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ABSTRACT 
 

The purpose of this investigation was to examine the effects of native AM fungal inoculation on the 
growth of Gmelina arborea, Samanea saman, Falcataria moluccana, and Enterolobium 
cyclocarpum under nursery and post-opencast bauxite mining field conditions. Two native AM 
fungi, Rhizophagus clarus and Gigaspora decipiens, were inoculated into seeds of G. arborea, S. 
saman, F. moluccana, and E. cyclocarpum. The seeds were sown in post-bauxite mining soil and 
grown in the nursery for three months. Seeds without AM inoculation were used as the control 
treatment. The seedlings were transplanted into a post-opencast bauxite mining field and grown for 
12 months. Arbuscular mycorrhizal fungal colonization and shoot and root dry weights were 
measured. Under nursery conditions, G. arborea inoculated with G. decipiens increased shoot and 
root dry weights by 1,431 and 359 %, respectively, while shoot dry weight of E. cyclorapum 
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inoculated with R. clarus and G. decipiens increased by 510 and 220%, respectively, in comparison 
with control seedlings. Root dry weight of E. cyclorapum inoculated with R. clarus increased by 
224%, in comparison with control seedlings. Shoot dry weight of E. cyclorapum inoculated with R. 
clarus increased by 90%, in comparison with seedlings inoculated by G. decipiens. Twelve months 
after transplanting into post-opencast field conditions, the shoot dry weight of F. moluccana 
inoculated with G. decipiens was higher than that of the control seedlings by 188%. Shoot dry 
weight of E. cyclorapum inoculated with R. clarus and G. decipiens increased by 198% and 149%, 
respectively, in comparison with control seedlings. Shoot dry weight of E. cyclorapum seedlings 
inoculated with R. clarus was higher by 20% than that of seedlings inoculated with G. decipiens. 
These results show that AM fungal inoculation promotes the growth of tropical tree species on post-
opencast bauxite mining land. 
 

 

Keywords: Arbuscular mycorrhizal fungus; opencast bauxite mining; tropical tree species. 
 

1. INTRODUCTION 
 

Indonesia is a fast-growing, emerging economic 
country in Southeast Asia [1]. Energy resources 
and mineral mining provide the largest 
contribution to the country’s foreign exchange. 
Major mining commodities produced in 
Indonesia’s tropical rainforests are coal, nickel, 
bauxite, gold, copper, and tin, which are 
extracted by opencast mining. Forest exploitation 
by opencast mining causes erosion, flooding, 
loss of the top layer of soil, reduction of soil pH, 
lowering of soil organic matter content, and a 
reduction in soil fertility [2]. Opencast mining 
damages the environment [3] and destroys 
ecological functions and services [4]. Opencast 
mining operations have effects on nearby 
landscapes and influence soil quality due to the 
removal of the vegetation and soil surface [5]. 
  

A mining company in Indonesia must rehabilitate 
its post-mining land. However, the result of 
rehabilitation activities in opencast mining in 
most companies can be regarded as 
unsuccessful. Many transplanted tree seedlings 
die in the first year. Moreover, the seedlings have 
poor growth performance and become stunted in 
the field because of the low quality of 
transplanted seedlings. Soil degradation makes 
the rehabilitation of degraded post-mining land 
extremely challenging [6]. Soils in post-opencast 
mining land have low fertility, low organic matter, 
and poor soil properties that limit their ability to 
sustain vegetation growth and development [7]. 
 
The application of chemical fertilizers is required 
to promote the success of post-mining land 
rehabilitation. Fertilizer utilization is important for 
silvicultural management to maintain forest 
seedling growth and health [8]. However, 
inappropriate fertilization can also lead to 
unexpected effects, such as inhibiting forest-tree 
seedling growth, contaminating the environment, 

and enhancing production costs. Application of 
chemical fertilizers in industrial plantations or 
mining companies is carried out several times a 
year, and fertilization is carried out until the trees 
are three years old in the field. Utilization of 
symbiotic microorganisms such as nitrogen-fixing 
bacteria, ectomycorrhizal fungi, arbuscular 
mycorrhizal fungi, endophytic fungi, and plant 
growth-promoting rhizobacteria can increase tree 
growth under pot culture conditions [9,10,11]. 
 

