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Abstract  

Biochar is a by-product produced from the combustion process without oxygen at high temperatures (100-
800oC) for approximately one hour. The advantage of this biochar is that apart from having several 
distinctive properties such as being more efficient, cost-effective, and easy to obtain, it can also improve 
the soil physical properties and remove toxic contaminants in ex-coal mining soil. Through its large surface 
area, large pore size distribution, particle types and low density, biochar can influence soil porosity, soil 
consistency, improve soil aggregate stability values and increase water availability for plants by up to 130%. 
The research was carried out at the experimental site of the Agriculture Faculty, Universitas Syiah Kuala 
using planting media from ex-coal mining soil. This research used a factorial randomized block design with 
three replications. The first factor was the biochar feedstock consisted of pine wood and sawdust. The 
second factor was the biochar dosage consisted of 0, 10, and 20 tonnes ha-1. The physical soil characteristic 
parameters observed were soil porosity, bulk density, and aggregate stability. The biochar characteristic 
parameters observed were biochar combustion results, biochar morphology, water holding capacity, and 
biochar bulk density. Sawdust biochar morphology showed relatively porous, had higher fixed C, higher 
water holding capacity and lower bulk density than pine wood biochar. Application of sawdust biochar was 
better in ex-coal mining soil. Pine wood and sawdust biochar can improve soil physical properties, 
especially soil porosity, but did not affect soil bulk density and soil aggregate stability. Biochar dosages of 
10 and 20 tonnes ha-1 can improve soil porosity. However, to minimize costs, the biochar application at a 
dose of 10 tonnes ha-1 can be recommended. 

Keywords: ex-mining soil, soil amendment, soil physical properties 

1. Introduction 

Coal mining in Indonesia is generally an open pit mining system that opens the topsoil and 
removes it from the excavation area. The coal is excavated and transported out. After the 
excavation process is complete, the holes resulting from the coal mine excavation are 
backfilled with the previous soil cover. However, there is a concern that the landfilling process 
is not appropriate, resulting in the topsoil being buried or mixed with other soil contaminated 
by dangerous heavy metals. This results in changes in the landscape, the quality of the landfill 
resulting from coal excavation becomes low, and the content of heavy metals which are 
dangerous in supporting the plant growth process. 

Problems in the soil’s physical properties due to mining are soil compaction making it difficult 
to cultivate. Land conditions like this can worsen the water system and aeration which will 
disrupt the plant roots’ function and development. Apart from that, the topsoil layer 
becomes thin or even disappears, and the structure and porosity are damaged, causing the 
soil to be unable to store and absorb water when it rains, resulting in a high chance of erosion 
and a low carrying capacity for plant growth. Therefore, this land was included as problematic 
land or marginal land that was poor in nutrients and needed to be restored so that plants can 
grow well. 

Regarding the problems above, researchers were focusing more on efforts to find 
environmentally friendly solutions, one was adding organic material to the soil. However, 
with the advent of new technology, the organic material input offered is biochar. Biochar is 
a by-product produced from the combustion process without oxygen at high temperatures 
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(100-800°C) for approximately one hour [1]. The advantage of biochar is that apart from 
having several distinctive properties such as being more efficient, cost-effective, and easy to 
obtain because it uses environmentally friendly materials, it can also suppress and remove 
toxic contaminants [2] and biochar is a potential soil amendment because it is able to restore 
degraded land [3]. 

Biochar has the ability to restore degraded land such as ex-mining land. Through its large 
surface area, large pore size distribution, particle types, and low density, biochar can 
influence soil pore space and soil consistency [4]. Another advantage of biochar is that it can 
improve the stability value of wet soil aggregates by up to 226% and increase water 
availability for plants by up to 130% [3,5]. 

This research applied biochar from environmentally friendly waste to improve the soil’s 
physical properties due to coal mining activities. Some waste that was included in the 
environmentally friendly category were pine wood and sawdust.  The aim of this research 
was to determine the interaction effect of biochar type and dosage on the soil’s physical 
properties in sweet corn land. 

2. Materials and Methods 

The location of research at the experimental site of the Agriculture Faculty, Universitas Syiah 
Kuala with planting media from ex-coal mining soil. Soil samples were analysed at the Soil 
Physics Laboratory, Agriculture Faculty, Universitas Syiah Kuala, Banda Aceh. Analysis of 
biochar characteristics using scanning electron microscopy (SEM) was conducted at the 
Physical Instrumentation Analysis Laboratory, Faculty of Mathematics and Natural Sciences, 
Universitas Syiah Kuala.  

