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ABSTRACT
An abandoned land after tin-mining activities are degraded lands with undulating and destructed land scape and
low soil fertility status. The objective of this study was to determine the effects of organic amendments on the soil
properties, growth, and grain yield of corn (Zea mays L.) on abandoned tin-mining areas in Bangka Island, Bangka
Belitung Archipelago. The field experiment was conducted at the abandoned tin-mining areas in Cambai Village,
Bangka Belitung Archipelago. Five treatments of organic amendments were applied and replicated three times and
laid out in a Randomized Completely Block Design. All treatments were applied with the recommended rate fertilizer
of 135 kg N ha-1, 72 kg P2O5 ha-1, and 120 kg K2O ha-1. The treatments were T1= 20 Mg chicken manure ha-1;T2= 20 Mg
cattle manure ha-1; T3= 20 Mg rice straw compost ha-1; T4 : 10 Mg of chicken manure ha-1 + 10 Mg rice straw compost
ha-1; and T5= 10 Mg cattlemanure ha-1 + 10 Mg rice straw compost ha-1. Application of organic amendments (chicken
manure, cattle manure, and rice straw compost) on abandoned tin-mining land improved soil fertility due to the
increasing of soil pH and nutrient availability, especially available-P and -K, and exchangeable bases. Application of
chicken manure and cattle manure were significantly better than rice straw compost to improving soil fertility,
nutrient uptake, growth and yield of maize. Application of cattle manure gave the highest yield of maize, namely 6.24
Mg ha-1.
Keywords: Bangka Island, corn, organic amendment, tin-mining land

ABSTRAK
Lahan bekas kegiatan tambang timah adalah lahan yang telah mengalami degradasi dengan lanskap bergelombang
dan tidak beraturan, dengan status kesuburan tanah yang rendah. Tujuan dari penelitian ini adalah untuk mempelajari
pengaruh pemberian lahan organik terhadap sifat tanah, pertumbuhan, dan hasil tanaman jagung (Zea mays L.) pada
lahan bekas tambang timah di Pulau Bangka, Kepulauan Bangka Belitung. Penelitian dilaksanakan di lahan bekas
tambang timah Desa Cambai, Kepulauan Bangka Belitung. Lima perlakuan pemberian bahan yang diaplikasikan
adalah organik yang diulang tiga kali dan disusun dalam Rancangan Acak Kelompok. Semua perlakuan diaplikasikan
pupuk standar yang terdiri dari 135 kg N ha-1, 72 kg P2O5 ha-1, dan 120 kg K2O ha-1. Perlakuan T1= 20 Mg kotoran ayam
ha-1; T2= 20 Mg kotoran sapi ha-1; T3= 20 Mg kompos jerami padi ha-1; T4= 10 Mg kotoran ayam ha-1 + 10 Mg kompos
jerami padi ha-1; dan T5= 10 Mg kotoran ternak ha-1 + 10 Mg kompos jerami padi ha-1. Pemberian bahan organik
(kotoran ayam, kotoran sapi, dan kompos jerami padi) di lahan bekas tambang timah meningkatkan status kesuburan
tanah karena terjadi peningkatan pH dan ketersediaan hara tanah, terutama P dan K tersedia, serta basa-basa
tertukar. Perlakuan kotoran ayam dan kotoran sapi secara nyata meningkatkan kesuburan tanah, serapan hara,
pertumbuhan dan hasil jagung dibandingkan perlakuan kompos jerami padi. Aplikasi kotoran sapi memberikan hasil
jagung tertinggi, yaitu 6.24 Mg ha-1.
Kata Kunci: Bahan organik, lahan, tambang, timah, Pulau Bangka

INTRODUCTION
Indonesia is known as the second largest tin
producer in the world after china (Gardiner et al.
J Trop Soils, Vol. 21, No. 3, 2016: 141-151
ISSN 0852-257X

(2015) and Fong-Samet al. (2012)). Most of
Indonesia’s tin ores are found in Bangka Belitung
Archipelago, which is located in the South-East Asia
Tin Belt. The combined output of China and Indonesia
accounts for about two-thirds of the world’s mined
tin output. Other significant refined tin producers in
the region are Malaysia and Thailand.
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Abandoned-mining areas generally consists of
two parts, namely (1) the dry part (tailing) and (2)
watery part, an abandoned tin-mining pond (Sujitno,
2007). Tailing is a stretch residual leaching of lead
minerals (Madjid et al. 1994). The tailings consist
of two fractions – sand tailing and slime tailing. Sand
tailing is very coarse textured and shows an absence
of aggregation and profile development, while slime
tailing mainly consists of very fine soils and minerals
(silt and clay), and has compact structure (PT Timah
2009; Ashraf et al. 2013).
Angand Ho (2002) reported that tailing and
ponds are about 85.6% and 14.4% of the total
abandoned tin-mining land area respectively. Sand
tailings cover approximately 80-90% and slime
tailings cover 10-20% of the total area of the tailings
(Liem et al. 1981). Slime tailings consist of more
than 90% clay and silt particles (Ang and Ho 2002).
An abandoned land after tin-mining activities
are degraded lands with undulating and destructed
landscape (Sengupta 1993; PT Timah 2010) and low
soil fertility status (Inonu 2011; Setiadi 2002). Tailings
have 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 (Saptaningrum
2001; Inonu 2011; Ashraf et al. 2013).
Overcoming physical, chemical, biological, and
toxicity problems of abandoned tin- mining areas
are the key to improve the growth of crops in these
land. It can be accomplished through application of
soil amendments such as manure and compost since
they will increase the content of soil organic carbon
(Srinivasarao et al. 2014; Ding et al. 2012; Ludwig
et al. 2011; Purakayastha et al. 2008). Besides, soil
organic matters play a key role in the improvement
of soil physical, chemical and biological properties
(Ouédraogo et al. 2007; Akala and Lal 2000).
The objective of this study was to determine
effects application of organic amendments on the
soil properties, growth, and grain yield of corn on
abandoned tin-mining areas in Bangka Island,
Bangka Belitung Archipelago.
MATERIAL AND METHODS
The field experiment was conducted at the
abandoned tin-mining areas in Cambai Village
(02 014’39"S and 106 008’54"E), Namang Sub
District, Central Bangka, Bangka Belitung
Archipelago. The soil is classified as Entisols
(USDA). The experiment was conducted during dry
season in June-September 2015.
Five treatments were applied. The treatments
were replicated three times and laid out in a