Arbuscular mycorrhizal (AM) fungi are important 
components of soil microorganisms that 
contribute to the stability and heterogeneity of 
natural ecosystems [12]. Arbuscular mycorrhizal 
fungi provide a direct biological and physical link 
between the host plant root and the soil. These 
fungi can increase production and plant growth 
under degraded post-mining land, despite low 
pH, water stress, nutrient deficiency, and soil 
toxicity [13]. Moreover, the domination of AM 
fungi in tropical forests demonstrates that AM 
fungi play an important role in these forests [14]. 
There are several efficient and effective ways to 
promote the early growth of tree seedlings in 
post-mining sites [15,16,17]. A symbiosis 
between host tree seedlings and AM fungi has a 
real influence on the success of rehabilitation 
activities in the damaged areas. 
 

A proven strategy to enhance the success of 
revegetation in degraded post-opencast bauxite 
mining fields is to select fast-growing tropical tree 
species. Gmelina arborea (Linn.) Roxb., 
Samanea saman (Jacq.) Merr.  Falcataria 
moluccana (Miq.) Barneby &J. W. Grimes, and 
Enterolobium cyclocarpum (Jacq.) Griseb are 
four tropical forest tree species that are grown to 
support sustainable forest rehabilitation 
programs in Indonesia. They have a variety of 
uses as industrial wood. Gmelina arborea is used 
as a raw material for matches, charcoal, light 
construction, plywood, particleboard, pulp, and 
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paper [18]. Falcataria moluccana is a 
multipurpose tree widely planted in forest 
community gardens on Java Island. This species 
can be used for packing boxes, housing 
construction, furniture, pulp, paper, and other 
purposes [19]. Enterolobium cyclocarpum  is 
used for forage trees, fuelwood, and shade trees 
[20].  Samanea saman is usually planted as an 
urban forestry species to provide shade and 
minimize air pollution on roadsides, around office 
buildings, and in parks and schoolyards in urban 
areas [21]. 
 
Opencast bauxite mining reduces soil fertility; 
total carbon (C), nitrogen (N), available 
phosphorus (P) concentrations, and 
exchangeable sodium (Na), calcium (Ca) and 
magnesium (Mg) concentrations were reduced 
by 75.7%, 75%, 15.7%, 52%, 92%, and 100%, 
respectively, compared to the forest soils [22]. 
The use of beneficial soil microorganisms has 
been recommended to promote the successful 
restoration of the post-mining sites [23,24].  
Inoculation of mycorrhizal fungi and nitrogen-
fixing bacteria can increase nutrient absorption 
by plants [23].  Application of AM fungi to post-
bauxite mining land is a biological approach that 
ensures good practices and is effective in 
enhancing plant growth [25].  
 

To increase the growth of G. arborea, S. saman, 
F. moluccana, and E. cyclocarpum, two AM 
fungal species, Rhizophagus 
clarus and Gigaspora decipiens were inoculated 
into seeds. These AM fungal species were 
adopted because they are native to Indonesia 
and previous studies have shown that they have 
the capacity to promote plant growth in 
Indonesia’s tropical peat-swamp forests [26], 
coal mining [27,16]. This technique, combining 
fast-growing tree species and native AM fungi, 
should be relatively easy for staff in the 
environmental divisions of bauxite mining 
companies to apply. The objective of the current 
investigation was to determine the effect of 
inoculation with two indigenous AM fungi on the 
growth of G. arborea, S. saman, F. moluccana, 
and E. cyclocarpum in the nursery and post-
opencast bauxite mining field conditions. 
 

2. MATERIALS AND METHODS 
 

2.1 Nursery Site and Soil Substrate 
Preparation 

 

The experiment was conducted in the nursery at 
the Agriculture, Forestry, and Livestock Office of 
Riau Archipelago Province, Bintan Island, 

Indonesia. The site was a post-opencast bauxite 
mining area managed by a national mining 
company. Ultisol soil was collected near the 
nursery area and stored in a nursery. The soil 
was air-dried and sieved through a < 5 mm 
sieve. The soil chemical characteristics were as 
follows: pH (H2O), 4.96; total carbon, 7.00 g kg

-1
; 

total N, 0.4 g kg-1; available P, 11.30 mg P2O5  
kg

-1
 [22]. The soil substrate was prepared by 

mixing river sand with the soil (1:3, v/v) to 
increase drainage and porosity. 
 

