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This study aimed was to analyze the effectiveness of land cover crop and rhizobacteria as 
phytoremediator  to improve soil health of ex-nickel mining soil. The study conducted  at Field 
Laboratory Faculty of Agriculture, Halu Oleo University. The soil was analyzed in Bogor Soil Research 
Centre. The study using a randomized block design (RBD). The first factor was the application of 
rhizobacteria, consisted of two treatment, without rhizobacteria (R0) and with rhizobacteria treatment 
(R1). The second factor was the kind of land cover crop, which was Centrosema pusbences Benth (C1), 
Calopogonium mucunoides (C2), Arachis pintoi (C3) and Eleusine indica (C4). The result showed that the 
application of rhizobacteria on various cover crops on ex-nickel mining soil has improved the soil fertility. 
The improvement occurred on soil physical and chemical properties, including the increase in soil water 
content, soil organic carbon, total nitrogen, cation exchange capacity. Moreover, the study result showed 
the decrease in soil permeability from an extremely high level to very high level. 
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INTRODUCTION 

Mining is an important economic sector and 
generates foreign exchange for Indonesia (MNDP, 
2011; GGGI, 2015). Mining operations have to 
lead to social economic development but have a 
major impact on physical, biological and 
hydrological soil because it is carried out in open-
pit (Monjezi et al., 2009; Li et al.,  2016: Leppänen 
et al., 2017). Mining activities have an adverse 
effect on land degradation and soil health 
(Kibblewhite et al., 2008), especially on soil 
physical, chemical and biological properties 
(Mbaya, 2013). Mining activities impact on the 
opening forest vegetation, lead to loss of nutrients 
and soil organic matter content, soil compaction, 
topographic changes, pollution, alteration of soil 
layers, erosion and a decrease in the number of 

microorganisms land (Sing et al., 2010; Mensah, 
2015; Leppänen et al., 2017). The importance of 
the environment to sustainable development is not 
in doubt, and there must be a protected 
environment (Musa and Jiya, 2011).  

The ex-nickel mining land generally cannot be 
directly planted with agricultural commodities due 
to the toxicity of heavy metals (Mensah, 2015), so 
that the plants experience stress. If the plant can 
grow and produce normally, there is concern 
about the occurrence of heavy metal 
accumulation in cultivated plants, which could also 
threaten the health of humans or animals that 
consume them. By applying plant cover crop, it is 
expected to improve the quality of ex-nickel 
mining soil.  The use of cover crops as 
phytoremediator on ex-nickel mining soil was very 
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limited. Therefore, plant cover crops as 
phytoremediator and revegetation  (Sheoran et 
al., 2010; Mensah, 2015) will have a double effect.  
First, the ability of cover crops as phytoremediator 
does not produce the products that consumed. 
The cover crops can fix nitrogen that can increase 
the macronutrient supply (Sheoran et al., 2010). 
While a cover crop also have functioned as 
organic material that could improve the soil 
physical properties (Zuazo et al., 2008; Mbaya, 
2013). The inoculation of rhizobacteria will boost 
the growth of cover crops. Rhizobacteria can 
colonize the rhizosphere aggressively and can 
give benefit to plants (Ashrafuzzaman et al., 2009; 
Sutariati et al., 2018a; 2018b).  Rhizobacteria 
produce growth hormones such as IAA and 
gibberellins, also osmoprotectant which can 
increase plant resistance to drought stress 
(Sutariati et al., 2006). Considering the 
importance of cover crop and rhizobacteria and 
the extent of the ex-nickel mining area in 
Southeast Sulawesi, it was necessary to utilize 
the land cover crop applied with rhizobacteria as a 
phytoremediator to increase the productivity of ex-
nickel mining soil. 
 
MATERIALS AND METHODS 

The research designed in a randomized block 
design (RBD) in two factors. The first factor was 
the application of rhizobacteria, consisted of two 
treatment, without rhizobacteria treatment (R0) 
and with rhizobacteria treatment (R1). Meanwhile, 
the second factor was a cover crop, which were 
Centrosema pusbences Benth (C1), 
Calopogonium mucunoides (C2), Arachis pintoi 
(C3) and Eleusine indica (C4). There were eight 
treatment combinations and repeated three times, 
so there were 24 experimental units. 

The cover crop seeds, before planting were 
treated using bio matriconditioning invigoration 
techniques, and then the seeds were put into 
Bacillus sp. CKD061 for ± 10 minutes, and set in a 
red brick powder solid media.  Seed 
biomatriconditioning is carried out for ± 6 hours 
and then air dried. For cover crop seeds that were 
not given rhizobacteria, they were planted directly 
on the ex-nickel mining soil. 

The variables observed included physical 
properties (moisture content and soil permeability) 
and soil chemical properties (C-organic, N-total 
and Kjeldahl method and cation exchange 
capacity NH4OAc saturation method pH 7. Initial 
soil sampling was carried out before treatment, 
and final soil sampling is done after the plant is 12 
weeks old. 

RESULTS AND DISCUSSION 
The several soil physical and chemical 

properties analyzed before and after treatment 
with a land cover crop. It showed that cover crop 
has a significant effect on restoring soil and 
chemical properties on ex-nickel mines soil (Table 
1 and Table 2).  