Randomized Completely Block Design. All
treatments were applied with chemical fertilizers
with the recommendation rate of 135 kg N ha-1, 72
kg P2O5 ha-1, and 120 kg K2O ha-1.
T1 = 20 Mg Chicken Manure ha-1
T2 = 20 Mg Cattle Manure ha-1
T3 = 20 Mg Rice Straw Compost ha-1
T4 = 10 Mg Chicken Manure ha-1 + 10 Mg Rice
Straw Compost ha-1
T5 = 10 Mg Cattle Manure ha-1 + 10 Mg Rice
Straw Compost ha-1
Plot size of each unit used in this study was 6 m

× 4 m. Corn var Lamuru from Indonesian Cereals
Research Institutewas used in this study. Maize
planting was done through drill as deep as 5 cm at a
spacing of 20 cm × 80 cm, with 1 seed per hole.
Organic amendment (rice straw) was
composted using M-Dec Bioactivator from Indonesia
Soil Research Institute. Organic amendments were
applied by broadcasting and mixing to the soil two
weeks before planting. N fertilizer (45-0-0) was
applied three times, 1/4 was applied at 4 days after
planting (DAP), 1/2 was applied at 21 DAP and 1/4
was applied at 42 DAP; Super Phosphate (0-36-0)
was applied once at 4 DAP; and Muriate of Potash
(0-0-60) was applied twice; 3/4 was applied at 4 DAP
and 1/4 was applied at 21 DAP.
Parameters observed were soil chemical
properties before planting and after harvesting, growth
and yield of corn. The parameters of soil chemical
properties were soil pH, Organic-C, Total-N, TotalP, Total-K,Available-P, Available-K, ExchangeableK, -Ca, -Mg, and -Na, and CEC. The growth and
yield parameters observed were plant height, stem
diameter, leaf number, dry weight of shoot biomass,
dry weight of root biomass, cob length, cob diameter,
cob weight, line number, 1,000 grain weight, and yield
of corn. N, P, and K uptakes were also observed.
Statistical Tool for Agricultural Research
(STAR) was used to compare the effects of the
different soil amendments on soil properties, nutrient
uptake, and growth and yield of corn. Further,
orthogonal contras test was used (p = 0.05) to
determine the significant differences among the
treatments.
RESULTS AND DISCUSSION
Soil Properties at the Experimental Site
The soil criteria proposed by the Indonesia Soil
Research Institute (2011) were used to assess the
initial characteristics of the soil. Table 1 shows that
the soil was extremely acidic and contained very low
organic-C and total-N. The soil was extremely

143

J Trop Soils, Vol. 21, No. 3, 2016: 141-151

Table 1. Physical, chemical, and biological properties of abandoned tin-mining soil used in the
field-experiment.
Parameter
pH H2O (1:1.5)
pH KCl (1:1.5)
Organic-C
Total-N
C/N
P2O5
K2O
P2O5
K2O
Exchangeable-Ca
Exchangeable-Mg
Exchangeable-K
Exchangeable-Na
Cation Exchange
Base Saturation
Al3+
H+
Al-Saturation
Particle size
distribution
Sand
Silt
Clay

Methods
Electrode Glass
Electrode Glass
Walkley-Black
Kjeldahl

Unit

g kg-1
g kg-1

HCl 25%
HCl 25%
Bray-1
Morgan
(NH4-Acetat 1N pH 7)
(NH4-Acetat 1N pH 7)
(NH4-Acetat 1N pH 7)
(NH4-Acetat 1N pH 7)
Capacity (NH4-Acetat 1N pH 7)
(NH4-Acetat 1N pH 7)
(KCl 1N)
(KCl 1N)
(Pipette)

mg kg-1
mg kg-1
mg kg-1
mg kg-1
cmolc kg-1
cmolc kg-1
cmolc kg-1
cmolc kg-1
cmolc kg-1
g kg-1
cmolc kg-1
cmolc kg-1
%
g kg-1

Value
5.4
4.6
01.10
0.10
11
50
30
8.7
22
0.06
0.03
0.01
0.01
1.58
69.60
0.02
0.16
6.89

Remarks
Acid
Acid
Very low
Very low
Moderate
Very low
Very low
Very low
Very low
Very low
Very low
Very low
Very low
Very low

