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Abstract : Kepulauan Bangka Belitung, Indonesia is one of the tin mineral-producer in the world.
Agricultural crops could be a wise option for the reclamation since abandoned tin-mining lands have a
high potency to be used as agricultural lands. This study was aimed to evaluate of the land/soil
characteristics of abandoned tin-mining areas and to establish land suitability of the land area for
agriculture used to formulate appropriate land development measures and amelioration strategies
forutilization of mined areas for crop production. The land evaluation was conducted by comparing the
land characteristics in every type of abandoned tin-mining areas with its crop requirements. The current
suitability showed that in general food crops, vegetable crops, fruit crops, and industrial crops were
consider as not suitable (N). Spice and medicinal crops [pepper (Piper nigrum L.)] and citronella
(Andropogoh nardus L. Rendle)] were consider as not suitable (N), while the Jatropha (Jatropha curcas
L.) and Kemiri Sunan (Aleurites moluccana L. Willd) crops were considered as marginally suitable (S3)
in abandoned tin-mining areas. The forest crops and forage crops were considered as marginally suitable
(S3). The water availability, soil texture, and low soil fertility were considered as the limiting factors of
al crops to get optimum production. For agricultural development, the soil physical and chemical
properties of abandoned tin-mining land must be improved through integrated farming.
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I ntroduction

Kepulauan Bangka Belitung, Indonesia is one of
the tin mineral-producers in the world (Weber,
2003) with production of 95,200 ton (USGS,
2015) since Kepulauan Bangka Belitung laid
under Southeast Asia Tin Belt (Cobbing, 2005).
This industry had huge impacts on economic and
socia life of the communities (Masialeti and
Kinabo, 2005; Onwuka et al., 2013; Nurtjahjaand
Agustinag, 2015). Besides, it had also impact on
the environment (Adewole and Adesina, 2011,

Reynolds and Reddy, 2012; Ndace and Danladi,
2012; Narendra and Pratiwi, 2016). One of the
impacts of tin-mining activities is the change of
landscape (Sheoran et al., 2010; Nurtjahja and
Agustina, 2015). Lands abandoned after tin-
mining activity are degraded lands with
undulating landscape (Asmarhansyah, 2016a) and
low soil fertility status (Inonu, 2011,
Asmarhansyah, 2016b), and land productivity
(Gao and Liu, 2010).Soil texture of tailings
generated due to former-tin mining activities are
dominated by sandy texture (Setiadi, 2002; Ashraf
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et al., 2010; Ashraf et al., 2013; Nurcholish et al.,
2013) and it caused soil properties ofthe tailings
are very bad as a growth media. Tailings have a
high portion of sand, low clay content, low soil
pH, low organic matter content, low cation
exchange capacity (CEC), low water-holding
capacity, and very low essential macro elements
(Nurtjahja et al., 2009; Budianta et al., 2013;
Asmarhansyah, 2016g). As reported by previous
researchers, it is said that former-tin mining lands
have poor physical and chemical properties. Inonu
(2011) and Asmarhansyah (2016b) stated that
former-tin mining areas were dominated by sandy
texture and low nutrient content. Mine
reclamation programs commonly use only a

single, exotic, fast-growing Species,
especialy Acacia mangium and Falcataria
moluccana (Kodir et a., 2017). However,

agricultural crops could be a wise option for the
reclamation of these areas since former-tin mining
lands have a high potency to be used as
agricultural lands. Studies into the application of
various types of organic materials to ameliorate
tin-tailings and trials on the suitability of various
types of legumes have been carried out (Inonu,
2011). The environmental impact of the activities
needs to be addressed with technol ogies which are
economically viable and environmentally sound
(Suhartini and Abubakar, 2017). It means that
through the improvement the soil properties, the
former-tin mining areas have a potency to be used
as crop production areas. Land use of abandoned
tin-mining areas for agriculture use must
determine land characteristic/quality and climate,
through land suitability evaluation. Ritung et al.
(2007) stated that determination of post mining
land use should be considering the physical land
properties, topography properties, and climate.
This study was aimed to evaluate of the land/soil
characteristics of abandoned tin-mining areas and
to establish land suitability of the land area for
agriculture used to formulate appropriate land
development measures and amelioration strategies
forutilization of minedareasfor crop production.

Materials and M ethods

Time and place of study

The research was conducted in abandoned-tin
mining areas, where small-scale and large-scale
mines were operating. Site visits and soil
characterization were donein April-May 2015.

Assessment the land use of the study areas and
their requirement and limitation

As observed in the field, the abandoned tin-
mining areas have high potentials to be developed

as agricultural areas. The requirements and
limitations for growth of various crops were
obtained from literatures such as Sys et al. (1993)
and Indonesian Center for Agricultural Land
Resources Research and Development (2011).

