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Post-asphalt mining land is generally damaged and infertile; therefore,
restoration efforts are necessary. The use of native Arbuscular Mycorrhizal
Fungi (AMF) can improve plant growth and accelerate the success of
restoration. This research aimed to elucidate the effect of native AMF
inoculation on the growth of Vitex cofassus seedlings in greenhouse
conditions. In this study, a completely randomized design was implemented
with seven treatments, i.e., uninoculated (control), Racocetra crispi, Glomus
intraradices, Glomus sp., Glomus sp.-LW10, Glomus sp.-SW10 and Mycofer
IPB (commercial AMF). The percentage of AMF colonization, plant growth,
dry weight as well as P and Ca uptakes were measured after 3 months of
planting. The results showed that AMF inoculation significantly increased
the percentage of colonization, growth, and dry weight of shoots and total
plants of V. cofassus. Mycorrhizal Inoculation Effect (MIE) ranged between
92.2% and 94.6%. Native and commercial AMF inoculation increased P and
Ca uptakes in the roots and shoots of V. cofassus. There is a promising future
for native AMF to be developed into a biofertilizer for restoring post-asphalt
mining land in Indonesia.

To cite this article: 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.

Introduction

using low-cost, environmentally friendly approaches.
Post-mining land restoration requires appropriate tree

The mining sector contributes significantly to the
economic and social aspects of a country (Agboola et
al., 2020). Asphalt mining, which uses an open pit
mining method, is among the mining sectors that
contribute to the national income. On the other hand,
mining activities have an impact on damage and loss
of natural vegetation, environmental degradation, and
human health deterioration, which eventually leave the
post-mining land (Worlanyo and Jiangfeng, 2021;
Albasri et al., 2023). The physical, chemical, and
biological characteristics of the post-mining land do
not support plant growth in restoration activities
(Pratiwi et al., 2021). These lands need to be restored

species and their symbiosis with beneficial soil
microbes (Amir et al., 2023), such as Arbuscular
Mycorrhizal Fungi (AMF), which is among important
soil microbes that have been utilized in ecosystem
restoration (de Moura et al., 2022).

Arbuscular Mycorrhizal Fungi (AMF) belong to
the phylum Glomeromycota, which has a symbiotic
relationship with 97 families of land plants (Smith and
Read, 2008). AMF reportedly are able to improve and
accelerate the restoration process and ecosystem
services on degraded land, including post-mining land
(Asmelash et al., 2016; de Moura et al., 2022) through
increasing the uptakes of plant nutrients and water,
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plant resilience against biotic and abiotic stresses, as
well as improving soil quality. Martins et al. (2020)
reported that among the use of new biotechnology and
phytotechnology in post-mining land restoration, there
has been an increase in articles related to arbuscular
fungi that provide plant survival, establishment, and
growth.

Studies related to active restoration and the use
of mycorrhizal biofertilizers to support the success of
restoration in both post-asphalt mining soil media and
other post-mining lands in the world are still very
limited. Previous studies related to the restoration of
post-asphalt mining land on Buton Island, Indonesia,
include natural regeneration (passive restoration)
(Albasri et al., 2023) and AMF biodiversity (Tuheteru
et al., 2022). These types of AMF have been collected
and reproduced, but studies related to screening native
AMF on the growth and survival of local adaptive
plants in post-asphalt mining soil media have not been
carried out. Wulandari et al. (2024) explained that the
effectiveness of AMF varies according to type, so
screening is required to find the best AMF for
reclamation. Therefore, it is necessary to carry out
research to obtain information on the effectiveness of
native AMF in post-asphalt mining land on plant
growth in post-asphalt mining soil media.

Native arbuscular mycorrhizal fungi (AMF)
isolated from degraded areas, such as post-mining
sites, exhibit greater tolerance to stress conditions,
particularly pollutants, and have good adaptation
capability to local habitats due to long-term natural
selection (Emam, 2016; Kodre et al., 2017). Previous
studies showed that the use of local types of AMF is
more effective compared to the exotic ones (Husna et
al., 2016; 2019; Tuheteru et al., 2020; Husna et al.,
2021a) and is more efficient and cost-effective
(de Moura et al., 2022). Development of AMF has the
potential for revegetation, reforestation, and
environmental  damage  restoration  programs
(Asmelash et al., 2016; Husna et al., 2021b; de Moura
et al., 2022). Apart from AMEF, it is important to have
ample knowledge of adaptive plant types in order to
support the selection and cultivation of species in post-
asphalt mining land restoration programs since
selected local species are preferred to be used in post-
mining land restoration (Gairola et al., 2023).

One type of local plant that is reported to grow
naturally in post-asphalt mining land on Buton Island
is Vitex cofassus Linn. (Albasri et al., 2023). This
species has a limited distribution, namely only spread
in Indonesia (Sulawesi, Maluku, Papua) and its
surroundings (New Guinea, Bismarcks, and Solomon)
(de Kok, 2008). V. coffassus is one of Indonesia's
leading tree species and has high economic value.
V. coffassus is also prospective to be used as a plant
type for post-mining land revegetation (Pasumbana et
al., 2017; Pratiwi et al., 2021; Albasri et al., 2023) and
reforestation (Otsamo et al., 1997). This study was
carried out to investigate the effects of native AMF
inoculation on the growth and nutrient uptake of

V. coffassus on post-asphalt mining soil media under
greenhouse conditions.

Materials and Methods
Preparation of soil media

Post-asphalt mining soil samples were collected from
PT's disposal site. Wika Bitumen in Buton District,
Southeast Sulawesi, Indonesia, and was kept in a
greenhouse for storage. The chemical and physical
characteristics of soil media were analyzed at the Soil
Laboratory of Soil Research Institute, Bogor,
Indonesia. The chemical and physical properties of the
soil samples are presented in Table 1.

Table 1. Soil physical and chemical properties from
post-asphalt mining land.

Parameter Unit Value  Criteria®
pH (H20) 7.2 Neutral
Organic C % 7.56  Very high
(Walkley & Black)

Total N (Kjeldahl) % 0.13 Low
C/N ratio 58 Very high
P20s (HCI 25%) mg100g! 55 High
K20 (HCI1 25%) mg 100 g"! 7 Very low
P20s (Olsen) ppm 8 Low
K20 (Morgan) ppm 49 -

Ca (NHas-Acetate cmol kg'! 18.58 High
IN pH 7)

Mg (NHs-Acetate cmol kg! 1.47  Moderate
IN pH 7)

K (NHs-Acetate IN  cmol kg! 0.10 Low
pH7)

Na (NH4-Acetate cmol kg'! 0.23 Low
INpH 7)

CEC (NHa4-Acetate cmol kg'! 23.89  Moderate
IN pH 7)

Base saturation % 85 Very high
(NH4-Acetate 1N.

pHT7)

A" (KCI IN) cmol kg! 0.00 -

H* (KCI1 IN) cmol kg! 0.07 -
Texture (pipet)

Sand % 10 Clay
Silt % 40

Clay % 50

Fe (DTPA) ppm 7.3 Sufficient
Mn (DTPA) ppm 9.5 Sufficient
Cu (DTPA) ppm 1.2 Sufficient
Zn (DTPA) ppm 0.3 Deficient
Pb (Morgan Wolf) ppm 0.4 Normal
Cd (Morgan Wolf) ppm 0.2 Normal
CaCOs % 2.1 -
(Titrimetric)

2Soil Research Institute (2009).

