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The use of AMF and CLW combinatination in reclamation and revegetation has never
been done, so it is expected to provide added value in environmental improvement and
accelerate the growth of red Jabon (Anthochepalus macropyllus) plants. This study aimed
to analyze the effectiveness of AMF inoculants and soil ameliorants on the growth of
Jabon red seedlings planted on post-mining soil media of limestone PT. Holcim Indonesia
Tbk. The research method used a factorial randomized group design consisting of 3
treatment factors, namely factor 1 mycorrhizae (Mo, M1, and Mz), factor 2 phosphate (Po
and P1), and factor 3 leaching waste cement residue (CLW) from car castings (Lo) and
L1). So there were 12 treatment combinations, each treatment was repeated ten times, and
each replicate was 12 plant units, so the total number was 1440 plants. The results showed
that the interaction of the three treatment factors of AMF, phosphate, and CLW
significantly increased the diameter increase of A. Macrophyllus seedlings planted on
limestone post-mining soil media. The interaction of AMF treatment with phosphate
significantly increased the growth of seedling height and the percentage of AMF
colonization. The interaction of phosphate treatment with CLW significantly increased
the increase in seedling height and seedling diameter. The single AMF treatment was
effective in increasing the average increase in seedling height (18.20 cm), average
increase in seedling diameter (2.67 mm), root fresh weight (6.46 g), shoot fresh weight
(29.13 g), root dry weight (1, 77 g), shoot dry weight (5.14 g), total dry weight (6.91 g)
as well as the percentage value of A. macrophyllus colonization on A. Macrophyllus
plants reached 32.63%-41.00%. This study concludes that treatment with the addition of
AMF has a significant effect on the seedling growth of A. macrophyllus. Seeing the extent
of critical land, marginal land and damaged mining land in Indonesia, the innovation of
using biological fertilizers in the form of AMF is one of the most appropriate and
promising solutions in the future.

1. INTRODUCTION

of vegetation, as well as damage to soil structure, texture, and
aggregate [2]. Especially for limestone post-mining land the

Red Jabon (4. macrophyllus) is a tree whose distribution is
from Sulawesi, Maluku and Papua. The high habitus of the red
jabon tree can reach 40 m with a round and upright trunk
reaching 70%-80% with a diameter of more than 50 cm. Red
Jabon is a pioneer plant that is light tolerant, can live in the
lowlands to an altitude of 50-1000 m above sea level. The use
of red jabon wood can be used as raw material for plywood,
furniture, plywood, home accessories and others [1].

Mining materials are natural resources which in their
exploitation or utilization require a complex process from
exploration, exploitation to extraction. In addition to
increasing state income, improving the community's economy,
creating job opportunities and encouraging the development of
science and technology, mining activities can cause problems
related to environmental damage. In general, post-mining soil
conditions are classified as poor. The soil becomes nutrient-
poor, topsoil is lost, dense, microbial activity is low, the pH
changes, does not have a profile, is polluted by heavy metals,
the surface temperature rises, and is easily eroded due to loss
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content of organic C, N, P and K is very low [3], therefore it
needs to be rehabilitated.

Revegetation of post-mining land is a must. This activity
takes a long time so the types of plants planted need to be
considered carefully. Another alternative to help plant growth
on post-mining land is the addition of soil ameliorant material
and creating a suppressive soil (rich in soil microbes such as
Arbuscular Mycorrhizal Fungi (AMF). AMF is a form of
mutualistic symbiotic relationship between fungi (mykes) and
roots (rhiza) of higher plants [4]. In general, AMF can be
found in higher plants that grow in various types of habitats
and climates. The distribution varies according to climate,
environment and land use type. The use of AMF CLW
provides water, nitrate, phosphate, potassium and other
nutrients, and stabilize soil aggregates [5, 6]. According to
Golledge et al. [7], the presence of AMF can accelerate natural
succession in habitats that are subject to extreme disturbances.

In the post-mining area of PT. Holcim Indonesia has found
7 types of AMF, namely Glomus sp-1, Glomus sp-2,
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Gigaspora sp, Acaulospora scrobiculata, A. tuberculata, A.
foveata and Sclerocystis sinuosa, which are naturally
symbiotic with the rhizosphere of lower vegetation [3].
Trapping using zeolite media and the host plant Prureria
javanica found 2 types of AMF (Glomus sp-1 and Glomus sp-
2), which can be used as sources of inoculants. AMF
inoculants developed from native propagules are highly
recommended because they are more efficient, effective and
adaptive to local conditions and do not have a negative impact
on the environment [8]. Selection of the right type of AMF in
producing inoculants is very important to ensure the successful
application of AMF to the plant itself.

Jones Jr [9] stated that AMF can assist in providing auxin,
which plays a role in cell differentiation, especially
differentiation of carrier bundles, secondary thickening, and
activates the cambium to form new cells. Auxin hormone
affects the development of the cell wall so that the protoplast
has the opportunity to absorb water from the cells below it so
that long and large vacuole cells are obtained. The presence of
this auxin hormone ultimately plays a role in increasing the
average increase in stem diameter. Transport of water,
nutrients, and photosynthetic increases due to the activity of
the cambium, which forms a phloem towards the outside and
xylem towards the inside.