This research used a Randomized Block Design with a 2 × 3 factorial pattern. The first factor 
was the type of biochar feedstock, consisted of two types (biochar from pine wood and 
biochar from sawdust raw materials). The second factor was dosage of biochar, consisted of 
three levels (0, 10, and 20 tonnes ha-1) and three replications. 

2.1. Biochar Production 

Before producing the biochar, pine wood, and sawdust waste were dried in the sun until dry. 
Then each type of biochar feedstock was weighed then put into the combustion device. The 
sawdust was placed into a drum, while the pine wood was placed into a Kon-Tiki. This was 
different because pine wood has a harder raw material than sawdust, so it is less effective 
when burned in a drum. The burning process was at a temperature of 100-800°C for 
approximately one hour through incomplete combustion (pyrolysis) [1]. After the burning 
was complete, the biochars were dried in the sun until dry, then ground and sieved using a 2 
mm sieve. Then 100 grams of each biochar was collected randomly and then composited to 
analyse the characteristics of the biochar. 

2.2. Soil Sampling 

Soil sampling was collected twice, sampling for pretreatment analysis and final analysis. Soil 
sampling for pretreatment analysis before the soil was incubated. The soil for analysis by 
taking aggregate soil. The final analysis was observed when the plants were 45 days after 
planting. The parameters for the soil physical properties were: (1) bulk density, (2) texture, 
(3) total porosity, and (4) aggregate stability.  

The determination of bulk density was using the Clod method and calculated using the 
formula [6]: 

 

 
𝐶𝑙𝑜𝑑 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 (g cm−3)  =

ρw ×  𝑀𝑠

Mu − Ma + Mp − (Mp ×  ρw/ρp)
 

 

(1) 
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ρw: Specific gravity of water at the temperature during measurement (g cm-3) 
Ms: Weight of soil lumps in an oven-dry (g) 
Mu: Weight of air-dried soil lumps (g) 
Ma: Weight of soil lumps that have been coated with wax put into water (g) 

Mp: Weight of wax layer in the air = weight of soil lumps covered with wax - weight of lumps 
before being coated with wax (g) 

pp: Specific gravity of wax (≈ 0.8 g cm-3) 

The determination of soil texture was used the dropper pipette method to determine the relative 
ratio of sand, dust, and clay. The results of the analysis of soil texture were expressed in %.   

Analysis of soil porosity was expressed in % units and calculated using the formula [7]: 

 Total Porosity (%) = % H2O dry weight × Soil bulk density (2) 

The aggregate stability was calculated using the formula [8]: 

 
AS =

1

Xa − Xb
 ×  100% 

(3) 

AS: Aggregate stability. 

Xa: Average diameter weight of dry sieving (g) 

Xb: Average diameter weight of wet sieving (g) 

 

2.3. Biochar Characteristic Analysis 

Analysis of biochar characteristics was to determine the characteristics of each type of 
biochar feedstock. The biochar characteristic parameters were: (1) biochar combustion 
results, (2) biochar morphology, (3) water holding capacity, and (4) biochar bulk density. The 
biochar morphology was evaluated using scanning electron microscopy (SEM) analysis with 
a magnification of 10,000 times. 

2.4. Planting Media Preparation 

Soil as a planting medium was taken from an ex-coal mining area located in West Aceh 
District. The soil was air-dried and then sieved using a 5 mm diameter sieve. The soil water 
content was measured to determine the dry weight of the soil.  Next, 20 kg of soil was 
weighed, then mixed and stirred with biochar according to the dosage for each treatment 
and put it in a pot. Then water was added at field capacity for an incubation process of 14 
days.  

2.5. Plant Planting 

After the soil had been incubated for 14 days, sweet corn seeds of the Bonanza F1 variety 
were planted into experimental pots. Each planting hole at a depth of 3 cm was filled with 
two corn seeds per hole and then covered again with soil. 

2.6.  Fertilizer 

This research used fertilizer as basic fertilizer to support the growth of sweet corn plants. 
Fertilizer application was done at 9 days after planting. Fertilizer doses used in this research 
were SP 36 (250 kg ha-1 or 1.49 g pot-1), Urea (444 kg ha-1 or 2.28 g pot-1), and KCl (400 kg     
ha-1 or 2.9 g pot-1). 

3. Results and Discussion 

3.1. Soil Physical Properties Pre-treatment 

The soil’s physical properties showed that the pre-treatment conditions of ex-coal mining soil 
were still not optimal to support plant growth  

Table 1. The physical properties of ex-coal mining soil showed that ex-coal mining soil had a 
soil bulk density that was classified as high for agricultural land (1.4 g cm-3), whereas for ideal 
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soil it was around 1.0–1.20 g cm-3, soil porosity was included in the poor category (31%), 
unstable aggregate stability was only around 25%, and soil texture was sandy loam (70% 
sand, 25% silt, and 5% clay). Result of the physical fertility of the ex-coal mining soil, it did not 
support the process of plant growth and development, so improvements were needed. 