Determining types of abandoned tin-mining
areas and land quality

Based on field observation, the types of
abandoned tin-mining areas assessed were (1)
Sand tailing, (2) Sand tailing with vegetation, (3)
Mixture of sand tailling and overburden, (4)
Mixture of sand tailing and overburden with
vegetation, (5) Sand tailing from unconventional
mining, and (6) Overburden from unconventional
mining. The agricultura land was taken as
comparison. Land characteristics developed were
based on climatic, soil, and topographic data. Sail
samples taken from the soil profiles were sent to
Indonesian Soil Research Ingtitute in Bogor,
Indonesia for analyses.

Comparison of land use and land quality
requirements

The land evaluation was conducted by comparing
the land characteristics in every type of
abandoned tin-mining areas with its crop
requirements. The land suitability classifications
were defined based on their most serious limiting
factors which may consist of one or more factors
depending on land characteristics.

Land suitability evaluation

Land suitability evaluation was conducted in
order to interpret the combination of land
suitability classes. The evaluation process will
determine whether certain land types of
abandoned tin-mining areas are recommended for
food, vegetable, fruit, industrial, spice and
medicinal, forestry, and forage crops.

Results and Discussion
Climate

The annual average rainfall in the study area was
2,406 mm. The mean annual temperature of the
area is 26.97° C, the lowest temperature is 26.21°
C, while the highest temperature is 27.65° C. The
area has a mean annual relative humidity of
81.23%, with lowest relative humidity of 75.34%,
while the highest relative humidity is 85.75%
(Meteorology Station of Pangkalpinang, 2015)

Abandoned tin-mining soils assessed

The abandoned tin-mining areas used in this study
areshownin Table 1.
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Table 1. Location of abandoned tin-mining soils of Bangka Island, Indonesia

Abandoned Tin-Mining Soils Elevation Coordinate Point L ocation
(m, above South East
sea level)
Sand Tailing 11 02°24' 24" 106°01'54”  Lampur, Central
Bangka
Sand Tailing with vegetation 26 02°14' 39" 106°08'54"  Cambai, Central
Bangka
Mixture of Sand Tailing and 12 01°39'70° 105°48'07"  Nyatoh, Bangka
overburden
Mixture of Sand Tailing and 10 01°59'41” 106°08'41’  Batu Ampar,
overburden with vegetation Bangka
Sand Tailing from Unconventional 11 02°16'48" 106°12'25"  Bdlilik, Central
Mining Bangka
Overburden from Unconventional 1 02°16'48" 106°12'25"  Bdlilik, Central
Mining Bangka
Agricultural Land 25 02°14'59” 106°08'25’  Cambai, Central
Bangka

Physical properties

Physical properties of abandoned tin-mining soils
from Bangka Idand, Indonesia, are shown in
Table 2. As shown in Table 2, agricultural area
has sandy clay loam textural class; mixture of
sand tailing and overburden with vegetation has
sandy loam textural class, and other abandoned
tin-mining areas have loamy sand textural classes.

Composition of tin tailings dominated by sand
fraction has implications on other properties.
Brady and Weil (1996) stated that the high
percentage of sand particlesimplies alow specific
surface area of the tailings, and thus a low
aggregation and capacity for binding nutrients and
retaining water.

Table 2. Textural class of abandoned tin-mining soils of Bangka Island, Indonesia

Abandoned Tin-Mining Soils Particle Size (USDA) Texture
% Sand % Silt % Clay
Sand Tailing 81 11 8 loamy sand(LS)
Sand Tailing with Vegetation 81 18 1 loamy sand (LS)
Mixture of Sand Tailing and Overburden 80 18 2 loamy sand
(LS
Mixture of Sand Tailing and Overburden with 77 12 11 sandy loam
vegetation (sbL)
Sand Tailing from Unconventional Mining 85 7 8 loamy sand
(LS
Overburden from Unconventional Mining 80 18 2 loamy sand
(LS
Agricultural Land 69 4 27 sandy clay loam
(SCL)

Chemical properties

Chemical properties of abandoned tin-mining
areas are shown in Table 3. It can be seen from
Table 3 that the pH of abandoned tin-mining soils
are very strong acid according to the classification
of soil reactions. The organic matter and nitrogen
of agricultural soil is higher compared to sand

tailing and overburden, or its mixture. It could be
understood since the physical characteristics,
especialy soil texture, will affect their chemical
characteristics. Sand tailings are highly porous
and have a very low organic (Ang, 2002
Asmarhansyah, 2016a). The content of P,Os, K0,
and exchangeable bases of sand tailing and
overburden are classified as very low to low.
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Table 3.Chemical characteristics of abandoned tin-mining soils of Bangka Island, Indonesia