On the other hand, PT. Holcim Indonesia Tbk produces
cement leaching waste (CLW) which has the potential as a soil
ameliorant. CLW content in the form of calcium carbonate,
calcium hydroxide, dolomite, magnesium carbonate,
magnesium oxide, and calcium sulfate [10] can increase
nutrient availability, improve soil structure and increase
infiltration [11]. The use of CLW in reclamation and
revegetation is expected to provide added value in improving
the environment, as well as accelerating the growth of planted
plants. Considering that similar research is still very limited, it
is necessary to conduct research on the effectiveness of using
AMF inoculants and soil ameliorants on the growth of red
Jabon (A. macropyllus) seedlings. The red Jabon was chosen
considering that this species is considered a pioneer, fast
growing, and multipurpose with good wood quality. The
purpose of this study was to analyze the effectiveness of AMF
inoculants and soil ameliorant materials on the growth of
Jabon red seedlings planted on post-mining soil media of
limestone PT. Holcim Indonesia Tbk.

2. MATERIAL AND METHODS
2.1 Study area

The research was carried out at the PT. Holcim Indonesia
Tbk Cibinong, Bogor. AMF analysis was carried out at the
Laboratory of Forest Microbiology, Center for Forest
Research and Development and Nature Conservation, Gunung
Batu Bogor and the Laboratory for Botany, Research Center
for Biology-BRIN, Cibinong Science Centre, Jalan Raya
Jakarta-Bogor km 45, Cibinong. This research was conducted
in September 2015~June 2016.

2.2 Experimental design

The design used is the factorial randomized group design.
This study consisted of 3 (three) treatment factors, namely the
first treatment of AMF (control (M), AMF originating from
clay areas (M;) and AMF derived from limestone (M),
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phosphate treatment (control (Pg) and P;, and the three
treatments washing wastes of the remaining cement from
castings (CLW) (control (Lo), and L;). So a total of 12
treatment combinations, each treatment was repeated 10 (ten)
times and each replicated 12 plant units, with a total of 1440
plants.

2.3 Research procedures

3).Growing media:The media
used isthe soil obtained around

2). Germination: The germination
media was put into a sowing tub
measuring 20x 25 cm, the media
usedwas sandand compast

(1:1v /0], then the media was
doused with water until it
dripped. After that the seeds are
mixed with fine sandwith 2 ratio
of 221w/ so thatthey are evenly

1). Germination media prepare:
The germination media used fine
sand and compost (11 vfv), the

redia was sieved usinga micro-

the guarries of PT. Holcim
IndonesiaThk Cibinang, ata
depth of 0-20 cm. The sail isput
into sacks, sifted and sterilized
using aroasting systern, then the
growing mediaisleftto coal.
Then put the soil intaa polybag
rmeasuringl0cm x 15 .

sized sieve, then sterilized using
anautoclave at 121 C; pressure of
1 atrn for 30 minutes

distributed during sowing. Then
the seeds are covered with

transparentplastic

4). Amelioran prepare: The || 5). AMF trapping:

The trapping

6). AMF inoculation: Mixed
AMF inoculants {Glamus sp-1

7).Manting: Then the

ameliorant material in the planting hale is closedand

form of CIW is obtained
from the washing place for
the remaining cement from
the cast-out mortar, the
CLW is cleaned and air-
dried. CLw material was
weighed as ruch as 10
gfseed according to each
treatment.

technique used
follows the methad
of Brundrett et al.
(1996 using an
open culture pot.

and Glomus sp-2) were
obtained from culture pots
with an average spore density
of 19 per 10 g (M1) and 11
per 10 g [M2). The
mycorrhizal inoculation
technique was carried outby
adding 10 g of inoculantto
each polybag placed nearthe
roots of the A. macropyilus
seedlings and adding 10 g of

the position of the plant
must be upright. Flants
were planted for & months
after inoculation.
Maintenance is done by
watering the plants in the
morning  or  evening
accordingto the conditions
of the growing medis
Cleaning of weeds and
pests if necessary. Plant
height and stem diameter

natural phosphate fertilizer
and CLW respectively.

were calculated every 2
weeks.

2.4 Data collection

2.4.1 Seedling height

The height was measured from the base of the stem to the
highest growing point of the seedling and the measurements
were made every two weeks for six months.

2.4.2 Seedling diameter

The seedling diameter data was obtained by measuring the
diameter of the seedling at a distance of 1 cm from the root
neck using a caliper. Seedling diameter data was measured
every two weeks for six months.

2.4.3 Fresh weight of shoots and fresh weight of roots

The measurement of the fresh weight of the plant was
carried out at harvest, by separating the shoot and roots of the
plant, by cutting between the base of the stem and the root,
then weighing the shoot and roots of the plant using an
analytical balance.

2.4.4 Total dry weight of plants

The shoots and roots were separated and dried in an oven
for 48 hours at 70°C [12]. After drying, the shoots and roots of
the plants were weighed using an analytical balance.

2.4.5 Percentage of AMF colonization

It can be calculated using the slide method to find the
percentage of AMF colonization, where 10 pieces of colored
roots are taken at random and then arranged on a glass object.
The percentage of colonization is calculated based on the
formula:

% Colonization=(number of infected roots
cuttings+the total number of root pieces
observed)x100%

@)



2.5 Analysis data

Analysis of variance (ANOVA) was used using SPSS
software version 10.01 to determine the effect of treatment and
combination of treatments on the measured variables. Further
tests were carried out at a 5% significance level using the
Duncan’s New Multiple Range test method to distinguish the
average effect between treatments or between treatment
combinations [13].

Linear formula:

Yijkl=p+Kitaj+pk+Y1H(of)jk+(aY)jl+H(PY)kl+(ap
Y)jkl+Eijkl

i=1,2,..rj=1,2,..ak=1,2,..b1=1,2,....c.

