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Abstract. Mulyadi, Ruhiyat D, Aipassa M, Hardwinanto S. 2021. The growth of sengon (Paraserianthes Falcataria) at three different
plant ages and soil thick on recl ion site of post-mining area in East Kalimantan, Indonesia. Sengon (Paraserianthes falcataria) is
a fast- growing species commonly used for reclamation of post-coal mining areas in East Kalimantan. The study aimed to determine the
impact of different thicknesses of topsoil applied at some reclamation sites after coal mining activities on the growth of sengon. Three
coal mining companies were chosen as study areas, 1.e., PT Bukit Baiduri Energi (BBE), PT. Mahakam Sumber Jaya (MSJ), and PT.
Kaltim Prima Coal (KPC). The regolith soil layer at the reclamation site had three thickness classes (0-10 cm, 0-30 cm, 0-100 ¢m), and
the sengon growing on reclamation had three ages, i.e., < 2 yrs old (initial growth phase), 2-5 yrs old (tending phase), and > 5 yrs old
(independent growth phase). The number of surviving plants, plant height, and plant stem’s diameter were recorded, and the data were
analyzed using ANOVA and the least significant difference at 5% level. The results showed that no significant difference in the number
of trees among different ages of sengon plantation was found at MSJ. In contrast, at BBE and KPC the number of surviving trees
decreased significantly with increasing plant age. The growth of the plant (height, diameter) increased significantly along with plant age
in all sites. The interaction between topsoil thickness factor and plant age factor produced no different result in plant growth except for
plant height at BBE. The sengon plants had not been able to lower the surface soil density in the land reclamation area.

Key words: Pioneer vegetation, growth, mine, soil thickness, overburden, fertility, reclamation

Running title: Growth of Sengon (paraserianthes falcataria) at reclamation site

INTRODUCTION

Almost all coal mining operations in forest concession areas in East Kalimantan caused significant forest ecosystem
disturbance. Therefore, management of post-mining forest lands must be conducted thoroughly, consisting of land
reshaping, topsoil spreading, mining waste treatment, soil erosion-sedimentation control, and land revegetation. These
three aspects should be evaluated to assess whether the ecosystem recovery is successful or not based on the performance
of land reclamation, soil erosion-sedimentation land revegetation (planted areas, growth percentage, plant species, the
composition of fast-growing and long-lived species, plant health), the diversity of fungi and bacteria (Sudarmaji et al.
2021).

The natural forests have a closed nutrient cycle, and the nutrients are accumulated mainly in the forest tree biomass. If
the trees are cut and the topsoil is removed, the composition of symbiotic microbes will change, so the host and the
symbiotic fungi will be disconnected. Mycorrhizal fungi can only survive on the exposed forest floor in spores, mycelial
hyphae, or other propagules under limited conditions. If there is an increase in temperature on the forest floor coupled with
the entry of ultraviolet light, the fungal population will decrease drastically and disappear. Mycorrhiza is a biological agent
that could improve soil fertility (Daras, et.al. 2015).

Coal mining in East Kalimantan use open-pit mining techniques, which should be conducted carefully due to the
changes of landform, the damage of soil structure, the lack of topsoil, the change of topsoil properties, the decrease of land
biodiversity, and the decline of environmental quality (Subowo 2011). The steps in mining activities include land clearing,
stripping topsoil and subsoil to the parent material layer (regolith), then stripping the bedrock to the surface of the coal
seam. These steps are carried out by digging bench, removing and burying the cover layer through backfilling to each
mining block, and adjusting to the mineral deposit deployment (Zulkarnain et al., 2014).

The open-pit mining system caused extraordinary changes in the ecosystem in the mining area, namely the loss of
natural vegetation, the opening of land (soil, source rock, and bedrock were peeled and removed), and the fauna that live in



these habitats will move to a more suitable place or die (Boer 2008). These open areas must be rehabilitated immediately
with fast-growing species so that the area/environment can return to its original condition.

According to the Minister of Forestry Regulation No. P.64/Menhut-11/2014 IUPPHK-RE restoration activities are
carried out to restore biological elements (flora and fauna) and non-biological elements (soil, climate, and topography) in
an area to their original species to achieve ecological balance.

Selection and management of pioneer plants for reclamation of degraded land are some of the keys to reclamation
success (Hapsari et al. 2020). As pioneer plants, Leguminosae, such as sengon, may grow quickly and adapt to poor soil
conditions with low nutrients.

In general (Pratiwi et al. 2021), the forestation process is initiated by selecting plants resistant to drought or fast-
growing fodder crops that can grow with limited nutrients. The rapid closure of vegetation is important in controlling site
stabilization, runoff, and erosion. When the sites have been successfully revegetated with fast-growing species,
economically more valuable trees (e.g., from the family Dipterocarpaceae) should be planted based on scientific studies.

The objectives of this study were to compare the growth of sengon at three different plant ages and soil thicknesses on
three reclamation sites of BBE, MSJ, and KPC. The results of this study may become inputs and technical references to
coal mining operations management for a successful reclamation program on a post-coal mined landscape.

MATERIALS AND METHODS
Study area

The study area was located in Kutai Kartanegara Regency of East Kalimantan Province, Indonesia. The species and age
of plants studied were determined based on the results of the preliminary survey. The study of sengon growth was
conducted in three reclaimed post-coal mining sites with three different plant ages and soil thickness classes: (I) BBE sites,
geographically positioned at E 117° 04’ 06™ S 0° 26 58” (< 2 years old), E 117° 04’ 44” S 0° 26° 13” ( 2-5 years old) and
E 117°05° 027 S 0°26’ 40” (> 5 years old), (ii) MSJ sites, E 117° 12° 53" S 0° 13* 217 (< 2 years old), E 117° 13* 46 S 0°
12” 38” ( 2-5 years old) and E 117°08 127 S 0° 17" 42” (> 5 years old), and KPC sites, E 117° 36’ 15” S 0° 48 37" (< 2
years old), E 117°35” 05” S 0° 49’ 02” ( 2-5 years old) and E 117° 34’ 59” § 0° 50° 55” (> 5 years old). The sample plot
area was 400 m2 (20 m x 20 m). In each sample plot, the number of living plants, plant height and stem diameter were
recorded.

Experimental design

Randomized Complete Block Design (RCBD) was used with a split-plot design. The main plot is the growth and
productivity of crops were vegetation (V) by plant ages < 2 (V1), 2-5 years (V2), and > 5 years (V3). Sub-plot is the
thickness of the surface soil (K) consisting of 3 (three) levels, namely the thickness of the surface soil < 10 cm (S1), the
thickness between 0 — 30 cm (S2), and the thickness > 30 cm (S3). The thickness of the surface soil was set to 100 cm by
not distinguishing between the top soiling layer and the overburden layer.

Soil analysis

Soil Sample (0- 10 cm, 0-30 cm and > 30 cm thick) in each sample plot were taken for analysis in soil laboratory,
Faculty of agriculture, Mulawarman University, Samarinda, East Kalimantan. Soil acidity (pH H:0 and KCl) was
measured with electrometry pH meters; C organic content with Walkley-Black method; total-N with Kjedahl method, P
and K with North Carolina method; Exchangeable base Cations (Ca™, Mg™, Na*, K*) were determined with extraction
method with ammonium acetate; Texture with pipet method, and Bulk Density with Gravimetry.
Vegetation data Analysis

The growth of plants, the Mean annual increment (MAI) and the Current annual Increment (CAI) were calculated. The
following formula was used to calculate MAL:

The formula to calculate CAI was:

The number of live plants from stems/plot was converted to stem/ha (N/ha), then analyzed using a formula based on
the regression equation,
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Anova (analysis of variance) was performed to determine the difference in growth of plant, Mean annual increment
(MALI) and Current annual Increment (CAI) among sites. It was followed by Least Significant Difference (LSD) test at 5%
level.

RESULTS AND DISCUSSION
Number of living sengon
According to the Minister of Forestry Regulation Number: P.60/Menhut-11/2009 concerning Guidelines for assessment

of the Success of Forest Reclamation, revegetation activities are categorized as successful if the percentage of healthy
plants is more than 80% .
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Figure 1, Plant number at different ages of stand
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Table 1. Average number of living plants (stems/plot) on different plant ages (V) and soil thicknesses (K).

0,
e KIGE) Ezl:(a;gr K3 (SE) =g a—
Vi 26.33+1.25 2700+2.17  23.00£3.50 25.44 (a) 57.29
PT.BBE V2 20.00+1.50 17,00£1.00  19.00+1.32 18.67 (b) 42.05
V3 14.00+1.00 9.00+0.50  10.33£0.76 11.11 (¢) 25.02
Average 2011 17.67 17.44
Vi 20.00+0.86 17,00£0.50  19.67+1.04 18.89 4254
PT.MSJ V2 18.67+3.17 18.00£1.50  21.33+2.46 19.33 43.53
V3 18.67£1.60 17.33£125  15.67+321 17.22 38.78
Average 19.11 17.44 18.89
Vi 14.33£1.25 1833:028  19.33+0.76 17.33(b) 62.98
PT.KPC V2 12.00£1.00 12.00£1.32  12.00£0.76 12.00 (b) 4422
V3 21.67£0.76 19.33£2.02  18.00+3.04 19.67 (a) 78.00
Average 16.00 16.56 16.44

Numbers followed by the same letter in the same column are not significantly different in the 0.05 LSD test

The average percentage of living plants/ha decreased with the increasing ages of vegetation: in the
BBE area, they were 57.29% (V1), 42.05% (V2), and 25.02% (V3), respectively. Relatively, and in
the MSJ, they were 42.54% (V1), 43.35% (V2), and 38.78% (V3). However, a different pattern was
found in the KPC area, i.e., 62.98%, 44.22, and 78% (V3).| A || Because the average percentage of
living plants/ha was lower than 80%, the stability of soil aggregates was low. The soil structure of all
soil reclamation profiles is determined by the type and structure of the soil-forming material layers
(Khaidir et al. 2018).

The aggregate of topsoil and subsoil taken with heavy equipment can be destroyed, and the soil is
easily damaged and eroded by rainwater, especially on sloping land. As a result, soil organic matter
will be eroded, and the soil becomes compact. The movement of water and air affects the chemical
and biological processes in the soil (Nadila and Pulunggono 2019).

The higher bulk density in undisturbed soils can be attributed to compaction from the use of heavy
machinery during the replacement of soils in mined-out areas and a higher fraction of clay in
reclamations soil (Ezeokoli et al. 2020).

The average soil bulk density values in reclamation area less than 2 years old was 1.48 gr/cm3 at
BBE, 1.44 gr/ cm3 at MSJ and 1.49 gr/ cm3 KPC), and relatively lower at 10 cm soil thick, i.e., 1.45
gr/ cm3 BBE, 1.29 gr/ cm3 MSJ and 1.44 gr/ cm3 KPC), but this value is still considered high. The
bulk density decreases with the increasing age of land reclamation due to the growth of root system
and the addition of biomass. In the 15 to 20 years old post-coal mining land reclamation, the
vegetation can rebuild soil structure, decrease bulk density and improve soil porosity (Noviyanto et al.
2017).

The productivity of mine soils without soil amendment [ A 2] is mainly limited by low nutrient
availability (Anonim, 2019); Therefore, basic mineral NPK-fertilization before planting is essential.
The correlation between the number of living plants and ages of vegetation (V1, V2, and V3) and the
equations are shown in Figure 2.

Figure 2. Relationship between number of living plants (stems/plot) and ages|

Plant height

The average height of revegetation plants at different ages (V1, V2 and V3) in the land reclamation area of PT. BBE,
PT. MSJ and PT. KPC was tested in relation to the thickness of the soil. The results of the analysis showed that the
different ages of the vegetation caused a very significant difference in the mean height, while the thickness of the soil did
not cause any difference.

(Commem.d [A4]: Figlrerls not found.




161 There were increases in the values of pH, BS, organic-C, total-N, available-P and available-K until the age of 8 years, Commented [A5]: |

162 while the organic-C and total-N continued to increase until the age of > 10 years (Wahyuni, 2013). This statement is contradictory. The soil fertility did not increase, but
163 there were i of pH, and I
164
165
166
167
168 Table 2. Plant height (m) at different plant ages (V) and soil thicknesses (K).
K Factor
il K1 (SE) K2 (SE) K3 (SE) Average
Vi 6.10+1.37 8.50+0.91 7.44+0.69 735 (¢)
PT.BBE V2 15.49+0.63 13.59+0.59 14.45£1.20 14.51 (b)
V3 24.53+1.18 25.63+2.18 27.35¢1.13 25.84 (a)
Average 17.60 19.24 19.75
Vi 5.26+0.41 5.44+0.38 5.89+0.41 553 (b)
PT.MSJ V2 19.99+1.16 18.8+1.84 20.11£1.47 19.66 (a)
V3 21.26+0.75 21.26+1.76 22.89+0.67 21.80 (a)
Average 478 436 472
Vi 3.08£0.15 3.80+0.29 3.31+0.23 340 (c¢)
PT.KPC V2 11.82+1.66 11.18+1.48 9.09+0.67 10.70 (b)
V3 15.60+1.15 13.15+0.70 13.20+1.27 13.99 (a)
Average 10.21 9.32 8.59
169 Numbers followed by the same letter in the same column are not significantly different in the 0.05 LSD test.
170
171 Plant height is influenced by genetic characters and environmental factors, such as close plant spacing which will

172 provide higher growth due to less solar radiation. The growth rate of a stand is the result of genetic, environmental and
173 management techniques (Ellok, 2015).
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177 The average heights of plants in the area of KPC were 3.40 m (V1), 10.70 m (V2) and 13.99 m (V3), lower than those

178 in the area of MSJ (5.53 m/V1, 19.66 m/V2 and 21.80 m/V3) and in the area of PT. BBE (7.35 m/V1, 14.51 (V2) and
179 25.84/V3).