Abandoned Tin-Mining Soils pH Organic HCI25% Exchangeable Cations BS KCILN
M atter (NH4-Acetate 1 N, pH 7)
H,O KCI Org.C N C/IN P)Os KO Ca Mg K Na Tot CEC % Al H*
% mg/100 g cmol. /kg cmol. kg
Sand Tailing 4.7 4.3 0.13 001 13 4 1 011 004 001 003 019 122 1557 0.00 0.08
Sand Tailing with Vegetation 4.8 4.4 0.19 002 10 5 2 014 005 001 004 024 149 1610 0.00 0.16
Mixture of Sand Tailing and 4.6 4.3 0.10 001 10 5 1 031 004 001 003 039 169 2307 006 0.16
Overburden
Mixture of Sand Tailing and 51 4.6 0.16 002 8 4 2 038 005 003 003 049 427 1147 003 012
Overburden with Vegetation
Sand Tailing from 5.0 4.7 0.11 001 11 4 1 015 003 001 003 022 118 1864 006 0.15
Unconventional Mining
Overburden from 51 4.6 0.24 004 11 5 3 018 006 001 004 029 324 89 005 014
Unconventional Mining
Agricultural Land 5.2 4.7 1.94 019 10 19 3 023 011 004 005 043 666 645 119 025
Journal of Degraded and Mining Lands Management 910
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Current suitability of different abandoned tin-
mining soils

Current suitability is the suitability of the soils to
crop grown based on their climate, physical and
chemical qualities, while potential suitability is
obtained when the limitations posed by the current
suitability rating are corrected depending on the
level of input(s). The classes for the limitation and
suitability of different abandoned tin-mining soils
to various crops were determined based on
temperature (tc), water availability (wa), rooting
media (rc), nutrient retention (nr), nutrient
availability (na), toxicity (xc), erosion hazard (eh),
and land preparation (Ip). The suitability classes

are helpful indices to indicate and determine the
limitations and constrains to crop production. The
suitability classes of the lands denote the
qualitative analysis of the soil’s potentia to the
crops commonly grown in the area. It implies
what type of crop would give the highest benefit
in terms of productivity and profitability from a
given soil indicated by S1 as the most suitable, S2
as moderately suitable, and S3 as marginally
suitable. The symbol N implies that the crop is not
suitable. The land quality/characteristics of
abandoned tin-mining areas in Bangka Island,
Indonesia are shown in Table 4.

Table 4. Land quality/characteristics of abandoned tin-mining areas in Bangka Island, Indonesia

Land Quality/ Sand Sand Mixed Mixed Sand Over
Characteristics Tailing Tailing Sand Tailing  Sand Tailing  Tailing burden
with and and from from UM
Vegetation ~ Overburden Overburden UM
with
vegetation
Temperature (tc)
— Mean Annua Temperature 26.97 26.97 26.97 26.97 26.97 26.97
(°C)
Water Availability (wa)
— Rainfal/Year (mm) 2,406 2,406 2,406 2,406 2,406 2,406
— Relative Humidity (%) 81.23 81.23 81.23 81.23 81.23 81.23
— Long of Dry Month 1 1 1 1 1 1
(month)
Rooting Media (rc)
— Drainage G M G M G M G M G M G M
— Texture LS LS LS SL LS LS
— Coarse Materia (%) <15 <15 <15 <15 <15 <15
— Effective Depth (cm) >100 >100 >100 >100 >100 >100
— Peat: -Ripeness -Depth - - - - - -
(cm)
Nutrient Retention (nr)
— CEC (cmol /kg) 1.22 1.49 1.69 4.27 118 3.24
— BS (%) 15.57 16.10 23.07 11.47 18.64 8.95
- pH 4.7 4.8 4.6 51 5.0 51
— Organic-C (%) 0.13 0.19 0.10 0.16 0.11 0.24
Nutrient Availability (na)
— Total-N (%) 0.01 0.02 0.01 0.02 0.01 0.04
— P,05(mg/100g) HCI25% 4.00 5.00 5.00 4.00 4.00 5.00
— K,0 (mg/100g) HCI25% 1.00 2.00 1.00 2.00 1.00 3.00
Erosion Hazard (eh)
— Slope (%) <3 <3 <3 <3 <3 <3
— Erosion Hazard Level - - - - - -
— Flood Hazard (fh)
— High (cm) - - - - - -
— Duration (day) - - - - - -
Land Preparation
— Soil surface stoniness (%) <5 <5 <5 <5 <5 <5
— Surface outcrops (%) <5 <5 <5 <5 <5 <5

Remark: UM: Unconventional Mining; SCL: Sandy Clay Loam; LS. Loamy Sand; SL: Sandy Loam;G: Good; M:

Moderate
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Based on the rating for limitations and suitability
of abandoned tin-mining areas (Table 5, 6, 7, and
8), in general food crops, vegetable crops, fruit
crops, and industrial crops were consider as not
suitable (N), except the mixture of sand tailing

and overburden with vegetation was considered as
marginally suitable (S3). The water availahility,
soil texture and low soil fertility were considered
as the limiting factors of all crops to get optimum
production.