With Yijkl=the observed value of the Ist group which
obtains the jth level from factor A, the kth level from factor B,
and the 1st level from factor C.

p=population mean;

Ki=Additive effect of group i;

aj=Additive effect of the jth level of factor A;

Bk=Additive effect of the k-level factor B;

Yl=Additive effect of the 1st level of factor C;

(ap)jk=Effect of the interaction of the jth level of factor A
and the kth level of factor B;

(aY)jl=The influence of the interaction of the jth level of
factor A and the 1th level of factor C;

(BY)kI=The interaction effect of the jth level of factor B and
the Ith level of factor C;

(ap Y)jkl=Influencer of the interaction of the jth level of
factor A, the kth level of factor B, the Ith level of factor C;

€ijkI=Random effect of the ith group that gets the jth level
of factor A, the kth level of factor B and the 1st level of factor

G
€ijkl ~ N(0, o?).

3. RESULTS AND DISCUSSION
3.1 Result of the ANOVA test

Based on the results of the ANOVA test at the 5%
significant level, it showed that the AMF treatment and soil
ameliorant material had a very significant difference in effect
on several variables measured in the test plants (Table 1).
AMF and ameliorant materials and their interactions on the
test plant (A. macrophyllus) on indicated significant effect on
the several growth parameters measured. The interaction of the
three treatment factors of AMF, phosphate and CLW has
significantly increased the diameter growth of A,
macrophyllus seedlings grown on post-mining soil media. The
interaction of AMF treatment with phosphate has significantly
increased the growth of seedling height, the percentage of
AMF colonization. The interaction of phosphate treatment
with CLW has significantly increased the growth of seedling
height and seedling diameter. While the local AMF single
treatment was effective in increasing the growth of seedling
height, seedling diameter, root fresh weight, shoot fresh
weight, root dry weight, shoot dry weight, total dry weight.
The effect of single factor phosphate and single factor CLW
from car castings on the growth of A. macrophyllus plants
showed no significant effect on all measured growth
parameters.

Table 1. The results of the ANOVA test of the effects of AMF and soil ameliorant materials on several observed variables in the
test plant (A. macrophyllus)

Variable F-count
M p L M*p M*L P*L M*P*L

Height Increase 22.35** 2.54tn 0.61tn 5.32** 1.56tn 5.12* 0.51tn
Diameter Increase 13.74** 2.12tn 1.51tn 2.90tn 2.71tn 7.05** 3.83*
FW.Root 7.57** 0.02tn 0.91tn 0.16tn 0.17tn 0.57tn 1.28tn
FW.Shoots 32.01** 1.88tn 2.25tn 1.25tn 1.36tn 1.56tn 0.01tn
DW.Root 7.30** 0.02tn 0.19tn 0.70tn 0.09tn 0.6tn 2.02tn
DW.Shoots 28.93** 0.83tn 2.58tn 0.48tn 1.11tn 0.72tn 0.10tn
DW.Total 24,00%* 0.34tn 1.75tn 0.26tn 0.76tn 0.07tn 0.67tn
AMF Colonization 59.08** 1.49tn 1.81tn 3.97* 0.15tn 0.08tn 1.43tn

Note: tn=Not significantly different (P>0.05) M=Arbuscular Mycorrhizal Fungi (AMF); *=Significantly different (°P<0.05) P=Phosphate; **=Very significant
difference (P<0.01) L=Washing waste of the remaining cement from castings.

3.2 Seedling diameter increase

The interaction of AMF, phosphate and CLW treatment that
gave the highest increase in seedling diameter was the M2P1L,
treatment with an addition percentage of 82.35% when
compared to the control. There is a synergism between the
AMF factor (M) and phosphate to increase the seedling
diameter, meaning that the diameter of the seedling is getting
bigger with the interaction of these two factors. The average
increase in diameter of the highest A. macrophyllus seedlings
was 2.79 mm. The average value of the growth in diameter of
the seedlings was lowest in the MoPoL treatment, which was
1.53 mm (Figure 1). Duncan's test on AMF inoculation on A.
macrophyllus test plants showed that the M, type of AMF
treatment had a significant effect on the Mo treatment but was
no significantly different from the My treatment. In addition,
the average increase in diameter of A. macrophyllus seedlings
was highest in the M, treatment with 2.67 mm (Figure 2).

—~ 35

o2& 3 241 2.47 255 264 257 2.58 268 263 219 557

£ E - 227

23 2-153

O © :

w15

52 1

&y 05

e o

c'>’E O + O +H O +H O «+d o «dH o «

<e 2222432434

(] A &4 o o A & o o ad a o o
o o o o — — — — N N N N
=z = =2 =2 =2 =2 =2 =2 =2 =2 =z =2

Treatment

Figure 1. The interaction effect of AMF, phosphate and
CLW treatment on the average increase in diameter of A.
macrophyllus seedlings aged 6 months
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Figure 2. Effect of AMF inoculation treatment on the
average increase in diameter of A. macrophyllus seedlings
aged 6 months

The diameter of the seedlings showed that the interaction of
AMF, phosphate, and CLW treatment, and the interaction of
phosphate treatment with CLW were indicated significant
effect on the increase in diameter of A. macrophyllus seedlings
at the 5% significant level of ANOVA test. In addition, single
factor AMF inoculation showed significant effect on the
growth of A. macrophyllus seedlings, while single factor
phosphate and CLW treatments showed significant effect.

