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Native arbuscular mycorrhizal fungi (AMF) have been shown to effectively
enhance the growth and nutrient uptake of Vitex cofassus grown on
post-asphalt mining soils. However, their potential needs to be further
evaluated across various mining substrates and different tree species. This
study aimed to assess the effects of native AMF inoculation on the early
growth performance of Albizia saponaria seedlings cultivated on
post-asphalt mining and post-nickel mining media under greenhouse
conditions. A completely randomized design was employed with seven
treatments: control, Racocetra crispi, Glomus intraradices, Glomus sp.,
Glomus sp.-LW10, Glomus sp.-SW10, and Mycofer IPB or AMF mixture.
Parameters observed after three months of growth included plant height,
AMF root colonization percentage, total dry weight, mycorrhizal
inoculation effect (MIE), and the uptake of phosphorus (P), nitrogen (N),
calcium (Ca), and nickel (Ni). The results indicated that native AMF
inoculation significantly improved early growth and total dry weight of
A. saponaria seedlings. The highest MIE values were observed in the
G. intraradices treatment, reaching 92.73% and 82.9%. Native AMF
inoculation also enhanced the uptake of P, N, Ca, and Ni in plant tissues.
These findings suggest that local AMF isolates can be effectively utilized to
improve seedling quality and accelerate the success of revegetation
programs on degraded post-mining lands in Indonesia.

To cite this article: Tuheteru, F.D., Husna, Nurdin, W.R., Wibowo, S.E., Tuheteru, E.J., Albasri, and Arif, A. 2026. Native
arbuscular mycorrhizal fungi and Albizia saponaria for potential revegetation of tropical post-asphalt mining and post-nickel
mining areas. Journal of Degraded and Mining Lands Management 13(1):9545-9554, doi:10.15243/jdmlm.2026.131.9545.

Introduction

soils are characterized by high concentrations of heavy

Reclamation of post-mining land poses a significant
environmental management challenge in tropical
regions, particularly in Indonesia, where extensive
areas of degraded land result from mineral and asphalt
mining activities (Pratiwi et al., 2021; Albasri et al.,
2023; Miswanto et al., 2025). Mining operations lead
to the loss of topsoil layers, depletion of organic
matter, and disruption of soil structure, all of which
reduce the soil's ability to support plant growth
(Nasution et al., 2024). In post-nickel mining areas,

metals (Ni, Cr, Co), a low Ca/Mg ratio, and
deficiencies in essential nutrients such as phosphorus
(P), potassium (K), and nitrogen (N) (Prematuri et al.,
2020). In contrast, post-asphalt mining soils are
dominated by clay and clay loam fractions, have
slightly alkaline pH, and exhibit low nutrient
availability (Albasri et al., 2023; Tuheteru et al., 2025).
Therefore, soil biotechnology-based restoration
approaches are required to improve soil fertility and
facilitate early plant growth at both the nursery and
field stages. One promising soil biotechnological
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approach to address these challenges is the inoculation
of arbuscular mycorrhizal fungi (AMF). Arbuscular
mycorrhizal fungi (AMF) are mutualistic symbionts of
most terrestrial plants that play a key role in enhancing
nutrient uptake, particularly phosphorus (P), and
improving plant tolerance to various abiotic stresses
such as drought, salinity, and heavy metal toxicity
(Bietal., 2018; Begum et al., 2019).

In degraded lands resulting from mining
activities, AMF function as natural bio-ameliorants by
forming extensive hyphal networks that enhance soil
aggregate stability, improve soil structure, and support
root colonization (Begum et al., 2019; de Moura et al.,
2022). The effectiveness of AMF varies among
species; therefore, screening is necessary to identify
the most effective isolates for land reclamation
(Wulandari et al., 2024). Native AMF inoculation is
considered more adaptive than commercial isolates, as
native strains possess greater resilience and
colonization ability under extreme environmental
conditions (Brundrett and Tedersoo, 2018).

Studies conducted on post-mining lands in
Sulawesi have shown that local arbuscular mycorrhizal
fungi (AMF) can enhance the growth of several tree
species, such as Pericopsis mooniana, Pterocarpus
indicus, and Kalappia celebica, on nutrient-poor
substrates (Husna et al., 2021a,b; 2025). In addition,
the use of AMF originating from post-asphalt mining
soils has been proven to improve growth, root biomass,
and phosphorus uptake efficiency in Vitex cofassus
seedlings grown on post-asphalt mining media
(Tuheteru et al., 2025). However, no studies have yet
examined the effects of local AMF on the early growth
of native Sulawesi forest tree seedlings grown in soil
media with contrasting characteristics, such as
post-asphalt and post-nickel mining substrates.

One leguminous tree species from Sulawesi
selected to evaluate its growth response and
dependency on native AMF inoculation was Albizia
saponaria (Lour.) Blume. 4. saponaria is a
multipurpose tree species in the Fabaceae family, with
significant ecological and economic value in tropical
regions of Southeast Asia. This species is
characterized by rapid growth, the ability to fix
atmospheric nitrogen through symbiosis with rhizobia,
and tolerance to nutrient-poor soils (Fern, 2024;
Hikmat et al., 2025). Furthermore, A. saponaria has
been reported to exhibit a strong response and high
dependency on local AMF inoculation when grown in
Ultisol soil media (Tuheteru et al., 2021). These
characteristics make A. saponaria a promising
candidate for revegetation of post-asphalt mining and
post-nickel mining areas, with support from AMF
inoculation.