Low
Sand

940
20
40

deficient in phosphorus and potassium. The quantity
of exchangeable bases for exchangeable-Ca, -Mg, K, and -Na were very low. The content of CEC and
base saturation (BS) were also very low, and Alsaturation was low. The soil textural class was sand.
Table 1 indicates that abandoned tin-mining
lands had very low soil fertility status compared to
unmined land, then in order to make tin-mining land
as an ideal media for crop growth, the application
of external input is necessary. As mentioned by
Asmarhansyah (2015) compared to un-mined soil,
sand tailings were dominated by sandy texture and
have low soil pH, low content of N, C, P, and
exchangeable-Ca,-Mg,-K, and -Na. Shrestha and
Lal (2011) stated that the removal and storage of
soil notably alter top soil properties, being associated
to C and nutrient losses, decreasing microbial
activity, disruption soil structure and pH shifts; while
Lasmini et al. (2015) stated the deficiency of N
must be added from the outside through fertilization.

to cattle manure and chicken manure, but rice straw
compost had the lowest organic-C and total-N
compared cattle manure and chicken manure, and
the chicken manure had the highest C/N.
The highest phosphorus content was achieved
by chicken manure, while the lowest was in rice
straw compost. The cattle manure and chicken
manure had higher calcium, magnesium, potassium,
and sodium compared to rice straw compost. The
highest CEC was achieved by cattle manure, while
the lowest was achieved by rice straw compost.
The chicken manure had the lowest content of Pb
compared to cattle manure and rice straw compost.
The rice straw compost had the highest Sn content
compared to cattle manure and chicken manure.
Cr was only found in chicken manure, and the
contents of Hg were quite similar among organic
amendments used.

Properties of the Organic Amendment Used
in the Experiment

The effect of application of organic
amendments (chicken manure, cattle manure, and
rice straw compost) on soil chemical properties is
presented in Table 3. The statistical significance
because of amendments application on soil chemical
properties is presented in Table 4.

Table 2 presents the properties of the organic
amendment used in the experiment. Table 2 shows
that rice straw compost had the highest pH compared

Effects on Soil Chemical Properties
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Soil pH

Soil Organic Carbon, Total-N, and C/N

Compared to the initial soil pH (Table 1), the
application of organic amendments increased soil
pH of abandoned tin-mining soils. Table 4 shows
that application of cattle manure significantly gave
higher pH KCl than chicken manure, namely 5.43
and 5.10, respectively, while application of chicken
(T1) and cattle (T2) manures significantly gave
higher soil pH H2O and pH KCl compared to rice
straw compost (T3). Increasing soil pH of the tinmining land because of additional cation from
mineralization of organic amendments applied in the
tin-mining land. Achiba et al. (2009) reported that a
possible mechanism how organic amendments can
increase soil pH (when the original pH is relatively
low) is due to the mineralization of carbon and
subsequent production of OH- ions by ligand exchange
as well as the available of basic cations, such as K+,
Ca2+, and Mg2+.
In abandoned tin-mining soil, manure gave
higher soil pH compared to rice straw compost since
manure had higher organic carbon and total-N
compared to rice straw compost, therefore, it gave
higher organic carbon and total N to be mineralized
and also released N, P, and K and cations.
Cooperband (2002) affirmed that animal manure is
a good source of organic amendment and nutrients.
It can supply N, P, and K needed by crops because
of its higher total N, P, and K contents in forms
readily available for crop uptake.

In general, compared to the initial soil organic
carbon (SOC) and total-N (Table 1), the application
of organic amendments increased SOC and total-N
(Table 3), but SOC, total-N, and C/N were not
significantly different among treatments (Table 4).
Since abandoned tin-mining soil had very low organic
carbon and total-N content in the initial soil, then
continuous incorporation of manures into the soil are
needed to improve soil chemical and physical
properties. Liu et al. (2013) studed that SOC content
in the Northwest of China could be improved by a
long-term application of organic manure and
inorganic fertilizers.
Total Phosphorus
Compared to the initial total phosphorus (Table
1), the application of organic amendments increased
the total phosphorus (Table 3). Table 4 shows that
application of chicken manure significantly gave
higher total P compared to cattle manure, namely
186.70 mg kg-1 and 83.30 mg kg-1, respectively.
When it was mixed with rice straw compost, the
application of chicken manure also significantly gave
higher total P compared to mixture of cattle manure
and rice straw compost, namely 123.30 mg kg-1 and
80.00 mg kg-1, respectively. Compared to rice straw
compost, application of chicken and cattle manure
significantly contributed to higher total P, namely
135.00 mg kg-1 and 63.30 mg kg-1, respectively since

Table 2. Properties of organic amendments used in the experiment.
Parameter
pH H2O (1:5)
Organic-C (g kg-1)
Total-N (g kg-1)
C/N
P2O5 (g kg-1)
Ca (cmolckg-1)
Mg (cmolckg-1)
K (cmolckg-1)
Na (cmolckg-1)
CEC (cmolckg-1)
Pb (mg kg-1)
Cd (mg kg-1)
Co (mg kg-1)
Cr (mg kg-1)
Sn (mg kg-1)
Hg (mg kg-1)

BDL: Below detection limit

Cattle
Manure
8.00
240.70
23.30
10.00
8.06
15.62
2.52
21.68
6.58
30.43
15.00
BDL
7.00
BDL
6.00
0.10

Chicken
Manure
7.90
245.10
14.50
17
19.70
14.97
3.02
21.78
6.83
26.21
5.00
BDL
6.00
12.00
7.00
0.10

Rice Straw
Compost
9.30
95.40
18.60
5.00
1.80
8.09
2.91
16.26
0.85
17.81
14.00
BDL
7.00
BDL
13.00
0.10
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chicken manure has the highest total P compared to
cattle manure and rice straw compost (Table 1).
Total and Available Potassium