2.2 Inoculum Propagation and Inoculation 
of Arbuscular Mycorrhizal Fungi 

  
Two AM fungi, namely, Rhizophagus 
clarus Nicholson & Schenk and Gigaspora 
decipiens Hall & Abbott, were isolated from peat 
soil in Kalampangan, Palangkaraya, Central 
Kalimantan, Indonesia [26]. Rhizophagus 
clarus and G. decipiens were propagated in pot 
cultures of Pueraria javanica Benth.  Plastic pots 
(7.5 cm height × 4 cm diameter) were filled with 
175 g of sterilized zeolite. Two 7-day-old  P. 
javanica were placed in pots, and 5 g of AM 
fungal inoculum was inoculated surrounding the 
roots of P. javanica. The inoculum of arbuscular 
mycorrhizal fungi contained a substrate of zeolite 
with external hyphae, spores, and mycorrhizal 
roots from a pot culture of P. javanica grown in a 
greenhouse with no humidity and temperature 
control in the Forest Research and Development 
Centre (FRDC), FORDA, The Ministry of 
Environment and Forestry, Bogor, West Java, 
Indonesia. Pot cultures were irrigated daily to 
field capacity using sterilized water to maintain 
the moisture content. After 120 days, an AM 
fungal inoculum with colonized roots, spores, and 
hyphae of R. clarus and G. decipiens was 
observed under a microscope in the zeolite 
media. Ten grams of inoculum was then mixed 
with 500 g of soil in a polyethylene bag (15 cm 
height × 10 cm diameter), and 10 g of zeolite 
was placed into no-inoculated pots as a control 
treatment. 
 
2.3 Seed Germination 
 
Four tropical forest trees, Gmelina arborea, 
(Linn.) Roxb., Falcataria moluccana (Miq.) 
Barneby &J. W. Grimes, E. cyclocarpum (Jacq.) 
Griseb, and Samanea saman (Jacq.) Merr. were 
selected for this investigation. Tropical forest-tree 
seeds were purchased from a local seed 
company in Solo, Central Java, Indonesia. The 
seeds were soaked in hot water at 85 °C for 2 
min. Five-hundred grams of soil substrate was 



 
 
 
 

Prematuri et al.; IJPSS, 32(20): 1-13, 2020; Article no.IJPSS.64827 
 
 

 
4 
 

poured into a polyethylene bag (15 cm height×10 
cm diameter). Three seeds were sown and, after 
germination, one forest-tree seedling was 
allowed to grow in the polyethylene bag. The 
pots were placed in a randomized block design 
on the bench in a nursery. Tap water was applied 
two times a day. The source of tap water from 
groundwater, with water quality index (WQI) 
analysis, shows lightly polluted (WQI = 0.59) 
[28]. There was no application of chemical 
fertilizer or pesticides. Because these tree 
species require shade conditions, the seedlings 
were grown under 55% shading intensity net to 
control solar radiation for four months in the 
nursery of Agriculture, Forestry, and Livestock 
Office of Riau Archipelago Province, Bintan 
Island, Indonesia. The tree seedlings were then 
transplanted into the field. The experiment 
consisted of three treatments for G. arborea, S. 
saman, F. moluccana, and E. cyclocarpum 
seedlings at nursery (a) control, (b) R. clarus, 
and (c) G. decipiens. There were 20 replicates of 
four tree species per treatment. 
  

2.4 Field Plantation and Growth 
Parameters  

 
The field experiment was conducted on post-
opencast bauxite mining land at the nursery of 
the Agriculture, Forestry, and Livestock Office of 
Riau Archipelago Province, Bintan Island, 
Indonesia. A planting field experiment without 
vegetation was covered with disposal waste and 
overburden from bauxite mining activity. 
Commercial organic compost was obtained from 
PT Green Planet Indonesia at the local market 
on Bintan Island. The organic compost 
contained: N, 1–3%; P2O5, 2–5%; K2O, 1–3%; 
water content, 9–11%; and C-organic, 15-17%.  
A complete randomized block design with three 
treatments and six replications per treatment was 
used in this experiment. The field experiment 
consisted of three treatments: (1) control, (2) R. 
clarus AM fungal inoculation, and (3) G. 
decipiens AM fungal inoculation. On flat areas 
with similar soil conditions, six (24 m × 6 m) 
blocks with a distance between blocks of 5 m 
were prepared in the post-opencast bauxite 
mining field. Planting holes (30 cm × 30 cm × 30 
cm) with 2 m distance between holes were laid 
out in each block. Five hundred grams of organic 
compost was then applied to the planting hole. 
Each block contained a treatment area (6 m × 6 
m) with a distance between the treatment areas 
of 3 m. Three-month-old G. arborea, S. saman, 
F. moluccana, and E. cyclocarpum were 
transplanted into the holes for each treatment. 

