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 INTRODUCTION 

1.1 Rehabilitation in coal mining 

Rehabilitation of post-mine land is necessary for sustainable development of coal. Coal is mined 

with the destruction of surface structure, such as forest and grasses, in open-pit coal mining. 

Thus, rehabilitation of post-mine land is required at the end of the development of coal for envi-

ronmental conservation. In open-pit mining, topsoil, which is formed from the surface down to 

approximately 1.0 m depth, is stored during the excavation of coal, followed by the placement 

in surface layer in post-mine land during rehabilitation since they contain much nutrition that is 

useful for plant growth (Sheoran et al. 2010). 

However, the shortage of topsoil attributing to the loss while hauling soil results in the difficulty 

of rehabilitation in some cases. Furthermore, soil erosion caused by heavy rain in the tropical 

climate in South-East Asian countries causes the loss of topsoil as shown in Figure 1, leading to 

the failure of rehabilitation (Sheoran et al. 2010). Therefore, it is important to secure enough 

amount of topsoil for rehabilitation in coal mining in South-East Asian countries. 
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to topsoil was evaluated in terms of the growth of plants with Acacia mangium, aiming at se‐

curing topsoil  in open‐pit coal mines. As the result of the plant experiment,  the  inhibition of 

plant growth attributing to the dissolution of aluminum (Al) from FA was observed. The growth 
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be secured by mixing FA in topsoil in consideration of the mixing ratio, contributing to the suc‐

cessful rehabilitation of post‐mine land in open‐pit coal mine. 



 

Figure 1:   Soil erosion by heavy rain in rehabilitation area in coal mine in South East Asia country. 

1.2 Utilization of fly ash (FA) for secure of topsoil 

In order to secure the amount of topsoil, fly ash (FA), which is considered industrial waste after 

thermal electric power generation with coal was mixed in topsoil in the past research (Hama-

naka et al. 2014). The amount of topsoil was successfully increased by mixing FA in topsoil 

without soil erosion by rainfall (Gorman et al. 2000, Matsumoto et al. 2016). Although FA has 

been utilized with the aim of increasing the amount of topsoil in several cases, the effects of 

metals in FA and the high alkalinity are concerned in terms of the inhibition of plant growth 

(Mahlaba et al. 2012, Cheng 2003). The effects have to be elucidated for securing the amount of 

topsoil by mixing FA. 

In this study, the effects of FA in topsoil on the growth of plants were investigated, aiming at 

securing topsoil by mixing FA for effective rehabilitation in coal mining in South-East Asian 

countries. 

 METHODS 

2.1 Samples 

Topsoil was prepared by mixing the decomposed granite produced by the Gulin Kita-Kyu Co., 

Ltd., and the Kyushu Bentonite produced by the Shinagawa Yogyo Co., Ltd. based on the soil 

composition which was reported in post-mine land in open-pit coal mine in Indonesia (Matsu-

moto et al. 2016). The soils were classified as sand, silt, and clay after screening, followed by 

the preparation of the topsoil. Besides, fly ash (FA) taken in the coal fired power plant in Japan 



was mixed in the topsoil at the mixing ratio of 0%, 20%, 40%, 60%, and 80%, aiming at in-

creasing the amount of topsoil. The topsoil with FA were homogeneously mixed by the cone 

and quartering method. They were labeled as FA0%, FA20%, FA40%, FA60%, and FA80%, 

and utilized for plant experiment after physical and chemical analysis of the topsoil in addition 

to FA as described as below. 

2.2 Plant experiment 

In this study, Acacia mangium which inhabits tropical forest in South East Asian countries was 

planted on the topsoil mixed with FA as indicated in section 2.1 in order to elucidate the effects 

of FA in topsoil on the growth of plants: the seeds were obtained in Japan. Acacia mangium has 

ever been successfully applied in post-mine lands for bauxite, copper, coal, and iron in the 

world, and widely utilized for a primary reclamation of post-mine land in many cases as shown 

in Figure 2 (Leon et al. 2013). It also can grow under the various conditions, such as in com-

pacted soils, dry area, and humid area. 

 

Figure 2:   Acacia mangium in rehabilitation area in the coal mine in Indonesia. 

Acacia mangium was planted on the prepared topsoil for 133 days until a clear distinction is ob-

served in the phytotron glass room G-9 in Biotron Application Center, Kyushu University under 

the conditions as follows: at 30°C and 70% of relative humidity assuming the local climate in 

the coal mine in Indonesia. In this test, 5 plants were planted in pots by the mixing ratio of FA, 

and the height was measured every week. The growth rate was calculated with the change of 

height and the initial height (8.0 cm) of Acacia mangium every week. 500 mL of water was 

supplied to the pots every 3-4 days. The liquid fertilizer HYPONeX-R (N-P-K = 6-10-5) diluted 

to 1,000 mg/L with deionized water was, moreover, added to them weekly to promote the 

growth. The leachate from the bottom of the pots was sampled to report the change of pH. At 



the end of the experiment, the plants were taken to supply to the dissolution analysis with acids 

as described in section 2.4 for the purpose of understanding the effects of metal concentration in 

plant body on plant growth. In this study, the leaves, stem, and root were mixed and supplied to 

the dissolution analysis since it was unable to separate the samples in each part. 