The differences in substrate characteristics are
expected to influence the effectiveness of AMF
colonization and the physiological performance of
inoculated plants. Therefore, understanding the early
growth response of A. saponaria to native AMF
inoculation from both substrates will provide valuable

insights into the potential use of local fungi as natural
biofertilizer agents for mining ecosystem restoration.
This study aimed to evaluate the early growth of
A. saponaria seedlings inoculated with several native
AMF species originating from post-asphalt mining
soils. The results of this research are expected to
provide a scientific basis for the application of
mycorrhizal inoculation technology in forest seedling
production, particularly for the reclamation and
restoration of post-mining lands in Indonesia.

Materials and Methods
Post-mining soils

The post-asphalt mining and post-nickel mining soils
were obtained from the disposal site of PT Wika
Bitumen in Buton District and PT Pernick Sultra in
North Konawe District, Southeast Sulawesi,
Indonesia. The soils were stored in a greenhouse
before use. The physical and chemical properties of the
soils were analyzed at the Biotechnology and
Environmental Laboratory, Faculty of Mathematics
and Natural Sciences, Halu Oleo University, Kendari,
and the results are presented in Table 1.

Preparation of AMF inoculum and inoculation

AMF inocula used were Racocetra crispa, Glomus
intraradices, Glomus sp., Glomus sp.-LW10, and
Glomus sp.-SW1, which were isolated from the
rhizosphere of plants in post-asphalt mining soil
(Tuheteru et al., 2022) and Mycofer IPB. The AMF
inoculum was propagated in zeolite media using
Pueraria javanica, which was grown for three months
under greenhouse conditions at the Indonesian
Mycorrhiza Association (AMI), Southeast Sulawesi
Branch (6°38°07.35” S dan 106°49°31.72” E),
Kendari, Southeast Sulawesi, Indonesia.

Polyethylene pots (15 x 20 cm) were filled with
1 kg of sterile planting media (a mixture of post-
asphalt mining soil or post-nickel mining soil, river
sand, and husk charcoals having a proportion of 3:1:1).
AMF inoculum was produced by placing 20 g of
inoculum of each treatment at 1-3 cm underneath the
seedlings. Two new leaves of respective 4. saponaria
seedlings were transplanted into pots, followed by
seedling maintenance, watering, and observation for
three months (10 July-11 October 2024 and 09 July-10
October 2025). The seedlings were watered daily to
field capacity with tap water. The daytime temperature
in the nursery during the trial was 25 to 35 °C,
with 80-89% relative humidity and a 12-hour
photoperiod.

Seed germination and AMF treatment

A. saponaria seeds were collected from their trees at
the Arboretum of the Botanical Garden of Halu Oleo
University, Kendari, Southeast Sulawesi. The seeds
were soaked in hot water at 50-60 °C for 24 hours to
cool gradually, then germinated in a plastic sprout
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maker (20 x 20 x 5 cm) which has been perforated and
contains sterile sand media at the Plastic House of the

Indonesian Mycorrhizal Association (IMA), Southeast
Sulawesi Branch.

Table 1. The physical and chemical properties of post-asphalt mining and post-nickel mining soils.

No Parameter

Post-asphalt mining Post-nickel mining

soil soil

Value Criteria® Value Criteria®
1 pHHO 7.2 Neutral 7.84
2 Organic C (Walkley and Black) (%) 7.56 Very high 4.30 High
3 Total N (Kjeldahl) (%) 0.13 Low 0.27 Moderate
4 C/N ratio 58 Very high 16 High
5  P,0s (HCI25%) (mg 100 g1) 55 High 26.41 Moderate
6 KO (HC125%) (mg 100 g 7 Very low 22.60 Moderate
7 Py0s (Olsen) (ppm) 8 Low - -
8  K,O (Morgan) ( ppm) 49 - - -
9  Ca (NHs-Acetate IN pH 7) (cmol kg™) 18.58 High 13.70 High
10 Mg (NHs-Acetate 1N pH 7) (cmol kg™) 1.47 Moderate 4.90 High
11 K (NH4-Acetate IN pH 7) (cmol kg™ 0.10 Low - -
12 Na (NHs-Acetate IN pH 7) (cmol kg™) 0.23 Low - -
13 CEC (NH4-Acetate IN pH 7) (cmol kg™) 23.89 Moderate 18 Moderate
14  Base saturation (NHs-Acetate 1N pH 7) (%) 85 Very high - -
15 AP (KCI IN) (cmol kg!) 0.00 - - -
16 H+ (KCI IN) (cmol kg) 0.07 - - -
17 Texture (pipet)
18  Sand (%) 10 -
19  Silt (%) 40 Clay 95.65 Silt
20  Clay (%) 50 4.35
21  Fe (DTPA) (ppm) 7.3 Sufficient 128.72 Sufficient
22 Mn (DTPA) (ppm) 9.5 Sufficient - -
23 Cu(DTPA) (ppm) 1.2 Sufficient - -
24 Zn (DTPA) (ppm) 0.3 Deficient - -
25  Pb (Morgan Wolf) (ppm) 0.4 Normal
26  Cd (Morgan Wolf) (ppm) 0.2 Normal
27  CaCO; (Titrimetric) (%) 2.1 -
28  Ni (AAS flame) (mg kg™") 0.0047
29  Cr(AAS flame) (mg L") 0.0262

Notes: Soil Research Center (2009). *Tuheteru et al. (2025).

The treatments tested in this experiment were (A)
control, (B) Racocetra crispa, (C) Glomus
intraradices, (D) Glomus sp., (E) Glomus sp.-LW10,
(F) Glomus sp.-SW10, and (G) Mycofer IPB (post-
asphalt mining media) or AMF Mixed (post-nickel
mining media). The seven treatments were arranged in
a completely randomized design with three
replications.