The results of Duncan's test of the interaction of AMF,
phosphate, and CLW treatment which gave the highest
increase in seedling diameter was the MP;Ly treatment with
an additional percentage of 82.35% when compared to the
control (MoPoLo). The interaction of phosphate and CLW
treatment that gave the highest increase in seedling diameter
was the PiL; treatment, with a percentage of 53.77% when
compared to the control. In comparison, the single factor AMF
treatment that gave the highest increase in seedling diameter
was the M treatment, with a percentage of 23.04% when
compared to the control (My). The highest mean seedling
diameter of A. macrophyllus was 2.79 mm (Figure 1).

The increase in plant diameter is strongly influenced by
photosynthesis and the availability of H,O [14]. AMF can help
increase the availability of H,O with the help of external
hyphae that can enter into soil cavities whose diameter is
smaller than the diameter of the roots [15]. The increase in
plant diameter is a secondary growth strongly influenced by
nitrogen [16]; with the presence of AMF, the N content

increases and ultimately plays a role in the increase in diameter.

N uptake was more significant in mycorrhizal plants than in
non-AMF plants. This condition is an evident from the tissue
analysis results conducted on A. macrophyllus plants.

AMF is one of the microbes capable of producing
tryptophan. Tryptophan as a raw material for auxin [16].
Besides the auxin hormone, FMA can also produce other
hormones in the form of giberilin. Giberilin is a hormone that
can work synergistically with auxin in the cambium growth
process in plants [17]. According to the document [18], many
microbes in the rhizosphere can produce complex organic
mixtures such as gibberellins. The cooperation of auxin and
gibberellin hormone finally resulted in better stem diameter.
The results of other studies have shown that AMF can increase
plant growth on disturbed land [19]. For example, AMF
inoculation on Albizia saman and Paraserianthes falcataria
seedlings planted on post-coal mining for seven months
showed that AMF could increase stem diameter, P and N

content in shoots, shoot dry weight, and high rate survival
when compared to control [19].

3.3 The interaction effect of AMF treatment with
phosphate

The interaction effect of AMF treatment with phosphate on
the test plant A. macrophyllus, based on Duncan's test results
showed that it had a significant effect on several growth
parameters measured, namely the increase in seedling height,
percentage of AMF colonization, N-total nutrient uptake and
P-total nutrient uptake. The interaction of AMF treatment with
phosphate which gave the highest increase in seedling height
was the M,P; treatment which was 18.22 cm with an addition
percentage of 66.84% when compared to the control (Figure
3). The results showed that there was a synergism between the
AMF factor (M) and phosphate on the increase in seedling
height, meaning that the seedlings would grow more optimally
if the two factors were given simultaneously.
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Figure 3. The interaction effect of AMF treatment with
phosphate on the average height increase of A. macrophyllus
seedlings aged 6 months

The interaction of AMF treatment with phosphate which
gave the highest percentage of colonization was the M1Py and
M,P; treatments, respectively, the percentages of additional
colonization were 608.59% and 418.52% when compared to
the control (Figure 4). The high percentage of AMF
colonization indicated that AMF types M: and M. were
compatible with A. macrophyllus plants so that AMF was able
to colonize plant roots well.
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Figure 4. The interaction effect of AMF inoculation
treatment with phosphate on the average percentage of AMF
colonization of A. macrophyllus aged 6 months



3.4 The Interaction effect of phosphate treatment with the
provision of cement leaching waste (CLW) from castings

The interaction effect of phosphate treatment with CLW on
the test plant A. macrophyllus, based on Duncan's test results
showed a significant effect on several growth parameters
measured, namely the increase in seedling height and increase
in seedling diameter. The interaction effect of phosphate
treatment with CLW on the test plant A. macrophyllus for the
parameter of growth in seedling height statistically showed a
significantly different effect. The interaction of phosphate
treatment with CLW showed a significant difference when
compared to the control. The mean value of the highest
increase in seedling height was the P L treatment, which was
17.72 cm. The average value of the growth in seedling height
was lowest in the PoL treatment, which was 15.11 cm (Figure
5).
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Figure 5. The interaction effect of phosphate inoculation
treatment with CLW on the average height increase of 4.
macrophyllus seedlings aged 6 months

The interaction effect of phosphate treatment with CLW on
the test plant 4. macrophyllus for the parameter of increasing
seedling diameter statistically showed a significantly different
effect. Based on the results of Duncan's test, the interaction of
phosphate treatment with CLW showed a significant
difference compared to the control. The mean value of the
highest seedling diameter increase was found in the
PiL, treatment, which was 3.46 mm. The average value of the
growth in diameter of the seedlings was the lowest in the PoLo
treatment, which was 2.25 mm (Figure 6).
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Figure 6. The interaction effect of phosphate inoculation
treatment with CLW on the average diameter increase of A.
macrophyllus seedlings aged 6 months
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3.5 Effect of AMF single factor inoculation to seedling
height

The ANOVA test results of AMF inoculation on the test
plant (4. macrophyllus) showed a significant difference result.
It is followed by the results of Duncan's test on the effect of
single factor AMF treatment on several observation variables
of the plant test A. macrophyllus showed that the M, AMF
treatment had a significantly different effect compared to the
M) treatment (control), but the M, AMF treatment showed no
significant difference with the M; AMF treatment on the
average of several variables was measured observations. The
M, type of AMF treatment gave a significant difference to the
My treatment and no significant to the M, treatment. The
highest mean height increase of 4. macrophyllus seedlings was
found in the M, treatment, which was 18.20 cm (Figure 7).
Inoculation of AMF single factor can effectively increase the
growth of red jabon (4. macrophyllus) seedlings, which are
planted in post-mining limestone soil media. There was an
interaction between AMF treatment and soil ameliorant to
increase several growth parameters of red jabon (4.
macrophyllus) seedlings grown on post-mining limestone soil
media.
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Figure 7. Effect of AMF inoculation treatment on the
average height increase of 4. macrophyllus seedlings aged 6
months