The seedlings were irrigated with tap water once 
a day for two weeks. The source of tap water 
from groundwater, with water quality, shows 
lightly polluted (WQI = 0.59) [28]. There was no 
weeding or fertilizer application to the seedlings 
after transplanting. The seedlings were grown for 
12 months in the mining field. 
  

2.5 Data Collection and Arbuscular 
Mycorrhizal Fungal Colonization  

 
Three months after sowing in the nursery, each 
treatment consisting of six replicates of seedlings 
was harvested. Twelve months after 
transplanting into the mining field, the seedlings 
from each treatment with six replications were 
also harvested. After separation, shoots and 
roots were oven-dried at 70 °C for 72 h. The dry 
shoots and roots were then weighed. After 
harvest in the nursery, roots of G. arborea, S. 
saman, F. moluccana, and E. cyclocarpum were 
washed gently under running tap water over a 2-
mm sieve to separate them from soil particle 
debris. Using the methods of [29], the roots were 
cleared with KOH (100 g l-1) for 1 h, acidified 
with dilute HCl, and stained with 500 mg l-1 
trypan blue in lactoglycerol. The roots were de-
stained in 50% glycerol, and 30 1-cm segments 
were viewed under a compound microscope at 
200 × magnification. The percentage of 
colonization by the AM fungi was calculated 
using the gridline intersect method [30].  
 

2.6 Statistical Analysis  
 
The Minitab package (Minitab, USA) was used to 
analyze all collected data from the nursery and 
mining fields. The least significant difference 
(LSD) test was used to compare the significant 
differences between the means of the treatments 
when F showed a significant value. 
 

3. RESULTS AND DISCUSSION  
 

3.1 Results 
 

3.1.1 Arbuscular mycorrhizal colonization of 
seedlings under nursery conditions 

 

Arbuscular mycorrhizal fungi colonized all tree 
seedlings of G. arborea, S. saman, and E. 
cyclocarpum, and there was no significant 
difference in AM fungal colonization among the 
treatments in the nursery (Table 1). Colonization 
of F. moluccana inoculated with R. clarus was 
lower than that of control seedlings and the 
seedlings inoculated with G. decipiens. 
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3.1.2 Shoot and root dry weights of seedlings 
under nursery conditions  

 

Shoot and root dry weights of G. arborea 
inoculated with G. decipiens were higher than 
those of the control seedlings (Table 1). There 
was no significant difference in shoot and root 
dry weights between seedlings inoculated with R. 
clarus and control seedlings. Shoot dry weight of 
E. cyclorapum inoculated with R. clarus and G. 
decipiens was higher than that of control 
seedlings. In comparison with control forest-tree 
seedlings, the root dry weight of E. cyclocarpum 
inoculated with R. clarus was higher than that of 
control seedlings. Shoot dry weight of seedlings 
inoculated with R. clarus was higher than that of 
seedlings inoculated with G. decipiens.  Shoot 
and root dry weights of S. saman and F. 
moluccana inoculated with AM fungi were not 
different from that of control seedlings. 
 

3.1.3 Arbuscular mycorrhizal colonization of 
seedlings under field conditions  

 

Arbuscular mycorrhizal fungi colonized all G. 
arborea seedlings (Fig. 1A), S. saman (Fig. 2A), 
F. moluccana (Fig. 3A), E. cyclocarpum (Fig. 
4A), and control seedlings in the post-opencast 
bauxite mining field. Arbuscular mycorrhizal 

fungal colonization did not differ among 
treatments in any species. 

 
3.1.4 Shoot dry weight of seedlings under 

field conditions 
  

There was no significant difference in G. 
arborea and S. saman among treatments (Fig. 
1B, Fig. 2B). Shoot dry weight of F. moluccana 
inoculated with G. decipiens was higher than that 
of the control seedlings (Fig. 3B). There was no 
significant difference in shoot dry weight between 
seedlings inoculated with R. clarus and control 
seedlings. Shoot dry weight of E. cyclocarpum 
inoculated with R. clarus and G. decipiens was 
higher than that of control seedlings (Fig. 4B). 
Shoot dry weight of seedlings inoculated with R. 
clarus was higher than that of seedlings 
inoculated with G. decipiens. 