180 Soil chemical properties are important for plant growth such as pH, Base Saturation and CEC. Soil pH in the area of
181 BBE was 4.05-5.82, MSJ 5.24-5.61 and KPC 3.74-4.09. Base Saturation in BBE was 21.8 %, MSJ 43.4-52%, and KPC
182 17.6-41.9% . Cation Exchange Capacity was classified as low, namely 13.4-16.1cmol (+)kg (MSJ), 10-11.2 lcmol _uilly
183 (+)/kg (KPC) and was classified as medium, namely 17-27.4 1emol (+)/kg (BBE), {c d [A7]: Make this into a table. )
184 The growth curve from the regression analysis in the reclamation of mining areas was relatively flat after >4 years of I
185  age, except in the BBE mining area because the vegetation age of the research plot observed in the BBE area (as
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determined by the Company) was than other areas. Therefore, the data on plant diameter/height was larger with the
equation as shown in Figure 3.

With increasing age, trees will increase in height, the diameter of the canopy circle, and the unit mass of the tree. The
diameter growth of broadleaf trees in the tropics occurs through all year seasons. [The culmination point of the diameter
increment in age-old stands was reached more quickly than the increment in height (Ruchaemi, 2013)]

The average trunk diameter in the area BBE and KPC was significantly different among age classes, while in the area
of MSJ the average trunk diameter in V1 and V2 was not different but significantly different from V3.

The results of further tests with 5% LSD in the BBE area showed that the largest diameter was in V3 (35.85 cm) at 15
years old, in the MSJ (25.35 cm) at 9 years old, and KPC (18.13 cm) at 7 years old. This result is in accordance with the
general growth pattern; namely, the highest tree diameter growth occurs when it has reached a diameter of 30-40 cm, then
decreases gradually with increasing tree diameter (Wahyudi and Anwar 2013).

Table 3. Plant stem di (em) at different ages (V) and soil thick (K)
K Factor

V Factor K1 GE) K2 (SE) K3 5B Average
Vi 19.92+4.20 27.55+2.12 23.11+1.20 7.50 (c)
PT.BBE V2 52.80+0.14 46.48+0.58 50.85+3.77 15.94 (b)
V3 110.18+7.98 97.99+5.86 129.48+5.30 35.85 (a)

Average 19.42 18.27 21.60
A 290.91+2.49 31.60+3.12 36.03+2.68 10.36 (b)
PT.MSJ V2 44.79+10.90 37.33+£9.06 44.24+10.31 13.41 (a)
V3 68.94+1.63 77.98+3.43 90.77+8.36 25.33 (a)

Average 15.25 15.60 18.16
Vi 15.01+£0.54 14.57+0.60 18.49+0.80 5.10 (c)
PT. KPC V2 46.41+7.14 44.59+3.93 38.93+1.98 13.79 (b)
V3 61.40+4.03 51.66+3.49 57.75+5.50 18.13 (a)

Average 13.04 11.76 12.22

Numbers followed by the same letter in the same column are not significantly different in the LSD 0.05 test.

Like plant height, stem diameter growth is also affected by mixed-species planting in the area of PT. KPC, the age
difference between research locations, especially on the criteria > 5 years and the chemical properties of the soil, i.e., pH
(H20), Base Saturation and Cation Exchange Capacity. The lower silt fraction and organic matter content of reclamation
soils were infertile (Ezeokoli et al. 2020).

The plant diameter growth curve is a mathematical model of a curve that describes the growth of plants in the stand,
starting from being planted to reaching maturity (Riyanto and Pamungkas, 2010)
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Figure 4. Growth of sengon (BBE, MSJ and KPC) aged > 5 years

Figure 5 shows that the revegetation plant has a growth trend in line with increasing age, and the largest is in the PT.
BBE. The KPC trend declines after the age of 8 years. The amount of leaf biomass of vegetation increased until the age of
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7 years and decreased after 9 years. In contrast, sungkai increased at the age of 4 years and decreased after more than 5
years (Murtinah and Komara, 2019). In general (Adman et al. 2020), all species observed have slow growth in height and
diameter in the first year after planting. In the following years, there was an acceleration in both height and diameter
growth at various rates.

(b) (c)

Figure 5. Growth of sengon at BBE (a), MSJ (b) and KPC (c) aged > 5 years.

Volume

The growth rate of a stand is the result of genetic, environmental, and management techniques (Ellok, 2015). The analysis
results showed that the differences in vegetation age, soil thickness, and their interactions caused significant differences in
the volume of trees in the land reclamation area of BBE. In contrast, in the area of MSJ and KPC only the age difference of
the vegetation had a significant effect on the volume of trees.

The average of the highest volume was found V3 treatment in land reclamation area of BBE (479.69 m3/ha), followed by
MSJ (284.82 m3/ha) and PT. KPC (128.37 m3/ha). The difference in the calculated volume of vegetation was not only
caused by the different number of trees aged > 5 years (V3) among the three locations, which was quite significant, but it
was also due to differences in ages of plant and soil properties in the reclamation area of each company's mining area.

Table 4. Volume (m*/ha) at different plant ages (V) and soil thicknesses (K).

K Factor Average
VeCEctn K1 (SE) K2 (SE) K3 (SE)
Vi 12.1146.90 25.21+5.69 13.43+3.78 16.11 (c)
PT.BBE V2 119.53+4.50 70.44+8.23 101.36+21.2 97.11 (b)
V3 495.23+44.56 289.62+35.69 654.22+36.0 479.69(a)
Average 208.96 (a) 128.42 (c) 256.34(b)
Vi 13.63+3.17 13.45+2.86 22.29+5.66 16.46 (c)
PT.MSJ V2 133.75+65.88 63.43+18.57 127.77+44.1 108.31 (b)
V3 260.20+12.12 205.79+98.9 388.47+40.5 284.82 (a)
Average 135.86 94.22 179.51
Vi 1.37+0.06 2.10+0.32 3.09+0.41 2.19(c)
PT. KPC V2 47.80+15.4 43.41£14.9 23.94+6.29 38.38 (b)
V3 181.40+29.5 91.37+7.98 112.35429.2 128.37 (a)
Average 76.86 45.63 46.46

Numbers followed by the same letter in the same column are not significantly different in the LSD test of 0.05

Low Volume (m¥ha) in PT. KPC was caused by mixed cropping, while at the location of PT. BBE and PT. MSJ only
single species was planted. In order to obtain uniformity, then only the plant height and stem diameter of sengon/plot was
used for calculation (Table 4).

The average volume (m¥ha) of sengon in the area of KPC was generally lower, except for V3 which was around
128.37 m*/ha.
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Figure 6. Relationship between Volume (m3/ha) and age in Mining and Non-Mining areas,

The high volume (m*ha) was due to low sampling plant used as the basis for calculation of the height and trunk
diameter (about 3-7 stems of plants/plot), resulting in the disproportionate average value of height and large diameter stem.
Sengon litter (liter fall) contributes nutrients to the soil, i.e., C, N, P about 4291 kg/ha, 973 kg/ha, and 794 kg/ha per year
(Sudomo and Widiyanto 2017). The largest macronutrient in sengon stands was Calcium (0.28 %), Nitrogen (0.23 %),
Potassium (0.19 %), Phosphorus (0.08%), and the lowest was Magnesium at around 145.52 ppm (Herwanto et al. 2016).

The low soil fertility in the PT.KPC land reclamation area was due to the sulfate solution found around plot V2. The
shallower pyrite significantly decreased soil pH and increased Al and relatively decrease K, Ca, Mg, Cu and Zn (Sutandi,
etal. 2011).

L e ol SRR
Figure 7. Dissolved sulfate (FeSO4) in the V3 border p

lot of KPC.

Mean Annual Increment (MAI)

The annual mean increment (MAI) is the quotient between total production and stand age (Ruchaemi, 2013). The stand
potential calculation was done by calculating the volume based on the volume table. Riyanto and Pamungkas, (2010) states
that the results of the stand volume calculation are needed to determine the standing stock of each age class, then from the
standing stock calculation results, the stand volume increment is calculated in one cycle. This volume increment can be
divided into an annual average increment (MAI) and a current average increment (CAI).

‘Table 6. Mean Annual Increment (MAI) at different plant ages (V) and soil thicknesses (K)

K Factor Average
V Factor K o) 3
Vi 8.90£5.07 12.16£2.74 6.38:1.79 7.66
PT.BBE v2 24.12+0.90 13.94£1.62 19.79+4.14 19.28

V3 33.50+3.03 19.26+2.39 44.05+2.41 3227
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Average 22.17 15.12 23.41

Vi 46575153 6452137 10.4822.66 783
PT.MSJ V2 23.19411.46 14.67+4.30 26.0249.00 21.29
V3 29244137 2295:11.17 45.80+4.54 32.66

Average 1967 14.69 2743
Vi 0.93+0.04 1372021 1.85:0.24 138
PT.KPC V2 10.175£3.29 934322 5.76+1.51 8.41
V3 24.59+4.02 14.47+1.26 18.24+4.76 19.1

Average 11.90 8.38 8.62

Table 6 shows that MAI increased with age at each research location, but the largest occurred in the MSJ, followed by
BBE and f KPC. Research Patiun et al. (2011) in Zulkarnain et al. (2014) showed that until the reclamation age of 15 years
with acacia vegetation, the soil permeability was still low, i.e., 12.03 cm/hour at 0 - 15 cm depth and 2.49 cm/hour at 15 -
30 cm depth. This indicates that the change in soil compaction affected the soil permeability up to 15 years age of
reclamation.

Various experiences and best practice in the implementation of post-mining reclamation show that degraded ex-mining
land might become productive again (Pratiwi et al. 2021); The success of post-mining reclamation in restoring tropical
forest cover can also support the conservation of biodiversity through the provision of animal habitats that lead to or
approach their natural condition. . In conclusion, this study found that the diameter and height of sengon increased with the
increasing age, but the number of surviving trees declined. In contrast, soil thickness had no siginifcant effect on the
sengon growth
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Abstract. Mulyadi, Ruhiyat D, Aipassa M, Hardwinanto S. 2021. The growth of Sengen-ycngon (Paraserianthes Falcataria) at thrde [ Formatted: Font: Italic
different plant ages and soil thicknesses on reclalmtlm site of post-mining area in East Kali Sengon (Paraserianthes falcataria) isp 9
fast- ing species spesies—that ly used tefor reclamation of post—cod mining areas in Eajt (W= Font: Italic
Kallmamm The study was-aimed to finé-sutdetermine the mlpact of different thicknesses of top-soilsg applied at some recl: tromnm: Font: Italic
sites after coal mining activities to-on the growth of Sergen-sengon ¢ ‘,.... hes-fei r—ptants. Three coal mining companigs % "
were choesen as study areas, i.e.. PT Bukit Baiduri Energi (BBE), PT. Mahakam Sumber Jnya (MSJ), and PT. Kaltim ana Cogl [ Formatted: Font: talic
(KPC). The thiekress-of regolith s01l layer at the reclamation site w«mﬁfe{m three thickness classes (0-10 em, 0-30 c¢m, 0-10D &onmtm: Font: Italic
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growth phase), 2-5 yrs old (tending phase), and - > 5 yrs old (independent growth phase). The phasi-gs i

of suevaval-surviving plants, plant height, and plant stem’s dlameter eﬁ—p&ot—e#—é@*%mw re recor d he were analyz: ( Formatted: Font: Italic
using ANOVA and the least significant differen 5% level. ata-an a g-AD A d e 1Y

continued-with-LSDA-53% The resm:smmwmmmmm w—ihe—iewo&—(»he—donﬁ(-y m—wa
surfaee-sor-layer-of-the-land-reelamation-area- showed that Ne-no significant different-difference in the number of trees among different

ages of sengon plantation was found at MSJ_Im whitie-at BBE and KPC the number of mwu‘m rodueeai

decreased slgmﬁcamly by-with the i _aplnnl agg NI— th ber-ofih "
ﬁ, ﬂd A F‘S dasl + BRE v 4 D[ .!a & 4 { 3 ' |. - l’ o d The

growth of the p]um (height, diameter) mMSmecmaseg significantly along wnh plnnl age whie at BBEand KPC

4 i all sites. The interaction between top soiling thickness factor and plant age factor produced no differerjt
result in plant gJowth except for plant height at BBE. The sengon plants had not been able to lower the surface soil density in the_%
reclamation area, . o

Key words: Pioneer vegetation, growth, mine, soil thickness, overburden, fertility, reclamation

Running title: Growth of Sengon (paraserianthes falcataria) at reclamation site

INTRODUCTION

Almost all coal Mining-mining operations efEast-Kalimantan-in the-forest concession areas 1n East Kalimantan causi
significant forest ecosystem disturbance. Therefore, management of mned-eutpost-mining forest lands must be conduct

thoroughly, HHG‘Wiﬂg—LOIIbIbhng of land rgshapmg -e%eaﬂng topsom spreadmg, ining waste tr soil_erosior}-
cdnmentguun conlrol rehabiiaton— Revegettrot— oheeHie oxpected oo ,,s.y tecoveiy

and land revegemnon These three aspccts mshould tﬁ evnluatcd fo assess whether thc ecosystem recovery
successful or not based on the performance of land reclamation, soil erosion-sedimentation land revegetation (planted

areas, growth percentage, plant species, the composition of fast-growing and long-lived species, plant health), the dwch

of fungiffungus- and bacteria (Sudarmaji: et- al. 2021).

The eharacteristies-of-natural forests are-that-they-have a closed nutrient cycle, and the aeewmation-ef-nutrients +5-a
feund-accumulaied mainly in the forest tree biomass._—i!f the trees are cut dews-and the topsoil is removed. there-witl-beh
ehange-th-the rierobial-composition of —espeetatty—+r-symbiotic microbes will change, so that-there-will-be-a-disconnedt
between-the host and the symbiotic fungi_will be disconnected. where-mMycorrhizal fungi can only survive on
exposed forest floor in the fossm-of-spores, mycelial hyphae, or other propagules under limited conditions. If there is
increase in temperature and-humidity-on the forest floor coupled with the entry of ultraviolet light,
that-the fungal population will decrease drastically and disappeardie. Mycorrhiza is a biological agent that could impro

{ Formatted: English (United States)




87

88

91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

the soil fertility (Daras et al 2015) WWMWMWHWWM
aspeetH astig-the-growth-of

Coal mnes-mining in East Kahmaman use open—pn mining techniques, which ~(open-pit-miRing Syster)—Open-pH
mitiifig-should be conducted carefully due to the eenversionchanges -of landform, the damage of soil structure, the lack of

top-soil, the change of top-soil ecosysiem-equiibrumproperties, the decrease of land-biodiversity, and the reduee declined
of emvironmental quality (Subowo: 2011).