2.3 Physical analysis 

The topsoil was supplied to the particle size distribution test (ASTM D422-63 2007), and the 

constant head permeability test (ASTM D 2434–68 2006) after the application of FA in the top-

soil by reference to the standard of ASTM in order to understand the effects of physical condi-

tions of the topsoil on the growth of Acacia mangium. 

2.4 Chemical analysis 

The FA was supplied to X-ray Fluorescence (XRF) analysis to measure the metal content in FA. 

The result was compared to that of FA produced in the coal fired power plant in the Indonesian 

mine. 

The plant samples were taken at the end of the plant experiment, and washed with deionized 

water with the washing process using a sonication (UT-106H, SHARP) at room temperature so 

as to remove soil particles. They were dried at 60°C for 72 hours and pulverized using mortar 

and pestle. 5 mL of 61% nitric acid (HNO3) and 35% hydrochloric acid (HCl) mixed at volu-

metric ratio of 3:1 was added into 0.25 g of the plant samples by reference to the past study 

(Quadir et al. 2011). After the dissolution process, the solution was supplied to DigiPREP Jr. 

(SCP Science, Quebec, Canada) at 110°C until the samples were completely dissolved. In the 

case of obtaining undissolved samples in acids after the above process, 1 mL of the acids was 

added and the dissolution process was repeated. The volume of the solution was adjusted to 20 

mL by adding deionized water, followed by the measurement of metal content using ICP-AES 

(VISTA-MPX ICP-OES (Seiko Inst., Japan)) after the filtration with 0.45 µm of membrane fil-

ter. The concentration of Al, As, B, Fe, Mn, S, and Zn was measured, and it was calculated with 

mg per dry unit weight (mg/g) in this study. 



 RESULTS AND DISCUSSION 

3.1 Physical and chemical properties of the simulated topsoil mixed with fly ash 

The FA utilized in this study were composed of 67% of Si, 19% of Al, 4% of Fe, and other ele-

ments such as Ca and K on the basis of the results of XRF analysis. Comparing the results with 

the metal content in FA which was taken in the coal fired power plant in the Indonesian mine, 

the content of Al in FA showed a similar value: the content of Al was 13-15% in FA in the In-

donesian mine. It can be seen that the content of Al in the topsoil with FA rises with the in-

crease of the mixing ratio of FA for the results. Considering that the inhibition of the growth of 

plants by aluminum was reported in the past research, the content of Al in FA may affect the 

growth of Acacia mangium in the plant experiment (Kochian et al. 2005). 

Soil texture of the simulated topsoil is drawn at different mixing ratio of FA in Figure 3, and the 

permeability is shown in Figure 4. There is a close connection between a permeability of soil 

and the elongation of root of plants, and a permeability of soil is one of the important indicators 

to evaluate the effects of soil conditions on plant growth (Tangahu et al. 2011). Whereas the ra-

tio of silt gradually rose with the increase of the mixing ratio of FA in the topsoil, the proportion 

of sand decreased in Figure 3. Additionally, the permeability of the topsoil decreased with the 

increase of the mixing ratio of FA. This was attributed to the increase of the composition of silt 

which showed low permeability compared to that of sand with the mixture of FA. Although the 

significant change of permeability of soils can affect the growth of plants, the growth of plants 

was not affected by the physical conditions, such as soil texture and permeability, in this study 

due to the minor change of the permeability: the change was reported within 3.0 x 10-4 cm/s. 

 

Figure 3:   Soil texture at different mixing ratio of FA in the topsoil. 



 

Figure 4:   Permeability at different mixing ratio of FA in thetopsoil. 

In short, there was not significant effect of physical conditions of the topsoil on the growth of 

Acacia mangium during the plant experiment. It can be, therefore, expected that the difference 

of the growth rate of Acacia mangium was attributable to the mixing ratio of FA. 

3.2 Plant growth of Acacia mangium on the simulated topsoil mixed with fly ash 

Figure 5 shows the change of growth rate of Acacia mangium for 133 days at different mixing 

ratio of FA in the plant experiment. The growth rate decreased with the increase of the mixing 

ratio of FA in the results. There was stagnation in the change of the growth rate at the mixing 

ratio of over 40% of FA. Besides, all of Acacia mangium were died after 28 days at the mixing 

ratio of over 80% of FA, resulting from the mixture of FA in topsoil.  