 
3.2 Discussion  
  
3.2.1 Growth of colonized forest tree 

seedlings in the nursery  
 
Successful post-bauxite mine land rehabilitation 
requires a large number of forest tree seedlings 
with high-quality performance. For this purpose,

 
Table 1. Mycorrhizal colonization, shoot and root dry weight of Gmelina arborea, Samanea 

saman, Falcataria moluccana and Enterolobium cyclocarpum grown with or without 
mycorrhizal fungi under nursery conditions adjacent to a bauxite mine in Bintan Riau Islands, 

Indonesia, three months after sowing 
 

Plant Treatment Mycorrhizal 
Colonization 
(%) 

Shoot Dry Weight 
(g/plant) 

Root Dry Weight 
(g/plant) 

Gmelina arborea    
Control 92.77  ± 5.33 a 0.48 ± 0.45 b 0.32 ± 0.13 b 
Rhizophagus clarus 89.93 ± 12.22 a 4.47 ± 3.86 ab 0.88 ± 0.61 ab 
Gigaspora decipiens 74.90 ± 22.17 a 7.35 ± 3.45 a 1.47 ± 0.23 a 
Samanea saman    
Control 10.13 ± 15.35 a 0.84 ± 0.61 a 0.50 ± 0.20 a 
Rhizophagus clarus 24.03 ± 28.77 a 1.09 ± 0.47 a 0.42 ± 0.23 a 
Gigaspora decipiens 2.63 ± 3.55 a 0.44 ± 0.07 a 0.35 ± 0.12 a 
Falcataria moluccana    
Control 82.08 ± 14.86 a 1.08 ± 0.57 a 0.27 ± 0.13 a 
Rhizophagus clarus 25.80 ± 15.50 b 1.93 ± 0.74 a 0.41 ± 0.18 a 
Gigaspora decipiens 63.13 ± 6.88 a 1.22 ± 0.42 a 0.21 ± 0.03 a 
Enterolobium 
cyclocarpum 

   

Control 26.50 ± 24.44 a 2.29 ± 1.06 c 1.11  ± 0.49 b 
Rhizophagus clarus 3.05 ± 3.54 a 13.97 ± 3.22 a 3.60 ± 1.09 a 
Gigaspora decipiens 5.65 ± 7.06 a 7.34 ± 0.88 b 2.38 ± 0.28 ab 
For each plant species, different letters within the column indicate significant difference (P = .05) by Tukey HSD 

test. Means ± standard error are shown (n = 6) 
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several bauxite mining companies in Indonesia 
have built nurseries to produce seedlings that 
can be used for post-mining land rehabilitation 
activities. Production of forest tree seedlings in 
nurseries, however, is not easy. Slow growth 
limits the quantity and quality of seedling 
production. In addition to seed quality, some 
factors required to produce high-quality seedlings 
for mine site rehabilitation, are knowledge of the 
breakdown of seed dormancy, seed germination, 
and seed storage tolerance [31,32], plant growth, 
and nutrient requirements [33]. It is also 
important to select a suitable medium to support 
seed growth and produce seedlings in the pots. 
In Indonesia, compost is one of the most 
frequently used pot-substrates for growing forest-
tree seedlings in the nursery. However, not all 
mining sites can provide good quality compost 
because mining companies in Indonesia are 
scattered in remote areas. 
 
To save costs, the fresh soil near the bauxite 
mining site could be used as an alternative 
growing medium to produce forest tree seedlings 
in the nursery. However, due to the opencast 
mining system, the fresh soil near bauxite mining 
is often limited and categorized as post-mine soil 
with low fertility. The process of opencast mining, 
including surface soil stripping, excavation, 
transportation, and dumping, causes physical, 
chemical, and biological damage to the forest 
surface. Furthermore, the re-established 
landscape generates small-scale spatial 
heterogeneity of soils after mining [3]. 
  
It has been demonstrated that colonization by 
AM fungi enhances the growth of forest tree 
seedlings in the nursery. Inoculation with AM 
fungi is highly recommended to promote the 
growth of mycorrhizal tree seedlings in the 
nursery before transplantation into the degraded 
land of the mining field. Arbuscular mycorrhizal 
fungi improved the early growth of Mallotus 
paniculatus in the nursery [27]. These fungi also 
enhance leguminous seedling growth and P 
uptake of P. falcataria, Calliandra 
calothyrsus, Cassia siamea, and Sesbania 
grandifolia [34]. Arbuscular mycorrhizal fungal 
inoculation with Funneliformis mossease (syn. 
Glomus mossease), Rhizophagus intraradices 
(syn. Glomus intraradices), and Claroideoglomus 
etunicatum (syn. Glomus etunicatum) increased 
the growth and drought tolerance of Acacia seyal 
Del. seedlings [35]. The inoculated seedlings 
of Eucalyptus tereticornis with various 
bioinoculants, Azospirillum+Phosphobacterium 
(PGPR), Glomus fasciculatum (AM fungi), and 

pink-pigmented facultative methylotrophic 
bacteria (PPFM), have shown improved 
performance in terms of seedling survival, shoot 
length, and collar diameter in the nursery [36].  
 