Seed germination

V. coffassus seeds were collected from their parent
trees at Wabula Village in Buton District, Southeast
Sulawesi. The seeds were soaked in warm water of
50 °C for 24 hours to gradually cool down and
germinated in a plastic sprout maker at the plastic
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house of the Indonesian Mycorrhizal Association
(IMA), Southeast Sulawesi Branch.

Inoculum propagation and inoculation of
Arbuscular Mycorrhizal Fungi (AMF)

AMF inoculums wused were isolated from the
rhizosphere of plants in post-asphalt mining land
(Tuheteru et al., 2022). Inoculums of AMF were
propagated in zeolite media using Pueraria javanica
as the host, which was maintained for 3 months.
Polyethylene pots (15 x 20 cm) were filled with 1,000
g of sterile soil media (a mixture of soil from post-
asphalt mining land, river sand, and husk-charcoals
having a proportion of 3:1:1). AMF inoculum was
inoculated by placing 10 g of inoculum/plant of each
species at 1-3 cm underneath the seedlings. V.
coffassus seedlings with two new leaves were
transplanted into the pots, followed by seedlings
maintenance, watering, and observation for 3 months.
The seedlings were watered daily to field capacity with
tap water. Ten grams of sterilized zeolite was placed
into the uninoculated pots as the control treatment. The
experiment was carried out in a nursery condition with
varied temperatures between 24 and 37 °C, with a
relative humidity of 82-95% with a 12-hour
photoperiod.

Growth parameter

In this experiment, a completely randomized design
was implemented and consisted of 7 treatments of
AMEF: (A) control (uninoculated), (B) Racocetra
crispa, (C) Glomus intraradices, (D) Glomus sp., (E)
Glomus sp.-LW10, (F) Glomus sp.-SW10, and (G)
Mycofer IPB (G). Each treatment had three
replications. Plant height and stem diameter were
measured at a height of 1 cm above the soil medium at
120 days after transplantation. At the end of the study,
the number of leaves were counted.

Dry weight determination

Seedlings were harvested after three months of growth,
during which the shoots and roots were separated. The
samples were then oven-dried at 70 °C for 48 hours to
determine their dry weight. Colonization of
mycorrhizal fungi was done by using some of the
roots. Concentrations of P and Ca were calculated for
both the shoots and roots. Formula by Duryea and
Brown (1984) was used to calculate the Seed Quality
Index (SQI): Seed Quality Index (SQI) = [Shoot dry
weight + root dry weight]/[(height/diameter) + (dry
weight of shoot/root dry weight)]. Seedlings are of
high quality if the value of SQI is >0.09.

Arbuscular Mycorrhizal Fungi (AMF) colonization
and Mycorrhizal Inoculation Effect (MIE)

AMF colonization in V. coffassus roots was observed
using a trypan blue stain. Formula by Brundrett et al.
(1996) was used to count the colony: [X number of
fields of view colonized/X total observed field of view]
x 100%. The formula for calculating the Mycorrhizal

Inoculation Effect (MIE) was: [total dry weight of
mycorrhizal plant - total dry weight of non-
mycorrhizal plant/total dry weight of mycorrhizal
plant] x 100% (Habte and Manjunath, 1991).

Nutrients

Available P was measured in sodium bicarbonate
extracts at pH 8.5 and measured according to the Olsen
method at 660 nm by a flow injection automated ion
analyzer. Available Ca were extracted with 1 N NHj-
Acetate, pH 7, and determined by atomic absorption.
The uptake of P and Ca was calculated by multiplying
the nutrient concentrations by the dry weights of the
plants. The formula used to calculate nutrient transport
factor (TF) was: C aerial/C root, where C aerial is the
nutrient concentration in the shoot (stems and leaves)
and C root is the nutrient concentration in the root.
Additionally, the formula to calculate the
increase/decrease of nutrients uptake of AMF-treated
seedlings relative to the controls was: [nutrient
absorption of AMF plant - nutrient absorption of non-
mycorrhizal —plant/nutrient absorption of non-
mycorrhizal plant] x 100% (Wang et al., 2005).

Statistical analysis

Results of the experiment were first analyzed by
comparing means of variance (F test), which were
followed by DMRT at a 95% confidence level when
the F test results showed a significant effect.

Results and Discussion
Plant growth

Arbuscular Mycorrhizal Fungi (AMF) showed a
significant effect on shoot height, stem diameter, and
leaf of V. cofassus at 12 weeks after transplantation
(Table 2, p<0.01). The inoculation of Glomus sp.-
SW10 increased the shoot height of V. cofassus and did
not differ significantly from other treatments, except
Glomus intraradices and control treatments. There
were no significant differences in leaf number and leaf
length among V. cofassus inoculated with all AMF
treatments. Leaf widths of V. cofassus inoculated with
Glomus intraradices and Glomus sp.-LW10 were
significantly higher compared to that of V. cofassus
inoculated with R. crispa and control (Table 2,
p<0.01). The effect of AMF treatments started to show
in the 4th week after planting (Figure 1). The
performance of the 3-month-old V. cofassus seedlings
is presented in Figure 2. Inoculation of native AMF on
V. cofassus seedlings significantly increased plant
growth and dry weight. An increase in plant height,
stem diameter, and number of leaves of V. cofassus
plants inoculated with native AMF compared to
control was shown by 1,161-1,506%, 743-966%, and
341-581% growth, respectively (Table 2). The growth
response of V. cofassus to native AMF inoculation
shows that improving the V. cofassus seedlings'
growth in post-asphalt mining soil media can be

Open Access

7227

@ @ @ CC BY-NC 4.0 | Attribution-NonCommercial 4.0 International



F.D. Tuhuteru et al. / Journal of Degraded and Mining Lands Management 12(2):7225-7233 (2025)

achieved through native AMF inoculation. The
increase in growth and biomass is also reflected in the
increased dependence of V. cofassus on native AMF
(Table 3). Increased plant growth of V. cofassus is
strongly associated with improvements in plant
nutrients and water status, as well as increased plant
resistance to biotic and abiotic stresses (Wang, 2017;

Begum et al., 2019). Native AMF G. clarum improved
the growth of Nauclea orientalis plant in mixed coal
overburden media and soil (1:1 and 3:1) (Wulandari et
al., 2024). Before being transplanted onto the degraded
land, it is recommended that the plant is inoculated
with AMF in the nursery to promote the growth of
mycorrhizal tree seedlings (Prematuri et al., 2020).

Table 2. Shoot height, stem diameter, and leaves of V. cofassus seedlings after 3 months grown with or without
Arbuscular Mycorrhizal Fungi (AMF) under greenhouse conditions.

