
Recovery of Agricultural Areas Affected by Traditional Gold Mining: Sustainable Food 

Supply Stability 

Golar Golar1*, Muhammad Basir-Cyio2, Isrun Isrun2, Rahmat Bakri3, Muhammad Rusydi4, Bohari Bohari5, 

Muhammad Fardhal Pratama2 

1 Faculty of Forestry, Universitas Tadulako, Palu 94119, Indonesia 
2 Faculty of Agriculture, Universitas Tadulako, Palu 94119, Indonesia 
3 Faculty of Law, Universitas Tadulako, Palu 94119, Indonesia 
4 Faculty of Math and Science, Universitas Tadulako, Palu 94119, Indonesia 
5 Department of Nutrition, Faculty of Medicine, Universitas Sultan Ageng Tirtayasa, City of Serang 42118, Indonesia 

Corresponding Author Email: golar.tadulako@gmail.com

https://doi.org/10.18280/ijdne.160207 ABSTRACT 

Received: 26 October 2020 

Accepted: 22 February 2021 

This study aims to analyze the recovery of the agricultural area’s function affected by the 

Poboya traditional gold mining in supporting the stability of sustainable food supply. We 

began the research by examining the existing mining land conditions through spatial 

analysis (land cover and land use changes from 2010 to 2019). Apart from that, it also 

analyzed the land’s health was through the soil’s physical and chemical properties, 

especially mercury. The observation proved that changes in the land’s cover and uses 

lead to decreased land quality and degradation. The existing condition showed heavy 

metals, particularly mercury, mostly polluted agricultural land in the mining area. The 

model design produced by this study may 1) emphasize land arrangement; 2) revegetation 

design with forestry, plantation, and food crops; 3) domesticated plant; and 4) 

environmental monitoring, concerning monitoring of soil quality, monitoring of erosion 

and sedimentation, water quality, acid mine drainage, successful revegetation, and others. 

These four aspects expect to help suppress the rate of land degradation in agriculture 

located in ex-mining areas and reduce forest destruction in the Grand Forest Park area. 
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1. INTRODUCTION

Palu is one of the cities located in Central Sulawesi-

Indonesia, which has considerable potential for gold mining 

resources. The exact location is in Poboya, with a mine area of 

49,460 ha. Estimated reserves are 1.5 million oz Au (USD 

300/oz Au), 1.5 million oz Ag (USD 5/oz Ag), with an 

estimated production of 150,000 oz Au/Year [1]. More than 

90% of gold mining activities in Central Sulawesi are managed 

traditionally and are categorized as illegal. Environmentally 

friendly principles are not considered, including mercury [2, 

3]. The use of mercury in traditional mining activities making 

it easier for them to mine gold. Many can impact public health 

[4], environmental degradation, which in the long term can 

reduce the productivity of land [5].  

Poboya is one of the horticultural crop-producing areas in 

Palu City. However, since traditional gold mining activities, 

the agricultural area in Poboya has experienced severe 

degradation and land conversion. It is resulting in a decrease 

in the food supply in Palu City. Previous research in Poboya 

found a change in agricultural land’s function into a gold 

mining area with a very high mercury pollution level and 

threatening Palu residents’ health on a large scale [6, 7].  

Protection and management of the environment need to 

carry out thoughtfully and consistently to create environmental 

quality for human life and other living creatures [8-10]. Some 

efforts should make to find the right handling solution without 

causing social, economic, and ecological impacts to the 

community [10-12]. One of them is to recover land affected by 

the mine [13-15]. But unfortunately, there has been no effort 

to recover the function of agricultural land around the illegal 

gold mining area in Poboya. The existing land condition shows 

the land cover that has been cleared. Many traditional ex-

mining lands cannot be used for the community’s productive 

activities, especially in the agricultural sector.  

Another emerging issue is the threat to forest areas’ 

conservation in the Grand Forest Park (TAHURA). One of 

them is the pressure on forest areas due to land use activities 

carried out by the community. It is the cause of compensation 

for their land affected by mining activities and covid 19 

diseases [16, 17]. It is crucial because most people in this 

region rely heavily on arable land, both in the village and forest 

areas [6, 18]. It will have a broad impact on land and forest 

land if not resolved immediately.  