The steps taken-in mining aetwvity-activities include land clearing, stnppmg lop—sml and subsoil to the parent material

layer (regolith), then stripping the bedrock to the surface of the coal seam_—this d-by-cont
Eastkal s These sieps are carried out by digging bench, removing and burymg the cover lnyer thmugh

backfilling to each mining block, and adjusting to the mineral deposit deployment (Zulkarnain. et- Adal . 2014).

The #mpact-of-the-open-pit mining system caused extraordinary changes in the ecosystem in the mining area, na.mcly
the loss of natural/ferest vegetation, the opening of land (soil, source rock, and bedrock were peeled and removed), as-wek
asand the fauna that lived in these habitats were-rmostly and sote will_ move to a more suitable place or dic
(Boer; 2008). These open areas must be rehabilitated lmmedlately with fast- growmg species so that the area/environment
can return to erappreaeh-its original condition.

According to the Minister of Forestry Regulation No. P.64/Menhut-11/2014 [UPPHK-RE restoration activities are
carried out to restore biological elements (flora and fauna) and non-biological elements (soil, cllmate and topography) in
an area to their original specnes%mhm to achlevc bielogieal-ecological balance A 2

Selectlon and management of pioneer plants for reclamanon of degraded land is-are very-tmpertant-and-become-one
some of the keys to reclamation success (Hapsari: et -al. 20204-). As pioneer plants. Leguminosae, such as a-pioneer-plamis
(Sengemjsengon, may be-grow quickly and adaptable to poor soil conditions with laek-low nutrients.

In general (Pratiwi; et al. 2021), the-a forestation process is initiated by selecting plants resistant to drought or fast-
growing fodder crops that can be-grow with limited nutrients -and-rapid-growth.-as-The rapid closure of vegetation is
important in controlling site stabilization, runoff, and erosion. When the sites have been successfully revegetated with fast-
growing species, economically more valuable trees (e.g., from the family Dipterocal ae) shoul lan as! n
scientific studies
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soil thicknesses on three reclamation sites of BBE, MSJ, and KPC. The results of this study may become inputs and
technical references to coal mining operations management for a successful reclamation program on a post-coal mined
landscape . soH-physic-and-ferithiy charactensties,

MATERIALS AND METHODS
Study area

The study area was located in Kutai Kartanegara Regency of East Kkahma.natan Province, Indonesia. The species and

age of plants studied Field-surveys—n-theform-of-desen o re-exper research-were determined based on the
results of the prellmmmy survey —hafely—by-deter bre et by breoed Dt e <hidied b +

The ; ;mgg of sengon growth ef-Sengens—studies—werewas conducted

in three reclalmed post-coal mining sited-siles with three different plant ages and soil thickness classes: (1) BBE sites,

geographically positioned at E 117°04” 06 S 0°26° 58” (< 2 years old), E 117°04” 44 S 0°26° 137 ( 2-5

years old) and E 117° 05° 02 S 0° 26’ 40” (> 5 years old) , (ii) MSJ sites, E 117° 12° 53” S 0° 13’ 217 (< 2 years old), E

117° 13" 46” S 0° 12’ 38" ( 2-5 years old) and E 117°08” 12 S 0° 17" 42" (> 5 years old) , and KPC sites, E 117° 36" 15

S 0°48 37" (< 2 years old), E 117°35” 05" S 0° 49” 02" ( 2-5 years old) and E 117° 34" 59 S 0° 50" 557 (> 5 years old).

The area-of-the-sample plot area is-was 400 m?; wn-the-form-of-a-square-with-a-size-0£(20 m x 20 m). In each sample plot,

the number of living plants, plant height and stem diameter were ealewlatedrecorded.

Experimental design

Randomized Complete Block Design (RCBD) w. d with a split plot design. The main plot 1s the growth
productivity of crops were vegetation (V) by plant ages < 2 (V1), 2-5 vears (V2) and > 5 years (V3). Sub-plot is the
thickness of the surface soil (K) consisting of 3 (three) levels. namely the thickness of the surface soil < 10 ¢cm (S1), the
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111

112 Soil Sample (0- 10 cm, 0-30 cm and > 30 cm thick) in each sample plot were taken as-seit-samples-for further-analys

113 insoil laboaratory, Faculty of agriculture, Mulawarman University, Samarinda, East Kalimantan. Soil acidity (pH H0

114 KCl) was measured by-with electrometry pH meters; C organic content by-with walideyWalkley-black-Black method;
115 1o1al-N-tetal by-with Kjedahl method, P and K by-with North Carolina_method; Exchangeable base Cations (Ca**, Mg*{,
116  Na*, K*) were determined by-with extraction method with ammonium acetate; Texture by-with pipet method, sad-and B
117 Density by-with Gravimetry.

119 Vegetation data Analysis I
120
121 The growth of plants, the Mean annual increment (MAI the Current annual Increment (CAI) were calculated. T

123

122 following formula was used to calculate MA!t " [(:ommmtul [A3]: The formulas for MAI and Cai should be
provided.

124

125 The formula to calculate CAI was:
126
127
128
129
130 el D esigi—Anova (analysis of variance) was perform
131  to fdeﬁl-ﬂ-y—detgmnug mg glifergmg in growth of plam Mean amlual mcrcmcnt (MAI) and Current annual Increment (CAl)
132 among sites. It was followed by Least Significant DBifferent-Difference (LSD) test at 5% testlevel. Fhe-Anova—vesuft
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142 RESULTS AND DISCUSSION

143 Number of living Sengon-sengon (stems/plot)
144 According to the Minister of Forestry Regulation Number: P.60/Menhut-11/2009 concerning Guidelines for assessment

145  of the Success of Forest Reclamation, revegetation activities are categorized as ful if the p age of heal
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Figure 1, Biagram-Plant number at different ages of stand (Stems/Plet)
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Table 1. Average ber of living plants (stems/plot) besed-on different plant ages (V) and soil thicknesses (K) |

K Factor Average N/ha %
VI KI(SE) K2(SE) K3 (5E) =
Vi 26.33+1.25 27,00£2.17  23.00+3.50 25.44 (a) 57.29
PT.BBE V2 20.00+1.50 17,00£1.00  19.00+1.32 18.67 (b) 42.05
V3 14.00+1.00 9.00£0.50  10.33+0.76 11.11 (¢) 25.02
Average 20.11 17.67 17.44
Vi 20.00+0.86 17,00:0.50  19.67+1.04 18.89 4254
PT.MSJ V2 18.67+3.17 18.00£1.50  21.33+2.46 19.33 4353
V3 18.67+1.60 17.33£125  15.67+321 17.22 38.78
Average 19.11 17.44 18.89
Vi 14.33£1.25 1833028  19.33+0.76 17.33 (b) 62.98
PT. KPC V2 12.00+1.00 1200132 12.00+0.76 12.00 (b) 4422
V3 21.67+0.76 19.33£2.02  18.00+3.04 19.67 (a) 78.00
Average 16.00 16.56 16.44
Numbers followed by the same letter in the same col ok it the it sare not significantly different in the 0.05 LSP

test.

The average percentage of hve-living plants/ha tends—to-decreased with the treatment-of-differentincreasing ages df
vegetation. in the BBE area, they were which-is-only-about 57.29% (V1), 42.05% (V2). and 25.02% (V3), respectively.
Relatively, and in the sanie-in-the-area-of MSJ they were 42.54% (V1), 43.35% (V2), and 38.78% (V3).-but However,
different pattern was found frem-the-numberof planis-in the KPC area, i.¢., i5-62.98%, 44.22 and [78% (V3)| Because Fh
the average percenatage of live living plants/ha was lower than 80%, cause-the stability of soil aggregates was low.
grade-ot-soil structure on-of all of-the-soil reclamation profiles is determined by the type and structure of the soil-forminj
material layers-struetre-ane (Khaidir; et-al. 2018).

The aggregate of top-soil and subsml taken with heavy equipment that-can be destroyed the-agg et
formed—Therefore;and the soil was-is easily damaged and eroded by rain water-and-easily-eroded, especnally on slopl L
land._-seAs a result, that-soil organic matter will be eroded, and the soil becomes compact. Fhe-mMovement of water a
air -+s-bad-and-affects the chemical and biological processes #f-in the soil (Nadila and Pulunggono: 2019).

The higher o+bulk density in undisturbed soils can be attributed to compaction from the use of heavy machinery during
the replacement of soils in mined-out areas: and a l‘ughet fmctlon of clayey in reclamations soil (Ezeokoli: et- al. 2020).

-2k las-ie-ab + ade GFe

BRa-HHey-aFe-SHf B0-005eFvatHoRs it fFea:

KPC); ~but-and mere-relatively -lower at_10 ¢m soil thlgk, Le. ¢l; 45 gr/ﬂee BBE l 29 gr/ cm'ee MSJ and 1: 44 ' /
cm’ee KPC), at—Ho-em-soit-thiek-but this value is still considered high-density-of seils. The bulk density decreases wit

years old post-coal mining land reclamation, the vegetation can rebuild soil structure, decrease bulk density and improvg
soil porosity (Noviyanto: et- al. 2017).

The bie-productivity of jvigin- mine soils
avmlablhty (Anonim, 2019); Therefore n—gremh—suppeamg—md—seﬂ-hfe—&nggemg—basnc mmeml NPK-femhzanon befo :
plﬂﬂtlllg is essentla] he e olan M emsiple 3 8 ha—{dl/halthen-ana
Mmﬂa‘bebed_eﬁ‘me%reﬁm—equen—mt LOITCIBIIOI] between ﬂ—wmw%hai—ih&number oflw& iving plams u-gamml
and different ages of vegetation (V1, V2, and V3) and the equations are shown in Figure 2. Fhe-equations-and-eurves-ap
shown--Kigure-2-below-

Figure 2. Relationship between number of hve-living plants (stems/plot) and ages|

Plant height ts)

The average height of revegetation plants &f-at different ages (V1, V2 and V3) in the land reclamation area of
BBE, PT. MSJ and PT. KPC was tested in relation to-1n _the thickness of the soil. The results of the analysis &+
showed that the different ages of the vegetation caused a very significant difference to the mean height, while the thickness
of the soil did not shew-cause any difference.
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icrease i-the age-elass-of-land-co }
the values of pH, BS, organic-C-erganie, (otal-N-tetal 1, available-P-a

HR]

and available-K-av

—but-there-was-anwere increases in

table until the age of 8

years, while the organic-C-erganie and total-N-tetal were-sti-continues-continued to increase until the age of > 10 years

(Wahyuni, 2013).

Table 2. Plant height (m) based-enat different plant ages (V) and soil thicknesses (K).

K Factor

¥ Pt K1 (SE) K2 (SE) K3 (SE) Average
Vi 6.10+1.37 8.50+0.91 7.44+0.69 735 (c)
PT.BBE V2 15.49+0.63 13.59+0.59 14.45+1.20 14.51 (b)
V3 24.53+1.18 25.63+2.18 27.35¢1.13 25.84 (a)

Average 17.60 19.24 19.75
7 5264041 5.44+0.38 5.89:0.41 553 (b)
PT.MSJ V2 19.99+1.16 18.8+1.84 20.11+1.47 19.66 (a)
V3 21.26+0.75 21.26+1.76 22.89+0.67 21.80 (a)

Average 478 436 472
Vi 3.08+0.15 3.80+0.29 331£0.23 340 (c)
PT.KPC V2 11.82+1.66 11.18+1.48 9.09+0.67 10.70 (b)
V3 15.60+1.15 13.15+0.70 13.20+1.27 13.99 (a)

Average 1021 932 8.59

Numbers followed by the same letter in the same column —states-that-the-difierence-sare not significantly different in the 0.05 LSD test.

Plant height is influenced by genetic characters and —hewever; environmental factorscan-affect-plant-height, such as
close plant spacing which will provide higher growth due to less solar radiation. The fast-and-slew-growth rate of a stand
is a-the result of genetic, environmental and management techniques (Ellok, 2015).

30

25 YBBE - 150,79x%- 371,37x+ 236,69

yMSC = 42,33x2- 35,14t

|5 YKPC-269x2-44.508 1 1

10

Number of plants {stems/Ha)

AN

(=]

Plants age (years)

& BBE

. M)

A KPC
e Poly. (BBE)
- == Poly.(MSJ)
=+ Poly.(KPC)

Figure 3. Relationship between plant height (cm) and age in mining areas.

The

low—growth—s—partentarly—gh-siandmg-erops—+naverage heights of plants in the area of KPC is-an-average—of
abeutwere 3.40 m (V1), 10.70 m (V2) and 13.99 m (V3),_lower than those -eempared-toin the area of MSJ (5.53 m/V1,

19.66 m/V2 and 21.80 m/V3) and in the‘area of PT. BBE (7.35 m/V1, 14.51 (V2) and 25.84/V3)_ besides-being-eaused-by

Soil chemical properties are important for plant growth such as pH, Base Saturation and CEC. Soil pH eentent-in the
area of BBE twas 4.05-5.82), MSJ ¢5.24-5.61) and KPC ¢3.74-4.09)_-while-Base Saturation s-in BBE fwas 21.8 %), MSJ
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43.4-52%,) and KPC ¢17.6-41.9% ). Cation Exchange Capacity (emol(+)-per Kg Soil) wasis classified as low, namell
13.4-16.1cmol (+)/kg (MSJ), 10-11.2 lemol (+)/kg (KPC) and is-was classified as medium, namely 17-27.4 lemol (+
(BBE)|

The growth curve resukts-of-from the regression a.nalysmeﬁn the reclamation of mining areas depiet-was a-relativel
flat growth-regression-eurve-after >4 years of age, except in the BBE mining area because —Fhis-is-due-io-the-faet-that-
vegetation age of the research plot observed in the BBE area (as determined by the Company) is-was lengerolder
other areas.; Therefore.se the data on plant diameter/height is larger with the equation as shown in Figure 3-abeve.