Bauxite mining soil contains pollution of heavy 
metals. The elements, such as iron (194,912 ± 
30,229 ppm), mercury (2.63 ± 0.40 ppm), arsenic 
(25.17 ± 37.49 ppm), lead (108.06 ± 78.88 ppm), 
copper (100.09 ± 32.79 ppm) were detected in 
bauxite mining soil in Kuantan, Pahang, Malaysia 
[37]. Aluminum was determined in the formation 
of High-Grade Al Deposits of the Dopolan Karst 
Type Bauxite, Iran [38] while pollutant of arsenic, 
lead, and copper were also detected in bauxite 
mining soil from Bintan Island, Indonesia [39]. 
AM fungi ameliorate metal toxicity as they 
intensify the plant’s ability to tolerate metal stress 
[40]. Agus et al. [41] reported that fast-growing 
legume species of Pongamia pinnata and AM 
fungi application can not only increase nutrient 
contents of post-coal mining soil but also 
increases iron absorption, which is mostly 
accumulated in the root system. Arbuscular 
mycorrhizal fungi Gigaspora margarita and E. 
cyclocarpum seedlings can tolerate up to 375 µM 
Hg supply [42]. Root colonization by symbiotic 
AM fungi enhances plant resistance to acidity 
and phytotoxic levels of aluminum in the soil 
environment [43]. Arbuscular mycorrhizal fungal 
treatment could reduce the toxic effects of 
arsenic on the growth of G. arborea in degraded 
soil during the nursery stage [44], on phyto-
extraction by Corn (Zea mays) of lead-
contaminated soil [45]. Research has established 
the potential of carbonized rice hull (CRH) and 
AM fungi inoculation to improve the health 
of Paraserianthes falcataria, grown under the Cu-
stressed soil in the nursery [46]. 
 
Our study showed that using the Ultisol soil near 
the bauxite mining site, mixing with river sand as 
a growing medium for the seedlings combined 
with AM fungal inoculation, irrigating with lightly 
polluted tap water (WQI = 0.59) [28], enhanced 
tree seedling growth of G. arborea and E. 
cyclocarpum at the nursery stage, three months 
after planting. In G. arborea seedlings, 
inoculation with G. decipiens increased both 
shoot and root growth. Rhizophagus clarus and 
G. decipiens showed similar responses by 
enhancing the shoot and root growth of S. saman 
and F. moluccana. In E. cyclocarpum seedlings, 
both R. clarus and G. decipiens improved shoot 
growth. In comparison with the previous 
investigation, this result showed that R. clarus 
and G. decipiens enhanced shoot growth of S. 
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saman and M. paniculatus [27], A. saman, and P. 
falcataria [16]. This result confirms that AM 
inoculation could promote the growth of 
seedlings on low-soil-fertility media in the 
nursery. 
 
3.2.2 Growth of colonized seedlings under 

post-opencast bauxite mining 
conditions  

 
Information about the use of AM fungal 
colonization to increase plant growth in post-
bauxite mining fields is still limited. The success 
of rehabilitation in the post-bauxite mining field is 
dependent on the plant’s growth; however, there 
are no studies to clarify the effect and utilization 
of AM fungal inoculation to improve the growth of 
G. arborea, S. saman, F. moluccana, and E. 
cyclocarpum in post-bauxite mining fields in 
Indonesia. This study showed the importance of 
AM fungal inoculation in promoting the growth of 
tropical tree seedling species in the post-bauxite 
mining field in Bintan Island, Riau Archipelago, 
Indonesia. 
  
Inoculation with R. clarus and G. decipiens 
demonstrated the positive effects of increasing 
the growth of G. arborea, S. saman, F. 
moluccana, and E. cyclocarpum, by using low 
soil fertility as a growth medium under nursery 
conditions. The effect of these AM fungi was also 
examined under field conditions to ensure 
consistency. Twelve months after transplanting 
into the field, R. clarus and G. decipiens tended 
to increase the shoot growth of G. arborea          
(Fig. 1B). In S. saman seedlings, both R. clarus 
and G. decipiens seem to have a beneficial effect 
on shoot growth (Fig. 2B). Inoculation with G. 
decipiens increased the shoot growth of F. 
moluccana seedlings (Fig. 3B). Both R. clarus 
and G. decipiens enhanced shoot growth in E. 
cyclocarpum seedlings (Fig. 4B). 
  