Treatment Height Stem diameter Leaf

(cm)* (mm) Number Lenght Width

per polybag (cm) (cm)

Control 2.17+£0.46 ¢ 0.30+0.00 ¢ 33342033 b 2.76£0.45 b 0.84+0.16 ¢
Racocetra crispa 31.67£2.48 ab  2.70+0.15 ab 16.33+2.03 a 1520+0.32 a 3.14+0.04 b
Glomus intraradices  27.37£0.71 b 2.53+0.03 b 14.67+1.33 a 14.73+0.75 a 3.68%0.15 a
Glomus sp. 29.73£3.20 ab  2.70+0.31 ab 20.00£3.06 a 16.21+£0.67 a 3.39+0.21 ab
Glomus sp.-LW10 33.07£1.35 ab  3.10+0.15 a 17.00£1.00 a 16.37+0.74 a 3.77+0.15 a
Glomus sp.-SW10 34.87£1.62 a 3.00£0.15 ab 15.00+£5.13 a 14.79£0.66 a 3.50+£0.13 ab
Mycofer IPB 31.5743.27 ab  3.20+0.00 a  22.67+6.67 a 15.5240.22 a 3.56+0.13 ab
Pr>F <0.0001 <0.0001 0.0374 <0.0001 <0.0001

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

*Mean+SE.
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Figure 1. Trend of increasing height and diameter of V. cofassus seedlings with or without Arbuscular
Mycorrhizal Fungi (AMF). Notes: A (control), B (Racocetra crispa), C (Glomus intraradices), D (Glomus sp.),
E (Glomus sp.-LW10), F (Glomus sp.-SW10) and G (Mycofer IPB).

Open Access

7228

@ ® @ CC BY-NC 4.0 | Attribution-NonCommercial 4.0 International



F.D. Tuhuteru et al. / Journal of Degraded and Mining Lands Management 12(2):7225-7233 (2025)

Figure 2. Performance of 3-month-old V. cofassus 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).

Plant dry weight

AMF colonization significantly increased the roots,
shoots, and total dry weight of V. cofassus seedlings
whose growth was higher than the control (Table 3,
p<0.01). The inoculation of Glomus sp., Glomus sp.-
LW10, Glomus sp.-SW10, and Mycofer IPB increased
roots, shoots, and total dry weight by 471-847, 5,200-
6,733, and 1,150-1,720%, respectively. The results of
this research show that the application of native AMF
is really needed by V. cofassus plants. Inoculation of
native AMF increases plant growth, leading to time-
saving and cost-efficiency increases during the
restoration and rehabilitation of post-asphalt mining
land. Many publications report that native AMF
inoculation can increase plant dry weight in post-
mining land media conditions contaminated with
heavy metals (Husna et al., 2017; Tuheteru et al., 2017;
Waulandari et al., 2024). No significant differences
were observed in Shoot Root Ratio (SRR) among
V. cofassus inoculated with all AMF treatments. All
AMF treatments increased the Seedling Quality Index
(SQD) of V. cofassus by contrast, while R. crispa did
not increase the SQI of V. cofassus. V. cofassus

seedlings inoculated with all AMF treatments meet
SQI standards and are suitable for planting in the field.

Arbuscular Mycorrhizal Fungi (AMF) colonization
and Mycorrhizal Inoculation Effect (MIE)

Results of root staining showed that the roots of V.
cofassus seedlings were colonized by AMF, with
Mycofer IPB having the highest average of
colonization (96%), followed by Glomus sp. (92%)
Glomus sp.-LWI10 (92%) and Glomus sp.-SW10.
(88%) (Table 2). Significant differences were
observed in AMF colonization among V. cofassus
inoculated with the AMF (Table 3, p<0.01). Common
AMF structures observed included internal and
external hyphae, coil hyphae, vesicles, and auxiliary
cells (Figure 3). Internal hyphae include AMF
structures commonly found in the roots of V. cofassus
plants. The presence of AMF structures in the roots of
V. cofassus indicates that 3-month-old V. cofassus
plants are in symbiosis with native AMF, which the
native AMF contributes to improving nutrients and
water status as well as increasing plant resistance to
biotic and abiotic stresses.

Table 3. Dry weight, Shoot Root Ratio (SRR), and Seed Quality Index (SQI) of V. cofassus seedlings 3 months
grown with or without mycorrhizal fungi under greenhouse conditions.

Treatment Dry weight (g) SRR ISQ
Roots Shoots Total
Control 0.17£0.09 ¢ 0.03£0.00 d 0.20+£0.09 d 0.64+0.50  0.007+£0.00 b
Racocetra crispa 1.16£0.09 ab  1.60+0.11 bc 2.76+0.09 bc  1.41+0.17 0.34+0.05 ab
Glomus intraradices 0.91+0.38 b 1.5940.09 ¢ 2.50+£0.43 ¢ 3.07+1.74 0.59+0.26 a
Glomus sp. 1.5840.16 a 1.85+0.24 abc  3.43£0.39 ab 1.17+0.06 0.37+0.06 a
Glomus sp.-LW10 1.33£0.06 ab  2.04+0.13 ab 3.37+0.11 ab  1.54+0.14 0.49+0.07 a
Glomus sp.-SW10 1.61+0.16 a 2.02+0.11 abc  3.64+0.06 a 1.294+0.20 0.41+0.07 a
Mycofer IPB 1.4840.09 ab  2.05+0.15 a 3.53+0.18 ab  1.39+0.12 0.50+£0.04 a
Pr>F 0.0006 <0.0001 <0.0001 0.3825 0.0434

Notes: A (control), B (Racocetra crispa), C (Glomus intraradices), D (Glomus sp.), E (Glomus sp.-LW10), F (Glomus sp.-
SW10) and G (Mycofer IPB). Average values followed by different letters in the same column are significantly different at

DMRt (p<0.05); *Mean+SE.
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The range of MIE values for all AMF treatments was
92,2-94,6% (Table 4). The high MIE value indicates
that AMF inoculation is beneficial for the production
of quality seeds at the nursery scale. High dependence
of plant species on AMF in post-mining soil media
conditions that contain heavy metals has also been
reported in several plant species, including Pericopsis
mooniana (Husna et al., 2016; 2019; 2021a),
Pterocarpus indicus (Husna et al., 2021a), Nauclea
orientalis (Tuheteru et al., 2020) and Kalappia
celebica (Husna et al., 2021b). The results of this
research showed that native AMF from post-asphalt
mining land on Buton Island is compatible with
V. cofassus and significant in increasing the initial
growth and improving the nutrition of V. cofassus
plants grown on post-asphalt mining soil media.
Compatibility of native AMF with V. cofassus is
possible because of several things, namely 1) native
AMF is suitable for media conditions; 2) local AMF is
compatible with root exudates produced by V. cofassus
roots; and 3) genotypically, local AMF has the ability
to absorb and conduct water and nutrients to the host
plant. Along with improvements in nutrients and water
status as well as chelation of heavy metals by AMF,
the growth and biomass of mycorrhizal plants can be

increased. Several research results showed that AMF
can help the growth of plants grown on land
contaminated with heavy metals (Bi et al., 2018). This
experiment showed that AMF inoculation promotes
the growth of seedlings on low-fertility soil media in
the nursery.

Table 4. AMF colonization and MIE of V. cofassus
seedlings 3 months grown with or without
Arbuscular Mycorrhizal Fungi (AMF).