Free-wWith increasing age. trees will increase in height the diameter of the canopy circle and the unit mass of the tr
The diamacter growth of-the-thiek te j-et-broadleaf trees in the tropics knrews-no-time meantng-that-+-0CC)
through every-all year seasons-of-the-year. fl‘he culmination point of the diameter increment in age-old stands was reac
more quickly than the increment in height (Ruchaemi: 2013).
aneéﬂHhe—resuks—eHhe—&mhﬁs—eHThe average trunk diameter in the area BBE and KPC
ot-dHierent-ages—of a—verywas significantly difference—ir different among age classe
while in the area of MSJ showed-thi-thetge-ot-vegetationthe average lrunk dla.meler tin_V1 and V25 was not differen}:
but significantly different from V3.
The results of further tests with 5% LSD in the BBE area showed that the largest diameter was in V3 (35.85 cm) at 15
years old, as-wel-as in the MSJ (25.35 cm) at 9 years old, and KPC (18.13 cm) at 7 years old. This data-result ist

accordance with general growth patiern.: namely the highest tree diameter growth occurs when it has reached a diameter
30-40 cm, then decreases gradually with increasing tree diameter (Wahyudi and Anwar; 2013).

Table 3. Plant stem di (cm) based-enal plant-different ages (V) and soil thicknesses (K). |
K Factor
W K1 (SE) K2 (SE) K3 (SE) AT
V1 19.92+4.20 27.55+2.12 23.11+1.20 7.50 (c)
PT.BBE \'%] 52.80+0.14 46.48+0.58 50.85+3.77 15.94 (b)
V3 110.18+7.98 97.99+5.86 129.48+5.30 35.85(a)
Average 19.42 18.27 21.60
\'2! 29.91+2.49 31.60+£3.12 36.03+2.68 10.36 (b)
PT.MSJ V2 44.79+10.90 37.33+9.06 44.24+10.31 13.41 (a)
V3 68.94+1.63 77.98+3.43 90.77+8.36 2533 (a)
Average 15.25 15.60 18.16
V1 15.01+0.54 14.57+0.60 18.49+0.80 5.10 (¢)
PT. KPC V2 46.41+7.14 44.59+3.93 38.93+1.98 13.79 (b)
V3 61.40+4.03 51.66+3.49 57.75+5.50 18.13 (a)
Average 13.04 11.76 12.22
Numbers followed by the same letter in the same col - thut-the diil sare not significantly different in the LSD 0.(15
test.

As-well-asLike plant height, stem dlameter slanekgromh is a]so a.ffecled by mixed-species Cropping-planting
in the area of PT. KPCCrepping t v o 2 et theagedlﬁ'erencebetw
research locations, especially on the criteria > 5 yea:s and the chemacal pmpemes of the soil._ie.. pH (H:0), B:
Saturation and Cation Exchange Capacity. The lower silt fraction and organic matter content of reclamation soils were
less-infertile (Ezeokoli; et-_al. 2020).

The plant/stand dlamcter growth curve is a mnthematlcal model of a curve that describes the growth of plan
teritts of the devel aspect-of -the-diat of-the-trees in the stand. starting from grewing-bei
planted to reaching mamnty (Riyanto and Pamungkas: 2010)
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35 YBBE = 150,79x2-371.37x+ 236.69
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= " MS)

2 20 yKPC = 26,9x2 - 44,51x + 19
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]
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0

Plants age {years)

Figure 4. Growth of Seagen-sengon (BBE, MSJ and KPC) aged > 5 years

Based-on-Figure 5—+-ean-be-seen shows that the revegetation plant has a growth trend in line with increasing age and
15-the largest 1 in the PT. BBE-whie-+#-the-area-ot PH—MS-and-PF. The KPC trend declines after the age of 8 years. The
amount of leaf biomass of vegetation increased until the age of 7 years and decreased after the-age-of9 years —whileln
contrast, Sungkarsungkal stands-increased at the age of 4 years and decreased after the-age-of-more than 5 years (Murtinah

and Komara, 2019). In general- (Adman, et.al. 2020), all species observed has-have slow growth in tesm-oheight and
diameters in the first year after planting ané-In the following years, there was an acceleration in both high-height and
diameter growth at various rates

Figure 5. Growth of Sengen-sengon at BBE (a), MSJ (b) and KPC (c) aged > 5 years

Volume ¢’ /ha)

The fast-essiew-growth raie of a stand is the result of genetic, environmental, and management techniques (Ellok,
2015). The mﬂhwwmwanalysm results showed that the differences in vegetation age, soil thickness and their
interactions caused significant differences in the volume of trees planted-in the land reclamation area of BBE_In contrast,
white-in the area of MSJ and KPC #s5-very-signthieant-only +#+the age difference of the vegetation_had significant effect on
the volume of trees.

The average of the highest volume aehieved-by-vegetation-planted-enwas found V3 treatment in land reclamation area
of BBE (479.69 m*/ha), followed by MSJ (284.82 m’/ha) and PT. KPC (128.37 m*/ha). The difference in the calculated
volume of vegetation is5-was not only caused by the different number of trees aged > 5 years (V3) between-among the three
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different-locations, which is-was quite significant, but it is-was also due to differences in ages of plant_and . sol

morphologysotl physie-and se-fertihityproperties in the reclamation area of each company's mining area.

Table 4. Volume (m*ha) based-enat different plant ages (V) and soil thicknesses (K). |

K Factor Average
¥ Poctx K1 (SE) K2 (SE) K3 (SE) =
Vi1 12.11+6.90 25.21+5.69 13.43+3.78 16.11 (c)
PT.BBE V2 119.53+4.50 70.44+8.23 101.36+21.2 97.11 (b)
V3 495.23+44.56  289.62+35.69 654.22+36.0 479.69(a)
Average 208.96 (a) 128.42 (c) 256.34(b)
Vi 13.63:3.17 13.45+2.86 22.29+5.66 16.46 (c)
PT.MSJ V2 133.75+65.88 63.43+18.57 127.77+44.1 108.31 (b)
V3 260.20+12.12 205.79+98.9 388.47+40.5 284.82 (a)
Average 135.86 94.22 179.51
Vi 1.37+0.06 2.10+0.32 3.09+0.41 2.19(c)
PT.KPC V2 47.80+15.4 43.41=14.9 23.94+6.29 38.38 (b)
V3 181.40+29.5 91.37+7.98 112.35+29.2 128.37 (a)
Average 76.86 45.63 46.46
Numbers followed by the same letter in the same col o are not significantly different in the LSD test of 0.05. |

Low Volume (m*ha) in PT. KPC is-was caused by a-different-cropping system—namely-using-mixed cropping, while
the location of PT. BBE and PT. MSJ uses-only single species was planiedmeneeuliure. In order to obtain uniformity, th

ty-to-use-only the plant height and stem diameter of Sengensengon/plot was used for calculatlonleMM&eﬂssuﬁnpﬂea
hitt-the trabet o i ted H Hxed-Pran plots—the he—volumeda—RT- RCis-caused-by-a-di PP

(’l'nble 4) i

T‘he average volume (m’/ha) of beﬂgﬁwwplﬂm-s-m thc area of KPC »s~ generally lower _except for V3 which

t5-was around 128.37 m*/ha.

600
500
150,79x2 - 371,37x + 236,69
yBBE X x+2 - i
= 400
€ " M)
v KP
E 390 ymsc- 423302351400 ¥ e
° Poly. (BBE)
> 2% ,
yKPC= 26,9x2 - 44,51x+ 19,8 = = Poly.(MS))
Y
200 o .+ Poly. (KPC)
0
0 1 2 3 4

Plants age (years)

Figure 6. Relationship between Volume (m3/ha) and age in Mining and Non-Mining areas.

The high volume (m*/ha) s-was due to low sampling plant used as the basis for calculation of the height and
diameter (amounts—to-only about 3-7 stems of plants/plot), resulting in the disproportionate average value of height
large diameter stem-disproportionaie,

Sengonteres prre pern + litter (liter fall) contributes nutrients to the soil, 1.¢., #-theform-of-C, N, P about 42
kg/ha, 973 kglha and 794 kg/ha per year (Sudomo and Widiyanto: 2017) -and-sutrient-content The largest macro-nutrieift
in P s feleatarrasengon stands was Caleium (0.28 %), Nitrogen (0.23 %), Potassium (0.19 %), Phospho
(0.08%) and the lowest was Magnesmm at around 145.52 ppm (Herwanto: et- al. 2016).
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The low soil fertility in the PT_.KPC land reclamation area was due to the sulfate solution identified found around plot

V2. The shallower pyrite has-a-significant-effeet-on-deereasmgsignificantly decreased soil pH and increased #g Al and
tends-to-relatively decrease K, Ca, Mg, Cu and Zn (Sutandi, et.al. 2011).

Figure 7. Dissolved sulfate (FeS) n the V3 border plot of KPC

Mean Annual Increment (MAI)

The annual mean increment (MAI) is the quotient between total production and stand age (Ruchaemi, 2013). The stand
potential calculation wasis done by calculating the volume based on the volume table. Riyanto and Pamungkas, (2010)
states that the results of the stand volume calculation are needed to determine the standing stock of each age class, then
from the standing stock calculation results, the stand volume increment is calculated in one cycle. This volume increment
can be divided into an annual average increment (MAI) and a current average increment (CAl).

Table 6. Mean Annual Increment (MAI) at different based-on plant ages (V) and soil thicknesses (K).

K Factor Average
V Factor K1 0 I8 rag
Vi 8.90+5.07 12.16:2.74 638179 7.66
PT.BBE V2 24.1240.90 13.94+1.62 19.79:44.14 19.28
V3 33.50+3.03 19.26+2.39 44.05+2.41 3227
Average 22.17 15.12 2341
Vi 16.5721.53 6.45£1.37 10.4822.66 783
PT.MSJ V2 23.19+11.46 14.67+4.30 26.0249.00 21.29
V3 29245137 22.95+11.17 45.80+4.54 32.66
Average 19.67 14.69 27.43
vl 0.9310.04 1372021 1.85:0.24 138
PT.KPC V2 10.175£3.29 93+322 5.76£1.51 8.41
V3 24.5944.02 14.47+126 18.24+4.76 19.1
Average 11.90 338 862

From-the-table-above—t-ean-be-seenlable 6 shows that MAI increased with age at each research location, but the
largest occurred in the MSJ, then-followed by BBE and feHewed-by KPC. Research resulted-by Patiun et -al. (2011) in
Zulkarnain et-al. (2014): showed that until the reclamation age of 15 years with acacia vegetation, the soil permeability +5
was still low,_1.¢+e 12.03 em/hours at 0 - 15 cm depth and 2:49 cm/hours at 15 - 30 cm depth. This indicates that the
change in soil compaction affected the soil permeability up to 15 years age of reclamation.

Various experiences and best practice in the implementation of post-mining reclamation show that degraded ex-mining
land is—not-impessible—temight become make—productive again (Pratiwi; et al. 2021); The success of post-mining
reclamation in restoring tropical forest cover can also support the conservation of biodiversity through the provision of
nmmn! habnals that lead to or approach |he1r natural condition. In conclus:on this study found that the dlamexer and height
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| Formatted: Font: Italic

{Fomlau'ad: Font: Italic




340
341
342
343
344
345
346
347
348
349
350

351

352
353
354
355
356

ACKNOWLEDGEMENTS

I would like to express my deep and sincere gratitude to the Director General of Higher Education Ministry of
Education and Culture of the Republic of Indonesia that a part of this work is funded. I am very much thankful to Mr. Ir.
Immanuel Manege (GM PT. Kaltim Prima Coal), Ir. Boorliant Satryana (HSE Manager of PT. Mahakam Sumber Jaya)
and Akbar Maulana, S.Si (PT. BBE) who have provided the opportunity to conduct research in the company's land
reclamation area.



REFERENCES

Adman, B., A.W. Nugroho and 1. Yassir. 2020. The Growth of Local Tree Species on Post-Coal Mining Areas in East Kalimantan. Indonesian Journal of
Forest Research. Vol. 7, No. 2. 83-97.

Anonim, 2019. Best Practice Report on Environmental Protection and Post mining Land Recl Tracer Transi in Coal I ive Region.
www tracer-h2020.eu.
Boer, C. 2008. The Role and Existence of Wildlife Species Diversity in Recl: ion of Ex-Mining Land. P dings of the Seminar on Acid Mine

Water and Reclamation of Ex-Mined Land in Indonesia. Bandung. 8 p

Daras, U., Sobari, 1., Trisilawati, O and Towaha, J. 2015. Effect of Mycorrhiza and NPKMg Fertilizers on Growth and Production of Arabica coffee.
Jornal Tanaman Industri dan Penyegar. Vol 2. No. 2 (9198).

Ellok, Dwi Sulichantuni. 2015. Offspring and Biotechnology Applications of Eucalypius Pellita F. Muell Plants at PT. Surya Hutani Jaya. A dissertation

to fulfill part of the req to achieve a Dx degree in the Doctoral Study Program in Forestry Science, Posigraduate Program at
Mulawarman University
Ezeokoli, O.T., C.C. Bezuidenhout, M.S. Mabouta, D.P. Khasa and R A. Adeleke. 2020. S | and Functional Diffe of Bacterial

Communities in Post-Mining Reclamation Soils of South Africa: Bio indicators Scientific Reports. www.nature.com/scientificreports

Ghaida,S.H., Basuki, W., And Sri, W.B. 2020. Application of Arbuscular Mycorrhizal Fungi and Soil Ameliorant of Growth of Leucaena leucophala in
Limestone Post-Mining Soil Media. Journla Manajemen Hutan Trop:ca Doi: 10.7226/jtfm. 26.3.282.

Hapsari, L., Trimanto and S. Budiharta. 2020. Sp Plant R ion on Reclaimed Post-Coal Mining Sites in East Kalimantan, Indonesia :
Native Versus Alien and S ion Progress. Biod i Doi: 10.13057/biodiv/d210527.

