15.90 86.1 Sandy clay loam 

Piper aduncum  5.9 3.03 0.29 13.80 40.8 Loamy sand 

Rhus taitensis  5.8 1.75 0.18 6.30 41.7 Sandy loam 

Campnosperma brevipetiolatum  6.3 3.27 0.29 7.50 44 Loamy sand 

Pandanus sp  6.3 2.63 0.27 6.50 40.1 Sandy loam 

Octomeles sumatrana  6.1 0.95 0.08 5.20 37.5 Loamy sand 

Cassuarina litorea  6.7 1.75 0.16 5.80 37.3 Loamy sand 
Pometia pinnata  6.0 1.11 0.12 7.00 40.2 Loamy sand 
Leucaena glauca  6.2 2.95 0.27 13.0 45 Loamy sand 
Mean  6.1 2.32 0.25 9.41 53.18  

MP 21       
Pandanus sp  6.1 0.71 0.07 4.70 86 Loamy 
Campnosperma brevipetiolatum  6.6 0.55 0.06 3.90 85 Loamy 
Timonius timon  6.4 0.64 0.06 4.40 40.2 Sandy loam 
Schefflera sp  6.4 0.95 0.09 5.30 39 Sandy loam 
Decaspermum fruticosum  6.5 1.12 0.10 5.80 37.4 Sandy loam 
Ficus benjamina  6.2 1.03 0.10 4.50 39.8 Sandy loam 
Polyalthia glauca  6.3 0.95 0.10 4.10 86.1 Sandy clay loam 
Maccaranga aleus  6.5 1.20 0.10 6.00 85.9 Sandy clay loam 

Metroxylon sagu  6.2 1.27 0.13 5.70 86 Sandy clay loam 
Elaesis guineensis  6.1 0.64 0.06 5.30 86 Loamy 
Mean  6.3 0.93 0.09 4.97 65.0  

 
 
 

Discussion 

The results indicate that certain soil chemical properties 

across the study areas were low. This is consistent with the 

study by Taberima et al. 2010 reported that low total 

N, Organic-C, CEC, K, and Na in tailings, low to medium 

Ca and Mg, high levels of available P and Base Saturation, 

and a pH range from acid to neutral. Suryanto and Susetyo 

1997 stated that tailings soil has a coarse texture, low water 

retention, low soil chemical properties, low CEC, and lacks 

both inorganic and organic colloids while containing heavy 

metal elements (Setyaningsih 2017). Low soil chemical 

properties contribute to lower soil fertility levels on tailings 

land. In addition, the low soil pH in tailings areas should 

affect the number and population of soil microbes, 

including AM fungi. Essentially soil microbes tolerant to 

soil pH would be present, as most soil microbes prefer a pH 

level close to neutral; at this pH level, plants grow well and 

produce more root exudates as a carbon source for survival 

and multiplication of microbes. Soil characteristics have 

been found to influence the activity of AM fungi in the soil 
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(Alguacil 2016), including tailings soil. The abundance of 

AM fungi is related to soil phosphorus level (Jacobsen et 

al. 2001; Yang et al. 2014; Higo et al. 2020) and can be 

influenced by soil moisture (Deepika and Kothamasi 2014; 

Bhardwaj and Chandra 2018), soil texture, and aggregation 

(Bearden and Peterson 2000; Rillig and Mummey 2006; 

Leifheit 2013). The low number of AM fungi spores in the 

study areas is also attributed to the soil properties of 

tailings and the type of plant. Zhu et al. 2020 pointed out 

that environmental factors, such as soil organic C, N, P, 
and pH, influence AM fungi's quantity and variety. The 

low number of spores and diversity may also be due to the 

inhibition of AM fungi developmental processes like spore 

germination, sporulation, colonization, hyphae extension, 

and arbuscular formation. Notably, all plant samples grown 

in Mod ADA and MP 21 areas were colonized by AM 

fungi, and these 28 plant types exhibited robust growth and 

adaptability in tailings conditions. The highest number of 

AM fungi spores were found in the rhizosphere of 

Homalanthus sp and Polyalthia glauca. The presence of 

different plant types also affected the abundance of AM 
fungi (Govindan et al. 2019).  