Total Exchangeable-K, -Ca, -Mg, and -Na
In general, compared to the initial total
exchangeable -K, -Ca, -Mg, and -Na (Table 1), the
application of organic amendments increased the
total exchangeable -K, -Ca, -Mg, and -Na of soil
(Table 3). Table 4 showed that application of cattle
manure gave significantly higher total exchangeable-

T1 = 20 Mg Chicken Manure ha-1
T2 = 20 Mg Cattle Manure ha-1
T3 = 20 Mg Rice Straw Compost ha-1

In general, compared to the initial exchangeable
-K, -Ca, -Mg, and -Na (Table 1), the application of
organic amendments increased the exchangeableK, -Ca, -Mg, and -Na of abandoned tin-mining soil
(Table 3). Table 4 shows that application of cattle
manure significantly increased exchangeable-Ca and
–K compared to chicken manure, namely 1.06
cmolckg-1 and 0.90 cmolckg-1 exchangeable-Ca and
0.16 cmolckg-1 and 0.13 cmolckg-1 exchangeable-K,
respectively. The application of chicken and cattle
manures significantly increased exchangeable-K, Ca, -Mg, and –Na compared to rice straw compost,
namely 0.98 cmol c kg -1 and 0.40 cmol c kg -1
exchangeable Ca; 0.15 cmolckg-1 and 0.06 cmolckg-1
exchangeable Mg; 0.14 cmolckg-1 and 0.08 cmolckg-1
exchangeable K; and 0.08 cmol ckg -1 and 0.02
cmol ckg -1 exchangeable Na, respectively. The
increasing of bases were due to the releasing of
bases from manure. Table 2 shows that manure
contained higher bases compared to rice straw
compost. Brady and Weil (2007) reported that
increasing soil organic matter increase the base
cations and CEC through enhancement in available
negative charge, which in turn, increase the buffer
capacity in soil.

Table 3. Soil properties of experimented site after corn harvesting

Exchangeable-K, -Ca, -Mg, and -Na

T4 = 10 Mg Chicken Manure ha-1 + 10 Mg Rice Straw Compost ha-1
T5 = 10 Mg Cattle Manure ha-1 + 10 Mg Rice Straw Compost ha-1

Total bases

Compared to the initial soil total and available
(Table 1), the application of organic amendments
increased the total potassium and available potassium
(Table 3). Table 4 shows that application of chicken
and cattle manures significantly gave higher total
and available potassium of abandoned tin-mining soil
compared to rice straw compost, namely 71.65 mg
kg-1 and 46.70 mg kg-1 for total K; and 69.5 mg kg-1
and 40.33 mg kg-1 for available K, respectively since
cattle manure and chicken manures have higher
potassium compared to rice straw compost (Table
1). The mineralization process of manure releases
potassium in soil. Shi (2016) stated manure contains
most elements required for plant growth including
N, P, potassium and micronutrients.
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K, -Ca, -Mg, and -Na compared to chicken manure,
namely 1.46 cmol c kg -1 and 1.27 cmol c kg -1 ,
respectively. The application of chicken manure and
cattle manure significantly gave higher total
exchangeable -K, -Ca, -Mg, and -Na compared to
rice straw compost, namely 1.36 cmolckg-1 and 0.55
cmolckg-1, respectively.It can be explained since
organic amendment of cattle and chicken manure has
higher total exchangeable-K, -Ca, -Mgcompared to
rice straw compost (Table 1), then they will provide
more bases to abandoned tin-mining soil compared
rice straw compost. Through 14 long-term trials
worldwide, Edmeades (2003) affirmed that the use
of manure relative fertilizer could result in excessive
enrichment of K, Ca, and Mg in the top soil.

N, P, K Contents and N, P, K Uptakes in Corn
Short
Effect application of organic amendments
(chicken manure, cattle manure, and rice straw

ns not significant

In general, compared to the initial BS (Table
1), the application of organic amendments increased
the BS (Table 3). Table 4 showed that in abandoned
tin-mining soil, application of cattle manure gave
significantly higher BS compared to chicken manure,
namely 82.63% and65.31%, respectively. The
application of chicken manure and cattle manure
significantlygave higher BS compared to rice straw
compost, namely 73.97% and 30.78%, respectively.
Increasing BS is caused by the increasing of base
cations and CEC from the manure applied. Manure
gave higher BS because manure contained higher
bases cation compared to rice straw compost.
According to Edmeades (2003) SOM and clay
particles have largesurface areas and have a large
number of exchange sites. The intrinsic CEC of
animal manures can vary widely, and their application
to soils will often increase CEC, mainly because its
effects on SOM.

** highly significant

Base Saturation

* significant

Compared to the initial soil CEC (Table 1), the
application of organic amendments increased the
soil CEC (Table 3), but soil CEC was not significantly
different among treatments (Table 4). It can be
understood since abandoned tin-mining soils are
dominated by sand texture and had low SOC. This
situation make abandoned tin-mining soil had low
exchanges site capacity and low bases content.
Brady and Weil (2007) stated that soil with coarse
texture would have less clay and soil organic matter
and therefore would have a lower amount of
exchange cation and lower CEC.

Table 4. Effect of organic matters applications on soil chemical properties after corn harvesting.