Table 5. Rating for limitations and suitability of abandoned tin-mining land for food crop

Abandoned Tin-Mining FoodCrop
Land Corn Cassava Sweet Taro Peanut
(Zea (Manihot Potato (Colocasia (Arachis
maysL.) esculenta (Ipomea esculental. hypogeal.)
Crantz) batatas Schott)
Poir)
1 Sand Tailing Ntwrn Nwrn Ntwrn Nrn Nwrn
2 Sand Tailing with Ntwrn Nwrn Ntwrn Nrn Nwrn
Vegetation
3 Mixture of Sand Ntwrn Nwrn Ntwrn Nrn Nwrn
Tailing and
Overburden
4 Mixture of Sand Tailing S3twrn S3wrn S3twrn S3rn S3wrn
and Overburden with
Vegetation
5 Sand Tailing from Ntwrn Nwrn Ntwrn Nrn Nwrn
Unconventional Mining
6  Overburden from Ntwrn Nwrn Ntwrn Nrn Nwrn

Unconventional Mining

Suitability Ratings: S1= Highly suitable, S2 = Moderately suitable, S3= Marginaly suitable, N = Not suitable.
Limitations: tc = temperature, wa = water availability (precipitation, RH), rc = rooting media (texture), nr = nutrient
retention (CEC, BS, pH, Organic C), na= nutrient availability (N, P, K)

Table 6. Rating for limitations and suitability of abandoned tin-mining land for vegetable crop

Abandoned Tin-Mining Vegetable
Land Red Chili Mustard Longbean Cucumber Eggplant
(Capsicum  (Brassica (Vigna (Cucumis (Solanum
annuumL.)  chinensis sinensisL.) sativusL.) melongenal.)
L)
1 Sand Tailing Nwrn Ntwrn Ntwrn Nwrn Ntwrn
2  Sand Tailing with Nwrn Ntwrn Ntwrn Nwrn Ntwrn
Vegetation
3 Mixture of Sand Tailing Nwrn Ntwrn Ntwrn Nwrn Ntwrn
and Overburden
4 Mixture of Sand Tailing S3wrn S3twrn S3twrn S3wrn S3twrn
and Overburden with
Vegetation
5 Sand Tailing from Nwrn Ntwrn Ntwrn Nwrn Ntwrn
Unconventional Mining
6  Overburden from Nwrn Ntwrn Ntwrn Nwrn Ntwrn

Unconventional Mining

Suitability Ratings: S1= Highly suitable, S2 = Moderately suitable, S3= Marginaly suitable, N = Not suitable.
Limitations: tc = temperature, wa = water availability (precipitation, RH), rc = rooting media (texture), nr = nutrient
retention (CEC, BS, pH, Organic C), na= nutrient availability (N, P, K)
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Table 7. Rating for limitations and suitability of abandoned tin-mining land for fruit crop

Abandoned Tin-Mining Land Fruit
Papaya Banana Citrus Mango Rambutan Watermelon Melon Pineapple
(Carica (Musa (Citrus (Mangifera  (Nephelium (Citrullus (Cucumisme (Ananas
papaya acuminate  aurantium indica lappaceun lanatus(Thunb.) lovar. comosus
L.) Colla) L) L) L) Matsum reticul atus) Merr)
1 SandTailing Nwrn Nrn Nrn Nwrn Nrn Nwrn Nwrn Ntwrn
2  Sand Tailing with VVegetation Nwrn Nrn Nrn Nwrn Nrn Nwrn Nwrn Ntwrn
3 Mixture of Sand Tailing and Nwrn Nrn Nrn Nwrn Nrn Nwrn Nwrn Ntwrn
Overburden
4 Mixture of Sand Tailing and S3wrn S3rn S2rn S3wrn S3rn S3wrn S3wrn S3twrn
Overburden with Vegetation
5 Sand Tailing from Nwrn Nrn Nrn Nwrn Nrn Nwrn Nwrn Ntwrn
Unconventional Mining
6  Overburden from Nwrn Nrn Nrn Nwrn Nrn Nwrn Nwrn Ntwrn

Unconventional Mining

Suitability Ratings: S1= Highly suitable, S2 = Moderately suitable, S3= Marginaly suitable, N = Not suitable. Limitations: tc = temperature, wa = water availability (precipitation, RH),

rc = rooting media (texture), nr = nutrient retention (CEC, BS, pH, Organic C), na= nutrient availability (N, P, K)
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Table 8. Rating for limitations and suitability of abandoned tin-mining land for industrial crop