Table 1. Pre-treatment analysis of the physical properties of ex-coal mining soil 

No Parameters Value Category 

1 Bulk density (g cm-3) 1.4 High 
2 Porosity (%) 31 Poor 
3 Soil aggregate stability (%) 25 Unstable 
4 Texture  

Sandy loam 
Sand (%) 70 
Silt (%) 25 
Clay (%) 5 

3.2. Biochar Characteristics 

3.2.1. Biochar Combustion Results 

The results of combustion biochar showed that the sawdust temperature value using the 
drum method was lower (125–230°C) and the biochar production results were higher, 24.0% 
of the weight of the feedstock compared to biochar from pine wood feedstock using the Kon-
Tiki method (Table 2). The level of fixed carbon produced was higher (62.43%), because the 
drum method, apart from being easier and cheaper, also produces even combustion without 
ash, and was easy to grind. In accordance with the opinion of [9] the level of fixed carbon was 
influenced by the complete combustion or pyrolysis process so that the components of 
water, ash, and volatile matter will easily evaporate and affect the calculation of the level of 
fixed carbon. However, the disadvantage of the drum method was that the production 
process takes longer than the Kon-Tiki method.  

Table 2. Time of combustion, yield ratio and fixed carbon under two types of burning instruments and of biomass waste 

No Waste Instrument 
Burning time 

(minute) 
Raw material 
weight (kg) 

Biochar 
weight (kg) 

Temperature 
(°C) 

Yield (%) 
Fixed 

Carbon 
(%) 

1 Sawdust Drum 60 15 3.6 125-230 24.0 62.43 

2 
Pine 
wood 

Kon-Tiki 50 50 13.7 604-868 27.4 53.04 

This was different from the results of combustion pine wood biochar using the Kon-Tiki 
method which obtained a higher temperature (604 – 868°C) with biochar production 27.4% 
of the raw material weight. In the combustion process using the Kon-Tiki method, there were 
several problems, such as during the combustion process, monitoring and control were very 
necessary because the fire can burn big due to the air that can still enter the biochar burning 
furnace, causing the biochar raw material to easily become ash. This method can also 
produce uneven biochar burning conditions due to extinguishing the fire too quickly. High 
temperatures will result in high ash content [10] so that little biochar was produced. Apart 
from that, in the Kon-Tiki method, there was the influence of air which causes the combustion 
process to undergo oxidation. This was supported by research by Debby [11] which reveals 
that if combustion was carried out with direct air contact, less charcoal was produced and 
more ash was produced, so the fixed carbon content produced from pine wood biochar using 
the Kon-Tiki was lower at 53.04%. 

3.2.2. Biochar Morphology 

Sawdust biochar morphology with a magnification of 10,000 times showed relatively porous 
Error! Reference source not found.. The biochar surface morphology properties were 
influenced by the feedstock types and pyrolysis temperature [12] and if the pyrolysis 
temperature increases, more pores in biochar will be produced [13]. In the drum method, 
sawdust biochar has many meso-pore shapes and sizes between 6.631-9.497 micrometres, 
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and the pore holes appear to be multiple. Based on the morphology of sawdust biochar using 
the drum method, there were varying distances between pores. If we look at the diameter 
of the pore holes, sawdust biochar using the drum method has a smaller surface area 
compared to the biochar surface area from pine wood because the pore size was bigger with 
a size of 6.631-9.497 micrometres Table 3. 

The pore shape of pine wood biochar using the Kon-Tiki method has a uniform pore shape 
between 1.039 – 2.376 micrometres and the pore holes appear single, and some were 
multiple Error! Reference source not found.. However, sawdust biochar using the drum 
method and pine wood biochar using the Kon-Tiki method both have pore sizes that fall into 
the meso-pore class with a pore size criterion of 0.2 – 30 micrometres [14]. 

Based on its morphology, sawdust biochar using the drum method and pine wood biochar 
using the Kon-Tiki method both have distances between pores, but in sawdust biochar, the 
distance between pores was more uniform than in pine wood biochar. Nurida et al. [1] stated 
that the properties of biochar which are rich in micropores will be very useful if applied to 
sandy soils where the specific surface area of the soil is relatively limited. 