Growth, dry weight, and nutrient determination

Seedlings were harvested after three months of growth.
The samples were then oven-dried at 70 °C for 48
hours to determine their shoot and root dry weight.
Roots were stained using the modified protocol from
Vierheilig et al. (2005). A total of 30 pieces of fresh
roots (+ 1 cm long) were randomly taken from the
plant roots. The origins were cleaned in 10% KOH for
2 days, then immersed in H>O, solution for 10-20
minutes, and rinsed thoroughly. The roots were then
soaked in a 0.2% HCI solution for 20 minutes and
placed in a 0.05% Trypan Blue solution. Ten root

samples were placed on a glass slide, a cover glass was
applied, and the slide was observed under a
microscope. Available P was measured in sodium
bicarbonate extracts at pH 8.5 and quantified
according to the Olsen method at 660 nm using a flow-
injection automated ion analyzer. Available Ca was
extracted with 1 N NHy4-Acetate, pH 7, and determined
by atomic absorption. The Zn content was analyzed by
digesting the sample with an acid mixture
(HNOs-H20:) and measuring it using an Atomic
Absorption Spectrophotometer (AAS). The Ni content
was determined after digesting the sample with a
mixture of HNOs and HCl at high temperature,
followed by AAS analysis. Parameters and calculation
methods are presented in Table 2.

Statistical analysis

The data were analyzed using analysis of variance (F
test), followed by Duncan’s Multiple Range Test
(DMRT) at the 95% confidence level when the F test
indicated a significant effect.
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Table 2. Parameters and calculation methods.

Parameter Formula Reference
Plant growth Plant height and stem diameter were measured 1 cm above Tuheteru et al. (2025)
the soil medium at three months after transplantation. At
the end of the study, the number of leaves was counted.
Dry weight Drying all plant parts in an oven at 70 °C until a constant Husna et al. (2025)
weight was reached, then weighing them to obtain the
root, shoot, and total dry weight.
Nodule Number of nodules per root. Husna et al. (2025)
The Mycorrhizal [total dry weight of mycorrhizal plant-total dry weight of Cavagnaro et al. (2003)
Growth Responses non-mycorrhizal plant/total dry weight of non-
(MGR) mycorrhizal plant] x 100%.
AMF colonization [X number of fields of view colonized/Z total observed Vierheilig et al. (2005)
field of view] x 100.
Mycorrhizal (1-[b/a]) x 100; where b is the mean plant dry biomass of van der Heijden et al.
dependency (%) non-AMF treatments, and a is the mean plant dry biomass  (2003)

in treatments with AMF presence. Therefore, an MD>0
indicates plant biomass enhancement by AMF, while
MD<Q0 indicates the opposite.

The content and
uptake of N, P, Ca,
and Ni

Content: the amount of nutrients contained in plant tissue
and uptake: Multiplying the nutrient concentrations by the
dry weights of the plants.

Wang et al. (2005)

The increase/decrease
in nutrient uptake of
AMF-treated

[nutrient absorption of AMF plant - nutrient absorption of
non-mycorrhizal plant/nutrient absorption of
non-mycorrhizal plant] x 100%.

Wang et al. (2005)

seedlings relative to
the controls

Results and Discussion
Colonization of AMF and MD

A. saponaria seedlings on post-asphalt mining media
inoculated with Mycofer IPB had the highest
colonization rate (97%), followed by Glomus sp.-
SW10 (90.1%), Glomus sp.-LW10 (88.8%), and
Glomus sp. (81.0%) (Table 1, p<0.01). On post-nickel
mining media, the highest colonization rate was
observed in the Glomus intraradices treatment
(52.83%) (Table 1, p<0.01). The MD value for
G. intraradices on both media was higher at 92.73%
and 82.9%, respectively.

Plant growth

On post-asphalt mining land media, inoculation with
G. intraradices significantly increased plant height
and differed significantly from other treatments (Table
3). Three-month-old 4. saponaria seedlings inoculated
with G. intraradices had higher stem diameters and
differed significantly from other treatments except for
Glomus sp.-SW10. All AMF treatments significantly
increased the number of plant leaves compared to the
control. A4. saponaria seedlings inoculated with
Glomus sp.-SW10 had the highest number of root
nodules and did not differ significantly from other
treatments except for the control and Glomus sp.-
LWI0 treatments. In post-nickel mining media
inoculation with G. intraradices significantly
increased the height, diameter, and leaf number of

three-month-old plants. It differed significantly from
other treatments, except for AMF Mixed (Table 3).
G. crispa significantly increased the number of root
nodules and did not differ significantly from
G. intraradices. The performance of the A. saponaria
seedlings is presented in Figure 1.

Plant dry weight

On post-asphalt mining media, inoculation with
G. intraradices significantly increased the dry weight
of three-month-old A. saponaria and differed
significantly from other treatments (Table 4). The
increase in mycorrhizal growth (MGR) ranged from
376.9 to 1,523.1%. The SRR value ranged from 1.65
to 5.95. In post-nickel mining media, inoculation with
G. intraradices significantly increased the dry weight
of A. saponaria plants. It differed significantly from
other treatments, except for AMF mixed in the root dry
weight. The increase in mycorrhizal plant growth
(MGR) ranged from 35.7 to 1,485.7%. The SRR value
ranged from 0.94 to 1.35. There were no differences
between treatments in the SQI variable.