It is required recovery efforts to restore the function of the 

affected agricultural areas in ex-goldmine. This study analyzes 

the recovery model for the operation of farming areas affected 

by the goldmine to support sustainable food supply stability 

and decreasing forest degradation.  

2. METHOD

The recovery of the agricultural area function is carried out 

by preparing a land recovery model. Focus on farming areas 

affected by the goldmine in Poboya (Figure 1). The recovery 
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location chosen was land that formerly illegal mining activity, 

which was once productive agricultural land.  

The data analyzed consisted of high-resolution satellite 

imagery in 2010 and 2019 using ArcGIS 10.8 with serial 

number: EVA941292912). Analyzed the land cover and land-

use changes descriptively by combining data on land 

ownership, land use in the TAHURA area, and several existing 

conditions obtained from field surveys (Figure 2). It is also 

combined with soil’s structure, texture, and metal content at 

the research location.  

The analysis results were then used as primary data in 

developing a recovery model for the ex-Poboya mine land. 

The model design consists of recovery land use, forestry plant 

revegetation, plantations, and food crops, improving the 

quality of planting media, cover crop planting, maintenance, 

and environmental monitoring. The resulting model design is 

made in the form of a land-use distribution map. 

 

 
 

Figure 1. Research location 

 

 
 

Figure 2. Land cover and land-use change analysis 

3. RESULTS & DISCUSSIONS 

 

3.1 Land cover and land use changes 

 

Information on land’s cover and land use provide up-to-date 

information regarding land use dynamics /and the amount of 

pressure on the area [19, 20]. Through this information, we can 

perform a series of analyzes and design a management model 

following its designation, including land recovery efforts (see 

Figure 3).  

 

 
(a) Land cover map (2010) 

 
(b) Land cover map (2019) 

 

Figure 3. Comparison of the Land cover in Poboya 

 

The land cover results found 9 (nine) types of land cover, 

including primary dryland forest, secondary dryland forest, 

mining excavation sites, settlements, dryland agriculture, and 

dryland mixed shrub agriculture, savanna, rice fields, and 

shrubs. The area of each land cover present in Table 1. 

Table 1 shows the change in land cover, both increasing and 

decreasing from 2010 to 2019. Primary dryland forest had 

been reduced by an area of 532.45 ha, where the land cover of 
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primary dryland forest had been converted into secondary 

dryland forest covering 531.91 ha and shrubs of 0.54 ha. In 

2010, initially, the secondary dryland forest area was 267.91, 

then in 2019, it changed to 263.03 ha. That indicates that the 

secondary dryland forest has changed in a land cover of 4.88 

ha. The land cover of secondary dryland forest changed to 

savanna by 3.18 ha and shrubs of 1.70 ha. 

For the period 2010 to 2019, experienced a change in land 

cover of 66.19 ha. The mining area was excavated to a 7.24 ha 

plantation forest, 31.34 ha settlements, 1.62 ha dryland 

farming, 1.73 ha savanna, and 24.26 ha shrubs. Meanwhile, 

the land cover of rice fields from 2010 to 2019 had changed, 

involving settlements covering an area of 3.58 ha, dryland 

agriculture covering an area of 0.38 ha, and dryland farming 

mixed with shrubs covering 13.19 ha, and shrubs of 0.06 ha.  

The cover of shrubland has also changed outside from 2010 

to 2019, covering 304.91 ha. Land cover changes that occur in 

shrubland to dryland forest (175.81 ha), plantation forest (0.31 

ha), mining excavation sites (78.48 ha), the residential land 

(7.63 ha), dryland farming mixed with shrubs (19.57 ha), 

savanna (17.80 ha) and rice fields (5.31 ha).  

 