3.6 Root and shoot fresh weight
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Figure 8. Effect of AMF inoculation treatment on mean fresh
weight of roots of 4. macrophyllus aged 6 months

Fresh root weight is the weight of plant roots when the plant
is harvested, separated from the shoots. Based on the results of
Duncan's test, the effect of AMF inoculation on the test plant



A. macrophyllus showed that the M, type of AMF treatment
had a significant effect on the My treatment and no
significantly different from the M; treatment. The highest
mean fresh weight of seedling roots of A. Macrophyllus was
found in the M, treatment, which was 6.46 g (Figure 8).

The fresh weight of the shoot is the fresh weight when the
test plant is harvested by separating the base of the stem from
the root of the plant. Based on the results of Duncan's test, the
effect of AMF inoculation on the test plant A. Macrophyllus
that the M, type of AMF treatment had a significant effect on
the My treatment and no significantly different on the M;
treatment. In addition, the highest mean fresh weight of A.
Macrophyllus seedlings was found in the M, treatment, which
was 29.13 g (Figure 9). Based on the ANOVA test at the 5%
significance level, the parameters of fresh weight of roots and
fresh weight of shoots showed that the interaction of AMF,
phosphate, and CLW treatments showed no significant effect.
Meanwhile, single factor inoculation of 4. macrophyllus had a
significant effect on fresh root weight and shoot fresh weight
of A. macrophyllus seedlings, and single factor inoculation of
phosphate and CLW had no significant effect on fresh root
weight and shoot fresh weight of 4. macrophyllus. The results
of Duncan's test with AMF single treatment that gave the
highest fresh weight of seedling roots was treatment M; with
a percentage increase of 200.46% when compared to control
(My), and the highest fresh weight value of seedling shoots was
treatment M, with a percentage increase of 309.12% when
compared to control (My). As a result, the highest mean fresh
root weight of A. macrophyllus was 6.46 g, and the highest
average shoot fresh weight was 6.46 g.
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Figure 9. Effect of AMF inoculation treatment on the
average fresh weight of shoots of A. macrophyllus seedlings
aged 6 months

The fresh weight of a plant can characterize the amount of
H,O in plant tissue. Plants with a high fresh weight usually
correlate with the H>O content in them. Water (H,O) for plants
is a vital requirement in the growth process, especially in
photosynthesis. The study results show that plants that
received AMF treatment had a higher mean value of fresh root
weight and shoot fresh weight when compared to treatment
without AMF (control). AMF can also increase plant
resistance to drought. Another study showed that AMF species
Glomus sp.and Gigaspora sp. influenced the shoot-root ratio
of S. saman seedlings [20].

3.7 Root and shoot dry weight
Root and shoot dry weight are the weight of plant when the

plant is oven-baked at 70°C for 48 hours. Based on the results
of Duncan's test, the effect of AMF inoculation on the test
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plant A. macrophyllus that the M, type of AMF treatment had
a significant effect on the My treatment and no significantly
different on the M; treatment. The highest mean root dry
weight of 4. macrophyllus was found in the M; treatment,
which was 1.77 g (Figure 10).
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Figure 10. Effect of AMF inoculation treatment on the
average dry weight of seedling roots of 4. macrophyllus aged
6 months

Based on the results of Duncan's test, the effect of AMF
inoculation on the test plant A. macrophyllus that the M; type
of AMF treatment had a significant effect on the M treatment
and no significantly different on the M; treatment. In addition,
the highest dry weight of 4. macrophyllus seedlings was found
in the M treatment, which was 5.14 g (Figure 11).
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Figure 11. Effect of AMF inoculation treatment on the
average dry weight of shoots of 4. macrophyllus seedlings
aged 6 months

The total dry weight includes all plant material derived from
photosynthesis and nutrient uptake [11]. In addition, the dry
weight is also an integration of almost all events experienced
by plants, so this parameter is perhaps the most representative
growth indicator.

The ANOVA test at the 5% significance level for the dry
weight parameters of plants showed that the interaction of
AMF, phosphate, and CLW treatments had no significant
effect. Meanwhile, single factor AMF inoculation
significantly affected the dry weight of A. macrophyllus plants.
Meanwhile, single factor inoculation of phosphate and CLW
had not significantly affect the dry weight of A. macrophyllus
plants. Based on Duncan's test results, the single treatment of
AMF, which gave the highest plant dry weight, was treatment
M; with a percentage increase of 311.31% compared to the
control (Mp). As a result, the highest mean dry weight of A.
macrophyllus plants was 6.91 g.

Based on the analysis results, it shows that AMF inoculation



was able to produce a total dry weight that was greater than the
control. This condition can happen because, according to Ortas
[21], AMF inoculation can increase magnesium uptake.
Magnesium is the central chlorophyll molecule required for
photosynthesis and is an activator of enzymes in
photosynthesis and respiration [22, 23]. Thus, when
magnesium levels increase, the essential processes that are
affected will also increase so that plants can grow better than
plants without AMF. In addition, the rate of photosynthesis
produced will increase so that it plays a role in increasing plant
dry weight. Another study also showed that local AMF was
significant in triggering the initial growth and biomass of A4.
saponaria plants aged seven months after planting in a
greenhouse [24]. Furthermore, another study said that using 5
g AMF and P fertilizer at a dose of 0.6 g on neem and suren
seedlings aged five months gave the best results in increasing
plant dry weight and could increase root colonization [14].