Herwanto, K etal. 2016. Macro Nutrient Storage (N, K, Ca and Mg. In Sengon (Paraserianthes falcataria) Stands at 5 Years Old. Journal Nusa Silva Vol
16.No. 1. Thn 2016.

Khaidir, A. B.H. Purwanto, M. Nurudin and E. Hanudin. 2019. Morphology and Phy: hemical Properties of Soils in Reclamation of Ex-coal Mining.
Indian Journal of Agriculture Research. Doi:10.18805/1JRe. A322.

Monigomery D.C. 2005. Design and Analysis of Experiments. John Willey and Sonc, C. 643 p

Murtinah, V and Komara LL. 2019. Distribution of Nutrients in Soil and Biomass of an 8-Year-Old Teak Stand in Teluk Pandan, East Kutai Regency.
Integrated Agricultural Journal. hitp://ojs.stiperkutim.ac.id.

Nadila, D. and H.B. Pulunggono. 2019. Soil Characteristics of post-mining reclamation and natural soil without top soil. Journal of Degragaded and
Mining Land Management, Doi: 10.15243/jdmIm.2020.072.2011.

Nurfatma, N., P. Pamoengkas and . Heriansyah. 2017 Analysis cf Vegelauon Cover Typology as a Basis for Formulating a Restoration Strategy in the
IUPHHK-RE PT. Reki. Journal of Natural R and Envi Vol 7 No. 1 (41-50)

Noviyanto, A., Purwanto, S. Minardi, Supriyadi. 2017. The Assesment of Soil Quality of Various age of Land Reclamation afler Coal Mining: a
chorosequence study. Joumal of Degragaded and Mining Land Management. Doi: 10 15243/Jdmlm 2017.051.1009.

Pratiwi, BHNumdn.CASueguMTu]amﬂLAHldav-LHH"‘ B. M , di, Iskandar, R. Maharani, Y. Rayadin, R.
Prayudyaningsih, TW. Yuwati, R P and A. Susil . 2021, ing and Reforesting degraded Post-Mining Land in Inds A
Review. Land. htps://10.3390/land 10060658.

Riyanto, HD dan Pamungkas BP. 2010. Sengon Plantation Forest Stand Growth Model for Forest Management. Solo Forestry Research Institute.
http:/scholar.google. com.

Ruchaemi, A. 2013. Forest Growth Science (Revised Edition). Faculty of Forestry, Mulawarman University. Mulawarman Press. 188 h.

Triyono,S. And Wahjuni, H. 2021.  Post Mining Evaluation of Forest Land Rehabilitation and Potential Ecostystem Recovery
http://repisatory.unmul.ac.id/handle/1 23456789/6030.

Subowe G. 2011 . Environment friendly open pit mining systems and recl: post-mining efforts to
biodiversity. Journal of Land Resources. 5.83-94.

Sudomo, A. And Widiyanlo, A. 2017. Productivity of Seresak Sengon (Paraserianthes falcataria) and Its Contribution to Soil Macro Nutrients. Prosiding
National Seminar on Geography UMS 2017. Hitp:/publikasiilmiah.ums.ac.id.

Sutandi, A., Nugroho, B. And Sejati, B. 2011. Relationship of Pyrite Depth with Some Soil Chemical Properties and Oil Palm Production (Elais
gueneensis). Journal of Soil and Environment. http://3sywy:lejournal.ipb.ac.id

Wahyudi and Anwar, M. 2013. Model of Tree Growth in Post-Logged Natural Forests. Causal Study on Natural Production Forest in Kapuas Regency,
Central Kali Bi | Jounal limu-llmu Hayati dan Fisik. Vol. 15. No. 3 (190-195).

Wahyuni, H. 2013. The Dynamics of Soil Fertility Levels in Post-Coal Mining Land PT. Berau Coal, Berau, East Kalimantan. Proceedings of the First
National Seminar and the Annual Scientific Meeting of the Indonesian Silvicultural Society. Mak 29-30 August 2013,

Widyamoko, R., Wasis, B., And Budi, L, P. 2017. Am]vsls of Ilgvegeuman Planl Growth in Ex-Silica Mine Holcim Educational Forest (HEF) Cibadak <
Sulaburm West Java). Journal of Natural R and Env I Vol 7 NO.1 [79—88)

YudiF, A, lhsan)N., Bambang, J, P., Akhmad, R, S. 2008.And posi-Mining Recl. ion and R Evaluation Study of PT. Arutmin Indonesia
Sepapah Region, South Kalmumtm Proceedings of the Seminar on Acid Mine Waler and Reclamation of Ex-Mined Land in Indonesia. Bandung.
16.

p the quality of land resources and soil

Zulkarnain, B. Joy, P. Tuhpawana and 1. Prawira. 2014. Soil Erosion Assessment of the Post-Coal Mining Site in Kutai Katanegara District, East
Kali Province. ional Journal of Science and Engineering. http:/ejournal.undip.ac.id/index. php/ijse.




[biodiv] Editor Decision

From: Smujo Editors (smujo.id@gmail.com)
To:  mulyadi_srm@yahoo.com

Date: Tuesday, January 25, 2022 at 12:14 PM GMT+8

mulyadi mulyadi:

We have reached a decision regarding your submission to Biodiversitas Journal of Biological Diversity, "The growth
of sengon (Paraserianthes falcataria) at reclamation site of post coal mining area in east Kalimantan".

Our decision is: Revisions Required

Reviewer A:

Notes on The growth of sengon (Paraserianthes falcataria) at three different plant ages and soil thickness on
reclamation site of post coal mining area in East Kalimantan, Indonesia

General comment: This article was poorly written, so major revision has been done.
Comments were also made directly on the text.

TITLE:

Some editing was done in the title.

ABSTRACT

The Abstract has been revised considerably because the original one was poorly written.
INTRODUCTION

1. There are many redundancies and some irrelevant information; these redundancies and irrelevant
information have been deleted.

2. Lines 59-51: According to the Minister of Forestry Regulation No. P.64/Menhut-11/2014 IUPPHK-RE
restoration activities are carried out to restore biological elements (flora and fauna) and non-biological
elements (soil, climate and topography) in an area to their original species, so that achieve biological balance
and its ecosystem (Nining, et.al. 2017),...

There is no need to quote Nining et al. 2917; quote the Permenhut directly.

Like the Abstract, the introduction has been revised considerably.

MATERIALS AND METHODS

1. The methods were not written systematically. They have been revised, but some additions should be done,
i.e., the formulas to calculate MAI and CAl should be given.

RESULTS AND DISCUSSION

1. Lines 161-163: The equations and curves are shown in Figure 2 below:



Figure 2. Relationship between number of live plants (stems/plot).

Figure was not found.

1. Lines 170-172: The increase in the age class of land cover “did not change the soil fertility” value, but there
was an increase in the values of pH, BS, C-organic, N-total, P-available and K-available until the age of 8
years, while C-organic and N-total were still continues to increase until the age of > 10 years (Wahyuni,
2013).

This statement is contradictory. The soil fertility did not change, but there were increases in pH and essential
elements.

CONCLUSION
The Conclusion is too long. It has been reduced to two sentences integrated in the discussion.

Recommendation: Revisions Required

Biodiversitas Journal of Biological Diversity

A-edited with track of changes 01-dec-wer 01-18-25.doc
ﬁ. 1.6MB



[biodiv] Editor Decision

From: Smujo Editors (smujo.id@gmail.com)
To:  mulyadi_srm@yahoo.com

Date: Wednesday, March 16, 2022 at 08:44 PM GMT+8

mulyadi mulyadi:

We have reached a decision regarding your submission to Biodiversitas Journal of Biological Diversity, "The growth
of sengon (Paraserianthes falcataria) at reclamation site of post coal mining area in east Kalimantan".

Our decision is: Revisions Required

Reviewer A:

Notes:

| made little editing on this article as follows:

Line 60-61: | added a relevant reference to support the statement of this article in lines 58-59: When the sites have
been successfully revegetated with fast-growing species, economically more valuable trees (e.g., from the family
Dipterocarpaceae) should be planted based on scientific studies.

Line 62: | made a little grammatical correction.

I made the word “sengon” in italic font because it is not an English word.

Line 137: | deleted the letter a.

Line 147: | corrected the misspelling of the word “amendment”.

Line 178: | corrected the misspelling of the word “diameter.’

Lines 195-196: | edited the sentence.

Line 212: | made the word “sungkai” italic.

Line 225: | added the word “in”.

Line 236: | made the word “sengon” italic.

Line 251: | changed the word “decrease” to “decreased”.

The style of references has not followed the guide from Biodiversitas and should be edited.

Recommendation: Revisions Required

Biodiversitas Journal of Biological Diversity




@ A-edited with track of changes mulyadi article 9672-Article Text.docx
981.7kB



The growth of sengon (Paraserianthes falcataria) at three different plant
ages and soil thickness classes on reclamation sites of post coal mining
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Abstract. Mulyadi, Ruhiyat D, Aipassa M, Hardwinanto S. 2021. The growth of sengon (Paraserianthes Falcataria) at three different plant
ages and soil thicknesses on recl ion site of post-mining area in East Kalimantan. Sengon {Paraseriantiies falcataria) is a fast- growing
species ot ly used for recl! ion of post-coal mining areas in East Kalimantan. The study aimed to determine the impact of different
thicknesses of topsoil applied at some reclamation sites after coal mining activities on the growth of sengon . Three coal mining companies
were chosen as study areas, i.e., PT Bukit Baiduri Energi (BBE), PT. Mahakam Sumber Jaya (MSJ), and PT. Kaltim Prima Coal (KPC).
The regolith soil layer at the reclamation site had three thickness classes (0-10 em, 0-30 cm, 0-100 cm), and the sengon growing on
reclamation had three ages, i.¢., < 2 yrs old {initial growth phase), 2-5 yrs old (tending phase), and > 5 yrs old (independent growth phase).
The number of surviving plants, plant height, and plant stem’s diameter were recorded, and the data were analyzed using ANOVA and
the least significant difference at 5% level. The results showed that no significant difference in the number of trees among different apes
of sengon plantation was found at MSJ. In contrast, at BBE and KPC the number of surviving trees decreased significantly with the
increasing plant age. The growth of the plant (height, diameter) increased significantly along with plant age in all sites. The interaction
between top soiling thickness factor and plant age factor produced no different result in plant growth except for plant height at BBE. The
sengon plants had not been able to lower the surface soil density in the land reclamation area.

Key words: Pioneer vegetation, growth, mine, soil thickness, overburden, fertility, reclamation

Running title: Growth of Sengon {parascrianthes falcataria) at reclamation site

INTRODUCTION

Almost all coal mining operations in forest concession areas in East Kalimantan caused significant forest ecosystem
disturbance, Therefore, management of post-mining forest lands must be conducted thoroughly, consisting of land reshaping
, topsoil spreading, mining waste treatment, soil erosion-sedimentation control, and land revegetation. These three aspects
should be evaluated to assess whether the ecosystem recovery is successful or not based on the performance of land
reclamation, soil erosion-sedimentation land revegetation (planted areas, growth percentage, plant species, the composition
of fast-growing and long-lived species, plant health), the diversity of fungi and bacteria (Sudarmaji et al. 2021).

The natural forests have a closed nutrient cycle, and the nutrients are accumulated mainly in the forest tree biomass, If
the trees are cutand the topsoil is removed, the composition of symbiotic microbes will change, so the host and the symbiotic
fungi will be disconnected. Mycorrhizal fungi can only survive on the exposed forest floor in the spores, mycelial hyphae,
or other propagules under limited conditions. If there is an increase in temperature on the forest floor coupled with the entry
of ultraviolet light, the fungal population will decrease drastically and disappear. Mycorrhiza is a biological agent that could
improve the soil fertility (Daras et al. 2015) .

Coal mining in East Kalimantan use openpit mining techniques, which should be conducted carefuily due to the changes
of landform, the damage of soil structure, the lack of topseil, the change of topsoil properties, the decrease of biodiversity,
and the declined of emvironmental quality (Subowo 2011).

The steps-in mining activities include land clearing, stripping topsoil and subsoil to the parent material layer (regolith),
then stripping the bedrock to the surface of the coal seam. These steps are carried out by digging bench, removing and
burying the cover layer through backfilling to each mining block, and adjusting to the mineral deposit deployment
(Zulkarnain et al. 2014). :

The openpit mining system caused extraordinary changes in the ecosystem in the mining area, namely the loss of natural
vegetation, the opening of land (soil, source rock, and bedrock were peeled and removed), and the fauna that live in these
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habitats will move to a more suitable place or die (Boer 2008). These open areas must be rehabilitated immediately with
fast-growing species so that the area/environment can return to its original condition.

According to the Minister of Forestry Regulation No. P.64/Menhut-11/2014 [UPPHK-RE restoration activities are carried
out to restore biological elements (flora and fauna) and non-biological elements (soil, climate, and topography) in an area to
their original species to achieve ecological balance .

Selection and management of pioneer plants for reclamation of degraded land are some of the keys to reclamation success
(Hapsari et al. 2020). As pioneer plants, Leguminosae, such as sengon, may grow quickly and adapt to poor soil conditions
with low nutrients.

In general (Pratiwi etal. 2021), the forestation process is initiated by selecting plants resistant to drought or fast-growing
fodder crops that can grow with limited nutrients. The rapid closure of vegetation is important in controlling site stabilization,
runoff, and erosion. When the sites have been successfully revegetated with fast-growing species, economically more
valuable trees (e.g., from the family Dipterocarpaceae) should be planted based on scientific studies. Three species of
Dipterocarpaceae have been planted successfully on coal mined land that had been planted previously with a legume, i.e
Samanea saman (Wiryono et al. 2016). R . .

The objectives of this study wese-was to compare the growth of sengon at three different plant ages and soil thicknesses
on three reclamation sites of BBE, MSJ, and KPC. The results of this study may become inputs and technical references to
coal mining operations management for a successful reclamation program on a post-coal mined landscape.