Bagyaraj and Revanna (2017) stated that plant bio-

diversity and ecosystem productivity increase with the 

increasing number of AM fungi. That indicates that the 

diversity of AM fungi in the soil is important in 

maintaining plant biodiversity and ecosystem functioning. 

In the bioassay plants, the root infection percentage was 

slightly higher than in the field sample plant. Mycorrhizal 

bioassays measure the infectivity of arbuscular mycorrhizal 

(AM) fungal propagules in the soil at one point or over 

time if sequential harvests are included. However, the 
bioassay environment may differ from the field conditions. 
Djuuna et al. (2009) explained that Bioassays have the 

potential to assist in predicting how roots might become 

colonized in field soils, but calibrations are necessary. The 

number of spores in this study (2-20 spores/10 gram of 

soil) are slightly higher than those reported by Suharno et 

al. (2016), which ranged from 8 to 12 spores/10 gram of 

soil. The lower number of AM fungi spores in the MP 21 

areas may be attributed to the conversion of some areas 

into agroecosystem crops that significantly affect AM 

spore numbers and their diversity. Furthermore, AM fungi 

diversity and spore numbers are relatively higher on newly 
developed plant communities (natural succession) than on 

agroecosystems crops (Hatfindo 1998).  

AM fungi have potential roles in restoring and 

improving degraded soils, including tailings, and 

promoting plant growth and survival under mining 

conditions (Jasper et al. 1988; Juge et al. 2021). However, 

mining activities reduce AM fungi diversity in mining-

impacted sites (Husna et al. 2015; Yang et al. 2015; Wang 

2017). 

The dominant AM fungi morphotypes across the study 

were from the genus of Glomus, followed by Scuttelospora, 
Acaulospora, and Gigaspora. This finding is consistent 

with the study by Suharno et al. (2017) in tailings areas of 

ModADA, except for the genus Gigaspora. Husna et al. 

(2015) reported that Glomus is a genus of AM fungi that is 

tolerant and adaptive to different soils and environmental 

conditions, indicating that it survives in varying pH 

conditions. Samal et al. (2023) also found that the genus 

Glomus had the highest spore abundance on post-mining 

land with Arenga pinnata. 

In conclusion, the number of AM fungi spores across 

the study areas was classified as low, which may be 

attributed to the low soil nutrients and organic matter of 

tailings. The percentage of root colonized by AM fungi was 

high for most plant species, including the bioassay plant. 

AM fungi colonized all plants grown in Mod ADA and MP 
21 tailings areas, indicating that the Mod ADA and MP 21 

tailings areas are suitable habitats for the growth and 

development of AM fungi. However, it is essential to 

implement more tailings management that involves the 

application of organic matter to increase AM fungi 

diversity. Four morphotypes of AM fungi, namely Glomus 

sp., Scuttelospora sp., Acaulospora sp., and Gigaspora sp., 

were identified, which have shown promising growth in 

tailings areas and have the potential to be developed as 

biofertilizers for tailings rehabilitation program. 

ACKNOWLEDGEMENTS 

The authors are grateful to the University of Papua, 

Indonesia and Freeport Indonesia for their invaluable 

support and provision of facilities throughout the study 

conducted in both Timika and Manokwari. 

REFERENCES 

Abbott LK. 1982. Comparative anatomy of vesicular-arbuscular 

mycorrhizas formed on subterranean clover. Aust J Bot 30: 485-499. 

DOI: 10.1071/BT9820485. 

Abdel-Salam E, Abdulrahman A, El-Sheikh MA. 2018. Inoculation with 

arbuscular mycorrhizal fungi alleviates harmful effects of drought 

stress on damask rose. Saudi J Biol Sci 25 (8) 1772-1780. DOI: 

10.1016/j.sjbs.2017.10.015.  