Abandoned Tin-Mining Industrial
Land Rubber Coconut Palm Oil Cacao
(Havea (Cocos (Elaeis (Theobroma
brassiliensis niciferalL.)  guineensisJacg.) cacaol.)
Muell. Arg)
1 Sand Tailing Nwrn Nrn Nrn Nwrn
2 Sand Tailing with Vegetation Nwrn Nrn Nrn Nwrn
3 Mixture of Sand Tailing and Nwrn Nrn Nrn Nwrn
Overburden
4 Mixture of Sand Tailing and S3wrn S3rn S3rn S3wrn
Overburden with Vegetation
5 Sand Tailing from Nwrn Nrn Nrn Nwrn
Unconventional Mining
6 Overburden from Nwrn Nrn Nrn Nwrn

Unconventional Mining

Suitability Ratings: S1= Highly suitable, S2 = Moderately suitable, S3= Marginaly suitable, N = Not suitable.
Limitations: tc = temperature, wa = water availability (precipitation, RH), rc = rooting media (texture), nr = nutrient
retention (CEC, BS, pH, Organic C), na= nutrient availability (N, P, K)

In general, spice and medicinal crops [pepper
(Piper nigrum L.) and citronella (Andropogoh
nardus L. Rendle)] were consider as not suitable
(N), except the mixture of sand tailing and
overburden with vegetation was considered as
marginally suitable (S3), while the Jatropha
(Jatropha curcas L.) and Kemiri Sunan

(Aleurites moluccana L. Willd) crops were
considered as marginaly suitable (S3) in
abandoned tin-mining areas (Table 9). The
forest crops and forage crops were considered as
marginaly suitable (S3) in abandoned tin-
mining areas (Tables 10 and 11).

Table 9. Rating for limitations and suitability of abandoned tin-mining land for spice and medicinal crop

Abandoned Tin-Mining

Spice And M edicinal Crop

Land Pepper Citronédlla Jatropha Kemiri Sunan
(Piper (Andropogoh (Jatropha  (AleuritesmoluccanalL.
nigrumL.) nardusL. curcaslL.) Willd)
Rendle)

1 Sand Tailing Nrn Ntwrn S3wrn S3wrn

2 Sand Tailing with Nrn Ntwrn S3wrn S3wrn
Vegetation

3 Mixture of Sand Tailing Nrn Ntwrn S3wrn S3wrn
and Overburden

4 Mixture of Sand Tailing S3rn S3twrn S3wrn S3wrn
and Overburden with
Vegetation

5 Sand Tailing from Nrn Ntwrn S3wrn S3wrn
Unconventional Mining

6 Overburden from Nrn Ntwrn S3wrn S3wrn

Unconventional Mining

Suitability Ratings: S1= Highly suitable, S2 = Moderately suitable, S3= Marginaly suitable, N = Not suitable.
Limitations: tc = temperature, wa = water availability (precipitation, RH), rc = rooting media (texture), nr = nutrient
retention (CEC, BS, pH, Organic C), na= nutrient availability (N, P, K)
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Table 10. Rating for limitations and suitability of abandoned tin-mining land for forest crop

Abandoned Tin-Mining Land Forest Crop
Sengon Acacia M agahony Pinus
(Albizia (Acacia (Swietenia (Pinus
falcataria mangium mahagoniL.  merkusiiJungh.)
L.) Willd) Jacq.)
1 Sand Tailing S3wrn S3rn S3rn Ntwrn
2 Sand Tailing with Vegetation S3wrn S3rn S3rn Ntwrn
3 Mixture of Sand Tailing and S3wrn S3rn S3rn Ntwrn
Overburden
4 Mixture of Sand Tailing and S3wrn S3n S3rn Ntwn
Overburden with Vegetation
5 Sand Tailing from S3wrn S3rn S3rn Ntwrn
Unconventional Mining
6 Overburden from Unconventional S3wrn S3rn S3rn Ntwrn

Mining

Suitability Ratings: S1= Highly suitable, S2 = Moderately suitable, S3= Marginaly suitable, N = Not suitable.
Limitations: tc = temperature, wa = water availability (precipitation, RH), rc = rooting media (texture), nr = nutrient
retention (CEC, BS, pH, Organic C), na= nutrient availability (N, P, K)

Table 11. Rating for limitations and suitability of abandoned tin-mining land for forage crop

Abandoned Tin-Mining Land Forage
Elephant Grass Setaria Grass L eguminose
(Pennisetum (Setaria (Leguminose sp)
pur pureumSchum.) spachelata
Schum.)