Nutrient content and uptake

Inoculation with G. intraradices significantly
increased the N and P levels of three-month-old
A. saponaria plants in post-asphalt mining media
(Table 5). In terms of P content, the G. intraradices
treatment did not differ significantly from R. crispa
and differed significantly from the other treatments.
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There were no differences between treatments in terms
of plant Zn levels (Table 5). Inoculation with
G. intraradices significantly increased n and p uptake
in three-month-old 4. saponaria plants (Table 5).

There were no differences between treatments
in plant Zn uptake (Table 5). There were no
differences between treatments in plant N and P
content (Table 6).

Table 3. AMF colonization and growth of three-month-old A. saponaria seedlings grown with or without
mycorrhizal fungi under greenhouse conditions.

Treatment Mycorrhizal Height Stem Leaf Nodule

Colonization (cm) Diameter Number

(Y%o)* (mm)

Post-asphalt mining media
Control 11.2£2.72 ¢ 6.90£0.46d  0.40+0.10c 5.7+0.67 b 0.00+0.00 ¢
Gigaspora crispa 65.9£3.74 b 29.1741.53b  1.10+£0.12 abc 153133 a 1.00+0.58 be
Glomus intraradices 65.0£5.75 b 41.23+£3.39a  1.70+0.15a 19.3+2.03 a 2.00+0.58 ab
Glomus sp. 81.0+10.14ab  22.37+1.73 ¢ 0.90+0.44 be 16.7+0.33 a 2.33+0.33 ab
Glomus sp-LW10 88.8+4.42 a 20.87+0.61 ¢ 1.00+£0.10 abc  16.7+1.45a 0.00+0.00 c
Glomus sp.-SW10 90.1+6.05 a 22.43+1.85¢  1.27+0.33ab  153+1.86a 3.00+0.58 a
Mycofer IPB 97.0+£0.12 a 19.60+£1.15¢  0.87+0.03 bc 15.0£1.53 a 2.33+0.88 ab
Pr>F <.0001 <.0001 0.0372 0.0004 0.0047
Post-nickel mining media
Control 0.80+0.81 c 3.63+0.22d 0.53+2.47c 8.00+0.58 ¢ 0.67£0.33 ¢
Gigaspora crispa 32.27+£3.45b 8.07£0.47 bc  0.76%0.02 be 8.00+0.58 ¢ 4.00+0.58 a
Glomus intraradices 52.83+3.96 a 12.10+0.81 a 1.21+0.11 a 11.3+£0.67 a 3.67+0.67 ab
Glomus sp. 30.47+£3.33 b 7.03x1.11¢ 0.90£0.11 b 8.67£0.88 bc  0.67£0.33 ¢
Glomus sp-LW10 31.93£2.78 b 7.97£0.71 bc  0.79%0.15 be 9.00£0.58 bc  0.33+0.33 ¢
Glomus sp.-SW10 14.87+1.24 be 6.17£0.35cd  0.89+0.08 b 8.67+£0.33 bc  0.00+0.00 d
AMF Mixed 35.20+1.82ab  10.63+1.79 ab  0.99+0.18ab  10.3+0.67 ab 2.67+0.33 b
Pr>F 0.0014 0.0003 0.0088 0.0167 0.0047

Notes: Average values followed by different letters in the same column are significantly different at DMRT (p<0.05);

*Mean+SE.

Figure 1. Performance of three-month-old A. saponaria seedlings (left) and roots (right).
Notes: A (control), B (Racocetra crispa), C (Glomus intraradices), D (Glomus sp.), E (Glomus sp.-LW10),

F (Glomus sp.-SW10), and G (Mycofer IPB).
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Table 4. Dry weight, mycorrhizal dependency (MD), the mycorrhizal growth responses (MGR), and shoot root ratio (SRR), of 4. saponaria seedlings three
months old, grown with or without mycorrhizal fungi under greenhouse conditions.

Treatment Dry weight (g) MD (%) MGR (%) SRR
Roots Shoots Total
Post-asphalt mining media
Control 0.04+0.004 b 0.09+0.012d 0.13+£0.016 ¢ - - 2.5440.104 cd
Gigaspora crispa 0.15£0.01 b 0.69+0.08 bc 0,85+£0.09 b 84.78+6.29 553.8+£34.5 4.53+0.36 b
Glomus intraradices 0.93+0.39 a 1.18+0.05 a 2,11+0.43 a 92.73+3.96 1,523.1+81.3 1.65+0.45 d
Glomus sp. 0.24+0.06 b 0.59+£0.09 bc 0,83+£0.15 b 80.53+7.35 538.5+17.7 2.6240.24 cd
Glomus sp-LW10 0.14+£0.02 b 0.51£0.09 ¢ 0,65+£0.10 bc 80.30+7.84 376.9+21.3 3.53+0.34 ¢
Glomus sp.-SW10 0.27£0.05 b 0.88+0.19 b 1,15£0.24 b 77.29+£17.22 784.6+30.7 3.16+0.11 ¢
Mycofer IPB 0.09+0.01 b 0.54+0.06 ¢ 0,61+0.07 bc 73.83+10.68 369.2+58.7 5.95+40.40 a
Pr>F 0.0134 <.0001 0.0003 - - <.0001
Post-nickel mining media
Control 0.07+0.01 ¢ 0.07+0.01 d 0.14+0.01 d - - 0.96+0.04 b
Gigaspora crispa 0.90+0.01 be 0.10+0.02 cd 0.19+0.03 cd 26.3£12.1 35.7+£20.6 1.10+0.05 ab
Glomus intraradices 0.35+0.04 a 0.47+0.02 a 0.82+0.06 a 82.9+1.00 485.7+35.6 1.35+0.10 a
Glomus sp. 0.14+£0.02 b 0.13+0.02 cd 0.27£0.03 c 48.1£10.2 92.8441.3 0.95+0.02 b
Glomus sp-LW10 0.12+0.01 be 0.16+0.02 c 0.27£0.03 c 48.1£3.90 92.8+15.2 1.35+0.08 a
Glomus sp.-SW10 0.14£0.01 b 0.16+0.02 c 0.30+0.02 ¢ 53.3+4.30 114.3£17.5 1.194£0.19 ab
AMF Mixed 0.33+£0.01 a 0.31£0.04 b 0.64+0.05 b 78.1£3.00 357.1£70.1 0.94+0.10 b
Pr>F <.0001 <.0001 <.0001 - - 0.0270

Notes: Average values followed by different letters in the same column are significantly different at DMRT (p<0.05); *Mean+SE.