 

Figure 5:   Growth rate of Acacia mangium at different mixing ratio of FA. 

In addition, the pH in leachate was approximately 9.0 in the topsoil with the mixture of FA, alt-

hough it was 7.5 without FA. The pH in leachate continued to show ca. 8.0 in topsoil with FA 



after 50 days, indicating that the mixture of FA in topsoil resulted in the alkali conditions in the 

leachate in consideration of the pH=7.5 in the topsoil without FA. FA has a high alkalinity in 

the form of CaO (Pradhan & Deshmukh 2008), and the content of Ca was observed in XRF 

analysis, resulting in the alkali conditions. Moreover, Figure 6 describes the concentration of Al 

in the body of Acacia mangium, which was measured by the dissolution analysis with acids. The 

results showed that the concentration of Al was more than 1.8 mg/g at the mixing ratio of more 

than 40% of FA, whereas it was less than 0.6 mg/g in the topsoil at the mixing ratio of less than 

20%. Aluminum exists as Al(OH)3 which is an insoluble mineral at neutral condition (ca. 

pH=7.0); meanwhile, it is released as Al(OH)4
- at alkali condition: aluminum dissolves as 

Al(OH)4
- at ca. pH=9.0 (Matsumoto 2000). Aluminum inhibits the elongation of roots of plants 

(Kochian et al. 2005, Kikui et al. 2005), suggesting that Al in the topsoil derived from FA dis-

solved under the alkali condition and were concentrated in the body of Acacia mangium along 

with the inhibition of the growth at the mixing ratio of over 40% of FA. In FA20% sample, the 

concentration of Al in the plant body was, however, lower than that of FA40%-80% since the 

amount of dissolved Al from FA was not higher than that of FA40%-80% due to the low mixing 

ratio of FA. For these results, the mixing ratio of FA with the aim of increasing the amount of 

topsoil without the inhibition of plant growth should be adjusted at the mixing ratio of less than 

20% of FA in this study in terms of the concentration of Al in the body of plants. Furthermore, 

the content of Al in FA in this study showed a similar value with that of FA which is produced 

in the Indonesian mine, indicating that the utilization of FA for the purpose of increasing the 

amount of topsoil may result in the inhibition of plant growth due to the effects of Al in open-pit 

coal mines in South East Asian countries. 

 

Figure 6:   Concentration of Al in the body of Acacia mangium after the plant experiment at different 

mixing ratio of FA. 



However, since the tolerance to Al in plants varies depending on the plant species and the chem-

ical composition of FA depends on the quality of coal, additional experiment with other species 

of plants and coal is required in order to establish the guideline of the utilization of FA in top-

soil to secure the enough amount of topsoil. 

 CONCLUSIONS 

In this study, the application of fly ash (FA) to topsoil was evaluated in terms of the effects of 

FA on the growth of Acacia mangium, aiming at securing topsoil in open-pit coal mines. The 

results obtained by the experiments are summarized as follows: 

 

(1) The FA in this study was composed of a large amount of silt. Therefore, the permeability of 

the topsoil decreased with the increase of the mixing ratio of FA in topsoil. However, there 

was not significant effect of physical conditions of the topsoil on the growth of plants due 

to the minor change of the permeability: the change was reported within 3.0 x 10-4 cm/s. 

(2) The FA in this study consisted of 67% of Si, 19% of Al, 4% of Fe, and other elements such 

as Ca and K. 

(3) There was stagnation in the change of the growth rate at the mixing ratio of over 40% of 

FA. Besides, all of Acacia mangium were died after 28 days at the mixing ratio of over 

80% of FA, resulting from the addition of FA in topsoil. 

(4) The concentration of Al was more than 1.8 mg/g at the mixing ratio of more than 40% of 

FA, whereas it was less than 0.6 mg/g in the topsoil at the mixing ratio of less than 20%. 

Considering that the pH in leachate was approximately 9.0 in the topsoil with the mixture 

of FA, Al in the topsoil derived from FA dissolved under the alkali condition and were 

concentrated in the body of Acacia mangium along with the significant inhibition of the 

growth at the mixing ratio of over 40% of FA. Therefore, FA has to be utilized in topsoil at 

the mixing ratio of less than 20% of FA in order to increase the amount of topsoil in this 

study in terms of the concentration of Al in the body of plants. 

(5) The content of Al in FA in this study showed a similar value with that of FA which is pro-

duced in the Indonesian mine, indicating that the utilization of FA for the purpose of in-

creasing the amount of topsoil may result in the inhibition of plant growth due to the effects 

of Al in open-pit coal mines in South East Asian countries. 
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