Cation Exchangeable Capacity
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compost) on soil chemical properties is presented in
Table 5 and its statistical significance is presented
in Table 6. In general, application of cattle manure
significantly increased both N, P, K contents and in
shoots NPK uptakes compared to chicken manure
(Table 6). NPK content of cattle manure and
chicken manure were 19.43 g kg-1 and 18.90 g kg-1;
2.20 g kg-1and 1.63 g kg-1; and 37.53 g kg-1 and
36.53 g kg-1, respectively, while NPK uptake of
cattle manure and chicken manure were 1.32 g and
1.09 g; 0.15 g and 0.09 g; and 2.55 g and 2.10 g,
respectively.
Application of chicken manure and cattle
manure significantly increased NPK contents and
NPK uptakes in corn shoots compared to rice straw
compost (Table 6). NPK content of cattle manure
and chicken manure were 19.16 g kg-1, 1.91 g kg-1,
and 37.03 g kg-1, while NPK content of rice straw
compost were 14.33 g kg-1, 1.10 g kg-1, and 27.00 g
kg-1, respectively. NPK uptake of cattle manure and
chicken manure were 1.21 g, 0.12 g, and 2.33 g,
while NPK uptake of rice straw compost were 0.50
g, 0.04 g, and 0.94 g, respectively.
The higher NPK content and uptake in corn
shoots were related to the soil properties, such as
soil pH since available nutrients will occur at an
optimum soil pH, then it will affect the nutrient
uptake by crops. Budianta et al. (2013) stated
application of cover crop and compost were able to
increase sorption of N and P significantly compared
to mineral soil and control. Comerford (2005) and
Mengel and Kirkby (2001) stated that plant uptake
of soil nutrients is optimum in pH neutral soils; thus,
increasing the pH from acid to neutral will generally
increase plant growth.
Effect on Grain Yield and Yield Component
Application of organic amendments (chicken
manure, cattle manure, and rice straw compost) on

grain yield and yield component are presented in
Table 7. The statistical significance of application
organic amendments on grain yield and yield
components are presented in Table 8. In general,
application of chicken manure and cattle manure
significantly had higher grain yield and yield
components of corn compared to rice straw
compost (Table 7). Table 8 shows that application
of chicken manure and cattle manure significantly
increased grain yield of corn compared rice straw
compost, namely 5.84 Mg ha-1 and 3.39 Mg ha-1,
respectively. Compared to application of rice straw
compost, the application of chicken manure and
cattle manure significantly had higher yield
components of corn, namely in cob length, cob
diameter, cob weight, line number, and 1,000 grain
weight. The cob length, cob diameter, cob weight,
line number, and 1,000 grain weight of chicken
manure and cattle manure were significantly higher
compared to rice straw compost, namely 13.91 cm
and 10.29 cm; 4.20 cm and 3.43 cm; 24.78 g and
13.74 g; 12.57 and 10.75; and 380.33 g and 217.67
g, respectively. The differences in grain yields are
correlated to the soil properties parameters.
Most of the soil parameters were correlated
strongly to grain yield of corn, particularly soil
chemical. Improvement of soil chemical properties
such as N, P, K, base cations will provide the nutrient
needed by plant. Banger et al. (2009) and Gong et
al. (2009a) stated that generally combination of
organic and chemical fertilizers could improve crop
yields and biomass production. Large number of
studies have shown that long-term applications of
organic manure or straw increase SOC content and
soil fertility (Liu et al. 2010; Zhang et al. 2010). In
general, there is a positive relationship between SOC
and crop productivity (Pan et al. 2009).
Application of organic amendment on
abandoned tin-mining soils improved soil physical

Table 5. N, P, K contents and N, P, K uptakes in corn shoots.

Treatment
T1
T2
T3
T4
T5

N
P
K
Content Content Content
--------------- g kg-1-----------18.90
1.63
36.53
19.43
2.20
37.53
14.33
1.10
27.00
17.07
1.10
27.80
18.23
1.37
35.33

T1 = 20 Mg Chicken Manure ha-1
T3 = 20 Mg Rice Straw Compost ha-1
T5 =10 Mg Cattle Manure ha-1 + 10 Mg
Rice Straw Compost ha-1.
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N
P
K
Uptake Uptake Uptake
----------------g-----------1.09
0.09
2.10
1.32
0.15
2.55
0.50
0.04
0.94
0.78
0.05
1.26
0.87
0.06
1.68

T2 = 20 Mg Cattle Manure ha-1
T4 = 10 Mg Chicken Manure ha-1
+ 10 Mg Rice Straw Compost ha-1
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Table 6. Statistical significances of N, P, K contents in corn shoot and N, P, K uptake in corn shoots.
Treatment
T1 Vs T2
T4 Vs T5
T1T2 Vs T3
T1T2 Vs T4T5

N
Content
28.13**
134.62**
2627.7**
455**

P
Content
180.63**
40.0**
203.06**
525.31**

*: significant at 5% level

K
Content
166.7**
9458.5**
14210.6 **
9961.5**

N
Uptake
7.59*
1.16 ns
92.8**
7.39*

P
Uptake
23.24**
1.82ns
69.18**
23.84**

**: highly significant at 5% level

properties such as soil water retention and better
soil aggregation. These conditions will promote the
availability of nutrients. Besides, higher CEC of
cattle and chicken manures (Table 2) also contributed
to enhance plant growth and yields by improving
the nutrient availability in the soil, particularly those
in cation forms. The enhancement yield components
(cob length, diameter, weight, line number, and 1,000
grain weight) may be ascribed to increase
translocation of organic material that improves soil
chemical properties to be favorable for the
development of yield components. Organic and
inorganic fertilizer amendments do not only increase
soil nutrient availability to plant but also, improve
soil fertility including soil physical, chemical and
biological properties, thus maintain or increase crop
yields (Gong et al. 2009b). Animal manures may
enhanced the plant growth on degraded mined soils,