Alguacil MM, Torres MP, Navarro AM, Roldán A. 2016. Soil 

characteristics driving arbuscular mycorrhizal fungal communities in 

Semiarid Mediterranean Soils. J Appl Environ Microbiol 82 (11): 

3348-3356. DOI: 10.1128/AEM.03982-15. 

Al-Karaki G. 2013. The role of mycorrhiza in the reclamation of degraded 

lands in arid environments. Developments in soil classification, land 

use planning and policy implications: Innovative thinking of soil 

inventory for land use planning and management of land resources, 

823-836. DOI: 10.1007/978-94-007-5332-7_48. 

Amir H, Lagrange A, Hassaïne N, Cavaloc Y. 2013. Arbuscular 

mycorrhizal fungi from New Caledonian ultramafic soils improve 

tolerance to nickel of endemic plant species. Mycorrhiza 23: 585-595. 

DOI: 10.1007/s00572-013-0499-6. 

Artursson V, Finlay RD, Jansson JK. 2005. Combined bromodeoxyuridine 

immunocapture and terminal restriction fragment length 

polymorphism analysis high-lights differences in the active soil 

bacterial metagenome due to Glomus mosseae inoculation or plant 

species. Environ Microbiol 7: 1952-1966 DOI: 10.1111/j.1462-

2920.2005.00868.x. 

Asmelash F, Bekele T, Birhane E. 2016. The potential role of arbuscular 

mycorrhizal fungi in the restoration of degraded lands. Front 

Microbiol 7: 1095. DOI: 10.3389/fmicb.2016.01095. 

Bhardwaj AK, Chandra KK. 2018. Soil moisture fluctuation influences 

AMF root colonization and spore population in tree species planted in 

degraded entisol soil. Intl J Biosci 13 (3): 229-243. 

DOI: 10.12692/ijb/13.3.229-243. 



DJUUNA et al. – AM Fungi within tailings deposition areas of Freeport Indonesia, Timika 

 

4521 

Bagyaraj D, Revanna A. 2017. Can mycorrhizal fungi influence plant 

diversity and production in an ecosystem. Microbes for restoration of 

degraded ecosystems. NIPA, New Delhi.  

Bearden BN, Peterson L. 2000. Influence of arbuscular mycorrhizal fungi 

on soil structure and aggregate stability of vertisols. Plant Soil 218: 

173-183. DOI: 0.1023/A:1014923911324. 

Begum N, Qin C, Ahanger MA, Raza S, Khan MI, Ashraf M, Ahmed N, 

Zhang L. 2019. Role of arbuscular mycorrhizal fungi in plant growth 

regulation: Implications in abiotic stress tolerance. Front Plant Sci 10: 

1068. DOI: 10.3389/fpls.2019.01068. 

Brundrett M, Bougher N, Deu B, Grove T, Majalaczuk N. 1996. Working 

with Mycorrhizas in Forestry and Agriculture. Australian Centre for 

International Agricultural Research, Canberra. 

Chen M, Arato M, Borghi L, Nouri E, Reinhardt D. 2018. Beneficial 

Services of Arbuscular Mycorrhizal Fungi - From Ecology to 

Application. Front Plant Sci 9: 1270. DOI: 10.3389/fpls.2018.01270. 

Christensen H, Jakobsen I. 1993. Reduction of bacterial growth by a 

vesicular arbuscular mycorrhizal fungus in the rhizosphere of 

cucumber (Cucumis sativa L). Biol Fertil Soil 15: 253-258. DOI: 

10.1007/BF00337209. 

Deepika S, Kothamasi D. 2015. Soil moisture—a regulator of arbuscular 

mycorrhizal fungal community assembly and symbiotic phosphorus 

uptake. Mycorrhiza 25: 67-75. DOI: 10.1007/s00572-014-0596-1. 

Diagne N, Ngom M, Djighaly PI, Fall D, Hocher V, Svistoonoff S. 2020. 