Arbuscular mycorrhizal fungi colonization is 
important for promoting the growth of 
mycotrophic plant species in the field. Arbuscular 
mycorrhizal fungal inoculation has been reported 
to enhance early growth and nutrient absorption 
by some tropical forest-tree species in a nursery 
and in the field [47], P. falcataria and A. saman 
growth in a post-opencast coal mining field in 
Kalimantan, Indonesia [16]. Enterolobium 
cyclocarpum was classified as a highly 
mycorrhizal-dependent plant species in response 
to low soil P concentration [48]. A combination of 
AM fungi and Rhizobium sp. increased the 
growth of A. saman in degraded gold-mining land 

in Pongkor, West Java, Indonesia [15].  Some 
studies on the application of AM fungi in poor soil 
and post-mining have shown that this treatment 
was very effective in increasing the growth of G. 
arborea under salt stress [49]. Arbuscular 
mycorrhizal fungi association also influence soil 
fertility through the enhancement of chemical, 
biological, and physical properties. Arbuscular 
mycorrhizal fungi have a positive correlation with 
organic carbon, organic matter, total phosphorus, 
cation exchange capacity, water level, soil fungi, 
and soil bacteria [50]. There is a plentiful 
scientific confirmation to indicate that AM fungi 
significantly promote soil attributes, improve 
above and belowground biodiversity, significantly 
enhance tree seedlings survival, growth, and 
establishment on moisture and nutrient stressed 
soils after the restoration of degraded lands [25]. 
It could be expected that, after rehabilitation, 
trees affected on soil conditions. Rehabilitation 
through forest vegetation is one of the efficient 
means of restoring soil fertility through improved 
soil organic matter content, available nutrients, 
cation exchange capacity, increase biological 
activities as well as improvement in physical 
conditions of the soil [51]. A study in the jarrah 
forest for the rehabilitation of bauxite mines in 
south-west Australia shows that level of total 
nitrogen of soil in rehabilitated lands enhanced 
from around 0.04 – 0.05% after 8.5 years, while 
soil pH decreased after rehabilitation [52]. After 
rehabilitation, using Eucalyptus camaldulensis 
and Brachiaria decumbens, in a soil 
contaminated with Zn, Cu, Cd, and Pb can 
enhance the soil pH, phosphorus (P) 
concentration, and exchangeable K by 31%, 
40%, and 98%, respectively while decreased Ca, 
Mg, Al, and Mn by 97%, 96%, 93% and 96%, 
respectively [53]. 

 
The inoculation of R. clarus and G. decipiens 
enhanced growth of tropical tree species in post-
opencast bauxite mining. Gmelina arborea 
inoculated with G. decipiens increased shoot and 
root dry weights by 1,431 and 359 %, 
respectively, while shoot dry weight of E. 
cyclorapum inoculated with R. clarus and G. 
decipiens increased by 510 and 220%, 
respectively, in comparison with control 
seedlings, under nursery conditions. Root dry 
weight of E. cyclorapum inoculated with R. clarus 
increased by 224%, in comparison with control 
seedlings. Shoot dry weight of E. cyclorapum 
inoculated with R. clarus increased by 90%, in 
comparison with seedlings inoculated by G. 
decipiens. Under field conditions, the shoot dry 
weight of F. moluccana inoculated with G. 



decipiens was higher than that of the control 
seedlings by 188%. Shoot dry weight of 
cyclorapum inoculated with R. clarus
decipiens increased by 198% and 149%, 
respectively, in comparison with control 
seedlings. Shoot dry weight of E. cyclorapum
seedlings inoculated with R. clarus was higher by 
20% than that of seedlings inoculated with
decipiens. Our study showed that regarding the 
enhancement of plant growth, R. clarus
found to be superior to G. decipiens
E. cyclorapum seedlings inoculated with 
clarus was higher than that of seedlings 
inoculated with G. decipiens under both nursery 
and post-opencast bauxite mining field. 
contrast to our results, growth of seedlings, 
Mallotus paniculatus and Albiziz saman
inoculated with G. decipiens was found to be 
superior to R. clarus [27].  It is well known that 
AM fungi can exhibit a considerable level of 
selectivity in their association with different plants 
  

Fig. 1. Mycorrhizal colonization (A) and shoot dry weight (B) of 
opencast bauxite mining 12 months after transplanting into the field

On each column, different letters indicate a significant difference (P = .05) by t test. Data are shown as mean ± 
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was higher than that of the control 
seedlings by 188%. Shoot dry weight of E. 