Table 1. Land cover changes in period 2010 and 2019 

 
Land Cover 2010 Land Cover 2019 Total 

Primary Dryland Forest 

Primary Dryland Forest 1561.7

0 

Secondary Dryland 

Forest 
531.91 

Shrubs 0.54 

Total Primary Dryland Forest 
2094.1

6 

Secondary Dryland 

Forest 

Secondary Dryland 

Forest 
263.03 

Savanna  3.18 

Shrubs 1.70 

Total Secondary Dryland Forest 267.91 

Mining Excavation 

Location 

Plantation Forest 7.24 

Mine Excavation 

Location 
8.52 

Settlements  31.34 

Dryland farming 1.62 

Savanna 1.73 

Shrubs 24.26 

Total Mining Excavation Locations 74.70 

Settlements  Settlements  64.05 

Total Settlements  64.05 

Dryland Farming 

Plantation Forest 1.11 

Open field 1.06 

 35.41 

Dry Land Mixed Shrub 

Farm 
0.06 

Savanna 57.51 

Shrubs 27.86 

Total Dryland Farming 123.00 

Dryland Mixed Shrub 

Farming 

Plantation Forest 
1.42 

Settlements  14.80 

Dryland farming 5.75 

Dry Land Mixed Shrub 

Farm 
1.63 

Rice fields 2.70 

Shrubs 35.35 

Total Dryland Mixed Shrub Farming 61.65 

Savanna 

Secondary Dryland 

Forest 
32.39 

Plantation Forest 216.86 

Open field 0.05 

Land Cover 2010 Land Cover 2019 Total 

Mine Excavation 

Location 
73.38 

Settlements  76.41 

Dryland farming 1.43 

Dryland Mixed Shrub 

Farm 
2.95 

Savanna  186.56 

Shrubs 501.20 

Total Savanna 
1091.2

3 

Rice Field 

Settlements  3.58 

Dryland farming 0.38 

Dryland Mixed Shrub 

Farm 
13.19 

Rice fields 17.16 

Shrubs 0.06 

Total Rice Field 34.37 

Shrub 

Secondary Dryland 

Forest 
175.81 

Plantation Forest 0.31 

Mine Excavation 

Location 
78.48 

Settlements  7.63 

Dry Land Mixed Shrub 

Farm 
19.57 

Savanna 17.80 

Rice fields 5.31 

Shrubs 1060.6

5 

Total Shrub  
1365.5

7 

River River 19.01 

Total River 19.01 

Grand Total 
5195.6

5 

Data source: Primary data after processing in 2020. 

 

3.2 Existing conditions  

 

Spatial analysis showed that the mine area (see Figure 4) 

was 160.38 Ha, spread over the Poboya area. Mining activities 

in Poboya create externalities for the environment. Mining 

activities using drum machines by the miners also produce 

waste such as liquid waste, solid waste, and waste in 

particulates in the air. Mining waste is hazardous and can 

cause environmental damage due to irregular waste disposal 

[21]. Liquid waste is disposed of in ponds near houses and 

community wells, resulting in soil damage to crack the 

ground’s water [22].  

Land damage at the gold mining location is categorized as 

severe damage and causes physical environmental impacts 

such as land degradation. Land degradation involving the loss 

of nutrients needed by plant growth, reduced surface water 

discharge, high vehicle traffic, creates easily damaged roads 

and air pollution. Soil health is also an essential factor, 

primarily if land restoration is used for planting food crops. 

Not all ex-mining land is dangerous from a food safety aspect. 

Some of them need to be considered, mostly if a geochemical 

element of the extraction method of mining materials produces 

or uses harmful compounds for the environment (Figure 5). 

The real impact on the growth area and the surrounding area 

is erosion and sedimentation [18], increasing heavy metal 

content in the soil that can enter the aquatic environment by 

decreasing the quantity and quality of water [23]. It causes 

biodiversity loss, changing landscapes, and health 

disturbances in communities around the Poboya mining areas 

[24, 25]. 
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Figure 4. Mine-affected areas (2019) 

 

 
 

Figure 5. (a) The process of separating gold from other 

materials; (b) mining waste storage location; (c) affected 

river; and (d) soil damage at the transport site 

 

Toxic metal contamination into agricultural soil causes 

stress on crops. Plant stress caused by toxic metals is three 

times greater than that caused by pesticides. In general, these 

toxic metals are trace elements that occur both naturally and 

from illegal mining activities [7]. If these heavy metals’ 

concentration is higher, it can cause environmental damage for 

a long time [26]. The negative impact of heavy metals on soil 

and plants decreases organisms’ activity and ground fertility 

[26, 27]. As a result, the amount of production has also 

reduced. It is triggered the community to look for alternative 

substitutes by infringing on the TAHURA [16]. 

The soil analysis results in the soil’s physical and chemical 

aspects, which are textured with sandy loam and loam. Soil 

permeability is relatively slow to fast. According to the Soil 

Taxonomy classification, the soil type in the study area is 

Entisols, which do not have a cambic, argillic, candic, or natric 

horizon to a depth of 100 cm and occur in alluvial plains. 