Roles of arbuscular mycorrhizal fungi on plant growth and 

performance: Importance in biotic and abiotic stressed 

regulation. Diversity 12 (10): 370. DOI: 10.3390/d12100370. 

Djuuna IAF, Abbott LK, Solaiman ZM. 2009. Use of Mycorrhiza 

Bioassays in Ecological Studies. In: Varma A, Kharkwal AC (eds.) 

Symbiotic Fungi. Springer, Berlin, Heidelberg. DOI: 10.1007/978-3-

540-95894-9_3. 

Djuuna IAF, Puteh HP, Bachri S. 2010. Spatial distribution of Arbuscular 

Mycorrhiza (AM) Fungi in the tailing ModADA deposition areas. 

19th World Congress of Soil Science, Soil Solution for A Changing 

world, Brisbane, Australia, 1-6 August 2010. 

Gardner H, Malajczuk N. 1988. Recolonization of rehabilitated bauxite 

mine sites in Western Australia by mucorrhizal fungi. For Ecol 

Manag 24: 27-42. DOI: 10.1016/0378-1127(88)90022-9. 

Gerdemann JW, Nicolson TH. 1963. Spores of mycorrhizal Endogone 

extracted from soil by wet Sieving and decanting. Trans Brit Mycol 

Soc 46: 235-244. DOI: 10.1016/S0007-1536(63)80079-0. 

Gerdemann JW, Trappe JM. 1974 The Endogonaceae in the Pacific 

Northwest. Mycol Mem 5: 1-76.  

Govindan M, Rajeshkumar PP, Varma CKY, Anees CKM, Rashmi CR, 

Nair AB. 2019. Arbuscular mycorrhizal fungi status of mango 

(Mangifera indica) cultivars grown in typic quartzipsamments soil. 

Agric Res 9: 188-196. DOI: 10.1007/s40003-019-00432-8. 

Hatfindo Prima PT. 1998. Soil and Mycorrhizae Research for Reclamation 

Planning in The PT. Freeport Indonesia Contract of work mining and 

project area, Irian Jaya Indonesia. [Indonesian] 

Hildebrandt U, Regvar M, Bothe H. 2007. Arbuscular mycorrhiza and 

heavy metal tolerance. Phytochemistry 68: 139-146. 

DOI: 10.1016/j.phytochem.2006.09.023. 

Higo M, Azuma M, Kamiyoshihara Y, Kanda A, Tatewaki Y, Isobe K. 

2020. Impact of phosphorus fertilization on tomato growth and 

arbuscular mycorrhizal fungi communities. Microorganisms 8 (2): 

178. DOI: 10.339/microorganisms8020178. 

Horn S, Hempel S, Verbruggen E, Rillig MC, Caruso T. 2017. Linking the 

community structure of arbuscular mycorrhizal fungi and plants: a 

story of interdependence? ISME J Multidisciplinary J Microb Ecol 11 

(6): 1400-1411. DOI: 10.1038/ismej.2017.5. 

Husna, Sri WB, Mansur I, Kusmana DC. 2015. Diversity of arbuscular 

mycorrhizal fungi in the growth habitat of kayu kuku (Pericopsis 

mooniana Thw.) in Southeast Sulawesi. Pak J Biol Sci 18: 1-

10. DOI: 10.3923/pjbs.2015.1.10. 

Husna, Tuheteru FD, Arif A, 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. DOI: 10.1088/1755-

1315/394/1/012069. 

Husna, Tuheteru FD, Arif A. 2021. Arbuscular mycorrhizal fungi 

toenhance 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. DOI: 

10.13057/biodiv/d220930. 

Jacobsen I, Gazey C, Abbott LK. 2001. Phosphate transport by 

communities of arbuscular mycorrhiza fungi in intact cores. New 

Phytol 149: 95-103. DOI: 10.1046/j.1469-8137.2001.00006.x. 