R. clarus and G. 
increased by 198% and 149%, 

respectively, in comparison with control 
E. cyclorapum 
was higher by 

of seedlings inoculated with G. 
Our study showed that regarding the 

R. clarus was 
decipiens. Growth of 

seedlings inoculated with R. 
of seedlings 

under both nursery 
opencast bauxite mining field. In 

contrast to our results, growth of seedlings, 
Albiziz saman 

was found to be 
It is well known that 

AM fungi can exhibit a considerable level of 
selectivity in their association with different plants 

species or plant ecological groups 
Moreover, different AMF strains displayed 
different colonization rates, which suggest that 
AMF strain has certain selectively to their host 
plants [55].  
 
This study demonstrated the consistent effect 
of R. clarus and G. decipiens, which are AM 
species indigenous to Indonesia, in increasing 
plant growth, not only in post-bauxite mining but 
also in tropical peat-swamp forests [26], post
coal mining in nursery conditions [27], 
coal mining in both nursery and field conditions 
[16]. It appears that native AM inoculation 
increases plant growth thus saving time and 
increasing cost efficiency during the rehabilitation 
of post-bauxite mining land. Further research 
should be conducted to determine the capability 
of native AM species to increase plant g
other post-mining land in Indonesia.

 
 

Mycorrhizal colonization (A) and shoot dry weight (B) of Gmelina arborea grown on post 
opencast bauxite mining 12 months after transplanting into the field

different letters indicate a significant difference (P = .05) by t test. Data are shown as mean ± 
standard error (n = 6) 
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of native AM species to increase plant growth on 

mining land in Indonesia. 

grown on post 
opencast bauxite mining 12 months after transplanting into the field 

different letters indicate a significant difference (P = .05) by t test. Data are shown as mean ± 



Fig. 2. Mycorrhizal colonization (A) and shoot dry weight (B) of 
opencast bauxite mining 12 months after

On each column, different letters indicate a significant difference (P = .05) by t test. Data are shown as mean ± 

Fig. 3.  Mycorrhizal colonization (A) and shoot dry weight (B) of 
on post opencast bauxite mining 12 months after transplanting into the field 

On each column, different letters indicate a significant difference (P = .05) by t test. Data are shown as mean ± 
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Mycorrhizal colonization (A) and shoot dry weight (B) of Samanea saman grown on post 
opencast bauxite mining 12 months after transplanting into the field

On each column, different letters indicate a significant difference (P = .05) by t test. Data are shown as mean ± 
standard error (n = 6) 

 

 
 

Fig. 3.  Mycorrhizal colonization (A) and shoot dry weight (B) of Falcataria  moluccana
on post opencast bauxite mining 12 months after transplanting into the field 

On each column, different letters indicate a significant difference (P = .05) by t test. Data are shown as mean ± 
standard error (n = 6) 
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grown on post 
transplanting into the field  

On each column, different letters indicate a significant difference (P = .05) by t test. Data are shown as mean ± 

moluccana  grown 
on post opencast bauxite mining 12 months after transplanting into the field  

On each column, different letters indicate a significant difference (P = .05) by t test. Data are shown as mean ± 



Fig. 4. Mycorrhizal colonization (A) and shoot dry weight (B) of 
grown on post opencast bauxite mining 12 months after transplanting into the field 

On each column, different letters indicate a significant difference (P = .05) by t test. Data are shown

 
4. CONCLUSIONS 
 
Arbuscular mycorrhizal fungal inoculation 
of R. clarus and G. decipiens, 
native to Indonesia, have demonstrated 
positive effects in enhancing the forest tree
growth of G. arborea and E. 
under nursery condition while F moluccana
E. cyclocarpum, in post-opencast bauxite mining 
field conditions. Regarding the enhancement of 
plant growth, R. clarus was found to be superior 
to G. decipiens. Growth of E. cyclorapum
seedlings inoculated with R. clarus
consistently higher than that 
inoculated with G. decipiens 
nursery and post-opencast bauxite mining field.
These AM fungi promoted tropical tree species 
growth on low fertility soil in the post
bauxite mining field. This method, therefore, 
can be potentially used to enhance the success 
of forest rehabilitation and ensure the 
sustainability of tropical forests and 
environmental services. 
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On each column, different letters indicate a significant difference (P = .05) by t test. Data are shown
standard error (n = 6) 
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