Previous research has described soil conditions, including 

plants in the Poboya area, contaminated with heavy metal 

mercury from soil health. The mercury (Hg) content of the soil 

in open land has exceeded the critical threshold of 1.26-8.19 

ppm [18]. It shows the mercury content in the ground in this 

area is classified as high by the quality standard. It is caused 

by the contamination of processed gold waste used by the 

Poboya gold miners [6, 28].  

The soil’s Hg content ranged from 0.85 ppm - 2.62 ppm in 

food plants and secondary crops. In coconut plantations and 

mixed gardens, it was 0.57 ppm- 0.76 ppm. The highest and 

critical Hg concentration was measured in the goldmine 

processing area, namely 84.15 ppm - 575.16 ppm. The high 

content of mercury (Hg) in the goldmine processing area is due 

to mercury at the processing time, reaching 500 cc per drum 

per one-time processing [18]. Thus, land contaminated with 

waste or tailings containing mercury is much higher in 

mercury content, impacting the surrounding land, either 

directly or indirectly.  

The closer the distance from the processing location, the 

higher the mercury concentration compared to places far from 

the processing location. According to the effects of soil testing, 

the research results show that the distribution of mercury 

concentrations in the study area shows that most of the land 

around Poboya, including TAHURA, is classified as 

unhealthy. Includes plants on it that have been contaminated 

[6, 27]. 

 

3.3 The potential forest degradation in TAHURA 

 

TAHURA Palu is one of the conservation areas confirmed 

by KepMenHut No. 24/Kpts-II/1999, with an area of 7,128 ha 

or 0.186% of the total forest area of Central Sulawesi 

(3,833,330 ha) or about 1,174% of the conservation area 

(607,100 ha) in Central Sulawesi. Since designated as a nature 

conservation area, TAHURA many face a variety of obstacles 

in its management. A land invasion of forest areas for use 

outside the function of unstoppable forests to utilize land in 

this area. TAHURA has been affected by gold mining by 

mining communities, especially in Poboya and surrounding 

areas.  

The insistence on the need for agricultural business land 

encourages the community to creep into the TAHURA Area. 

Encroachment activities existed before illegal gold mining 

activities existed. But the trend continues to grow today. The 

main reason is the insistence on agricultural land’s need due to 

their land affected by gold mining activities. They do not 

understand that the location is a conservation area, where they 

cannot utilize the ground for some social and economic 

purpose.  

Forest encroachment activities that take place in the 

TAHURA region have the potential to damage forest areas. A 

potential form of damage is the formation of critical lands that 

have to threaten erosion [12, 13, 19]. Besides, the conservation 

area’s main functions will be disrupted, so it must be 

completed immediately [24, 29]. 

Potential tenurial conflicts will be formed significantly 

when land demand increases, while land-use opportunities in 

forest areas are increasingly limited. This situation is found in 

many other places, where the need for arable land is one of the 

causes of social conflict in conservation areas [27-29]. 

Potential social disputes in the TAHURA region need to get 

the same attention as other potential conflicts. The impact can 

be extensive and take a lot of time and resources to complete. 

Therefore, before this situation occurred, anticipative 

measures of a multi-party (collaborative) [30-35]. 
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Agroforestry can be used as a collaborative approach in 

rehabilitating forest land in TAHURA [36]. In Poboya, there 

are several traditional agroforestry systems, such as 

Pekarangan (Homegarden) and Tumpangsari (Taungnya). 

That is potential to integrate into forest development programs 

(Figure 6).  

Several government programs can be integrated, including 

social forestry programs and environmental partnerships [35-

39]. Hopefully, through this program, community 

participation can be increased [31]. 

 

 
(a) Location of TAHURA Palu 

 

 
(b) Conditions of the area around TAHURA 

 

 
(c) The traditional Agroforestry System Near TAHURA 

 

Figure 6. Existing conditions in TAHURA 

 

3.4 Model design  

 

The model is based on preliminary analysis results related 

to land cover, land-use change, existing conditions, and forest 

degradation. This study has determined 4 (four) principal 

components of the model of land recovery: land arrangement, 

soil improvement, revegetation, and maintenance (Figure 7).  