1 Sand Tailing S3wrn S3wrn S3wrn

2 Sand Tailing with Vegetation S3wrn S3wrn S3wrn

3 Mixture of Sand Tailing and S3wrn S3wrn S3wrn
Overburden

4 Mixture of Sand Tailing and S3wrn S3wrn S3wrn
Overburden with Vegetation

5 Sand Tailing from Unconventional S3wrn S3wrn S3wrn
Mining

6  Overburden from Unconventional S3wrn S3wrn S3wrn
Mining

Suitability Ratings: S1= Highly suitable, S2 = Moderately suitable, S3= Marginaly suitable, N = Not suitable.
Limitations: tc = temperature, wa = water availability (precipitation, RH), rc = rooting media (texture), nr = nutrient
retention (CEC, BS, pH, Organic C), na= nutrient availability (N, P, K)

for food, vegetable, fruit, industrial, spice and

Potential suitability of different abandoned tin-
mining soils

Based on the current limitations and suitability
ratings of the abandoned tin-mining areas grown
to food, vegetable, fruit, industrial, spice and
medicinal, forest, and forage crops, these
abandoned tin-mining areas were individualy
reassessed with the assumption that soil
management technologies and practices being
offered for each of the abandoned tin-mining
areas were implemented. Table 12 summarizesthe
potential suitability of abandoned tin-mining areas

medicinal, forest, and forage crop. Table 12
shows that sand tailing, sand tailing with
vegetation, and mixture of sand tailing and
overburden are marginally suitable (S3) for spice
and medicinal crops forestry trees, and forage
crops. Mixture of sand tailing and overburden
with vegetation is highly suitable (S1) for acacia;
moderately suitable (S2) for citrus, spice and
medicinal crops [pepper (Piper nigrum L.) and
kemiri sunan (Aleurites moluccana L. Willd)],
forest trees [sengon (Albizia falcataria L.) and
mahogany (Swietenia mahagoni L. Jacg.)]; and
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marginally suitable (S3) for food crops, vegetable
crops, fruit crops, industrial crop, spice and
medicinal crops and forage crops. Sand tailing
from unconventional mining and Overburden

from unconventional mining are moderately
suitable (S2) for Sengon and Acacia, and
marginally suitable (S3) for spice and medicinal
crops forestry trees, and forage crops

Table 12. Potential suitability of abandoned tin-mining soils for food, vegetable, fruit, industrial, spice

and medicinal, forest, and forage crops

Abandoned Tin-Mining Highly M oder ate Marginal
Areas Suitability Suitability Suitability
Sl 2 S3

Sand Tailing - - 1. Jatropha, Kemiri Sunan

2.Sengon, Acacia, Mahogany

3.Elephant Grass, Setaria Grass. Leguminose
Sand Tailing with - - 1. Jatropha, Kemiri Sunan
Vegetation 2.Sengon, Acacia, Mahogany

3.Elephant Grass, Setaria Grass,Leguminose
Mixture of Sand Tailing - - 1. Jatropha, Kemiri Sunan
and Overburden 2.Sengon, Acacia, Mahogany

3.Elephant Grass, Setaria Grass, Leguminose
Mixture of Sand Tailing  Acacia Citrus 1.Corn, Cassava, Sweet Potato, Taro, Peanut
and Overburden with Pepper 2.Red Chili, Mustard, Longbean, Cucumber,
Vegetation Kemiri Sunan Eggplant

Sengon 3.Papaya, Banana, Mango, Rambutan,
Mahogany Watermelon, Melon, Pineapple

4. Rubber, Coconut, Palm Qil, Cacao

5.Citronella, Jatropha

6. Elephant Grass, Setaria Grass, Leguminose
Sand Tailing from - Sengon 1. Jatropha, Kemiri Sunan,
Unconventional Mining Acacia 2.Mahogany

3.Elephant Grass, Setaria Grass, Leguminose
Overburden from - Sengon 1. Jatropha, Kemiri Sunan,
Unconventional Mining Acacia 2.Mahogany

3.Elephant Grass, Setaria Grass, Leguminose

I ntegrated farming system in abandoned tin-
mining areas

Based on land evaluation, most crops developed
in abandoned tin-mining areas were categorized as
marginally suitable (S3); some were moderately
suitable (S2). This indicates that abandoned tin-
mining areas are not an ideal growth medium
because of poor soil physica and chemical
properties. For agricultural development, the soil
physical and chemical properties of abandoned tin
mining must be improved through integrated
farming system (IFS). IFS itself uses internal
input that combines crop and livestock. In the IFS,
the biomass produced can directly be used as
materials for organic fertilizer and it can also be
used as feed for ruminant. The manure from the
ruminant can then be used as organic fertilizer

materials. It means that the system can then
improve the quality of abandoned tin-mining
soils, reduce the use of chemical fertilizers (Gupta
et d., 2012).