Treatment AMF Colonization MIE (%)
(%)

Control 2+0.33 d

Racocetra 77£2.47 ¢ 92.5+3.52

crispa

Glomus 84+7.52 be 92.2+3.70

intraradices

Glomus sp. 92+3.12 ab 94.6+2.09

Glomus sp.- 88+4.72 abc  94.14+2.58

LWI0

Glomus sp.- 92+1.85 ab 94.6+2.38

SW10

Mycofer IPB 96+1.87 a 94.242.51

Pr>F <0.0001 <0.0001

g o i

Figure 3. AMF structure in the shoots and roots of V. cofassus.
Notes: Control (A), Racocetra crispa (B), Glomus intraradices (C), Glomus sp. (D), Glomus sp.-LW10 (E),
Glomus sp.-LW10 (F), Mycofer IPB (G); IH = Intraradical hyphae; EH = Extraradical hyphae; Ve = Vesicles;
and Ac = Auxiliary cells.

Shoot and root nutrient concentration and content

The soil pH was neutral (7.2). The C and C/N ratios
were categorized as very high and Ca as high. Total N,
P,0s (Olsen), K, and Na were in the low category. Mg

level and CEC were in the moderate category. Soil
texture was classified as clay (Table 1). Inoculation of
native AMF significantly increased P and Ca content
and uptakes among AMF treatments, both in roots and
shoots of V. cofassus (Tables 5 and 6). The control
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treatment showed significant differences in P and Ca
content and uptakes compared to the AMF treatments.
Treatments Glomus sp. SW10 dan Mycofer IPB
significantly increased P uptake in the roots and

shoots. Also, both treatments were significantly
different from the G. intaradices and control
treatments in roots (Table 5) and G. intaradices,
R. crispa, and control treatments in shoots (Table 6).

Table 5. Nutrient content and uptake in roots of 3-month-old V. cofassus seedlings.

Treatment Content (mg kg™") Uptake (mg plant'x 10-%)

P Ca P Ca
Control 0.26+0.007 b 13.35+2.221 d 0.05+0.024 ¢ 2.51+1.276 b
Racocetra crispa 0.49+0.026 a 73.79+0.557 a 0.58+0.073 ab 85.37£6.929 a
Glomus intraradices 0.5240.075 a  73.29+18.607 a 0.49+0.166 b 67.10£24.941 a
Glomus sp. 0.51+0.033 a 65.97+6.564 ab 0.81+0.112 ab 104.12£15.946 a
Glomus sp.-LW10 0.52+0.003 a 61.35+1.819 abc 0.69+0.025 ab 81.96+5.570 a
Glomus sp.-SW10 0.55+0.020 a 58.46+6.891 bc 0.89+0.056 a 92.98+8.968 a
Mycofer IPB 0.51£0.027 a 52.774£3.625 ¢ 0.75+£0.085 a 77.56+3.092 a

Table 6. Nutrient content and uptake in shoots of 3-month-old V. cofassus seedlings.
Treatment Content (mg kg™) Uptake (mg plant! x 10%)
P Ca P Ca

Control 0.33+0.097 ¢ 25.45+2.427 b 0.01+0.002 ¢ 0.80+0.155 b
Racocetra crispa 0.49+£0.054 b 72.87+0.942 a 0.80+£0.117 b 116.65+6.548 a
Glomus intraradices  0.68+0.081 ab 74.17+£14.851 a 0.85£0.247 b 117.73£35.990 a
Glomus sp. 0.59+£0.019 ab  74.39+£0.094 a 1.11+0.169 ab 137.92+.0.169 a
Glomus sp.-LW10 0.61£0.027 ab  74.33£0.042 a 1.25+0.059 a 151.04+9.348 a
Glomus sp.-SW10 0.69+0.074 a 74.2940.202 a 1.38+0.125 a 150.35¢8.279 a
Mycofer IPB 0.60+£0.031 ab  69.55£3.901 a 1.22+0.038 a 143.31£15.922 a

Phosphorus (P) and Calcium (Ca)

elements had

transport factors (TF)>1 (Table 6), except control
which showed TF<I. Native and commercial AMF

inoculation increased P and Ca uptakes in the roots and
shoots of 3-month-old V. cofassus under nursery
conditions (Table 7).

Table 7. Transport factor of elements and increase/decrease of nutrients uptakes in roots and shoots of 3-month-

old V. cofassus seedlings.

Treatment Transport factor Increase/decrease of nutrient uptake
Roots Shoots

P Ca P Ca P Ca
Control 0.22 0.32 - - - -
Racocetra crispa 1.38 1.37 1.184 3.301 7.900 14.481
Glomus intraradices 1.78 1.75 962 2.573 8.400 14.616
Glomus sp. 1.37 1.32 1.704 4.048 11.090 17.048
Glomus sp.-LW10 1.82 1.84 1.429 3.165 12.400 18.780
Glomus sp.-SW10 1.56 1.62 1.871 3.604 13.700 18.694
Mycofer IPB 1.62 1.85 1.576 2.990 12.100 17.814

The results of this study showed that the levels and
uptakes of P and Ca in the roots and shoots of
V. cofassus plants were increased by native AMF. It is
well known that AMF can facilitate the acquisition of
mineral nutrients (especially P) by plants (Smith and
Read, 2008). Seeds of V. cofassus plant inoculated
with native AMF show a more effective P and Ca
allocation. This research agrees with several previous
research results on various media conditions of post-
mining land, such as high P uptake in Pericopsis
mooniana plants in serpentine soil media conditions
(Husna et al., 2016), Nauclea orientalis plants in gold
tailings media (Tuheteru et al., 2020), and Amygdalus
pedunculata in coal mining subfields (Bi et al., 2018).

P and Ca are essential nutrients that plants need. Ca
plays a role in plants, including being part of cell
structure and the formation or division of new cells,
and it is a co-factor for many enzymes in plants
(Havlin et al., 2017). The most essential function of P
is its involvement in the storage and transfer of energy
in plants (Havlin et al.,, 2017). Wang (2017) has
summarized the direct and indirect mechanisms of P
repair by AMF, including that AMF extraradical
hyphae can absorb P directly and translocate it more
quickly to AMF structures in the roots, in which AMF
secretes phosphatases that hydrolyze organic P sources
into available forms. Apart from P, AMF can also
absorb other macronutrients (K, Ca, Mg, and S) and
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micronutrients (Zn, Fe, Cu, and Mn) (Smith and Read,
2008; Husna et al., 2017). In this study, there were
differences in the P uptake ability of the two plant parts
by each type of AMF. G. intraradices had lower P
uptake compared to other AMF treatments, even
though it was higher than the control. Walder and van
der Heijden (2015) stated different AMF species
exhibit varying capacities for mycorrhizal phosphate
uptake.

Based on this research, it appears that the
application of native AMF shows a significant positive
effect in increasing plant growth and survival,
increasing water and nutrient uptakes, and improving
soil structure and quality. Furthermore, native AMF
and V. cofassus plants can also encourage ecological
restoration on degraded land, such as post-asphalt
mining land in the world. Thus, providing seedlings
with native AMF at the nursery scale is very necessary
to support planting on degraded land.