Based on the land cover analysis, there are still potential 

agricultural cultivation areas. It requires action and 

appropriates reclamation and rehabilitation technology input 

beforehand for optimizing plant growth [25]. The reclamation 

of disturbed lands involves several steps [40]: (i) land 

characteristics, (ii) engineering and reclamation planning, (iii) 

material management, (iv) topographic reconstruction, (v) 

restoration of topsoil or a suitable replacement, (vi) land 

surface manipulation, (vii) soil amendments, (viii) 

revegetation, (ix) irrigation (if required), and (x) maintenance 

and monitoring. 

The recovery model is a combination of land reclamation 

and rehabilitation. Reclamation aims to restore the land to its 

original state [40]. These activities include leveling the soil 

surface, returning topsoil (actual tillage), and planting pioneer 

plants. Land rehabilitation improved fertility and the soil’s 

physical properties to be used as agricultural land [25]. Land 

rehabilitation is also intended for forest land in TAHURA that 

has been degraded. 

Utilizing ex-mining land requires high input to restore soil 

fertility which takes a long time, mostly if it relies on natural 

processes. One of the ways is to change the soil. It has an 

adequate support capacity for plant growth to restore the 

texture, structure, and organic matter to the right conditions. 

All the plant’s cultivated benefit farmers, and the environment 

becomes even better [25, 41]. To overcome, that is necessary 

to reclaim ex-mining land by revegetating or supplying 

organic matter [41, 42]. 

Other studies have shown action is needed to remove 

unresolved soil density through planting reclamation 

vegetation, particularly in ex-mining areas [41]. The 

application of agricultural lime and phosphorus fertilizers 

must be carried out on ex-mining land, which will be used for 

agricultural food crops [43]. Revegetation activities can also 

adopt an agroforestry system [44]. Apart from being useful for 

increasing the number of plant species variations, this pattern 

also aims to increase community participation [45].   

This pattern’s implementation can be done collaboratively 

with the TAHURA management and ex-miners, universities, 

and non-governmental organizations. The location selection is 

prioritized for TAHURA lands that have been occupied or 

encroached by the community. The revegetation model can 

apply an active participatory pattern by involving ex-mining 

communities or communities whose land is affected by mining 

activities. Besides TAHURA, universities and local 

governments continue to facilitate and provide assistance to 

the community’s maintenance process [33, 34]. 

Apart from plants, maintenance activities include 

maintaining the field’s physical conditions (slopes, drainage 

channels, settling ponds). This activity requires active support 

from related technical agencies and local governments. The 

environmental monitoring model is carried out on an ongoing 

basis starting from the start of revegetation activities.  

Affiliated textual agencies and universities carry out 

monitoring activities. Besides technical reasons, 

environmental monitoring requires accurate results and 

requires analysis at every stage of the monitoring. Therefore, 

the team that will work on this activity requires special 

qualifications.  

Spatially, the design of the ex-mining land recovery model 

can be seen in Figure 8. 
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Figure 7. Recovery models design 

 

 
 

Figure 8. Spatial model of Poboya ex-mine land recovery 

 

 

4. CONCLUSION  

 

Land conditions in the ex-Poboya mining area require 

serious attention in handling. The research results prove that 

land cover changes and land-use lead to decreased quality and 

land degradation. The existing condition shows that 

agricultural land in the mining area is mostly polluted by 

heavy metals, especially by mercury, so it is necessary to 

recover the ground.  

The model design produced by this study emphasizes land 

arrangement, forest rehabilitation, plantation, and food crops, 

plant pets, and environmental monitoring, concerning 

monitoring of soil quality, monitoring of erosion, water quality, 

acid mine drainage, revegetation, and others. These four 

aspects are expected to help reduce the rate of damage to land 

in agriculture in the ex-mining area and, at the same time, 

reduce the rate of forest destruction in the TAHURA.  

Its success is mostly determined by the intensity of 

community participation and the parties’ active role (support 

from specialized agencies, universities, and local 

governments). The recovery model can be applied if (1) 

commitment of various parties to jointly improve 

environmental conditions; (2) The full support of the 

government, in this case, the management of TAHURA and 

the local government, as well as the Environment and Forestry 

Ministry; (3) Active participation of the community, 

especially those directly affected by illegal mining activities. 

However, this model still requires testing and validation at 

the field level to obtain an ideal model that can serve as a 

prototype for handling mine land recovery for community 

food security.   
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