The analyzed on the soil of physical 
properties before treatment showed that there is a 
disruption on the physical soil properties, 
especially in soil permeability. The high soil 
permeability caused the soil difficult to store water 
for plant needs, and water will quickly disappear 
from the soil. Similarly, on the soil chemical 
properties parameter, ex-nickel mines soil has low 
soil fertility. It could be seen from the low content 
of organic carbon (C-org),  total soil nitrogen and 
CEC.  

The cover crop treatment and rhizobacteria 
inoculation for 12 weeks have changed the soil 
physical and chemical properties (Table 2). It 
shows that the application of cover crop and 
rhizobacteria increase soil water content and 
decrease the soil permeability of ex-nickel mine 
soil. Besides, there were increases in soil C-
organic content, N-total, and CEC value.  

The soil water content was only 35.5% before 
treatment and increase when using a land cover 
crop to 35.8% (Centrosema pusbences Benth), 
36.75% (Calopogonium mucunoides), 40.19% 
(Arachis pintoi) and 38.52% (Eleusine indica). The 
soil water content increases much higher when 
the cover crop also applied with rhizobacteria to 
be 50.55%, 49.59%, 42.33% and 46.09% for each 
cover crop tested.  

Meanwhile for the soil permeability parameter 
was very high that reached 839 cm hour-1 before 
treatment. After treatment with the cover crop, soil 
permeability decrease  to 839 cm hour-1 for 
Centrosema pusbences Benth, 839 cm hour-1 for 
Calopogonium mucunoides, 839 cm hour-1  for 

Arachis pintoi and 839 cm hour-1  for Eleusine 
indica. The soil permeability decrease much 
higher also when cover crop applied with 
rhizobacteria to 217.12 cm hour-1, 241.94 cm 
hour-1, 243.72 cm hour-1 and 253.42 cm hour-1 for 
each cover crop tested.  

The application of cover crop with or without 
inoculation of rhizobacteria on ex-nickel mine soil 
also has given a better effect on soil chemical 
properties. On the soil acidity, the pH before 
treatment was 5.6. After treatment with cover with 
or without rhizobacteria, the pH increase reached 
5.7.  

 



Leomo et al.,                                                 The phytoremedition techniques for improving ex-mining soil 

 

                                                 Bioscience Research, 2018 volume 15(4): 3593-3597                                          3595 

 

Table 1. The soil physical and chemical properties of ex-nickel mines soil before treatment. 

No. Soil Parameter Value Criteria*) 

1. Soil water content (%) 35.5 Low 

2. Soil permeability (cm. hour-1) 839 Extremely Very High 

3. pH H2O 5.6 Moderately Acid 

4 C-organik (%) 0.07 Very Low 

5. N total (%) 0.03 Very Low 

6. Cation exchange capacity (cmol. kg-1) 5.57 Low 

Remark : Soil Analyzed in Bogor Soil Research Centre 

 

Table 2. The change in soil physical and chemical properties of ex-nickel mines after cover crop 
treatment. 

Treatment 
Soil Water  

Content (%) 
Permeability 
(cm.hour-1) 

pH H2O 
C-org 
(%) 

N total 
(%) 

CEC 
(cmol.kg-1) 

R0C1 35.8 507.76 5.6 0.37 0.05 5.88 

R0C2 36.75 517.42 5.7 0.38 0.05 5.40 

R0C3 40.19 662.42 5.6 0.34 0.11 5.77 

R0C4 38.53 506.52 5.6 0.40 0.07 5.88 

R1C1 50.55 217.12 5.4 0.55 0.05 6.46 

R1C2 49.59 241.94 5.7 0.51 0.04 6.98 

R1C3 42.33 243.72 5.6 0.65 0.06 6.99 

R1C4 46.09 253.42 5.5 0.56 0.05 6.20 

Remark : R0
 Without Rhizobacteria treatment, R1

 With Rhizobacteria treatment,  C1: Centrosema pusbences Benth, 
C2: Calopogonium mucunoides, C3 : Arachis pintoi and C4 : Eleusine indica 
 

 
The C-organic, total nitrogen, and CEC also 

increase after treatment with a cover crop with or 
without rhizobacteria applied. 

The application of cover crop also contributes 
to the organic material.  Availability of large 
amounts of organic C could increase soil 
microbes as agents of organic materials to 
become nutrients in the soil (Condron et al., 2010; 
Chibuike  and Obiora, 2014). The increase in soil 
organic C is caused by the supply of organic 
material derived from decomposed plant litter 
resulting in increased plant growth (Jacoby et al., 
2017). The high levels of C and N are caused by 
the supply of organic matter and nutrients derived 
from the biomass of plants and litter of plants that 
grow on it. The content of organic matter in the 
soil affects the ability of the soil to provide 
nitrogen. Furthermore, increasing nitrogen content 
in the soil is caused by rhizobacteria which can fix 
N2 in the air so that the element is available in the 
soil. 

CONCLUSION 
Cover crops and rhizobacteria applications as 

phytoremediator on ex-nickel mines soil can 
increase the soil fertility through increased in soil 
water content, C-organic, N-total, and soil CEC. 
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