Besides being caused by an increase in photosynthate, a
large dry weight was also caused by an increase in nutrient
uptake. The presence of external AMF hyphae that extensively
enter the soil volume affects the absorption of nutrients and
water. In addition, external hyphae of AMF scattered in the
soil can function as root hairs [25], thereby increasing the
absorption surface of the roots. Curl and Truelove 2012 stated
that increased absorption capacity affected plant growth.

The presence of AMF can increase the dry weight of 4.
macrophyllus test plants directly through the transformation of
carbon sources from AMF hyphae, thereby changing the pH in
the rhizosphere. Changes in pH, in turn, will change the
quantity and quality of other microbes that play a role in plant
growth [26] and are indirectly mediated by host plant growth,
root exudation, and changes in soil structure [26]. Curl and
Truelove [27] stated that microorganisms on the root surface
and root hairs could affect the availability and absorption of
ions such as zinc, calcium, rubidium, and other ions. The
process is strongly influenced by pH. Each type of AMF has
functional differences and capacities in mobilizing nutrients in
the soil.

Meanwhile, the total dry weight of the plant was obtained
from the combination of the dry weight of the shoot and the
dry weight of the root of the test plant. Based on the results of
Duncan's test, the effect of AMF inoculation on the test plant
A. macrophyllus that the M; type of AMF treatment had a very
significant effect on the My treatment and not significantly
different on the M, treatment. In addition, the highest mean
dry weight of 4. macrophyllus seedlings was found in the M,
treatment, which was 6.91 g (Figure 12).
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Figure 12. Effect of AMF inoculation treatment on the
average total dry weight of 4. macrophyllus seedlings aged 6
months
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3.8 AMF colonization percentage

AMF inoculation significantly affected the parameters of
the percentage colonization on the roots of the test plants. The
roots of the test plants were declared infected by Arbuscular
Mycorrhizal Fungi (AMF); if the roots found the presence of
vesicles, arbuscules, and hyphae or one of them, then the
percentage was calculated. Based on the results of Duncan's
test, the effect of AMF inoculation on the percentage of AMF
colonization on the test plant 4. macrophyllus, Mi, and M,
treatments showed a very significant effect on My treatment.
The mean value of the highest AMF colonization percentage
was seen in the M, treatment, which was 41.00% (Figure 13).
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Figure 13. Effect of AMF inoculation treatment on the
average percentage of mycorrhizal colonization of A.
macrophyllus seedlings aged 6 months

Based on the ANOVA test at the 5% significance level, the
percentage of AMF colonization parameters showed that the
interaction between AMF and phosphate treatments had a
significant effect, while the interactions between phosphate
and CLW treatments showed no significant effect. AMF single
factor inoculation significantly affected the percentage of
AMF]I colonization in A. macrophyllus, while single factor
phosphate and CLW treatments had no significant effect.

The results of Duncan's test of the interaction of AMF
treatment with phosphate, which gave the highest percentage
of AMFcolonization, was the M;Py treatment with an
additional percentage of 608.59% when compared to the
control (MoPo). While the single treatment of AMF gave the
highest percentage of AMF colonization was treatment M,
with a percentage of 560.23% compared to the control (My).
The highest mean of AMF colonization in 4. macrophyllus
was 47.83%.

Based on the Pearson correlation analysis results at the 1%
level for various parameters of A. macrophyllus growth
observations, there is a positive and significant
relationship/correlation between one observation variable and
another. The percentage of AMF colonization had a significant
positive correlation with the growth parameters of seedling
height (r=0.005), seedling diameter (1=0.014), fresh root
weight (r=0.000), shoot fresh weight (r=0.000), root dry
weight (r=0.001), shoot dry weight (r=0.000), total dry weight
(r=0.000), nutrient uptake N (r=0.000), and nutrient uptake P
(r=0.000) (Table 1). Furthermore, the xylem proportion
parameter negatively correlates significantly with the phloem,
cambium, and pith proportions.

From the results of the study, it is known that AMF can be
associated with A. macrophyllus plants. The association
begins when the AMF propagules respond to roots in the soil.
Penetration occurs when the AMF hyphae form an



appressorium attached to the root epidermal cells. The hyphae
then spread in the intercellular space and enter the cell [10].
According to the study of Suharno and Sancayaningsih [28],
the factors influencing AMF infection are host sensitivity to
infection, climatic factors (light), and soil water content.
Hyphae that penetrated the roots came from propagules (AMF
infected roots, pieces of hyphae, vesicles, spores) germinating.
According to Johansson et al. [26] and Molina et al. [29], the
compatibility phenomenon between the host plant and AMF
was found at the ultra-structural, biochemical, and genetic
levels. Therefore, the compatibility between the host plant and
AMF will result in better host plant growth.

Prayudyaningsih [30] stated that AMF hyphae that infect
plant roots can increase the absorption capacity of phosphate,
nitrogen, sulfur, zinc, and other essential elements. According
to Puspitasari et al. [31], the number of spores is not only
influenced by one factor but by the accumulation of several
factors, including; The AMF itself, host vegetation, and soil

chemical conditions such as pH, organic C, and P are available.