Table 3. Biochar pore diameter 

No Biochar type 
Pore diameter (μm)  

Average Minimum Maximum 

1 Pine wood 1.039 2.376 1.7075 

2 Sawdust 6.631 9.497 8.0640 

 
 

  
Figure 1. The pore diameter size of Sawdust Biochar with 
drum method. 

Figure 2. The pore diameter size of Pine Wood Biochar with 
Kon-Tiki Method. 

3.2.3. Water Holding Capacity 

Soil water holding capacity is the maximum amount of water that freely soil can hold, 
estimated after saturated soil has been allowed to drain without allowing its moisture to be 
depleted by evaporation [15]. It is generally recognized that the addition of biochar can 
increase the soil's ability to store and release water [16]. Through its large surface area, 
biochar can increase soil aggregation and reduce soil bulk density, which in turn can increase 
the number of soil pores, especially micropores which function to hold water [17]. 

Table 4. Biochar water holding capacity 

No Biochar type Water holding capacity (%) 

1 Pine wood 166.67 
2 Sawdust 481.48 
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Sawdust biochar had a water-holding capacity value of 481.48%, while pine wood biochar 
had a water-holding capacity value of around 166.67% (Table 4). From several research 
results, the water holding capacity of biochar depend on type of feedstock and pyrolysis 
conditions which were responsible for the structure and surface area of the biochar product 
[18]. In addition, these factors also have a direct effect on biochar water absorption and help 
the soil retain water better if biochar is applied to the soil [19]. The higher water-holding 
capacity contained in biochar will enable moisture to be maintained in the soil although the 
effect appears to depend on the initial texture of the soil. Water holding capacity is generally 
at its optimum when the pores are large so this will also be related to soil porosity. 

3.2.4.   Biochar Bulk Density 

The bulk density of biochar was also an important criterion for describing the physical quality 
of biochar. In general, the bulk density of biochar is lower than the bulk density of soil [20]. 

The bulk density value of sawdust biochar is lower (0.28 g cm-3) compared to the bulk density 
of pine wood biochar with a value of 0.32 g cm-3 (Table 5). The weight value of the biochar 
content is in accordance with the Indonesian National Standard (SNI). SNI sets the weight of 
biochar in the granular form at around 0.44-0.55 g cm-3 while in powder form it is around 0.2-
0.35 g cm-3 [21]. 

Table 5. Bulk density of two type biochar 

No Biochar type Biochar bulk density (g cm-3) 

1 Pine wood 0.32 
2 Sawdust 0.28 

This difference was caused by different raw materials, where biochar from sawdust has a 
larger pore diameter than pine wood. This statement is in accordance with the opinion of 
[22] who said that the bulk density of biochar depends on the raw materials used. If the 
biochar raw material has many particles and includes macro porosity within each particle and 
voids between particles, then the bulk density value of the biochar will be lower. 

3.3. Effect of Pine wood and Sawdust Biochar Application on Soil Physical Properties 

3.3.1. Soil Porosity 

There was a significant effect of the biochar dose treatment on the percentage of soil porosity 
with the lowest average value found in the treatment of biochar 0 tonnes ha-1 (45.58%), while 
the highest average value of soil porosity percentage is found in the treatment of sawdust 
biochar with a dose of 20 tonnes ha-1 was 56.21% (Table 6). This was because sawdust biochar 
has more macro pores than pine wood biochar. This will have an impact on the absorption 
capacity of coal mine soil treated with sawdust biochar which is better able to retain water 
than soil treated with pine wood biochar so that water for plants becomes available. 
However, there was not significant effect between biochar dose on 10 tonnes ha-1 and 20 
tonnes ha-1. It can be concluded that a dose of 10 tonnes ha-1 was a dose that can be 
recommended. Several studies also report that the effectiveness of biochar application in 
improving soil water retention is clearly visible when applied to sand-textured soil [5,23]. 

Table 6. Average value of soil porosity due to the application of pine wood and sawdust biochar 

Biochar type 

Biochar dose (tonnes ha-1)  

Average 0  10  20  

 Soil porosity (%) 

Pine wood 45.58 a 51.86 b 52.88 b 50.11 a 

Sawdust 45.58 a 52.31 b 56.21 b 51.37 a 

The increase in soil porosity value was closely related to the decrease in soil bulk density 
value which has an impact on increasing the total soil porosity. This was also inseparable from 
the carbon contribution resulting from the application of biochar so that it has an impact on 
increasing soil C-organic, reducing the soil bulk density, and increasing the total porosity of 
the soil. On the other hand, biochar dosage also has a different effect on the amount of 
porosity. The higher dose of biochar affected higher total soil porosity, this is in line with [24] 



Media Konservasi RESEARCH ARTICLE 

This journal article is © Syakur et al. 2024 Media Konservasi,  2024, 4 | 546  

stated that soil porosity is influenced by the organic matter content, structure, and texture 
of the soil. Soil porosity is increased if organic matter is high. 