Table 5. N, P, and Zn content and uptake of 4. saponaria plant cultivated with or without AMF in post-asphalt mining media at nursery conditions after three

months.
Treatment Content (mg g™) Uptake (mg plant”'x 10-)
N P Zn N P Zn

Control 2.33+0.067 b 0.00027+0.000009 ¢ 0.00047+0.000268 290+44.3 ¢ 0.037+0.005 b 0.033+0.023
Racocetra crispa 2.93+0.133 b 0.00052+0.000036 ab 0.00100+0.000202 2,510+£379.0 b 0.447+0.078 b 0.867+£0.273
Glomus intraradices 4.17+£0.819 a 0.00069+0.000113 a 0.00093+0.000140 9,430+790.7 a 1.560+0.586 a 1.967+0.235
Glomus sp. 2.33+£0.088 b 0.00046+0.000142 bc 0.00113+0.000230 1,960+435.7 b 0.420+0.208 b 1.033+0.395
Glomus sp-LW10 2.13+£0.033 b 0.00032+0.000013 bc 0.00146+0.000286 1,390+241.1 be 0.213+0.043 b 1.00£0.355
Glomus sp.-SW10 2.30+0.058 b 0.00037+0.000038 bc 0.00176+0.000878 2,670+603.4 b 0.440+0.123 b 2.300+1.347
Mycofer IPB 2.23+0.033 b 0.00033+0.000018 bc 0.00086+0.000150 1,390+138.3 be 0.210+0.032 b 0.5667+0.162
Pr>F 0.0053 0.0142 0.3959 <.0001 0.0116 0.1551
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Table 6. N, P, and Ni content and uptake of 4. saponaria plant cultivated with or without AMF in post-nickel mining media at nursery conditions after three

months.
Treatment Content (mg g') Uptake (mg plant™)
N P Ni N P Ni
Control 0.28+0.0088 0.56+0.0491 0.053+0.002 4c 0.040+0.0048 ¢ 0.080+0.0121 b 0.0076+0.0007 ¢
Racocetra crispa 0.29+0.0033 0.7340.1665 0.066+0.0030 ¢ 0.055+0.0075 ¢ 0.147+0.0533 b 0.0126+0.0016 ¢
Glomus intraradices 0.30+0.0176 0.994+0.2734 0.191+0.0426 a 0.252+0.0315 a 0.840+0.2786 a 0.1620+0.0483 a
Glomus sp. 0.29+0.0088 0.724+0.0907 0.067+0.0120 ¢ 0.077+0.0113 ¢ 0.187+0.0101 b 0.0186+0.0054 ¢
Glomus sp-LW10 0.28+0.0088 0.8340.0404 0.078+0.0212 ¢ 0.078+0.0095 ¢ 0.229+0.0359 b 0.0221+0.0078 ¢
Glomus sp.-SW10 0.29+0.0033 0.71£0.2184 0.103+0.0023 be 0.085+0.0067 ¢ 0.204+0.0479 b 0.0306+0.0025 ¢
AMF Mixed 0.30+0.0088 1.12+0.1660 0.155+0.0175 ab 0.191+£0.0143 b 0.713+0.0986 a 0.1015+0.0188 b
Pr>F 0.5601 0.2991 0.0015 <.0001 0.0015 0.0005
Table 7. The increase/decrease of nutrient uptake in 4. saponaria seedlings.
Treatment Increase/decrease of nutrient uptake (%) Treatment Increase/decrease of nutrient uptake (%)
P Zn N P Ni
Post-asphalt mining media Post-nickel mining media
Control - - - Control - - -
Racocetra crispa 765.5 1,108.1 2,527.3  Racocetra crispa 37.5 83.8 65.8
Glomus intraradices 3,151.7 4,116.2 5,860.6  Glomus intraradices 530.0 950.0 2,031.6
Glomus sp. 575.9 1,035.1 3,030.3  Glomus sp. 92.5 133.8 144.7
Glomus sp-LW10 379.3 475.7 2,930.3  Glomus sp-LW10 95.0 186.3 190.8
Glomus sp.-SW10 820.7 1,089.2 6,869.7  Glomus sp.-SW10 112.5 155.0 302.6
Mycofer IPB 379.3 467.6 1,617.3  AMF Mixed 377.5 791.3 1,235.5
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For the variables of Ni content and N, P, and Ni uptake,
the G. intraradices treatment did not differ
significantly from the other treatments except for the
AMF mixed treatment for the variables of Ni content
and p uptake (Table 6). AMF inoculation increased the
uptake of P, N, Zn, and Ni in 4. saponaria seedlings
under nursery conditions (Table 7). In post-asphalt
mining media, the increase in N, P, and Zn uptake
ranged from 379.3-3,151.7%, 467.6-4,116.3%, and
1,517.3-5,860.6%, respectively. The increase in N, P,
and Ni uptake by A. saponaria plants on post-nickel
mining media was 37.5-530%, 83.8-950%, and
65.8-2,031.6%, respectively.