Conclusion

Native AMF from post-asphalt mining land effectively
promotes growth and nutrients P and Ca uptakes of
Vitex cofassus at a 12-week experiment in post-asphalt
mining soil media under nursery conditions. Native
AMF has the potential to be developed as biofertilizers
to support post-asphalt mining land reclamation and
forest restoration programs.
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Abstract
Article history. Post-asphaltl minmg land is generally damaged and mfertile; therefore,
Received 30 October 2024 restoralffh efforts are necessary. The use of native Arbuscular Mycorrhizal
Revised 24 November 2024 Fungi (AMF) can irnpm\rplan.t growth and accelerate the success of
.-\L:t:enle[;ﬁ December 1054 restoration. This research aimed to elucidate the effect of native AMF

moculation on the growth of Fitex cofussus seedlings in greenhouse
conditions., In this study. a completely randomized design was implemented
with seven treatments, i.c., uninoculated (control), Racocetra crispi, Glomus

Keywords:

Buton intraradices, Glomus sp., Glomus sp-LW ), Glames sp-SW D and Mycofer
Glomeromycota IPB (commercial AMF), The percentage of AMF colomzation, plant growth,
restoration dry wcigaaﬁ well as P and Ca uptakes were sured after 3 ths of
tropical plant species planting. The results showed that AMF inoculation significantly increased

the percentage of colonization, growth, and dry weight of shoots and total
plants of ¥, cofassus, Mycorthizal Inoculation Effect (MIE) ranged between
92 2% and 94.6%. Native and commercial AMF inoculation increased P and
Ca uptakes in the roots and shoots of ¥ cofassus. There is a promising future
for native AM gu be developed into a biofertilizer for restoring post-asphalt
muning land in Indonesia.

To cite this article: Tuhetery, F.D., Husna, Nurdiofg 8 R.. Himawan, A.. Tuheteru, EJ.. Albasa, Mulyonoe, S and Anf, A,
25. Native arbuscular mycorrhizal fungi promote the growth of Vi ofissus seedlings in post-asphalt mining soil media.
Journal of Degraded and Mining Lands Management 12(2):7225-7233, doi: 1015243 fjdmlm. 2025.122.7225,

Introduction using low-cost, environmentally friendly approaches.
Post-mining land restoration requires appropriate tree
species and their symbiosis with beneficial soil
microbes (Amir et al, 2023), such as Arbuscular
Mycorrhizal Fungi (AMF), which is among important
soil |mcml\mhul have been utilized in ecosystem
restoration (de Moura et al., 2022).

Arbuscular Mycorrhizal Fungi (AMF) belong to
the phylum Glomeromycota, which has a symbiotic
relationship with 97 families of land plants (Smith and
Read, 2008). AMF reportedly are able to improve and
accelerate the restoration process and ecosystem
services on degraded land. including post-mining land
(Asmelash et al.. 2016: de Moura et al., 2022) through
increasing the uptakes of plant nutrients and water.

The mining sector contributes significantly to the
cconomic and social aspects of a country (Agboola et
al., 2020). Asphalt mining. which uses an open pit
mining method, is among the mining sectors that
contribute to the national income, On the other hand,
minmg activities have an impact on damage and loss
of natural vegetation, environmental degradation, and
human health deterioration, which eventually leave the
post-mining  land (Worlanyo and Jiangfeng, 2021;
Albasri et al, 2023), The physical, chemical, and
biclogical characteristics of the post-mining land do
nol support plant growth in restoration activities
(Pratiwi et al, 2021). These lands need to be restored
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plant resilience against biotic and abiotic stresses, as
well as improving soil quality. Martins el al. (2020)
reported that among the use of new biotechnology and
phyiotechnology in post-mining land restoration, there
has been an inerease in articles related to arbuscular
fungi thal provide plant survival, establishment, and
growth.

Studies related 1o active restoration and the use
of mycorrhizal biofertilizers to support the success of
restoration in both post-asphalt minmg soil media and
other post-mining lands in the world arc still very
limited. Previous studies relaied (o the restoration of
post-asphalt mining land on Buton Island. Indonesia,
mclude natural regeneration (passive  restoration)

V. caffassus on post-asphalt mining soil media under
greenhouse conditions,

Materials and Methods
Preparation af seil media

Post-asphalt mining soil samples were collected from
a‘s disposal site. Wika Bitumen in Buten District,
South Sulawesi, Ind in, and was kept in a
greenhouse for storage. The chemical and physical
characteristics of soil media were analyzed at the Soil
Laboratory of Soil  Research  hightute, Bogor,
Indonesia. The chemical and physical praperties of the

(Albasri et al., 2023) and AMF biodiversity (Tuh
et al., 2022). These types of AMF have been collected
and reproduced, but studics related to screening native
AMF on the growth and survival of local adaphive
plants in post-asphalt mining soil media have not been
carried out. Wulandari et al. (2024) explained that the
cffectiveness of AMF varies according to type. so
sereening is required W find the best AMF for
reclamation. Therefore. it is necessary to carry out
research to obiain information on the effecti@ness of
native AMF in post-asphalt mining land on plant
growth in pnsnspimil mining soil media.

Native arbuscular mycorhizal fungi (AMF)
isolated from degraded areas, sucfas posi-mining
sites, exhibit greater tolerance to stress conditions,
particularly pollutants, and have good adaptation
capability to local habitats due to long-term natural
selection (Emam, 2016; Kodre et al,, 2017). Previous
studies showed that the use of local types of AMF(§
more effective compared to the exotic ones (Husna et
al., 2016; 2019; Tuheteru ot al., 2020; Husna et al.,
2021a) and is more efficient and B.r.—elfeclive
(de Moura ctal., 2022), Development of AMF has the

potential  for  reveg and
programs
(Asmelash et al., 2016; Husna et al., 2021b; de Moura
etal, 2022). Apart from AMF. it is important to have
ample knowledge of adaptive plant types in order 1o
support the selection and cultivation of species in post-
asphalt mining land restoration  programs  since
selected local species are preferred to be used in post-
mining land restoration (Gairola et al., 2023).

One type of local plant that is reported to grow
naturally in post-asphall mining land on Buten Island
is Fitex cofossus Linn. (Albasri et al., 2023). This
species has a limited distribution, namely only spread
i Indoncsia (Sulawesi, Maluku, Papua) and its
surrounding s (New Guinea, Bismarcks, and Solomon)
(de Kok, 2008). I coffassus is one of Indoncsia's
leading tree species and has high euunmﬂ: value,
V. caffassus is also prospective to be used as a plant
type for post-mining land revegetation (Pasumbana et
al., 2017; Pratiwi ct al.. 202 1; Albasri et al., 2023) and
reforestation (Otsamo et al., 1997), This study was
carried out to investigate the cffects of native AMF
inocculation on the growth and nutrient uptake of

1 i 100

soil samples are pr 1in Table 1.