K
Uptake
7.76*
6.82*
99.80**
14.31**

ns: not significant

due to (i) the release of plant nutrients and also (ii)
improvements on soil organic matter, microbial
activity,water retention and others soil properties
(Larney and Angers 2012).
Effect Application of Organic Matters on Shoot
Growth and Biomass, and Root Biomass at
Flowering
Effect application of organic matters (chicken
manure, cattle manure, and rice straw compost) on
shoot growth and biomass, and root biomass at
flowering are presented in Table 9, while the
statistical significance presented in Table 10.
Shoot Growth
Table 10 shows that application of chicken
manure and cattle manure significantly increased

Table 7. Grain yield and yield components of corn.
Treatment

T1
T2
T3
T4
T5

Cob
Cob
Length
Diameter
----------cm---------12.98
4.04
14.85
4.37
10.29
3.43
12.35
3.82
12.88
3.97

Cob
Weight
------g----23.63
25.93
13.74
18.05
18.97

T1 = 20 Mg Chicken Manure ha-1
T3 = 20 Mg Rice Straw Compost ha-1
T5 =10 Mg Cattle Manure ha-1 + 10 Mg of Rice Straw Compost ha-1.

Line
Number
11.86
13.28
10.75
11.71
11.75

1,000 Grain
Weight
------g-----243.67
273.33
217.67
240.00
244.67

Grain Yield
---Mg ha-1--5.45
6.24
3.39
4.76
4.87

T2 = 20 Mg Cattle Manure ha-1
T4 = 10 Mg Chicken Manure ha-1 + 10 Mg of Rice
Straw Compost ha-1

Table 8. Statistical significance of grain yield and yield components of corn.

Treatment

Cob
Length

Cob
Diameter

Cob
Weight

Line
Number

T1 Vs T2
T4 Vs T5
T1T2 Vs T3
T1T2 Vs T4T5

5.26 ns
0.42 ns
26.49**
0.03 ns

4.97 ns
1.07 ns
37.74 **
0.36 ns

1.73 ns
0.28 ns
53.31**
5.29 ns

12.23**
0.01 ns
26.61**
0.80 ns

*: significant at 5% level

**: highly significant at 5% level

1,000
Grain
Weight
10.34*
0.26 ns
26.11**
0.18 ns

Grain
Yield
2.77 ns
0.05 ns
35.77**
0.49 ns

ns: not significant
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plant height, stem diameter, and leaf number at
flowering stage and it were higher than rice straw
compost, namely 148.91 cm and 121.17 cm; 1.48
and 1.08; and 15.51 g and 13.75 g, respectively.
Increasing shoot growth were associated with better
soil physical and chemical properties and increase
the availability of soil nutrients by the increasing rate
of organic amendments. It indicated that abandoned
tin-mining areas did not have a proper physical and
chemical properties for crop growth. Low soil fertility
status in abandoned tin-mining areas are correlated
to soil physical properties which are dominated by
sand fraction. Sand fraction give a consequence in
low of SOC, CEC, and essential macro nutrients.
Nurtjahya et al. (2009) stated land mining decreases
soil properties, with soil texture changing from about
70% to 97% of sand faction.
Shoot Biomass
Table 10 shows that the application of cattle
manure significantly increased shoot biomass at
flowering stage compared to chicken manure,
namely 67.92 g and 56.89 g, respectively and the
application of chicken manure and cattle manure

significantly increased dry weight of shoot biomass
compared to rice straw compost, namely 62.40 g
and 34.73 g, while application of chicken manure
and cattle manure significantly increased dry weight
of shoot biomass compared to treatments of (chicken
manure + rice straw compost) and (cattle manure
+ rice straw compost), namely 62.40 g and 46.50 g,
respectively. Increasing shoot biomass was probably
related to the enhancement of soil fertility status as
a result of organic amendments application. Boateng
(2006) mentioned that higher essential nutrients in
poultry manure had been reported to increase
photosynthetic efficiency and so it would have higher
vegetative growth.
Root Biomass
Table 10 shows that the application of cattle
manure significantly increased shoot biomass at
flowering stage compared to chicken manure,
namely 31.20 g and 26.47 g, respectively and the
application of chicken manure and cattle manure
significantly increased dry weight of shoot biomass
compared to rice straw compost, namely 28.83 g
and 15.90 g, while application of chicken manure

Table 9. Plant height, stem diameter, leaf number, dry weight of shoot, and dry weight of root of
corn at flowering stage in the experimental site.

Treatment
T1
T2
T3
T4
T5

Plant
Stem
Height
Diameter
----------cm---------140.13
1.43
157.70
1.54
121.17
1.08
115.33
1.31
127.20
1.41

Leaf
Number
15.30
15.72
13.75
14.47
15.03

Dry Weight of
Dry Weight
Shoot Biomass
of Root Biomass
-------------------g------------------56.89
26.47
67.92
31.20
34.73
15.90
45.40
20.27
47.59
21.73

T2 = 20 Mg Cattle Manure ha-1
T1 = 20 Mg Chicken Manure ha-1
T4 = 10 Mg Chicken Manure ha-1 + 10 Mg of
T3 = 20 Mg Rice Straw Compost ha-1
Rice Straw Compost ha-1
T5 =10 Mg Cattle Manure ha-1 + 10 Mg of Rice Straw Compost ha-1.

Table 10. Statistical significances of plant height, stem diameter, leaf number, dry
weight of shoot, and dry weight of root of corn at flowering stage.