The results of this study indicate that AMF
inoculation, especially G. intraradices, can improve
the quality of 4. saponaria seedlings in degraded soils,
both in post-asphalt mining and post-nickel mining
media. The effectiveness of G. intraradices is likely
due to its ability to expand plant root networks via
external hyphae, thereby increasing the efficiency of
water and nutrient absorption, particularly phosphorus
and nitrogen (Tian et al., 2023). Research by Barea et
al. (2016) shows that G. intraradices has a high
capacity to increase phosphorus availability in
nutrient-poor soils. In addition, G. intraradices has
been shown to increase plant resistance to
environmental stress, with high adaptability and
sporulation (Jansa et al., 2008; Bending et al., 2014;
Ouhaddou et al., 2025). This study also supports these
findings by showing significant increases in growth,
dry weight, and nutrient uptake in plants inoculated
with G. intraradices in post-mining media.

A. saponaria seedlings inoculated with AMF on
post-asphalt mining and post-nickel mining media had
dry weights approximately 3-15 and 0.35-4 times
greater than the control, respectively. These results are
consistent with those of Amir et al. (2018), who found
that Metrosideros laurifolia mycorrhizal seedlings had
dry weights approximately 4 times those of the control
on serpentine soil media. Increased dry weight of
mycorrhizal plants on serpentine press has also been
reported in Sorghum vulgare (Amir et al., 2012).
Tuheteru et al. (2021) reported that the application of
local FMA increased the total dry weight of three-
month-old 4. saponaria seedlings grown on red-
yellow podzolic soil (Ultisol) by 11 times compared to
the control.

Increased growth, root nodules, and dry weight
of plants are closely related to increased absorption of
phosphorus and other nutrients N and Zn in
mycorrhizal plant tissues (Table 5). A. saponaria
seedlings inoculated with AMF on post-asphalt mining
and post-nickel mining media had increased nutrient
uptake of N by 0.35-4, P (3-31), and Zn (16-68), as
well as N (0.37-5.3) and P 0.83-9.5 times greater than
the control. One mechanism of P uptake is through
higher production of phosphatase enzymes in the
rhizosphere, thereby mobilizing inorganic P into a
form available to plants. The detailed mechanism of P
uptake by AMF has been reviewed by Wang (2017).

This research agrees with several previous research
results on various media conditions of post-mining
land, such as high P uptake in Pterocarpus indicus and
Vitex cofassus plants in post-asphalt mining media
conditions (Husna et al., 2025; Tuheteru et al., 2025),
K. celebica plants in gold tailings media (Husna et al.,
2021), P. mooniana in post-nickel mining media
conditions (Husna et al., 2016), and Amygdalus
pedunculata in coal mining (Bi et al., 2018). In
addition, FMA reduces metal toxicity by immobilizing
metals on hyphal walls and vesicles and by increasing
plant antioxidant synthesis (Begum et al., 2019; Wang
et al., 2024). This explains the ability of 4. saponaria
mycorrhizal seedlings to grow better even in
nutrient-poor media. In addition to improving growth,
AMF colonization also increases 4. saponaria plants'
dependence on local FMA inoculation.

In this study, the MD values ranged from 73.83%
to 92.73% (post-asphalt mining media) and 26% to
82% (post-nickel mining media), with the highest MD
values generally observed in the G. intraradices
treatment. The results of this study indicate that locally
isolated AMF from post-asphalt mining land can
enhance the growth of 4. saponaria plants under less
favorable conditions. Compatibility of native AMF
with 4. saponaria is possible due to several factors,
namely 1) native AMF is suitable for media
conditions; 2) local AMF is compatible with root
exudates produced by A. saponaria roots; and 3)
genotypically, local AMF can absorb and conduct
water and nutrients to the host plant (Tuheteru et al.,
2025). The results of this study indicate that
A. saponaria is highly dependent on G. intraradices.
High dependence (MIE 91%) of 4. saponaria was also
reported by Tuheteru et al. (2021).

Based on these results, 4. saponaria nurseries at
the nursery scale need to be equipped with
G. intraradices or other AMF. Several similar studies
report that inoculation with local AMF increases
photosynthesis rates, available P, and seedling survival
when transferred to the field (Husna et al., 2021;
Waulandari et al., 2024). Thus, the application of local
AMF at the nursery stage is an efficient
bioamelioration approach to improve seedling quality
and accelerate revegetation success on post-mining
degraded land. The results of this study also emphasize
the importance of selecting local AMF isolates from
extreme ecosystems, as these isolates have adaptive
capabilities to the physical and chemical conditions of
the local soil. Native AMF from post-asphalt mining
land, specifically G. intraradices, has been shown to
increase nutrient uptake and growth of A. saponaria
compared to non-mycorrhizal plants. This supports the
concept that specific symbiosis between fungi and host
plants plays a key role in colonization effectiveness
(Brundrett and Tedersoo, 2018). Therefore, integrating
native AMF inoculation technology into forestry
seedling programs is a strategic step to strengthen the
sustainability of mine ecosystem restoration in
Indonesia.
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Conclusion

Native AMF inoculation has been shown to increase
initial growth, dry weight, and uptake of N, P, Zn, and
Ni in Albizia saponaria seedlings planted in
post-asphalt mining and post-nickel mining media.
Glomus intraradices isolates had the most significant
effect on growth and nutrient uptake efficiency
compared to other treatments. The application of
native AMF from post-asphalt mining land has been
proven effective in improving seedling quality and
resistance to degraded environmental conditions.
These findings support the use of native AMF and
A. saponaria as an essential component in sustainable
post-mining land restoration strategies in Indonesia.