MATERIALS AND METHODS
Study area

The study area was located in Kutai Kartanegara Regency of East Kalimantan Province, Indonesia. The species and age
of plants studied were determined based on the results of the preliminary survey. The study of sengon growth was conducted
in three reclaimed post-coal mining sites with three different plant ages and soil thickness classes: (I) BBE sites,
geographically positioned at E 117°04” 06™ S 0° 26’ 58 (< 2 years old), E 117°04” 44 S 0° 26’ 13” ( 2-5 years old) and E
117°05° 027 S 0° 26° 40” (> 5 years old) , (ii) MSJ sites, E 117° 12’ 53 S 0° 13* 21 (< 2 years old), E 117° 13" 46” S 0°
12* 38" ( 2-5 years old) and E 117° 08" 127 S 0° 17" 427 (> 5 years old) , and KPC sites, E 117°36” 157 S 0° 48’ 37" (<2
years old), E 117°35” 057 S 0°49* 02” ( 2-5 years old) and E 117° 34’ 59” S 0° 50" 55" (> 5 years old). The sample plot
area was 400 m? (20 m x 20 m). In each sample plot, the number of living plants, plant height and stem diameter were
recorded.

Experimental design

Randomized Complete Block Design (RCBD) was used with a split plot design. The main plot is the growth and
productivity of crops were vegetation (V) by plant ages <2 (V1), 2-5 years (V2) and > 5 years (V3). Sub-plot is the thickness
of the surface soil (K) consisting of 3 (three) levels, namely the thickness of the surface soil < 10 cm (S1), the thickness
between 0 — 30 cm (S2) and the thickness > 30 cm (S3).

Soil analysis

Soil Sample (0- 10 cm, 0-30 cm and > 30 cm thick) in each sample plot were taken for analysis in soil laboratory, Faculty
of agriculture, Mulawarman University, Samarinda, East Kalimantan. Soil acidity (pH H;0 and KCI) was measured with
electrometry pH meters; C organic content with Walkley-Black method; total-N with Kjedahl method, P and K with North
Carolina method; Exchangeable base Cations (Ca™, Mg", Na*, K*) were determined with extraction method with
ammonium acetate; Texture with pipet method, and Bulk Density with Gravimetry.

Vegetation data Analysis

The growth of plants, the Mean annual increment (MAI) and the Current annual Increment (CAI) were calculated. The
following formula was used to calculate MAI was = YVt Where = Y = Yield of time t

The Increase in main-stem volume pf wood per unit of area of forest in the current years (as m* Ha™' ) a measure of forest

productivity. The formula to calculate CAI was = MAI x plants age.

The number of live plants from stems/plot was converted to stem/ha (N/ha), then analyzed using a formula based on the
regression equation,
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Anova (analysis of variance) was performed to determine the difference in growth of plant, Mean annual increment
(MALI) and Current annual Increment (CAI) among sites. It was followed by Least Significant Difference (LSD) test at 5%
level.

RESULTS AND DISCUSSION
Number of living sengon
According to the Minister of Forestry Regulation Number: P.60/Menhut-11/2009 concerning Guidelines for assessment

of the Success of Forest Reclamation, revegetation activities are categorized as successful if the percentage of healthy plants
is more than 80% .

NUMBER OF LIVING PLANTS/ (SENGON),

30

5

INUMRER OF PLANTS

BBE MSJ KPC
B Ase<2Yers B Ase2-5 Years (=] Age > 5 Years

Figure 1. Plant number at different ages of stand (stem/plot)

Table 1. Average number of living plants (stems/plot) on different plant ages (V) and soil thicknesses (K).

T Rash K Factor Average N/ha %
K1(SE) K2 (SE) K3 (SE)

7 26.33£1.25 2700£2.17  23.00£3.50 25.44 (a) 57.29
PT.BBE V2 20.00+1.50 17,00£1.00  19.00+1.32 18.67 (b) 42.05
V3 14.00£1.00 9.00£0.50  10.33x0.76 11.11 (c) 25.02

Average 20.11 17.67 17.44
V1 20.00+0.86 17,00£0.50  19.67+1.04 18.89 42.54
PT.MSJ V2 18.67+3.17 18.00£1.50  21.33+2.46 19.33 43.53
V3 18.67+1.60 1733125 15.67+3.21 17.22 38.78

Average 19.11 17.44 18.89
Vi 14.3321.25 1833028  19.33+0.76 17.33 (b) 62.98
PT.KPC V2 1200£1.00 12004132 12.00£0.76 12.00 (b) 44.22
V3 21.67£0.76 19.3342.02  18.00+3.04 19.67 (a) 78.00

Average 16.00 16.56 16.44

Numbers followed by the same letter in the same column are not significantly different in the 0.05 LSD test.
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The average percentage of living plants/ha decreased with the increasing ages of vegetation: in the BBE area, they were
57.29% (V1), 42.05% (V2), and 25.02% (V3), respectively. Relatively, and in the MSJ they were 42.54% (V1), 43.35%
(V2), and 38.78% (V3). However, a -different pattern was found in the KPC area, i.¢., 62.98%, 44.22 and 78% (V3). Because
the average percentage of living plants/ha was lower than 80%, the stability of soil aggregates was low. The soil structure
of all soil reclamation profiles is determined by the type and structure of the soil-forming material layers (Khaidir et al.
2018).

The aggregate of topsoil and subsoil taken with heavy equipment can be destroyed and the soil is easily damaged and
eroded by rain water, especially on sloping land. As a result, soil organic matter will be eroded, and the soil becomes
compact. Movement of water and air affects the chemical and biological processes in the soil -(Nadila and Pulunggono
2019).

The higher bulk density in undisturbed soils can be attributed to compaction from the use of heavy machinery during the
replacement of soils in mined-out areas and a higher fraction of clay in reclamations soil (Ezeokoli et al. 2020).

The average soil bulk density values in reclamation area less than 2 years old awas 1.48 gr/cm® at BBE, 1.44 gr/ cm’ at
MSJ and 1.49 gr/ cm® KPC), and relatively lower at 10 ¢m soil thick, i.e., 1.45 gr/ cm® BBE, 1.29 gr/ cm® MSJ and 1.44 gr/
cm? KPC), but this value is still considered high. The bulk density at the same site decreases with the increasing age of land
reclamation due to the growth of root system and the addition of biomass. In the 15 to 20 years old post-coal mining land
reclamation, the vegetation can rebuild soil structure, decrease bulk density and improve soil porosity (Noviyanto et al.
2017).

The productivity of mine soils without soil amendement is mainly limited in by low nutrient availability (Anonim, 2019);
Therefore, basic mineral NPK-fertilization before planting is essential. The correlation between number of living plants and
ages of vegetation (V1, V2, and V3) and the equations are shown in Figure 2.

800.00
700.00

% 600.00

N/ha (BBE)
100.00 +— — i N /ha (MS))
X Nfha (KPC)

5 10
Plant Age (years)

Figure 2. Relationship between number of living plants (stems/plot) and ages.

Plant height
The average height of revegetation plants at different ages (V1, V2 and V3) in the land reclamation area of BBE, MSJ
and KPC was tested in relation in the thickness of the soil. The results of the analysis showed that the different ages of the
vegetation caused a very significant difference to the mean height, while the thickness of the soil did not cause any difference.
Although the nutrients status did not change, there were increases in the values of pH, Base Saturation, organic-C, total-
N, available-P and available-K until the age of 8 years, while the organic-C and total-N continued to increase until the age
of > 10 years (Wahyuni, 2013).

Table 2. Plant height (m) at different plant ages (V) and soil thicknesses (K).
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K Factor

L K1 (SE) K2 (SE) K3 (SE) Average
7 6.10£1.37 8.50+0.91 7.44+0.69 735 (c)
PT.BBE V2 15.49+0.63 13.59+0.59 14.45+1.20 14.51 (b)
V3 24.53£1.18 25.63+2.18 27.35¢1.13 25.84 (a)
Average 17.60 19.24 19.75
Vi 5.26+0.41 544038 5.89+0.41 553 (b)
PT.MSJ V2 19.99+1.16 18.8+1.84 20.11£1.47 19.66 (a)
V3 21.26+0.75 21.26+1.76 22.89+0.67 21.80 (a)
Average 478 436 472
Vi 3.08£0.15 3.80+0.29 331023 340 (c)
PT.KPC V2 11.82+1.66 11.18+1.48 9.09+0.67 10.70 (b)
V3 15.60+1.15 13.15£0.70 13.20+1.27 13.99 (a)
Average 10.21 932 .59

Numbers followed by the same letter in the same column are not significantly different in the 0.05 LSD test.

Plant height is influenced by genetic characters and environmental factors, such as close plant spacing which will provide
higher growth due to less solar radiation. The growth rate of a stand is the result of genetic, environmental and management
techniques (Ellok, 2015).

30
©
Z 25
g 20 | + BBE
§ " MS)
s 15 A KPC
p- 5T, ) s Poly. (BBE)
-
.g = = Poly. (MSJ)
2 — Poly. (KPC)

0 - B ——

0 1 2 3 4
Plants age (years)

Figure 3. Relationship between plant height (cm) and age

The average heights of plants in the area of KPC were 3.40 m (V1), 10.70 m (V2) and 13.99 m (V3), lower than those in
the area of MSJ (5.53 m/V1, 19.66 m/V2 and 21.80 m/V3) and in the area of BBE (7.35 m/V1, 14.51 (V2) and 25.84/V3).

The growth curve from the regression analysis in the reclamation of mining areas was relatively flat after >4 years of
age, except in the BBE mining area because the vegetation age of the research plot observed in the BBE area (as determined
by the Company) was older than other areas. Therefore, the data on plant diameter/height is larger with the equation as
shown in Figure 3.

With increasing age, trees will increase in height, the diameter of the canopy circle and the unit mass of the tree. The
diamaeter growth ofbroadleaf trees in the tropics occurs through all year seasons. The culmination point of the diameter
increment in age-old stands was reached more quickly than the increment in height (Ruchaemi 2013).

The average trunk diameter in the area BBE and KPC was significantly different among age classes, while in the area of
MSJ the average trunk diameter in V1 and V2 was not different but significantly different from V3.

The results of further tests with 5% LSD in the BBE area showed that the largest diameter was in V3 (35.85 cm) at 15
years old, in the MSJ (25.35 em) at 9 years old, and KPC (18.13 cm) at 7 years old. This result is in accordance with general
growth pattern; namely the highest tree diameter growth occurs when it has reached a diameter of 30-40 c¢m, then decreases
gradually with increasing tree diameter (Wahyudi and Anwar 2013).

Table 3. Plant stem diameter (cm) at different ages (V) and soil thicknesses (K).
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K Factor

V Factor K1 (SE) K2 SE) K3 5E) Average
\'2 19.92+4.20 27.55+2.12 23.11+1.20 7.50 (c)
PT.BBE V2 52.80+0.14 46.48+0.58 50.85+3.77 15.94 (b)
V3 110.18+7.98 97.99+5.86 129.48+5.30 35.85 (a)
Average 19.42 18.27 21.60
Vi 29.91+2 49 31.60+3.12 36.03+2.68 10.36 (b)
PT.MSJ V2 44.79£10.90 37.33£9.06 44.24+10.31 13.41 (a)
V3 68.94+1.63 77.98+3.43 90.77+8.36 25.33 (a)
Average 15.25 15.60 18.16
Vi 15.01+£0.54 14.57+0.60 18.49+0.80 5.10 (c)
PT. KPC V2 46.41+£7.14 44.59+3.93 38.93+1.98 13.79 (b)
V3 61.40+4.03 51.66+3.49 57.75+£5.50 18.13 (a)
Average 13.04 11.76 12.22

Numbers followed by the same letter in the same column are not significantly different in the LSD 0.05 test.

Like plant height, stem diameter growth is also affected by mixed-species planting in the area of KPC, the age difference
between research locations, especially on the criteria > 5 years and the chemical properties of the soil, i.e., pH (H;0), Base
Saturation and Cation Exchange Capacity. The lower silt fraction and organic matter content of reclamation soils were
infertile (Ezeokoli et al. 2020).

Physico- chemical soil properties of reclamation were important for plant growth such as shown in table Table 4-below.
The bulk density was relatively stable-similar, but mere-inerease-the-valueslightly higher at different plant ages (BBE and
KPC) caused different sources of material overburden.

Table 4. Physico-chemical propertie of mined areas

i pH Org. Matter N-tot. CEC BS P20s BD
Eation % % _ Cmol (+)kg % ppm S0/em®
Vi 581 169 0.10 17.03 70.89 2.56 1.48
BBE V2 405 133 012 18.37 21.78 2.30 1.53
V3 582 428 0.8 27.36 55.44 3.20 1.50
V1 524 197 0.10 13.43 49.22 318 1.44
MSJ V2 561 154 012 14.12 43.44 4.64 1.36
V3 540 086 0.10 16.11 52.0 4.39 1.35
VI 374 248 0.09 9.55 17.56 333 1.49
KPC V2 397 232 012 10.23 41.89 7.62 1.52
V3 409 282 0.1 11.15 28.11 3.75 1.55

The plant diameter growth curve is a mathematical model of a curve that describes the growth of plants in the stand,
starting from being planted to reaching maturity (Riyanto and Pamungkas 2010)
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Figure 4. Growth of sengon (BBE, MSJ and KPC) aged > 5 years

Figure 5 shows that the revegetation plant has a growth trend in line with increasing age and the largest is in the PT.
BBE. The KPC trend declines after the age of 8 years. The amount of leaf biomass of vegetation increased until the age of
7 years and decreased after 9 years. In contrast, sungkai increased at the age of 4 years and decreased after more than 5 years
(Murtinah and Komara, 2019). In general (Adman, et.al. 2020), all species observed have slow growth in height and diameter
in the first year after planting. In the following years, there was an acceleration in both height and diameter growth at various
rates.