Table 1, Soil physical and chemical properties from
post-asphalt mining land,

Parameter . Unit  Valwe Criteria®
pH (H:0)) 7.2

Orpanic %% 756 Very high
(Walkley & Black)

Total N (Kjeldahl) Y 0.13 Low
C/N ratio 58 Very high
P-0: (HC125%) mg 100 g! 35 High
K20 (HCI 23%) mg 1110 ¢! 7 Very low
P20 (Olsen) (163 8 Low
K:Lmorgaﬂ} ppm 44 -

Ca (NH-Acetate cmolkg! 1858 High
INpHT)

Mg (NHy-Acetate emel kg! 147 Moderate
il 7

K (NHi-Acetate IN -~ cmol k! 0.10 Low
pH 7)

Na (NHy-Acctare emel kg! 023 Lo
INpH 7)

CEC (NHs-Acetate emol k! 2389 Moderate
INpHT)

Base saturation L] RS Very high
(NHs- Acetate TN,

pH )

AFT(RCTIN) emol kg! .00

H™ (KCT IN) emol kg! 0.07

Texture (pipet)

Sand ] {1} Clay
Silt Yo 4l

Clay % 50

Fe(DTPA) P 7.3 Sufficient
Mun (DTPA) ppm 25 Sufficient
Cu (DTPA) ppm 1.2 Sufficient
Zn (DTPA) ppm 03 Deficient
Pb (Morgan Woll) ppm 0.4 Mormal
Cd (Morgan Wolf) ppm 0.z Normal
CaC O % 21 -
(Titrimetric)

+ 501l Research Institute {2000,

Seed gevmination

V. eoffassus sceds were collected from their parent
trees at Wabula Village in Buton District, Southeast
Sulawesi, The seeds were soaked in warm water of
S0 °C for 24 hours to gradually cool down and
germinated in a plastic sprout maker at the plastic
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house of the Indonesian Mycorrhizal Association
(IMA), Southeast Sulawesi Branch

om."um propagation and inoculation of
Arbuscalar Mycorvhizal Fungi (AMEF)

AMF  inoculums used were isolated from  the
thizosphere of plants i post-asphall mining land
{Tuheteru et al., 2022). Inoculums of AMF were
propagated in zeolite media using Pueraria juvanica
as the host, which was muiiécd for 3 months.
Polyethylene pots (15 x 20 cm) were filled with 1,000
g of sterile soil media (a mixture of soil from post-
asphalt miming land, river sand, and husk-charcoals
having a proportion of 3:1:1). AMF inoculum was
inoculated by placing 10 g of inoculum/plant of ¢ach
species at 13 em undemeath the seedlings. ¥
coffassus  seedlings with two  new  leaves were
transplanted into the pots, followed by seedlings
maintenance, watering, and observation for 3 months.
The seedlings were watered daily l#ld capacity with
tap water. Ten grams of sterilized zeolite was placed
into the unincculated pots as the control reamment. The
experiment was carried oul in & nursery condition with
varied temperatures hetween 24 and 37 °C, with a
relative  humidity of 82-95% with a 12-hour
photoperiod.

Growth paraineter

In this experiment, a completely randomized design
was impl d and 1 of 7 treatn of
AME: (A) control (wnmoculated), (B) Racocetra
crispa. (C) Glomus intravadices, (D) Glomus sp., (E)
Glamus sp-LWI, (F) Glomus sp-SW10, and ()
Mycofer IPB (G). Each treatment had three
replications. Plant height and stem diameter were
measured at a height of 1 em above the soil medium at
120 days after iransplantation. At the end of the study,
the number of leaves were counted.

Dry weight determination

Seadlings w rvested after three months of growth,
during which the shoots and roets were separated. The
samples were then oven-dried at 70 °C for 48 hours o
determine  thew dry  weight.  Colonization  of
myeorrhizal fungi was done by using some of the
roots, Concentrations of P and Ca were calculated for
both the shoots and roots. Formula by Duryea and
Brown (1984) was used to calcula@the Seed Quality
Index (SQI): Seed Quality Index (SQI) = [Shoot dry
weight + rool dry weight]/[(height/dameter) + (dry
wciga of shootroot dry weight)]. Seedlings are of
high quality if the value of SQI i520.09.

Arbuscutar Mycorvhizal Fungi (AMF) colonization
and Mycerrhizal Inocalation Effect (MIE)

AMF colonization in V. coffassus roots was observed
using a trypan blue stain, Formula by Brundrett ct al.
(1996) was used to count the colony: [E number of
fields of view colonized/ total chserved field of view]
x 100%. The formula for caleulating the Mycorrhizal

22

Inoculation Effect (MIE) was: [total dry weight of
mycorthizal plant - total dry  weight of non-
mycorthizal planttotal dry weight of mycorrhizal
plant] x 100% (Habte and Manjunath, 1991),

; Tents

Available P was measured in sodium bicarbonate
extracts at pH B3 and measured according to the Olsen
method at 660 nm by a flow injection automated jon
analyzer. Available Cn were extracted with 1 N NH,-
Acetate, pH 7, and detd@hined by atomic absorption.
The uptake of P and Ca was caleulated by multiplying
the nutrient concentrations by the dry weights of the
plants. The formula used to caleulate nutrient transport
factor (TF) was: € acrialffJ root, where C aerial is the
nutrient concentration in the shoot (stems and leaves)
and € root s the nutrient concentration in the root.
Addinonally, the formula o  caleulate  the
increase/decrease of nutrients uptake of AMF-treated
seedlings relative to the controls was: [nutrient
absorption of AMF plant - nutrient absorption of non-
mycorthizal plant/nutrient  absorption  of non-

corthizal plant] # 100% (Wang <t al., 2005),

Statistical analysis

Results of the experiment were first analyzed by
comparing means of va@lnee (F test), which were
followed by DMRT at a 95% confidence level when
the F test results showed a significant effect

Results and Discussion
Plant growth
Arbuscular Mycorrhizal Fungi (AMF) showed a
significant effect on shoot height, stem diameter, and
leaf of V. cofassus at 12 weceks after transplantation
(Table 2, p<0.01). The moculation of Glomns sp.-
SW10 increased the shoot height of F. cofassus and did
not differ significantly from other treatments, except
Glomus intraradices and control treatments. There
were na significant differences in leaf number and leafl
length among V. cafasses inoculated with all AMF
treatments. Leal widths of V. eofassus inoculated with
Glamus imraradices and Glomus sp-LWI0 were
significantly higher compared to that of V. cofassus
moculated with £ erispa and control (Table 2,
p=D.01). The effect of AMF treatments started to show
in the 4th week after planting (Figure 1). The
performance of the 3-menth-old V. cofasys seedlings
is presented in Figure 2. Inoculation of native AMF on
V. cofassus seedlings significantly 'mtm.cd plant
growth and dry weight. An increase in plant height,
stem diameter, and number of leaves of 17 cofassus
plants inoculated with native AMF compared to
control was shown by 1.161-1,500%, 743-966%, and
341-581% growth, respectively (Table 2. The growth
response of V. cofassus o native AMF inoculation
shows that improving the ¥ cofassus scedlings'
growth i post-asphalt mining soil media can be
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achieved through native AMF inoculation. The
ingrease in growth and biomass is also reflected i the
increased dependence of V. cofassus on native AMF
(Table 3). Increased plant growth of F, cofassus is
strongly  associated wiﬂ\anpmvmncnts in plant
nutrients and water status, as well as mereased plant
resistance to biotic and abiotic stresses (Wang. 2017;

Tahle 2. Shoot height, stem diameter, and leaves of .

Begum etal.. 2019). Native AMF G. elarum improved
the growth of Nauclea ortentadis plant in mixed coal
overburden media and soil {1:1 and 3:1} (Wulandari ct
al., 2024). Before being rransplanted onio the degraded
land, it is recommended te the plant is neculated
with AMF in the nursery to promete the growth of
mycorrhizal tree seedlings (Prematuri et al., 2020).
2

cofassus seedlings after 3 months grown with or without

Arbuscular Myearrhizal Fungi (AMF) under greenhouse conditions.