Treatment
T1 Vs T2
T4 Vs T5
T1T2 Vs T3
T1T2 Vs T4T5

Plant
Height
21.29**
9.72*
70.84**
56.05**

*: significant at 5% level

Stem
Diameter

Line
Number

2.05 ns
1.92 ns
39.66**
0.05 ns

2.74 ns
4.84 ns
65.10**
1.12 ns

Dry Weight
of Shoot
Biomass
7.68*
0.30 ns
64.40**
6.77*

**: highly significantat 5% level

Dry Weight
of Root
Biomass
11.99**
1.15 ns
119.34**
15.93**

ns: not significant
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and cattle manure significantly increased dry weight
of shoot biomass compare to treatment of (chicken
manure + rice straw compost) and (cattle manure
+ rice straw compost), namely 28.83 g and 21.00 g,
respectively. The increasing of root biomass was
due to the improvement of soil properties which
were caused by application of organic amendments.
Weber et al. (2007) mentioned that organic matter
possess many desirable properties such as high
water holding capacity, enhanced nutrient uptake
and had beneficial effects on the physical, chemical
and biological characteristics. Tordoff et al. (2000)
stated that application of organic amendments
increase the soil pH, improve of soil structure, water
holding capacity and CEC, as well as provide a slowrelease fertilizer and serve as a microbial inoculum.
CONCLUSIONS
Application of organic amendments on
abandoned tin-mining land improved soil fertility due
to the increase in soil pH and nutrient availability
especially available-P and K, and exchangeable
bases. Application of chicken and cattle manures
were significantly better than rice straw compost to
improve soil fertility, nutrient uptake, growth and
yield ofmaize. Application of cattle manure had the
highest maize yield compared to chicken manure
and rice straw compost, about 14.49% and 84.07%,
respectively.
REFERENCES
Achiba W, BN Gabteni, A Lakhdar, GD Laing, M Verlo, N
Jedidi and T Gallali. 2009. Effects of 5-year application
of municipal solid waste compost on thedistribution
and mobility of heavy metals in a Tunisia calcareous
soil. Agric Ecosys Env 130: 156-163.
Akala VA and R Lal. 2000. Potential of mine land
reclamation for soil organic carbon sequestration
in Ohio. Land Degrad Dev 11: 289-297.
Ang LH and WM Ho. 2002. Afforestation of tin tailings
in Malaysia. ISCO Conference in Beijing. Retrieved
August 17, 2013, from http://tucson.ars.ag.gov/
isco/isco12/VolumeIII/ AfforestationofTin
Tailings.pdf.
Ashraf MA, MJ Maah and I Yusoff. 2013. Evaluation of
natural phytoremediation process occurring at extin mining catchment. Chiang Mai J Sci 40: 198-213.
Asmarhansyah. 2015. Characteristics of Physical and
Chemical Properties of Former-Tin Mining Areas
for Crop Production in Bangka Island. Proceeding.
National Seminar on National Information System
and Land Resources Mapping toward foodselfsufficiency.Indonesian Center for Agricultural Land
Resources Research and Development. 29-30 July
2015. Bogor.

Banger K, SS Kukal, G Toor, K Sudhir and TH
Hanumanthraju. 2009. Impact of long-term additions
of chemical fertilizers and farm yard manure on
carbon and nitrogen sequestration under ricecowpea cropping system in semi-arid tropics. Plant
Soil 318: 27-35.
Boateng SA, J Zickerman and H Kornahren. 2006. Poultry
manure effect on growth and yield of maize. West
Afr J Appl Ecol 9: 1-18.
Brady NC and RR Weil. 2007. The Nature and Properties of
Soils. 14th ed. Upper Saddle River, NJ: Prentice Hall.
Budianta D, N Ghofar and GAAndika. 2013. Improvement
of sand tailing fertility derived from post tin mining
using leguminous crop applied by compost and
mineral soil. J Tanah Trop 18: 217-223.
Comerford NB. 2005. Soil factors affecting nutrient
bioavailability. In: H BassiriRad (Ed). Nutrient
acquisition by plants an ecological perspective.
Ecological Studies, Vol. 181.Springer-Verlag Berlin
Heidelberg, Germany, pp 1-14.
Copperband LR. 2002. Building soil organic matter with
organic amendments. A resource for urban and rural
gardeners, small farmers, turf grass managers and
large-scale producers. University of Wisconsin.
Madison. Center for Integrated Agricultural
Systems. Retrieved February 24, 2016, from http://
www.cias.wisc.edu/wp-content/uploads/2008/07/
soilorgmtr.pdf. 16 p.
Ding XL, XZ Han, Y Liang, YF Qiao, LJ Li, and N Li. 2012.
Changes in soil organic carbon pools after 10 years
of continuous manuring combined with chemical
fertilizer in a Mollisol in China. Soil Till Res 122: 3641.
Edmeades DC. 2003. The long-term effects of manures
and fertilizers on soil productivity and quality: a
review. Nutr Cyc in Agro 66: 165-180.
Fong-Sam, Y, CS Kuo, L Shi, P Tse, S Wacaster and DR
Wilburn. 2012. The Mineral industries of Asia and
The Pacific. 2010 Minerals Yearbook U.S.
Department of the Interior U.S. Geological Survey.
Gardiner NJ, JP Sykes, A Trench and LJ Robb. 2015. in
mining in Myanmar: Production and potential.
Resources Policy. 46:219-233. doi: http://dx.doi.org/
10.1016/ j.resourpol. 2015.10.002
Gong W, XY Yan, JY Wang, TX Hu and YB Gong. 2009a.
Long-term manuring and fertilization effects on soil
organic carbon pools under a wheat-maize cropping
system in North China Plain. Plant Soil 314:67-76.
Gong W, XY Yan, JY Wang, TX Hu and YB Gong. 2009b.
Long-term manure and fertilizer effects on soil
organic matter fractions and microbes under a
wheat–maize cropping system in northern China.
Geoderma 149: 318-324.
Indonesia Soil Research Institute. 2011. Technical
guidance of chemical analysis of soil plant, water,
and fertilizer. Indonesian Soil Research Institute.
Bogor, 136 p. (in Indonesian).
Inonu I. 2011. Tolerance of rubber plant
(Heveabrasiliensis Muell. Arg.) in sand tailing for
revegetation of ex-tin mining lands in Bangka Island.
[Dissertation]. University of Sriwijaya. Palembang.
Indonesia. (in Indonesian).