Jasper DA, Robson AD, Abbott LK. 1987. The effect of surface mining 

on the infectivity of vesicular-arbuscular mychorrizal fungi. Aust J of 

Bot 35: 642-652. DOI: 10.1046/j.1461-0248.2000.00131.x. 

Juge C, Cossette N, Jeanne T, Hogue R. 2021. Long-term revegetation on 

iron mine tailings in northern Québec and Labrador and its effect on 

arbuscular mycorrhizal fungi. Appl Soil Ecol 168 (3): 104145. 

DOI: 10.1016/j.apsoil.2021.104145. 

Koske RE, Tessier B. 1983. A convenient permanent slide mounting 

medium. Mycol Soc Am Newsl 34: 59.  

Leifheit EF, Veresoglou SD, Lehmann A. 2014. Multiple factors influence 

the role of arbuscular mycorrhizal fungi in soil aggregation a meta-

analysis. Plant Soil 374: 523-537. DOI: 10.1007/s11104-013-1899-2. 

Li J, Meng B, Chai H, Yang X, Song W, Li S, Lu A, Zhang T, Sun W. 

2019. Arbuscular mycorrhizal fungi alleviate drought stress in 

C3(Leymus chinensis) and C4 (Hemarthria altissima) 

grasses via altering antioxidant enzyme activities and 

photosynthesis. Front Plant Sci 10: 499. DOI: 

10.3389/fpls.2019.00499. 

Lin P, Zhang M, Wang M, Li Y, Liu J, Chen Y. 2021. Inoculation with 

arbuscular mycorrhizal fungus modulates defense-related genes 

expression in banana seedlings susceptible to wilt disease. Plant 

Signaling Behav 16: 5. DOI: 10.1080/15592324.2021.1884782. 

Phillips JM, Hayman DS. 1970. Improved procedures for clearing roots 

and staining parasitic and vesicular-arbuscular mycorrhizal fungi for 

rapid assessment of infection. Trans Brit Mycol Soc 55: 158. DOI: 

10.1016/S0007-1536(70)80110-3. 

PTFI. 2007. Laporan Pelaksanaan Pengelolaan dan Pemantauan 

Lingkungan. Triwulan 1 Tahun 2007. PT Freeport Indonesia, Jakarta. 

[Indonesian] 

Rillig MC, Mummey DL. 2006. Mycorrhizas and soil structure. New 

Phytol 171 (1): 41-53. DOI: 10.1111/j.1469-8137.2006.01750.x. 

Rouphael Y, Franken P, Schneider C, Schwarz D, Giovannetti M, 

Agnolucci M, De Pascale S, Bonini P, Colla G. 2015. Arbuscular 

mycorrhizal fungi act as biostimulants in horticultural crops. Sci 

Hortic 196: 91-108. DOI: 10.1016/j.scienta.2015.09.002. 

Samal SI, Mansur I, Junaedi A. 2023. Exploration of indigenous 

arbuscular mycorrhizal fungi on Arenga pinnata merr in post-mining 

land. Indones Mining J 26 (1): 39-47. DOI: 

10.30556/imj.Vol26.No1.2023.1285.  

Setyaningsih L, Setiadi Y, Budi SW, Hamim, Sopandie D. 2017. Lead 

accumulation by jabon seedlings (Anthocephalus cadamba) on tailing 

media with application of compost and arbuscular mycorrhizal fungi. 

IOP Conf Ser: Earth Environ Sci 58: 012053. DOI: 10.1088/1755-

1315/58/1/012053. 

Smith SE, Read DJ. 2008 Mycorrhizal Symbiosis. 3rd Edition, Academic 

Press, London. 

Suharno RP, Sancayaningsih ES, Soetarto, Kasiamdari RS. 2014. 