(A) (B) ()
Figure 5. Growth of sengon at BBE (a), MSJ (b) and KPC (c) aged > 5 years

Volume

The growth rate of a stand is the result of genetic, environmental, and management techniques (Ellok, 2015). The analysis
results showed that the differences in vegetation age, soil thickness and their interactions caused significant differences in
the volume of trees in the land reclamation area of BBE. In contrast, in the area of MSJ and KPC only the age difference of
the vegetation had significant effect on the volume of trees.

The average of the highest volume was found in V3 treatment in land reclamation area of BBE (479.69 m*/ha), followed
by MSJ (284.82 m*ha) and KPC (128.37 m*/ha). The difference in the calculated volume of vegetation was not only caused
by the different number of trees aged > 5 years (V3) among the three locations, which was quite significant, but it was also
due to differences in ages of plant and soil properties in the reclamation area of each company's mining area.
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Table 5. Volume (m*/ha) at different plant ages (V) and soil thicknesses (K).

K Factor Average
VFactor K1 (SE) K2 (SE) K3 (SE) N
Vi 12.11£6.90 25.21+5.69 13.43:3.78 16.11 (c)
PT.BBE V2 119.53+4.50 70.44+8.23 101.36£21.2 97.11 (b)
V3 495.23+44.56 289.62+35.69 654.22+36.0 479.69(a)
Average 208.96 (a) 128.42 (c) 256.34(b)
Vi 13.63£3.17 13.45£2.86 22.29+5.66 16.46 (c)
PT.MSJ V2 133.75+65.88 63.43+£18.57 127.77+44.1 108.31 (b)
V3 260.20+12.12 205.79+98.9 388.47+40.5 284.82 (a)
Average 135.86 94.22 179.51
Vi 1.37+0.06 2.10£0.32 3.09+0.41 2.19(c)
PT. KPC V2 47.80+15.4 43.41£14.9 23.94+6.29 38.38 (b)
V3 181.40+29.5 91.37+7.98 112.35429.2 128.37 (a)
Average 76.86 45.63 46.46

Numbers followed by the same letter in the same column are not significantly different in the LSD test of 0.05.

Low Volume (m*ha) in KPC was caused by mixed cropping, while at the location of BBE and MSJ only single species
was planted. In order to obtain uniformity, then only the plant height and stem diameter of sengon/plot was used for
calculation (Table 4).

The average volume (m*ha) of sengon in the area of KPC was generally lower, except for V3 which was around 128.37
m*ha.

600
500
+ BBE
E‘«OO 1 " M3
£ 300 A KPC
2 m Poly. (BBE)
> 2% "
yKPC == = Poly. (MSJ)
100 mm— Poly. (KPC)
0

Plants age (years)

Figure 6. Relationship between Volume (m3/ha) and age

The high volume (m*/ha) was due to low sampling plant used as the basis for calculation of the height and trunk diameter
(only about 3-7 stems of plants/plot), resulting in the disproportionate average value of height and large diameter stem.

Sengon litter (liter fall) contributes nutrients to the soil, i.e., C, N, P about 4291 kg/ha, 973 kg/ha and 794 kg/ha per year
(Sudomo and Widiyanto 2017). The largest macronutrient in sengon stands was Calcium (0.28 %), Nitrogen (0.23 %),
Potassium (0.19 %), Phosphorus (0.08%) and the lowest was Magnesium at around 145.52 ppm (Herwanto et al. 2016).

The low soil fertility in the KPC land reclamation area was due to the sulfate solution found around plot V2. The
shallower pyrite significantly decreased soil pH and increased -Al and relatively decreased K, Ca, Mg, Cu and Zn (Sutandi,
etal. 2011).
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Abstract. Mulvadi, Ruhiyat D, Aipassa MI, Hardwinanto S. 2022. The growth of Paraserianthes falcataria af three different plant ages
and soil thickness classes on reclamation sites of post-coal mining areas in East Kalimantan, Indonesia. Biodiversitas 23: 1930-1937.
Sengon (Paraserianthes falcataria (L.) Nielsen syn. Falcataria moluccana (Miq.) Bameby & J.W. Grimes) is a fast-growing species
commonly used for reclamation of post-coal mining areas in East Kalimantan. The study aimed to determine the impact of different
thicknesses of topsoil applied at some reclamation sites after coal mining activities on the growth of P. falcataria. Three coal mining
companies were chosen as study areas, i.e., PT Bukit Baiduri Energi (BBE), PT. Mahakam Sumber Jaya (MSJ), and PT. Kaltim Prima
Coal (KPC). The regolith soil layer at the reclamation site had three thickness classes (0-10 cm, 0-30 cm, 0-100 cm), and the P.
falcataria growing on reclamation had three ages, i.e.,< 2 yrs old (initial growth phase), 2-5 yrs old (tending phase), and > § yrs old
(independent growth phase). The number of surviving plants, plant height, and plant stem’s diameter were recorded, and the data were
analyzed using ANOVA and the least significant difference at 5% level. The results showed that no significant difference in the number
of trees among different ages of P. falcataria plantation was found at MSJ. In contrast, at BBE and KPC the number of surviving trees
decreased significantly with the increasing plant age. The growth of the plant (height, diameter) increased significantly along with plant
age in all sites. The interaction between the top soiling thickness factor and plant age factor produced no different result in plant growth
except for plant height at BBE. The P. falcataria plants had not been able to lower the surface soil density in the land reclamation area.

Keywords: Fertility, growth, mine, overburden, pioneer vegetation. reclamation, soil thickness

INTRODUCTION

Almost all coal mining operations in forest concession
areas in East Kalimantan caused significant forest
ecosystem disturbance. The damage is because the topsoil
was discharged and was replaced by the formerly buried
materials (Wiryono et al. 2016). Therefore, management
of post-mining forest lands must be conducted thoroughly,
consisting of land reshaping. topsoil spreading. mining
waste treatment. soil erosion-sedimentation control. and
land revegetation. These three aspects should be evaluated
to assess whether the ecosystem recovery is successful or
not based on the performance of land reclamation. soil
erosion-sedimentation land revegetation (planted areas.
growth percentage, plant species, the composition of fast-
growing and long-lived species, plant health). the diversity
of fungi and bacteria (Sudarmadji and Hartati 2021).

The natural forests have a closed nutrient cycle. and the
nutrients are accumulated mamly in the forest tree biomass.
If the trees are cut and the topsoil is removed. the
composition of symbiotic microbes will change. so the host
and the symbiotic fungi will be disconnected. Mycorrhizal
fungi can only survive on the exposed forest floor in the
spores, mycelial hyphae, or other propagules under limited
conditions. If there is an increase in temperature on the
forest floor coupled with the entry of ultraviolet light. the

fungal population will decrease drastically and disappear.
Mycorrhiza is a biological agent that could improve soil
fertility (Daras et al. 2015).

Coal mining mn East Kalimantan uses open-pit mining
techniques, which should be conducted carefully due to the
changes of landform, the damage of soil structure, the lack
of topsoil, the change of topsoil properties, the decrease of
biodiversity. and the decline of environmental quality
(Subowo 2011).

The steps in mining activities include land clearing,
stripping topsoil and subsoil to the parent material layer
(regolith), then stripping the bedrock to the surface of the
coal seam. These steps are camried out by digging the
bench. removing and burying the cover layer through
backfilling to each mining block. and adjusting to the
mineral deposit deployment (Zulkarnain et al. 2014).

The open-pit mining system caused extraordinary
changes in the ecosystem in the mining area, namely the
loss of natural vegetation. the opening of land (soil. source
rock. and bedrock were peeled and removed). and the fauna
that live in these habitats will move to a more suitable
place or die (Boer 2008). These open areas must be
rehabilitated immediately with fast-growing species so that
the area/environment can return to its original condition.

According to the Minister of Forestry Regulation No.
P.64/Menhut-11/2014 TUPPHK-RE restoration activities are
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carried out to restore biological elements (flora and fauna)
and non-biological elements (soil. climate, and topography)
i an area to their original species to achieve ecological
balance.

Selection and management of pioneer plants for
reclamation of degraded land are some of the keys to
reclamation success (Hapsari et al. 2020). As pioneer
plants, Leguminosae, such as sengon (Paraserianthes
Jalcataria (L.) Nielsen syn. Falcataria moluccana (Miq.)
Bameby & J.W. Grimes). may grow quickly and adapt to
poor soil conditions with low nutrients.

In general., the forestation process is initiated by
selecting plants resistant to drought or fast-growing fodder
crops that can grow with lunited nutrients. The rapid
closure of vegetation is important in controlling site
stabilization, runoff. and erosion. When the sites have been
successfully revegetated with fast-growing  species.
economically more valuable trees (e.g., from the family
Dipterocarpaceae) should be planted based on scientific
studies. Three species of Dipterocarpaceae have been
planted successfully on coal mined land that had been
planted previously with a legume, ie. Samanea saman
(Wirvono et al. 2016).

The objective of this study was to compare the growth
of P. falcataria at three different plant ages and soil
thicknesses on three reclamation sites of BBE. MSJ. and
KPC. The results of this study may become inputs and
technical references to coal mining operations management
for a successful reclamation program on a post-coal mined
landscape.

MATERIALS AND METHODS

Study area

The study area was located in Kutai Kartanegara
Regency of East Kalimantan Province, Indonesia. The
species and age of plants studied were determined based on
the results of the preliminary survey. The study of P.
faleataria growth was conducted in three reclaimed post-
coal mining sites with three different plant ages and soil
thickness classes: (I) BBE sites, geographically positioned
at E 117°04° 06" S 0° 26" 58" (< 2 years old), E 117° 04"
44§ 0°26° 137 ( 2-5 years old) and E 117° 05" 02" S 0°
26" 407 (> 5 years old) , (ii) MSJ sites, E 117° 127 53" S 0°
137 217 (< 2 years old), E 117° 13° 46 S 0° 12° 387 ( 2-5
vears old)and E 117°08° 127 S0° 17 42" (> 5 years old) ,
and KPC sites, E 117° 36" 157 S 0°48" 37" (< 2 vears old),
E117°35° 057 S0°49° 02" ( 2-5S yearsold) and E 117° 34°
59" S 0° 50° 557 (> 5 years old). The sample plot area was
400 m*(20 m x 20 m). In each sample plot, the number of
living plants. plant height and stem diameter were recorded.

Experimental design

Randomized Complete Block Design (RCBD) was used
with a split-plot design. The main plot is the growth and
productivity of crops were vegetation (V) by plant ages<2
(V1), 2-5 years (V2) and > 5 years (V3). Sub-plot is the

thickness of the surface soil (K) consisting of 3 (three)
levels, namely the thickness of the surface soil < 10 cm
(S1), the thickness between 0-30 cm (S2) and the thickness
> 30 cm (S3).

Soil analysis

Soil samples (0-10 cm. 0-30 cm and > 30 cm thick) in
each sample plot were taken for analysis in soil laboratory,
Faculty of Agriculture, Universitas Mulawarman,
Samarinda, East Kalimantan, Indonesia. Soil acidity (pH
H:0 and KCl) was measured with electrometry pH meters;
C organic content with Walkley-Black method: total-N
with Kjeldahl method, P and K with North Carolina
method: Exchangeable base Cations (Ca™, Mg™, Na™. K)
were determined with extraction method with ammonium
acetate: Texture with pipet method and Bulk Density with
Gravimetry.

Vegetation data analysis

The growth of plants. the Mean annual increment
(MAI) and the Cwrrent annual Increment (CAI) were
calculated. The following formula was used to calculate
MAI was = YUt Where = Y = Yield of time t

The Increase in main-stem volume pf wood per unit of
forest area in the current years (as m*Ha™) is a measure of
forest productivity. The formula to calculate CAI was =
MAT x plants age.

The number of live plants from stems/plot was
converted to stem/ha (N/ha). then analyzed using a formula
based on the regression equation.

ANOVA (analysis of variance) was performed to
determine the difference in the growth of plant. Mean
annual increment (MAI) and Cwrent annual Increment
(CAI) among sites. It was followed by Least Significant
Difference (LSD) test at the 5% level.

RESULTS AND DISCUSSION

Number of living Paraserianthes falcataria

According to the Minister of Forestry Regulation
Number: P.60/Menhut-II'2009 concerning Guidelines for
assessment of the Success of Forest Reclamation,
revegetation activities are categorized as successful if the
percentage of healthy plants 1s more than 80%.

The average percentage of living plants’ha decreased
with the increasing ages of vegetation: in the BBE area,
they were 57.29% (V1). 42.05% (V2). and 25.02% (V3),
respectively. Relatively, and in the MSJ. they were 42.54%
(V1). 43.35% (V2), and 38.78% (V3). However. a different
pattern was found in the KPC area. i.e.. 62.98%. 44.22 and
78% (V3). Because the average percentage of living
plantsha was lower than 80%. the stability of soil
aggregates was low. The soil structure of all soil
reclamation profiles is determined by the type and structure
of the soil-forming material layers (Khaidir et al. 2018).
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Table 1. The average number of living plants (stems/plot) on different plant ages (V) and soil thicknesses (K)

V Factor K Factor Average N'ha %
KI1(SE) K2 (SE) K3 (SE) ‘

PT.BBE v 26.33x£1.25 27,00+£2.17 23.00£3.50 25.44 (a) 57.29
V2 20.00=1.50 17.00=1.00 19.00x1.32 18.67 (b) 42.05
V3 14.00=1.00 9.00=0.50 10.3320.76 11.11 (¢) 25.02

Average 20.11 17.67 17.44

PT.MSJ V1 20.00=0.86 17.00+0.50 19.67=1.04 18.89 42.54
V2 18.67+3.17 18.00+1.50 21.33£2.46 16.33 43.53
V3 18.67x1.60 17.33£1.25 15.67+£3.21 17.22 38.7

Average 19.11 17.44 18.89

PT. KPC A2 14.33+1.25 18.3320.28 19.3320.76 17.33 (b) 62.98
V2 12.00=1.00 12.00+1.32 12.00=0.76 12.00 (b) 44.22
V3 21.67+0.76 19.33£2.02 18.00=3.04 19.67 (a) 78.00

Average 16.00 16.56 16.44

Numbers followed by the same letter in the same column are not significantly different in the 0.05 LSD test

The aggregate of topsoil and subsoil were taken with
heavy equipment can be destroved and the soil is easily
damaged and eroded by rainwater. especially on sloping
land. As a result. soil organic matter will be eroded. and the
soil becomes compact. The movement of water and air
affects the chemical and biological processes in the soil
(Nadila and Pulunggono 2019).