Acknowledgements

This research was financially supported by the Ministry of
Education, Culture, Research, and Technology of the
Republic of Indonesia (No. 08/UN29.20/PG/2024) and the
Ministry of Higher Education, Science, and Technology of
the Republic of Indonesia (No. 24/UN29.20/PG/2025). They
also extend their thanks to the Head of Mining Engineering
of PT. WIKA Bitumen, Buton, Southeast Sulawesi Province,
and to the Head of Mining Engineering of PT. Pernick Sultra,
Konawe Utara, Indonesia.

References

Albasri, Tuheteru, F.D., Husna, Budiharta, S., Tuheteru, E.J.,
Mulyono, S., Yunanto, T. and Karlin, V. 2023.
Composition, structure and diversity of vegetation on
asphalt post-mining sites in Buton Island, Indonesia.
Floresta Ambient 30(3):¢20230022, doi:10.1590/2179-
8087-FLORAM-2023-0022.

Amir, H., Cavaloc, Y. and Lambers, H. 2018. Arbuscular
mycorrhizal fungi and sewage sludge enhance growth
and adaptation of Metrosideros laurifolia on ultramafic
soil in New Caledonia: A field experiment. Mycorrhiza
28(7):629-639, doi:10.1007/s00572-018-0852-7.

Amir, H., Ducousso, M. and Cavaloc, Y. 2012. Arbuscular
mycorrhizal fungi from New Caledonian ultramafic soils
improve tolerance to nickel of endemic plant species.
Mycorrhiza 22(8):631-642, doi:10.1007/s00572-018-
0852-7.

Barea, J.M., Pozo, M.J. and Azcon-Aguilar, C. 2016.
Microbial ~ management of  rhizosphere  and
mycorrhizosphere: Exploring the role of beneficial
microorganisms in improving soil quality and plant
growth. Soil Biology and Biochemistry 103:73-85,
doi:10.1016/j.50i1bi0.2016.08.015.

Begum, N., Qin, C., Ahanger, M.A., Raza, S., Khan, M.L,,
Ashraf, M., Ahmed, N. and Zhang, L. 2019. Role of
arbuscular mycorrhizal fungi in plant growth regulation:
Implications in abiotic stress tolerance. Frontiers in
Plant Science 10:1068, doi:10.3389/1pls.2019.01068.

Bending, G.D., Turner, M.K. and Rayns, F. 2014. Effects of
mycorrhizal fungi on plant growth under stress
conditions.  Plant and  Soil  376(1-2):119-130,
doi:10.1007/s11104-014-2136-9.

Bi, Y., Zhang, Y. and Zou, H. 2018. Plant growth and their
root development after inoculation of arbuscular
mycorrhizal fungi in coal mine subsided areas.

International Journal of Coal Science and Technology
5:47-53, doi:10.1007/s40789-018-0201-x.

Brundrett, M.C. and Tedersoo, L. 2018. Evolutionary history
of mycorrhizal symbioses and global host plant diversity.
New Phytologist ~ 220(4):1108-1115,  doi:10.1111/
nph.14976.

Cavagnaro, T.R., Smith, F.A., Ayling, S.M. and Smith SE.
2003. Growth and phosphorus nutrition of a Paris-type
arbuscular mycorrhizal symbiosis. New Phytologist
157(1):127, doi:10.1046/j.1469-8137.2003.00654.x.

de Moura, M.A., Oki, Y., Arantes-Garcia, L., Cornelissen,
T., Nunes, Y.RF. and Fernandes, G.W. 2022.
Mycorrhiza fungi application as a successful tool for
worldwide mine land restoration: current state of
knowledge and the way forward. Ecological
Engineering 178, doi:10.1016/j.ecoleng.2022.106580.

Fern, K. 2024. Albizia saponaria. Useful Tropical Plants

Database. Retrieved from
https://tropical.theferns.info/viewtropical.php?id=Albizi
atsaponaria

Hikmat, A., Zuhud, E.AM., AlManar, P., Wilyan,
R.,Munggaran, I.K., Hidayat, S. and Robika. 2025.
Diversity and utilization of plants in kelekak
agroforestry in Air Mesu Village, Central Bangka
District, Indonesia. Biodiversitas Journal of Biological
Diversity 26(3):1105-1113, doi:10.13057/
biodiv/d260309.

Husna, Tuheteru, F.D. and Arif, A. 2021a. 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 Journal of Biological Diversity
22(9):3844-3853, doi:10.13057/biodiv/d220930.

Husna., Tuheteru, F.D. and Arif, A. 2021b. The potential of
arbuscular mycorrhizal fungi to conserve Kalappia
celebica, an endangered endemic legume on gold mine
tailings in  Sulawesi, Indonesia. Journal of
Forestry Research 32: 675-682, doi:10.1007/s11676-
020-01097-8.

Husna., Tuheteru, F.D., Nurdin, W.R., Ramadin. and Arif A.
2025. Enhanced growth and nutrient uptake of
Pterocarpus indicus in asphalt post-mining soil media
using local arbuscular mycorrhizal fungi. Biodiversitas
Journal of Biological Diversity 26:1956-1963,
doi:10.13057/biodiv/d260444.

Jansa, J., Kolar, J. and Stribry, J. 2008. Effects of
mycorrhizae on soil nutrient uptake in heavy metal
contaminated soils. Plant and Soil 302(1-2):53-64,
doi:10.1007/s11104-007-9491-2.