Keberadaan fungi mikoriza arbuskula di kawasan tailing tambang 

emas Timika sebagai upaya rehabilitasi lahan ramah lingkungan. J 

Manusia dan Lingkungan 21 (3): 295-303. DOI: 10.22146/jml.18556 

[Indonesian] 

Suharno, Rina SK, Endang SS, Retno PS. 2016. Presence of Arbuscular 

Mycorrhizal Fungi on Fern from Tailing Deposition Area of Gold 

Mine in Timika, Indonesia. Intl J Environ Bioremed Biodegrad 4 (1): 

1-7. DOI: 10.12691/ijebb-4-1-1. 

Suharno, Soetarto ES, Sancayaningsih RP, Kasiamdari RS. 2017. 

Association of arbuscu-lar mycorrhizal fungi (AMF) with Brachiaria 

precumbens (Poaceae) in tailing and its potential to increase the 

growth of maize (Zea mays). Biodiversitas 18 (1): 433-441. DOI: 

10.13057/biodiv/d180156. 

Suryanto, Susetyo W. 1997. Perlakuan bahan organik dan tanah mineral 

pada bahan tailing terhadap ketersediaan unsur hara makro dan unsur 

logam mikro. J Ilmu Tanah dan Lingkungan 28: 36-41. [Indonesian] 

Taberima S, Mulyanto B, Gilkes R, Husin Y. 2010. Fertility status of soils 

developed on an inactive mine tailings deposition area in Papua [P- 

1094]. 19th World Congress of Soil Science, Soil Solution for A 

Changing world, Brisbane, Australia, 1-6 August 2010. 

Thirkell TJ, Charters MD, Elliott AJ, Sait SM, Field KJ. 2017. Are 

mycorrhizal fungi our sustainable saviours considerations for 

achieving food security. J Ecol 105: 921-929. DOI: 10.1111/1365-

2745.12788. 

Van Der Heijden MG, Klironomos JN, Ursic M, Moutoglis P, Streitwolf-

Engel R, Boller T, Wiemken A, Sanders IR. 1998. Mycorrhizal fungal 



 BIODIVERSITAS 24 (8): 4515-4522, August 2023 

 

4522 

diversity determines plant biodiversity, ecosystem variability and 

productivity. Nature 396: 69-72. DOI: 10.1038/23932. 

Wang F. 2017. Occurrence of arbuscular mycorrhizal fungi in mining-

impacted sites and their contribution to ecological restoration: 

Mechanisms and applications. Crit Rev Environ Sci Technol 47 (20): 

1901-1957. DOI: 10.1080/10643389.2017.1400853. 

Yang G, Liu N, Lu W, Wang S, Kan H, Zhang Y, Xu L, Chen Y. 2014. 

The interaction between arbuscular mycorrhizal fungi and soil 

phosphorus availability influences plant community productivity and 

ecosystem stability. J Ecol 102: 072-1082. DOI: 10.1111/1365-

2745.12249. 

Zhang Z, Zhang J, Xu G. 2019. Arbuscular mycorrhizal fungi improve the 

growth and drought tolerance of Zenia insignis seedlings under 

drought stress. New For 50: 593-604. DOI: 10.1007/s11056-018-

9681-1. 

Zhaoyong SH, Yongming WA, Shouxia XU, Zhijian LA, Mickan BS, 

Zhang X, Fayuan WA. 2017. Arbuscular mycorrhizal fungi enhance 

plant diversity, density and productivity of spring ephemeral 

community in desert ecosystems. Notulae Botanicae Horti 

Agrobotanici Cluj-Napoca 45 (1): 301-307. DOI: 

10.15835/nbha45110766. 

Zhu X, Yang W, Song F, Li X. 2020. Diversity and composition of 

arbuscular mycorrhizal fungal communities in the cropland black 

soils of China. Glob Ecol Conserv 22 (1): 1-4. DOI: 

10.1016/j.gecco.2020.e00964.  

Zou YN, Srivastava AK, Wu QS. 2016. Glomalin: a potential soil 

conditioner for perennial fruits. Intl J Agric Biol 18: 293-297. DOI: 

10.17957/IJAB/15.0085. 

 