Treatment Height Stem d Leaf

(cm)* {mm) Number Lenght Width

per palvhag {em) (cm)

Control 2174046 © 030000 ¢ 3133433 b 276+0.43 b 0842006 ¢
Ritemevira erispa ILATH248  ab 2704015 ab 16334203 a 15204032 a 3042004 b
Glomus intraradices 27374071 b 2534003 b 14674133 a 14734075 a 3682015 a
Glamus sp. 20734320 ab 2704031 ab 20004306 a 16214067 a 339021 ab
Glomus sp-LW10 3307135 ab 310015 a  17.00£L.00 a 16374074 a  377=015 a
Crlumus sp-SWI10 348T£1.62 a JO0HL1S b 15.00£503 a 1479066 a 3502013 ab
Myeofer IPB 31574327 ab 320000 a 22676067 a 15524022 a 3562003 ab
r>-F =0.0001 <0.0001 00374 =(.0001 <(.0001

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

*MeantSE.

Plant Height (¢m)

Time (week)

8

el W
= La = LAl

in

Stem diameter (mm)

in

=2 =
=

Time {week)

Figure 1. Trend of increasing height and diameter of V. cgfmsyus seedlings with or without Arbuscular
Myeorrhizal Fungi (AMF). Notes: A (control), B (Racocerra crispa). C (Glamus intraradices), I (Glomus sp.),
E (Glanus sp-LW10), F (Glomuy sp-SW10) and G (Mycoler IPB).
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Figure 2. Performance of 3-month-old ¥ eafassus seedlings (left) and roots (right).
Notes: A (control), B (Racocetra crispa), C (Glomus imtraradices), D (Glomus sp.), E (Glomus sp.-LW10),
F (Glomus sp.-SW10) and G (Mycofer IPB).

Pilans dry weight

AMF colonization significantly increased the roots,
shoots, and total dry weight of I cofassus seedlings
whose growth was higher than the control (Table 3,
petl 1), The moculation of Glomus sp., Cloms sp.-
LW10, Glomus sp.-SW 10, and Mycofer IPB increased
roots, shoots, and total dry weight by 471-847, 5.200-
6,733, and 1,150-1,720%, respectively. The results of
this research show that the application of native AMF
is really need@l by ¥, cofussus plants. Inoculation of
native AMF increases plant growth, leading to time-
saving and cost-cfficiency increascs during the
restoration and rehabilitation of post-asphalt mining
land. Many publications report that native AMF
inoculatnon can increase plant dry weight in post-
mining land media conditions contaminated with
heavy metals (Husnaetal., 20017; Tuheteruet al., 2017,
Wulandari et al., 2024), No significant differences
were ohserved in Shoot Root Ratio (SRR) among
V. cofassus oculated with all AMF treatments. All
AMEF treat i I the Seedling Quality Index
(SQD) of V. cofassus by contrast, while R. crispa did
not increase the SQL of Vo eofassus. Vo eofassus

seedlings moculated with all AMF treatments meet
SOQI standards and are suitable for i]auling m the field,

Arbuscular Mycorrhizal Fungi (AMF) colonization
amd Mycorrhizal Inoculation Effect (MIE)

Results of root staining showed that the roots of V.
cofassus seedlings were colonized by AMF, with
Mycofer IPB having the highest average of
colonization (96%), followed by Glomus sp. (92%)
Glomus sp-LWL0 (92%) and Glomus sp-SWI10.
(B8%) (Table 2). Significant differences were
observed m AMF colonization among V. cofassus
inoculated with the AMF (Table 3, p<0.01). Common
AMF  structures observed mcluded  internal and
external lyphae, coil hyphae, vesicles, and auxiliary
cells (Figure 3). Internal hyphac include AMF
structures commonly found in the roots of ¥ eofissus
plants, The presence of AMF structures in the roots of
V. eofassus mdicates that 3-month-old V. cofassus
plants are in symbiosis with native AMF, which the
native AM}'a)mributes 1o improving nutrients and
water status as well as increasing plant resistance to
biotic and abiotic stresses

Table 3. weight. Shoot Root Ratio (SRR, and Seed Quality Index (SOI) of V. cofassus scedlings 3 months
grown with or without mycorrhizal fungt under greenhouse conditions.
Treatment Dry weight () SRR 1S0Q
Roots Shoots Total
Control 017009 ¢ d 0204000 d D.64+0.50 (LONTE000 b
Racocetra crispa 116009 ab  Le0:=0.11 be 2764009 be 1414017 0.34:005  ab
Crlomus intraradices 091038 b 139009 ¢ 250043 ¢ 307174 059026 a
Crlamus sp. 158016 a 1.45£0.24  abe 1434039 ab  L17HLOA 037006 a
Crlamus sp-LW10 1334006  ah 2044013 b 3374011 ab 1544014 049007  a
Glomus sp-SW10 161016 a 2.02+0.11 abe 364006 a 1.29+020 041007 a
Mycofer IPB 148009 ab  2.05=0.15 a 3.5320.18 ab  1.3940.12 050004 a
Pr=F (L0 =.0001 <0001 0.3825 0.0434

Notes: A icontrol), B {Racocetra crispa), C {Glones miraradices), D (Glomus sp.), E (Glomus sp-LW L0, F ( Glomus sp.-
SWI0) and G {Mycofer IPB). Average values [bllowed by different letters in the same column are significamtly different at

DMEL (p=0.05). *Mean+SE.
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The range of MIE values for all AMF n WS

d. Several research results showed that AMF

92,2-94,6% (Table 4). The high MIE value indicates
that AMF inoculation is beneficial for the production

can help the gowth of plants grown on land
i 1 with heavy metals (Bi ctal., 2018). This

of quality seeds at the nursery scale. High dependence
of plant specics on AMF in post-minf§) soil media
conditions that contain heavy metals has also been
reparted in several plant species, including Pericopsis
mooniana  (Husna 1, 2016; 2019; 2021a),
Ptevocarpus indicus na ct al., 2021a). Nauclea
arienialis (Tuheteru et al, 2020) and Kelappia
celebica (Husna ot al., 2021b). The results of this
research showed that native AMF from post-asphalt
mining land onm'mn Island is compatible with
V, cofassus and significant in increasing the nitial
growthffld improving the nutrition of V. cofassus
plants grown on post-asphalt mining seil media.
Compatibility of native AMF with I cofassus is
possible because of several things, n}y 1) native
AMEF is suitable for media conditions; 2) local AMF is
compatible with root exudates produced by V. cofassus
roots; and 3) genotypically, local AMF has the ability
to nbsorb and conduct water and nutrients 1o the host
plant. Along with improver§fols in nutricnts and water
status a5 well as chelation of heavy metals by AMF,
the growth and biomass of mycorrhizal plants can be

periment showed that AMF inoculation promotes

growth of scedlings on low-fertility soil media in
the nursery.

Table 4. AMF colonization and MIE of ¥ cofassus

seedlings 3 months grown with or without
Arbuscular Mycorrhizal Fungi (AMF).