Soil characteristics are one factor affecting the population of
AMF in the soil [32].

Permanasari et al. [33] explained that the number of spores
is one-factor affecting AMF colonies on plant roots. The
higher the number of AMF spores, the higher the level of AMF
colonies on plant roots in the soil. This is because AMF
colonization in plant roots will induce root hypertrophy,
resulting in faster root hair growth stimulation. Plant roots
with a high percentage of root infection will secrete more
rhizokalin hormone so that the surface area and volume of the
root become larger [34], which can help nutrient absorption
and increase plant growth.

Besides being influenced by the number of spores, AMF
colonization is also influenced by the host plant's roots [35].
Spores are reproductive organs of AMF, formed from
extraradical hyphae that have the form of stumps or colonies
(sporocarps) [36]. Meanwhile, the arbuscular structures in the
root tissue can only survive for a short period, so their presence
is difficult to find. Arbuscular is unstable and can only survive
for two weeks after colonization [37].

Based on the analysis results, the soil media used in this
study was classified as poor in nutrients with a deficient level
of fertility. The presence of AMF treatment and the application
of natural phosphate and CLW to the test plants of A.
macrophyllus could produce better growth when compared to
the control (Figure 14). The high percentage colonization in 4.
macrophyllus has a prominent role in helping the absorption
of essential nutrients such as N and P.

Hyphae
Internal

Vesicles

Figure 14. The structure of AMF colonization on the roots of
A. macrophyllus seedlings aged 6 months after planting in the
nursery (internal hyphae, vesicles)

Garc B-Garrido and Ocampo [38] described that the
interaction of AMF and host plants involves the recognition of
specific molecular signals in order to create a symbiotic
relationship of mutualism. The correlation can be seen from
the host plant obtaining nutrients and water from AMF and
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vice versa, with AMF obtaining carbon from photosynthesis
from the host [4]. According to study of Aye [10], the benefits
of AMF in ecosystems are significant, namely playing a role
in the nutrient cycle and converting nutrients, so they are not
lost from the ecosystem due to leaching, improving soil
structure, and distributing carbohydrates from plant roots to
other soil organisms.

AMF can liberate P that is not available to plants to be
available by releasing phosphatase enzymes and organic acids,
especially oxalic, which can help liberate phosphate. This role
is significant considering that most of the soil in Indonesia has
many problems, especially on post-mining land that is poor in
nutrients. Phosphorus is an essential part of many phosphate
sugars that play a role in nucleotides, such as RNA and DNA,
and part of phospholipids in membranes. Phosphorus plays an
essential role in energy metabolism due to its presence in ATP,
ADP, AMP, and pyrophosphate (Ppi) [11]. In addition, carbon
is needed by AMF as an energy source, and nitrogen is needed
to form proteins. AMF also play a role in the stability of soil
aggregates. Organic matter produced by microorganisms
CLW bind soil particles together, while AMF hyphae provide
mechanical support.

Therefore, stable soil aggregates can create good soil
porosity. The stability of soil aggregates is essential in plant
growth because the movement of air, water, and energy
transfer are interrelated with soil porosity [39]. Therefore,
plants can grow better if the movement of air, water, and
energy transfer in the soil runs smoothly. AMF can increase
plant resistance to outside soil pathogens. AMF can also help
plant growth on soils contaminated with heavy metals [40],
such as on post-mining lands. Thus, AMF, besides being
beneficial for bio-protection, also functions as an essential bio-
remediator for soils contaminated with heavy metals [40].
AMF colonization in plant roots can be observed from several
AMF structures, such as internal hyphae, arbuscules, and
vesicles (Figure 14). According to Yang et al. [4], internal
hyphae function as a means of translocation of nutrients,
external functions to absorb nutrients and water, vesicles serve
as food reserves, especially lipids, while the arbuscular is a
fundamental infection structure in AMF symbiosis because the
arbuscular function in the process of nutrient transfer between
the two symbionts (fungi with plant roots).

The percentage of AMF colonization in the roots of host
plants plays a vital role in a nutrient transfer that is absorbed
by external hyphae from the rhizosphere. Although external
hyphae have a high ability to absorb nutrients and water, if
they fail in the transfer process into root cells, nutrients and
water will only be stored in the internal hyphae. Thus, the
greater the percentage of AMF colonization, the surface of the
contact area of AMF and root cells was more significant so
that plants successfully absorbed nutrients and water. AMF is
very much needed by 4. macrohyllus, as evidenced by the high
RMD value in the study. The external hyphae of AMF can
explore and absorb water, and nutrients plants need [4, 41].
The effectiveness of local AMF in increasing the growth of 4.
macrophyllus seedlings in post-mining soil media was
possible because of several things:

1. local AMF was compatible with existing conditions,
2. Local AMF was compatible with root exudates
produced by A. macrophyllus roots and genotypically.

In addition, local AMFs can absorb water and nutrients from
their host plants [26].



3.9 Seedling height growth

Based on the ANOVA test at the 5% significance level, the
parameters for seedling height growth showed that the
interaction between AMF and phosphate treatment and the
interaction of phosphate treatment with CLW were
significantly affected the growth of 4. macrophyllus seedlings.
Single-factor AMF inoculation was significantly affected the
growth of A. macrophyllus seedlings, while single-factor
phosphate and CLW treatments had no significant effect.