J Trop Soils, Vol. 21, No. 3, 2016: 141-151
Larney FJ and DA Angers. 2012. The role of organic
amendments in soil reclamation: A review. Can J
Soil Sci 92: 19-38
Lasmini SA, Z Kusuma, M Santosa and AL Abadi. 2015.
Application of organic and inorganic fertilizer
improving the quantity and quality of shallot yield
on dry land. Int J Sci Tech Res 4: 243-246.
Liem, KH, L Maene, GMaesschalck, and WHW Sulaiman.
1981. Reclamation of tin tailings for agriculture in
Malaysia. Tech. Bull. Soil Science Department,
Faculty of Agriculture University Putra Malaysia,
Serdang, Selangor, p. 56.
Liu EK, CR Yan, XR Mei, WQ He, HB So, LP Ding, Q Liu,
S Liu, and TL Fan. 2010. Long-term effect of chemical
fertilizer, straw, and manure on soil chemical and
biological properties in northwest China. Geoderma
158: 173-180.
Liu E, C Yan, X Mei, Y Zhang and T Fan. 2013. LongTerm Effect of Manure and Fertilizer on Soil Organic
Carbon Pools in Dryland Farming in Northwest
China. PLoS ONE 8: e56536. doi:10.1371/
journal.pone.0056536
Ludwig B, D Geisseler, K Michel, RG Joergensen, EMI
Schulz, J Raupp, R Rauber, K Hu, L Niu, and X Liu.
2011. Effects of fertilization and soil management
on crop yields and carbon stabilization in soils. A
review. Agr Sustain Develop 31: 361-372.
Madjid NM, A Hashim and AAbdol. 1994. Rehabilitation
of ex-tin mining land by agroforestry practice. J Trop
Forest Sci 7: 113-127.
Mengel K and EA Kirkby. 2001. Principles of Plant
Nutrition. KluwerAcademic Publisher.Netherlands.
Nurtjahya E, D Setiadi, E Guhardja, M Mahadiono and Y
Setiadi. 2009. Succession on tin-mined land in
Bangka Island. Blumea 54: 131-138.
Ouédraogo E, A Mando, L Brussaard, and L Stroosnijder.
2007. Tillage and fertility management effects on
soil organic matter and sorghum yield in semi-arid
West Africa. Soil Till Res 94: 64-74.
Pan GX, P Smith and W Pan. 2009. The role of soil organic
matter in maintaining the productivity and yield
stability of cereals in China. Agric Ecosys Env 129:
344-348.
PT Timah. 2009. Annual Report. PT Timah Pangkalpinang.
Indonesia.
PT Timah. 2010. Annual Report. PT Timah Pangkalpinang.
Indonesia.

151

Purakayastha TJ, L Rudrappa, D Singh, A Swarup and S
Bhadraray. 2008. Long-term impact of fertilizers on
soil organic carbon pools and sequestration rates
in maize–wheat–cowpea cropping system.
Geoderma 144: 370-378.
Saptaningrum H. 2001. Characterization and changes of
soil physics and chemistry of ex-mining ailing and
its impacts on growth of vegetation. [Thesis].
Faculty of Agriculture, Bogor Agricultural
University. Bogor. Indonesia (in Indonesian).
Sengupta M. 1993. Enviromental impacts of mining:
monitoring, restoration and control. Boca Raton,
Florida: Lewis Publisher.
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. (in Indonesian).
Shi Y, X Zhao, X Gao, S Zhang and P Wu. 2016. The
effects of long-term fertilizer applications on soil
organic carbon and hydraulic properties of a loess
soil in china. Land Degrad Develop 27: 60-67. doi:
10.1002/ldr.2391
Shrestha, RK and R Lal. 2011. Changes in physical and
chemical properties of soil after surface mining and
reclamation. Geoderma 161: 168-176.
Srinivasarao CH, B Venkateswarlu, R Lal, AK Singh, S
Kundu, KPR Vittal, JJ Patel, and MM Patel. 2014.
Long-term manuring and fertilizer effects on
depletion of soil organic carbon stocks under pearl
millet cluster bean-castor rotation in western India.
Land Degrad Develop. 25: 173-183. DOI: 10.1002/
ldr.1158.
Sujitno S. 2007. History of tin in Bangka Island. PT. Timah.
Pangkalpinang. Indonesia. (in Indonesian).
Tordoff GM, AJM Baker and AJ Willis. 2000. Current
approaches to the revegetation and reclamation of
metalliferous mine wastes. Chemosphere 41: 219-228.
Weber J, A Karczewska, J Drozel, M Licznar, S Licznar,
and E Jamroz. 2007. Agricultural and Ecological
aspects of a sandy soil as affected by the application
of municipal solid waste composts. Soil Biol
Biochem 39: 1294-1302.
Zhang WJ, XJ Wang, MG Xu, SM Huang, H Liu, and C
Peng. 2010. Soil organic carbon dynamics under
long-term fertilizations in arable land of northern
China. Biogeosciences 7: 409-425.