Organic matter can act as an adhesive medium for soil fractions to form a better structure 
and granulation process. The soil structure which was initially dense will become crumblier 
due to the increase in the percentage of total space in the soil pores. Soils with a crumbly or 
granular structure have higher porosity than soils with a solid structure. Utilization of organic 
material in the biochar form was an action that can support soil carbon conservation [25]. 
Furthermore [26] stated that technological innovation to formulate and enrich soil organic 
matter was very necessary so that the effectiveness of organic matter as a soil amendment 
or organic fertilizer is higher and the required dose can be reduced. 

3.3.2. Soil Bulk Density 

The application of pine wood and sawdust biochar has no effect on the soil bulk density in 
the ex-coal mining soil. The highest average value of soil bulk density was in the treatment 
without biochar (1.25 g cm-3) and the lowest average value was in the biochar treatment 
(1.24 g cm-3) Table 7. However, when compared with the pre-treatment analysis of the ex-
coal mining soil, the application of pine wood and sawdust biochar was able to reduce the 
soil bulk density 1.4 g cm-3 to 1.24-1.25 g cm-3. This is also supported by an increase in the 
porosity value of ex-coal mining soil that has been applied with biochar, so it is suspected 
that the percentage of the number of macro pores in ex-mining soil that has been applied 
with biochar has decreased. In line with [27] statement that the total pore space of the soil 
is inversely proportional to the soil bulk density and is largely determined by the organic 
matter contained in the soil. 

Table 7. Average value of soil bulk density due to the application of pine wood and sawdust biochar 

Biochar type 

Biochar dose (tonnes ha-1) 

Average 0  10 20 

 Bulk density (g cm-3) 

Pine wood 1.25 1.24 1.24 1.24 

Sawdust 1.25 1.24 1.24 1.24 

The soil C-organic treated with biochar was much higher compared to soil that had primary 
forest vegetation. Soil organic C will influence physical indicators such as bulk density, 
aggregate stability, and water retention, and also as an indicator of the quality of the soil 
itself [28]. This showed that the presence of biochar can make the soil loose and not dense. 

3.3.3. Aggregate Stability 

The application of biochar did not have a significant effect on aggregate stability in ex-coal 
mining soil Table 8. The highest average value of aggregate stability was obtained in sawdust 
biochar treatment with a dose of 20 tonnes ha-1, while for pine wood biochar the highest 
value was found at a dose of 10 tonnes ha-1. Meanwhile, the lowest average aggregate 
stability value was found in the sawdust biochar treatment with a dose of 10 tonnes ha-1. On 
the other hand, the application of biochar can increase the aggregate stability value by 
11.32% from the pre-treatment condition of 25% to 26-27%. Herath et al. [29] also stated 
that biochar as an amendment can increase soil aggregate stability by >17% and this increase 
is smaller, ranging from 4-16% from the control treatment. 

Table 8. Average value of aggregate stability due to the application of pine wood and sawdust biochar 

Biochar type 

Biochar dose (tonnes ha-1) 

Average 0 10 20 

Aggregate stability (%) 

Pine wood 26.53 26.80 26.65 26.66 

Sawdust 26.53 26.54 27.19 26.75 

It is suspected that the soil C-Organic has been treated with biochar decomposes optimally 
so that the population of microorganisms as granulation-stimulating agents in the soil did not 
work optimally. Subagyono et al. [30] also stated that aggregate stability is formed due to 
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interactions between organic matter (C-Organic), microorganisms, and soil minerals which 
are also influenced by several factors such as raw materials of organic matter, decomposing 
processes, and the soil properties. Organic matter (C-Organic) has properties as an adhesive 
(cementing agent) so that soil aggregates become more stable and are not easily destroyed 
by hitting raindrops [31]. 

4. Conclusions 

Sawdust biochar morphology showed relatively porous, had higher fixed C, higher water holding 
capacity, and lower bulk density than pine wood biochar.  Application of sawdust biochar was better 
in ex-coal mining soil. 

Pine wood and sawdust biochar can improve soil physical properties, especially soil porosity, 
but did not improve other soil physical properties such as soil bulk density and soil aggregate 
stability in ex-coal mining soil.  

Biochar doses of 10 and 20 tonnes ha-1 can improve soil porosity. However, to minimize costs, 
the biochar application at a dose of 10 tonnes ha-1 can be used as a recommendation. 
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