The higher bulk density in undisturbed soils can be
attributed to compaction from the use of heavy machinery
during the replacement of soils in mined-out areas and a
higher fraction of clay in reclamations soil (Ezeokoli et al.
2020).

The average soil bulk density values in reclamation area
less than 2 years old was 1.48 gr/cm’ at BBE. 1.44gr/cimn’ at
MSJ and 1.49 gr-’cm:‘ KPC). and relatively lower at 10 cm

soil thick. i.e.. 1.45 ar/em’ BBE. 1.29 ar/em’ MSJ and 1.44
gr/ecm® KPC). but this value is still considered high. The
bulk density at the same site decreases with the increasing
age of land reclamation due to the growth of the root
system and the addition of biomass. In the 15 to 20 years
old post-coal mining land reclamation. the vegetation can
rebuild soil structure. decrease bulk density and improve
soil porosity (Novivanto et al. 2017).

The productivity of mine soils without soil amendment
is mainly limited by low nutrient availability (Anonim
2019): Therefore. basic mineral NPK-fertilization before
planting is essential. The correlation between the number
of living plants and ages of vegetation (V1. V2. and V3)
and the equations are shown in Figure 2.
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Table 2. Plant height (m) at different plant ages (V) and soil thicknesses (K)

V Factor K Factor Average
K1 (SE) K2 (SE) K3 (SE)

PT.BBE Vi 6.10£1.37 8.50=0.91 7.44=0.69 7.35(c)
V2 15.49:0.63 13.59+0.59 14.45£1.20 14.51 (b)
V3 24.53=1.18 25.63+2.18 27.35%1.13 25.84 (a)

Average 17.60 19.24 19.75

PT.MSJ Vi 5.26x0.41 5.44£0.38 5.89:z0.41 5.53(b)
V2 19.99+1.16 18.8+1.84 20.11£1.47 19.66 (a)
V3 21.26£0.75 21.26x1.76 22.8920.67 21.80 (a)

Average . 478 436 472

PT.KPC Vi 3.080.15 3.80x0.29 3.31£0.23 3.40(0)
V2 11.82=1.66 11.18£1.48 9.09£0.67 10.70 (b)
V3 15.60+1.15 13.15+0.70 13.20+1.27 13.99 (a)

Average 10.21 9.32 8.59

Numbers followed by the same letter in the same column are not significantly different in the 0.05 LSD test
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Figure 2. Relationship between number of living plants
(stems/plot) and ages

Plant height

The average height of revegetation plants at different
ages (V1, V2 and V3) in the land reclamation area of BBE,
MSJ and KPC was tested in relation to the thickness of the
soil. The results of the analysis showed that the different
ages of the vegetation caused a very significant difference
to the mean height, while the thickness of the soil did not
cause any difference.

Although the nutrients status did not change. there were
increases i the values of pH. Base Saturation. organic-C.
total-N, available-P and available-K until the age of 8
years. while the organic-C and total-N continued to
increase until the age of > 10 years (Wahyuni 2013).

Plant height is influenced by genetic characteristics and
environmental factors. such as close plant spacing.
providing higher growth due to less solar radiation. The
growth rate of a stand is the result of genetic.
environmental and management techniques (Ellok 2015).

The average heights of plants in the area of KPC were
3.40 m (V1). 10.70 m (V2) and 13.99 m (V3), lower than
those in the area of MSJ (5.33 m/V1., 19.66 m/V2 and
21.80 m/V3) and in the area of BBE (7.35 m/V1. 14.51
(V2) and 25.84/V3).

The growth curve from the regression analysis in the
reclamation of mining areas was relatively flat after >4
vears of age, except in the BBE mining area because the
vegetation age of the research plot observed in the BBE
area (as determined by the Company) was older than other
areas. Therefore. the data on plant diameter/height is larger
with the equation as shown in Figure 3.

With increasing age. frees will increase in height. the
diameter of the canopy circle and the unit mass of the tree.
The diameter growth of broadleaf trees in the tropics
occurs through all year seasons. The culmination point of
the diameter increment i age-old stands was reached more
quickly than the increment in height (Ruchaemi 2013).

The average trunk diameter in the area BBE and KPC
were significantly different among age classes, while in the
area of MSJ the average trunk diameter in V1 and V2 was
not different but significantly different from V3.

The results of further tests with 5% LSD in the BBE
area showed that the largest diameter was in V3 (35.85 cm)
at 15 years old, in the MSJ (25.35 cm) at nine years old,
and KPC (18.13 cm) at seven vears old. This result is in
accordance with the general growth pattern: namely. the
highest tree diameter growth occurs when it has reached a
diameter of 30-40 cm, then decreases gradually with
increasing tree diameter (Wahyudi and Anwar 2013).

Like plant height, stem diameter growth is also affected
by mixed-species planting in the area of KPC. the age
difference between research locations, especially on the
criteria > 5 years and the chemical properties of the soil,
i.e. pH (H:0), Base Saturation and Cation Exchange
Capacity. The lower silt fraction and organic matter content
of reclamation soils were infertile (Ezeokoli et al. 2020).

Physico-chemical soil properties of reclamation were
important for plant growth. as shown in Table 4. The bulk
density was relatively similar, but slightly higher at
different plant ages (BBE and KPC), causing different
sources of material overburden.
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Figure 4. Growth of Paraserianthes falcataria (BBE. MSJ and
KPC) aged > 5 years

Table 3. Plant stem diameter (cm) at different ages (V) and soil thicknesses (K)

V Factor K Factor Average
K1 (SE) K2 (SE) K3 (SE)
PTBBE Vi 19.92+4.20 27.55+2.12 23.11£1.20 7.50 (c)
V2 52.80=0.14 46.48=0.58 50.85=3.77 15.94 (b)
V3 110.18=7.98 97.99:5.86 129.48=5.30 35.85(a)
Average 19.42 18.27 21.60
PT.MSI Vi 20.01=2.49 31.60=x3.12 36.03=2.68 10.36 (b)
V2 44.79=10.90 37.33£9.06 44.24=10.31 13.41 (a)
V3 68.94=1.63 77.98+3.43 90.77=8.36 25.33 (a)
Average 15.25 15.60 18.16
PT.KPC Vi 15.0120.54 14.57+0.60 18.49=0.80 5.10(c)
V2 46.41=7.14 44.59=3.93 38.93=1.98 13.79 (b)
V3 61.40=4.03 51.66=3.49 57.75%£5.50 18.13 (a)
Average 13.04 11.76 12.22
Numbers followed by the same letter in the same column are not significantly different in the LSD 0.05 test
Table 4. Physico-chemical properties of mined areas
Location pH Org. Matter N-tot, CEC BS P20z BD
[ [ Cmol (+)kg %o ppm 90/cm’
V1 5.81 1.69 0.10 17.03 70.89 2.56 1.48
V2 4.08 1.33 0.12 18.37 21.78 2.30 1.53
V3 5.82 4.28 0.18 27.36 55.44 3.20 1.50
MSJT Vi 5.24 1.97 0.10 13.43 49.22 3.18 1.44
V2 5.61 1.54 0.12 14.12 43.44 4.64 1.36
V3 5.40 0.86 0.10 16.11 52.0 4.39 1.35
KPC V1 3.74 2.48 0.09 9.55 17.56 3.33 1.49
V2 397 2.32 0.12 10.23 41.89 7.62 1.52
V3 4.09 2.82 0.11 11.15 28.11 3.75 1.55
Table 5. Volume (m*/ha) at different plant ages (V) and soil thicknesses (K)
V Factor K Factor Average
K1 (SE) K2 (SE) K3 (SE)
PT.BBE Vi 12.11£6.90 25.21+5.69 13.43=3.78 16.11 (¢)
M2 119.53=4.50 70.44=8.23 101.36=21.2 97.11 (b)
V3 405234456 289.62=:35.69 654.22:36.0 479.69(a)
Average 208.96 (a) 12842 (¢c) 256.34(b)
PT.MSJ A2} 13.63£3.17 13.45:2.86 22.29+5.66 16.46 (¢)
V2 133.75+65.88 63.43£18.57 127.77244.1 108.31 (b)
V3 260.20£12.12 205.79£98.9 388.47=40.5 284.82 (a)
Average 135.86 94.22 179.51
PT. KPC Vi 1.37£0.06 2.10+0.32 3.09=0.41 2.19(¢)
V2 47.80=15.4 43.41£14.9 23.9426.29 38.38 (b)
V3 181.40=29.5 91.37£7.98 112.35£29.2 128.37 (a)
Average 76.86 45.63 46.46

Numbers followed by the same letter in the same column are not significantly different in the LSD test of 0.05
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The plant diameter growth curve is a mathematical
model of a curve that describes the growth of plants in the
stand. starting from being planted to reaching maturity
(Rivanto and Pamungkas 2010).

Figure 5 shows that the revegetation plant has a growth
trend in line with increasing age and the largest 1s i the
PT. BBE. The KPC trend declines after the age of eight
years. The amount of leaf biomass of vegetation increased
until the age of seven years and decreased after nine years.
In contrast, sungkai increased at the age of four years and
decreased after more than five years (Murtinah and Komara
2019). In general (Adman et al. 2020). all species observed
have slow growth in height and diameter in the first vear
after planting. In the following years. there was an
acceleration m both height and diameter growth at various
rates.

Volume

The growth rate of a stand 1s the result of genetic.
environmental. and management techniques (Ellok 2015).
The analysis results showed that the differences n
vegetation age, soil thickness and their interactions caused
significant differences in the volume of trees in the land
reclamation area of BBE. In contrast. in the area of MSJ
and KPC only the age difference of the vegetation had a
significant effect on the volume of trees.

The average of the highest volume was found in V3
treatment in the land reclamation area of BBE (479.69
m’/ha). followed by MSJ (284.82 m*/ha) and KPC (128.37
m*ha). The difference in the calculated volume of
vegetation was not only caused by the different number of
trees aged > 5 years (V3) among the three locations. which
was quite significant. but it was also due to differences in
ages of plant and soil properties in the reclamation area of
each company's mining area.

Low Volume (m*ha) in KPC was caused by mixed
cropping. while at the location of BBE and MSJ only single
species was planted. In order to obtain uniformity. then
only the plant height and stem diameter of P

Jfaleararia/plot was used for calculation (Table 4).

The average volume (m*/ha) of P. falcataria in the area
of KPC was generally lower. except for V3 which was
around 128.37 m*/ha.

The high volume (m*/ha) was due to the low sampling
plant used as the basis for calculation of the height and
trunk diameter (only about 3-7 stems of plants/plot).
resulting in the disproportionate average value of height
and large diameter stem.

Paraserianthes falcataria litter (liter fall) contributes
nutrients to the soil. i.e.. C. N. P about 4291 kg/ha. 973
kg’/ha and 794 kgha per year (Sudomo and Widiyanto
2017). The largest macronutrient in P. falcararia stands
was Calcium (0.28 %). Nitrogen (0.23 %o). Potassium (0.19
9%). Phosphorus (0.08%) and the lowest was Magnesium at
around 145.52 ppm (Herwanto et al. 2016).

The low soil fertility in the KPC land reclamation area
was due to the sulfate solution found around plot V2. The
shallower pyrite significantly decreased soil pH and
increased Al and relatively decreased K. Ca. Mg. Cu and
Zn (Sutands et al. 2011).
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Table 6. Mean Annual Increment (MAI) at different plant ages (V) and soil thicknesses (K)

. K Factor
i K1 (SE) K2 (SE) K3 (SE) Average
PT.BBE Vi 8.90x5.07 12.16x2.74 6.38x£1.79 F A
V2 24.12+0.90 13.94x1.62 19.79:4.14 19.28
V3 33.50=3.03 19.26+£2.39 44.05£2.41 3227
Average 22.17 15.12 23.41
PT.MSJ V1 46.57+1.53 6.45:1.37 10.48+2.66 7.83
V2 23.19£11.46 14.67+£4.30 26.02+9.00 21.29
V3 29.24+1.37 22.95+11.17 45.80+4.54 32.66
Average 19.67 14.69 27.43
PT. KPC Vi 0.93£0.04 1.37+0.21 1.85+0.24 1.38
V2 10.175+3.29 9.3+3.22 5.76+1.51 8.41
V3 24.59+4.02 14.47£1.26 18.24+4.76 19.1
Average 11.90 8.38 8.62
Mean Annual Increment (MAI) provided the opportunity to conduct research in the

The annual mean increment (MAI) is the quotient
between total production and stand age (Ruchaemi 2013).
The potential stand calculation was done by calculating the
volume based on the volume table. Riyanto and Pamungkas
(2010) state that the results of the stand volume calculation
are needed to determine the standing stock of each age
class, then from the standing stock calculation results, the
stand volume increment is calculated in one cycle. This
volume increment can be divided into an annual average
mcrement (MAI) and a current average increment (CAI).

Table 6 shows that MAI increased with age at each
research location. but the largest occurred in the MSJ.
followed by BBE and KPC. Research by Patiung et al.
(2011) in Zulkarnain et al. (2014) showed that until the
reclamation age of 15 years with acacia vegetation, the soil
permeability was still low, i.e.. 12.03 covhour at 0-15 cm
depth and 249 cw/hour at 15-30 cm depth. This indicates
that the change in soil compaction affected the soil
permeability up to 15 vears age of reclamation.

Various experiences and best practices in the
implementation of post-mining reclamation show that
degraded ex-mining land might become productive again
(Pratiwi et al. 2021). The success of post-mining
reclamation in restoring fropical forest cover can also
support the conservation of biodiversity through the
provision of animal habitats that lead to or approach their
natural condition. In conclusion. this study found that the
diameter and height of P. faleataria increased with the
mcereasing age, but the number of surviving trees declined.
In contrast. soil thickness had no significant effect on the P.
Jaleataria growth.
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