Based on potential suitability, IFS in
abandoned tin-mining areas is divided into three
types, namely: Type A, Type B, and Type C
(Table 12).Type A is a group of (1) sand tailing,
(2) sand tailing with vegetation, and (3) mixture
of sand tailing and overburden. Type B is a
mixture of sand tailing and overburden with
vegetation. Type C is a group of (1) Sand tailing
from unconventional mining and (2) Overburden
from unconventional mining. The lands of Type A
will be dominated by tree crops; Type B will be
dominated by fruit crops, legume cover crops, and
vegetable crops; and Type C will be dominated by
both tree and fruit crops.
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Conclusion

Abandoned tin-mining lands have low soil
fertility status as indicated by domination of sand
fraction and low soil pH, organic carbon, cation
exchange capacity, and essential macro nutrients.
Evaluation results showed that in general food
crops, vegetable crops, fruit crops, and industrial
crops were consider as not suitable (N). The water
availabhility, soil texture and low soil fertility were
considered as the limiting factors of all crops to
get optimum production. In general, spice and
medicinal crops [pepper (Piper nigrum L.) and
citronella (Andropogoh nardus L. Rendle)] were
consider as not suitable (N).The forest crops and
forage crops were considered as marginally
suitable (S3) in abandoned tin-mining areas.For
agricultural development, the soil physical and
chemical properties of abandoned tin-mining land
must be improved through integrated farming
system (IFS). Based on potential suitability, IFS
in abandoned tin-mining areas are divided into
three types. Type A is a group of (1) sand tailing,
(2) sand tailing with vegetation, and (3) mixture
of sand tailing and overburden. Type B is a
mixture of sand tailing and overburden with
vegetation. Type C is a group of (1) Sand tailing
from unconventional mining and (2) Overburden
from unconventional mining.

References

Adewole, M.B. and Adesina, M.A. 2011. Impact of
marble mining on soil propertiesin a part of Guinea
Savanna zone of southwestern Nigeria. Ethiopian
Journal Environmantal Studies and Management 4:
1- 8 (http://dx.doi.org/10.4314/ejesm.v4i2.1).

Ang, L.H. 2002. Problems and prospects of
afforestration on sandy tin tailings in peninsular
Malaysia. Journal of Tropical Forest Science 1: 87-
105.

Ashraf, M.A., Maah, M.J and Yusoff, |. 2013.
Evaluation of natura phytoremediation process
occurring at ex-tin mining catchment. Chiang Mai
Journal of Science 40(2): 198-213.

Ashraf, M.A., Maah, M.J. and Y usoff, |.B. 2010. Study
of water quality and heavy metalsin soil & water of
ex-mining area Bestari Jaya, Peninsular Malaysia.
International Journal of Basic & Applied Sciences
10 (3): 7-23

Asmarhansyah. 2016a. Lahan bekas tambang timah
berpotensi untuk pertanian. Warta Penelitian dan
Pengembangan Pertanian 38(5): 6-8.

Asmarhansyah. 2016b. Improving soil properties and
yield of corn (Zea mays L.) by application of
organic amendment on abandoned tin-mining areas
in Bangka Island. Journal of Tropical Soils 21 (3):
141-151.

Brady, N.C. and Weil, R.R. 1996. The Nature and
Properties of Soils (11"edition). Prentice Hall
International, New Jersey.

Budianta, D., Gofar, N. and Andika, G.A. 2013.
Improvement of sand tailing fertility derived from
post tin mining using leguminous crop applied by
compost and minera soil. Journal of Tropical Soils
(18)3: 217-223

Cobbing, E.J. 2005. Granite. in Barber, A.J., Crow,
M.J. and Milsom, J.S. (eds) Sumatra: Geology,
Resources and Tectonic Evolution. Geological
Society Memoir, No. 31.

Gao, J. and Liu, Y. 2010. Determination of land
degradation causes in Tongyu County, Northeast
Chinavialand cover change detection. International
Journal of Applied Earth Observation and
Geoinformation 12: 9-16.

Gupta, V., Rai, P.K. and Risam, K.S. 2012. Integrated
crop-livestock farming systems: a strategy for
resource  conservation and  environmental
sustainability. Indian Research Journal of
Extension Education, Special Issue 2: 49-54.

Indonesian Center for Agricultural Land Resources and
Development. 2011. Technical Guidance of land
evaluation for agricultural commodities. Indonesian
Center for Agricultural Land Resources and
Development. Bogor. (Indonesian Version). 166 p.