The results of Duncan's test of the interaction of AMF
treatment with phosphate, which gave the highest growth in
seedling height, was the M,P; treatment with an additional
percentage of 66.84% compared to the control (MoPg). The
interaction of phosphate and CLW treatment that gave the
highest growth in seedling height was the PiL, treatment, with
a percentage of 17.27% when compared to the control. While
the single factor AMF treatment gave the highest increase in
seedling height, the M, treatment with a percentage of 40.0%
compared to the control (My) with the highest mean growth of
A. macrophyllus seedlings at 18.20 cm (Figure 15).

Figure 15. Growth performance of 4. macrophyllus
seedlings on the interaction of AMF treatment, phosphate and
the provision of cement leaching waste (CLW) left over from

car castings for 6 months of observation

The increase in plant height is influenced by the activity of
several hormones, such as gibberellins and cytokinins [15].
According to Asrul [42], AMF in plant roots can produce
many growth-regulating hormones, such as gibberellins and
cytokinins, so the presence of AMF in plant roots can play a
role in the process of stem elongation. [18] also reported that
many microbes in the rhizosphere could produce complex
organic mixtures such as gibberellins that can change plant
morphology and physiology. Thus, the presence of AMF can
increase the average increase in plant height better than the
control. The results showed that the test plants inoculated with
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AMF with phosphate had better height growth than other
treatments.

This condition is due to the role of AMF in plants in terms
of helping to increase P uptake [25, 43] due to the presence of
external hyphae that have a long reach and spread widely into
tiny soil pores (Read and head 1980) so that P initially
unavailable becomes available to plants. Besides P, the
presence of AMF can also help increase calcium absorption
[21], which plays a role in cell division and elongation [23].
Upward or tall growth is primary growth due to meristem
activity at the tip of the stem [44]. The activity of the meristem,
which always divides, is strongly influenced by phosphorus.
Phosphorus is an essential part of many phosphate sugars that
play a role in nucleotides, such as RNA and DNA, and part of
phospholipids in membranes. Phosphorus also plays an
essential role in energy metabolism because of its presence in
ATP, ADP, AMP, and pyrophosphate (Ppi) [11]. Thus, if the
P level increases, the meristem activity at the tip of the stem
also increases so that the stem increases in height. AMF can
increase the plant growth of many species found in tropical
forests, and the survival/growth value of plants colonized by
AMF is higher than without colonization [45].

The results of other studies also showed that inoculation of
AMF inoculum on Albizia saponaria plants had a better effect
on increasing plant height, stem diameter, number of leaves,
shoot dry weight, root dry weight, total dry weight, root shoot
ratio, number of nodules, and percentage of root colonization.
And the relative dependence of mycorrhizae [46]. Other
studies also showed that AMF species of Glomus sp and
Gigaspora sp influenced the increasing growth height and
diameter of Falcataria moluccana seedlings [20]. Another
study stated that AMF inoculation at a dose of 20 g/plant on
Ambon Jati seedlings could provide good growth [47].
Arbuscular Mycorrhizal Fungi inoculation resulted in better
plant vegetative growth than plants without AMF [48].
According to Hadianur et al. [49], the application of AMF to
plants can increase the uptake of N, P, and K nutrients so that
AMF can increase plant growth. Trisilawati et al. [50] stated
that good plant growth in mycorrhizal plants was caused by
mycorrhizal growth that could expand the volume of root
distribution in the soil so that nutrients were more available to
plants.

From the results of the study, it can be seen that the single
treatment of AMF was able to have a very significant effect on
A. macrophyllus seedlings for the parameters of height gain,
diameter increase, fresh root weight, shoot fresh weight, root
dry weight, average shoot dry weight, total dry weight and
mean value. AMF colonization percentage. The interaction of
two AMF and phosphate treatment factors was able to provide
a very significant and significant increase in seedling height to
the percentage of AMF colonization. The interaction of the
two phosphate treatment factors and CLW gave a significant
increase in seedling diameter to the increase in seedling height.
The interaction of the three treatment factors significantly
affects the increase in diameter. Meanwhile, every single
factor of phosphate and CLW did not significantly affect all
growth parameters.

In line with the research results conducted by Vivas et al.
[41]; Smith and Read [5] said that the presence of significant
AMF external hyphae could explore and absorb water and
nutrients plants need. The effectiveness of AMF in increasing
the growth of A. macrophyllus seedlings on post-mining soil
media is possible due to several reasons, namely: 1) AMF
matches the existing conditions, 2) AMF matches the root



exudate produced by A. Macrophyllus roots and 3)
genotypically, local AMF can absorb water and nutrients to its
host plants, thereby increasing the effectiveness of plant
growth [51].

4. CONCLUSIONS

Arbuscular Mycorrhizal Fungi (AMF) and soil ameliorants
were effective in increasing the growth of A. macrophyllus
seedlings grown on PT. Holcim Indonesia Tbk. A single
treatment of AMF was able to provide very significant growth
in A. macrophyllus seedlings for the parameters of height gain,
diameter increase, fresh root weight, shoot fresh weight, root
dry weight, average shoot dry weight, total dry weight and the
average percentage of AMF colonization. The interaction of
the two MP; treatment factors was able to provide the highest
increase in seedling height, namely 18.22 cm, with an

additional percentage of 66.84% when compared to the control.

The interaction of the two treatment factors (M Py and M,P;)
was able to provide the highest colonization percentage values,
namely 608.59% and 418.52%, respectively, when compared
to the control. The interaction of the three treatment factors,
M,PLy, was able to provide the highest increase in seedling
diameter with an additional percentage of 82.35% when
compared to the control.
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