Treatment AMF Colonization  MIE (%3)
(%)

Cantrol 24033 d

Racocetra 77247 ¢ 92.5+3.52

erisp

Glomus B4+T52 be 92.243.70

intraradices

Glomus sp. 9243.12 ab  94.6:2.09

Celomus sp.- R8+472  abe 9414258

LWI10

lomus sp.- U2+1.85 ab 9464238

SWID

Mycofer IPB D6+187 a 94.242 51

Fr=F ={L.006H <1000

Figure 3. AMF structure in the shoots and roots of V. cofassus.
Notes: Control (A), Racocerra crispa (B), Glomus intraradices (C), Glomus sp. (D), Glomus sp.-LW10 (E).
Glomuy sp-LW10(F), Mycofer IPB (G); IH = Intraradical hyphae;, EH = Extraradical hyphae; Ve = Vesicles;
and Ac = Auxiliary cells,

Shoot and root nutrient concemration and content

The soil pH was neutral (7.2). The € and O'N mtios
were categorized as very high and Ca as high. Total N,
P20 (Olsen). K, and Na were in the low category. Mg

level and CEC were in the moderate category. Soil
texture was classified as clay (Table 1), Inoculation of
native AMF significantly inercased P and Ca content
and uptakes among AMF treatments, both in roots and
shoots of F. cofassus (Tables 5 and 6). The control
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treatment showed significant differences in P and Ca
comtent and uptakes compared to the AMF treatments,
Treatments Glomuns sp. SWI10 dan Mycofer IPB
significantly increased P ouptake in the roots and

shoots. Also, both treatments were significantly
different  from the 7 inferadices and  control
treatments in roots (Table 5) and G imaradices,
R. erispa, and control treatments in shoots {Table ).

Table 5. Nutrient content and uptake in roots of 3-month-old V. cofassus scedlings.

Treat Content (mg kg Uptake (mg plant'x 10
r Ca r Ca

Control 026+0.007 b 133542221 d 0.05:0.024 ¢ 251413276 b
Racocetra crispa i T3.79:0.557 a 0,580,073 ab 83.37+6.929 a
Glomus intraradices .5 a 73.29=18.607 a 0490166 b 67.10:24941  a
Glomus sp. 0.51£0.033 a (5.9746.364  ab O81=0.112  ab 10412215046 a
Glomus sp.-LW10 0.52+0.003 a 61.35£1.819 abc  0.60=0.025 ab 281.06£5570 a
Glomis sp.-SWI0 0.55:0.020 a 584646891 be D8RE0L036 o Q2988968 a
Mycofer IPB 0.51:0.027 a SLT71625 e 0.75:0.085 a T7.56£3.092 a

Table 6. Nutrient content and uptake in shoots of 3-month-old I cofassus seedlings.

Treatment Content (mg kg™) Uptake (mg plant x 10Y)
P Ca P Ca

Control 0.33+£0.097 ¢ 154542427 b 0.01+0002 ¢ 0.80=0.135 b
Racocetra crivpa 0.49:0.054 b T2R7E0.942 a 080L0117 b 1166550548 a
Glomus intraradices  0.68£0.081 ab  74.17=14851 a 0.85£0247 b 117.73£35990 a
Crlowies sp. 039£0.019 ab 743940094 a L11£0.169  ab 13792400169 a
Glomus sp.-LW 10 061£0.027 ab  T4.33+0042 a 1.25+0.059 a 151.04:0348 a
Glomis sp.-SW10 D.69L0.074 o T4.29+£0.202 a 13840125 a 150.35=8.279 a
Mycofer IPB 0.60£0.031 ab (695543901 a 12240038 a 14331415922 a

Phosphorus (P} and Calcium (Ca) elements  had
transport factors (TF)=1 (Table &), except control
which showed TF=I, Native and commercial AMF

ineculation increased P and Ca uptakes in the roots and
shoots of 3-month-old V. eofassus under nursery
conditions {Table 7). 3

Table 7. Transport factor of clements and increase/decrease of nutrients uptakes in roots and shoots of 3-month-
old . cofussus seedlings,

Treatment Transport factor Increase/decrease of nutricnt uf
Roots Shoots
1hd Ca r Ca P Ca
Control 0.22 032 - - - -
Racocetra erispa 1.38 1.37 1.184 3301 7.900 14,481
Glomus intraradices 1.78 1.75 962 2.573 8.400 14.616
Grlomus sp. 137 1.32 1.704 4,048 11.090 17.048
3 1.82 1.84 1.420 3165 12,400 18.780
Glomus sp.-SW 0 1.56 1.62 1871 3.604 13.700 18,644
Mycofer [PB 1.62 1.85 1.576 2.990 12.100 17814

7

'[.'h: results of this studfBhowed that the levels and
uptakes of P and Ca in the roots and Shﬂn‘la]f
V. cofassws plants were increased by native AMF. It is
well known that AMF can facilitate the acquisition of

P and Ca are essential nuttients that plants need. Ca
plays a role in plants, including being part of cell
structure and the formation or division of new cells,
and it is a co-factor for many enzymes in plants

mineral nuitients (especially P) by plants (Smith and
Read, 2008). Seeds of V. eafassmes plant inpculated
with native AMF show a more effective P and Ca
allocation. This research agrees with several previous
research resulls on various media conditions of post-
minmg land, such as hgh P uptake in Perfcapsis
mooriana plants n serpentine soil media conditions
(Husna et al., 20016), Mauclea avienialis plants in gold
tailings media (Tuheteru et al., 2020), and Amygdalus
pedunculata in coal mining subfields (Bi et al., 2018).

{Havlin et al., 2017). The most essential function of P
15 its mvolvement in the storage and transfer of energy
in plants (I)Lin et al. 2017). Wang (2017) has
summarized the direct and indirect mechanisms of P
repair by AMF. including that AMF extraradical
hyphae can absorb P directly and translocate it more
quickly to AMF structures in the roots, in which AMF
secretes phosphatases that hydrolyze organic P sources
mto available forms, Apart from P, AMF can also
absorb other macronutrients (K, Ca, Mg, and 8 and
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microfirients (Zn, Fe, Cu. and Mn) (Smith and Read,
2008; Husna et al., 2017). In this study, there were
differences in the P uptake ability of the two plant parts
by each type of AMF, ¢ invaradices had lower P
uptake compared to other AMF Cnts, even
though it was higher than thc%trui. Walder and van
der Hefjden (2015) stated different AMF specics
exhibit varying capacities for mycorrhizal phosphate
uptake.

Based on this research, it appears that the
application of native AMF shows a significant positive
effect in increasing plant growth and survival,
increasing water and nutrient uptakes, and improving
soil structure and guality, Furthermore, native AMF
and V. cofassus plants can also encourage ecological
restoration on degraded land, such as post-asphalt
mining land in the world. Thus, providing seedlings
with native AMF at the nursery scale 1s very necessary
to support planting on degraded land.

Conelusion

Native AMF from post-asphalt mining land effectively
promotes growth and nutrients P and Ca uptakes of
Fitex cofassus at a | 2-week experiment in post-asphalt
mining soil media under nursery conditions. Native
AMEF has the potential to be developed as biofertilizers
1o support post-asphall mining land reclamation and
forest restoration programs.
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