Inonu, I. 2011. Tolerance of rubber plant (Hevea
brasiliensis Muell. Arg.) in sand taling for
revegetation of former-tin mining lands in Bangka
Island. Dissertation. University of Sriwijaya
Palembang. Indonesia

Kodir, A., Hartono, D.M., Haeruman, H. and Mansur, |.
2017. |Integrated post mining landscape for
sustainable land use: A case study in South
Sumatera, Indonesia. Sustainable Environment
Research  Available online 19  March
2017 .https://doi.org/10.1016/j.serj.2017.03.003

Masiaeti, M. and. Kinabo, C. 2005. The Socio-
Economic Impacts of Small-Scae Mining: The
Case of Zambia. The Socio-Economic Impacts of
Artisanal and Small-Scale Mining In Developing
Countries.  Edited by Gavin  M.Hilson
Environmental Policy and Management Group
(EPMG) Imperial College of Science, Technology
and Medicine, UK. A.A.Bakema
Publishers/Lisse/ Abingdon/Exton
(Pa)/Tokyo.Pp.304-314

Meteorology Station of Pangkalpinang. 2015. Annua
Report. Meteorology Station of Pangkalpinang.
Pangkal pinang. (Indonesian Version).

Narendra, B.H. and Pratiwi. 2016. Adaptability of some
legume trees on quartz tailings of a former tin
mining areain Bangka Island, Indonesia. Journal of
Degraded and Mining Lands Management 4 (1):
671-674.

Ndace, J.S. and Danladi, M.H. 2012. Impacts of derived
tin mining activities on landuse/landcover in
Bukuru, Plateau State, Nigeria. Journal of
Sustainable Development 5 (5) : 90-100.

Nurcholis, M., Wijayani, A. dan Widodo, A. 2013. Clay
and organic matter application on the coarse quartz
tailing material and the sorghum growth on the post
tin mining a Bangka Island. J of Degraded and
Mining Lands Management 1(1):27-32.

Nurtjahja, E and Agustina, F. 2015. Managing the
socio-economic impact of tin mining on Bangka

Journal of Degraded and Mining Lands Management

917


http://www.sciencedirect.com/science/article/pii/S2468203916300450
http://www.sciencedirect.com/science/article/pii/S2468203916300450
http://www.sciencedirect.com/science/article/pii/S2468203916300450
http://www.sciencedirect.com/science/article/pii/S2468203916300450
http://www.sciencedirect.com/science/journal/24682039
http://www.sciencedirect.com/science/journal/24682039
https://doi.org/10.1016/j.serj.2017.03.003

Land suitability evaluation of abandoned tin-mining areas for agricultural development

Island, Indonesia — Preparation for closure. Mine
Closure 2015. A.B. Fourie, M. Tibbett, L. Sawatsky
and D. van Zyl (eds) 22015 InfoMine Inc., Canada,
978-0-9917905-9-3

Nurtjahja, E., Setiadi, D., Guhardja, E., Muhadiono, M.
and Setiadi, Y. 2009. Succession on tin-mined land
in Bangka Idand. Blumea.(54) 1-3: 131-138.

Onwuka, S.U., Duluora, J.O. and Okoye C.O. 2013.
Socio-economic impacts of tin mining in Jos,
Plateau State, Nigeria. International Journal of
Engineering Science Invention 2 : 30-34

Reynolds B and Reddy, K.J. 2012. Infiltration rates in
reclaimed surface coal mines. Water, Air, & Soil
Pollution 223(9): 5941-5958.

Ritung, S., Wahyunto, Agus, F., and Hidayat, H. 2007.
Land suitability evaluation, with a case map of
West Aceh District. Indonesian Soil Research
Institute and World Agroforestry Center. Bogor.

Setiadi, Y. 2002. Effect of Bio-organic on soil and plant
productivity improvement of dust tin mine site at
PT Koba Tin Project Area Bangka Report to
Environmental Forest Biotechnology Laboratory.
Bogor. Unpublished.

Sheoran, V., Sheoran, A.S. and Poonia, P. 2010. Soil
reclamation of abandoned mine land by
revegetation: a review. International Journal of
Soil, Sediment and Water 3 (2), Article 13.
available at: http://schol arworks.umass.edu/
intljssw/vol3/iss2/13

Suhartini and Abubakar. 2017. Socio economic impacts
and policy of artisanal small-scale gold mining in
relation to sustainable agriculture: a case study at
Sekotong of West Lombok. Journal of Degraded
and Mining Lands Management 4 (3): 789-796.

s, C., Van Rangt, E., Debaveye, J. and Beernaert, F.
1993. Land Evaluation. CropRequirements Part 111.
Agricultural  Publication No. 7. Genera
Administration for Development Corp. 1050
Brussels-Belgium.

USGS. 2015. Mineral Commodity Summaries 2015.
Retrieved on October 2016. http://
minerals.usgs.gov/
mineral §pubs/mcs/2015/mcs2015. pdf.

Weber, L. 2003. Recent trends in world mining, in
Ghose, A.K. and Bose, L.K. (eds.), Mining the
21%Century: Oxford and IBH Publishing, New
Delhi, p. 153-166.

Journal of Degraded and Mining Lands Management

918