Miswanto, A., Rochani, S., Dani, U., Haryadi, H., Suherman,
L., Suseno, T., Astuti, W., Wijayanti, R., Prakosa, A.,
Prakosa, A., Hartono, H., Prameswara, G. and Petru,
H.T.B.M. 2025. Buton asphalt: prospect and strategy for
asphalt import substitution in Indonesia. Mineral
Economics 38:119, doi:10.1007/s13563-024-00459-6.

Nasution, M.J., Tugiyono, Bakri, S., Setiawan, A., Murhadi,
Waulandari, C. and Wahono, E.P. 2024. The impact of
increasing nickel production on forest and environment
in Indonesia: A review. Jurnal Sylva Lestari 12(3):549-
579, doi:10.23960/js1.v12i3.847.

Ouhaddou, R., Amrani, S., Fikri, M. and El Hajjami, M.
2025. The importance of the Glomus genus as a potential
bioremediation tool in heavy metal stress.
Agronomy 16(1):32, doi:10.3390/agronomy16010032.

Pratiwi, Narendra, B.H., Siregar, C.A., Turjaman, M.,
Hidayat, A., Rachmat, H.H., Mulyanto, B., Suwardi,
Iskandar, Maharani, R., Rayadin, Y., Prayudyaningsih,

Open Access

9553



F.D. Tuheteru et al. / Journal of Degraded and Mining Lands Management 13(1):9545-9554 (2026)

R., Yuwati, T.W., Prematuri, R. and Susilowati, A. 2021.
Managing and reforesting degraded post-mining
landscape in Indonesia: A Review. Land 10(6):658,
doi:10.3390/1and10060658.

Prematuri, R., Turjaman, M., Sato, T. and Tawaraya, K.
2020. The impact of nickel mining on soil properties and
growth of two fast-growing tropical tree species.
International Journal of Forestry Research 2020(19):1-
9, doi:10.1155/2020/883759.

Soil Research Center. 2009. Technical Guidelines for
Chemical Analysis of Soil, Plants, Water, and
Fertilizers. Second edition. Bogor (in Indonesian).

Tian, Y., Xu, J., Lian, X., Wei, B., Ma, X. and Wu, P. 2023.
Effect of Glomus intraradices on root morphology,
biomass production and phosphorus use efficiency of
Chinese fir seedlings under low phosphorus stress.
Frontiers in Plant Science 13:1095772,
doi:10.3389/1pls.2022.1095772.

Tuheteru, F.D., Husna, Albasri, Effendy, H.M., Arif, A.,
Basrudin, Tuheteru, E.J., Mulyono, S. and Irianto, R.S.
2022. Diversity of arbuscular mycorrhizal fungi in
asphalt post-mining land in Buton Island, Indonesia.
Biodiversitas ~ Journal  of  Biological  Diverity
23(12):5290-5297, doi:10.13057/biodiv/d231038.

Tuheteru, F.D., Husna, and Alimuddin, L.D. 2021. Response
of growth and dependency level of Albizia saponaria
(Lour.) local arbuscular mycorrhiazae fungi from
Southeast Sulawesi. Biota: Jurnal Ilmiah Ilmu-Ilmu
Hayati 16(2):252-261, doi:10.24002/biota.v16i2.107 (in
Indonesian).

Tuheteru, F.D., Husna, Nurdin, W.R., Himawan, A.,
Tuheteru, E.J., Albasri, Mulyono, S. and Arif, A. 2025.
Native arbuscular mycorrhizal fungi promote the growth

of Vitex cofassus seedlings in post-asphalt mining soil
media. Journal of Degraded and Mining Lands
Management 12(2):7225-7233, doi:10.15243/
jdmlm.2025.122.7225.

van der Heijden, M.G.A., Wiemken, A. and Sanders, I.R.
2003. Different arbuscular mycorrhizal fungi alter
coexistence and resource distribution between co-
occurring plants. New Phytologist 157(3):569-578,
doi:10.1046/j.1469-8137.2003.00688.x.

Vierheilig, H., Schweiger, P. and Brundrett, M. 2005. An
overview of methods for the detection and observation
of arbuscular mycorrhizal fungi in roots. Physiologia
Plantarum 125:393-404, doi:10.1111/5.1399-
3054.2005.00564.x.

Wang, F., Lin, X. and Yin, R. 2005. Heavy metal uptake by
arbuscular mycorrhizas of Elsholtzia splendens and the
potential for phytoremediation of contaminated soil.
Plant and Soil 269:225-23, doi:10.1007/s11104-004-
0517-8.

Wang, F. 2017. Arbuscular mycorrhizas and ecosystem
restoration. In: Wu, Q.S. (ed.), Arbuscular Mycorrhizas
and Stress Tolerance of Plants. (pp 245-291).
Springer Nature Link, Singapore, doi:10.1007/978-981-
10-4115-0_11.

Wang, Q., Liu, M., Wang, Z., Li, J., Liu, K. and Huang, D.
2024. The role of arbuscular mycorrhizal symbiosis in
plant abiotic stress. Frontiers in Microbiology
14:1323881, doi:10.3389/fmicb.2023.1323881.

Wulandari, D., Nufus, M., Faridah, E., Maulana, A.F. and
Tawaraya, K. 2024. Native arbuscular mycorrhizal fungi
and Nauclea orientalis for potential reclamation of
tropical coal mining areas. Environmental Advances
15:100462, doi:10.1016/j.envadv.2023.100462.

Open Access

9554



	Cover.pdf
	Editorial Team.pdf
	Daftar Isi.pdf
	Native Abusrcular Micorizal_Paper.pdf

