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Abstract. Ekyastuti W, Ekamawanti HA. 2018. Short Communication: The role of microbial rhizosphere in enhancing plant growth of
Jatropha curcas in soil contaminated mercury. Biodiversitas 19: 701-705. Soil in the area of ex-gold mining, has the chemical-physical
constraints to the growth of plants. These chemical-physical constraints are low organic matter, poor of nutrient, acid pH, very low CEC,
soil texture dominated by sand, and mercury contamination. This area needs to be rehabilitated. Previous research has found that
Jatropha curcas as a plant tolerant to mercury. On the other hand, some types of microbial rhizosphere such as arbuscular mycorrhizal
fungi (AMF) and mercury reducing bacteria (MRB) also have an ability to reduce mercury. The purpose of this study was to determine
the role of microbial components of AMF and MRB in enhancing the growth of J. curcas in tailings contaminated mercury. The study
was conducted in two places, in the greenhouse and in the tailing area of ex-gold mining, using factorial completely randomized design.
Results showed that interactions between AMF and MRB were simultaneously able to enhance the growth of J. curcas not only in the
greenhouse, but also in the field (tailing area). In the greenhouse (nursery), several isolates of Bacillus sp, Bacillus sp + Glomus SS11
and Bacillus sp + Glomus SS18 in the forms of inoculum were very effective in enhancing the seedling growth of J. curcas. However,
results were apparently changed after those seedlings were planted in the field (tailings of ex-gold mining). The combination of Bacillus
sp. + Glomus SS18 was the best treatment to enhance the growth of J. curcas of all used treatments. This result proves that the role of
microbial rhizosphere, especially AMF and MRB, could effectively enhance the growth of J. curcas in tailings contaminated with
mercury.
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INTRODUCTION
The tailing area previously precedes as forest
environment. Ecologically, forests have a function as a
source of biodiversity, oxygen source, water management
and biomass source (Astiani and Ripin 2016; Astiani et al.
2017). After mining activities, these ecological functions
plummet and even disappear. Soil in the area of the ex-gold
mining consisting of chemical and physical agents
constraining the growth of plants. These chemical-physical
constraints content with low organic matter, poor of
nutrient, acid pH, very low CEC, and soil texture
dominated by sand. In addition, the soil is also
contaminated with mercury (Ekyastuti et al. 2016) such as
tailings ex-communities gold-mining (illegal mining) in
Mandor Nature Reserve, West Kalimantan, Indonesia
containing mercury 6-18 times higher than that of the safe
threshold. Meanwhile, that was also found in the watersediment with > 2000 times higher than that of the safe
threshold (Ekamawanti et al. 2005). Therefore, the growth
of plants in tailings ex-gold mining is restricted not only
because of marginal soil condition, but also because of
mercury contamination in tailings (Figure 1).
Plants have different sensitivity levels to mercury in the
environment. In general, plant is susceptible to mercury in
the environment. This is because mercury in plant tissue

may interfere with the process of photosynthesis and
metabolism of plants, so that the growth of plant is stunted
(Rugh et al. 2000). However, some plants have a high
tolerance level for mercury in the environment, and
potentially
used
as
mercury
phytoremediator.
Phytoremediation is defined as the leaching of pollutants or
contaminants by involving the use of plants to remove,
move, stabilizing and/or degrade contaminants in soil,
sediment and water (Prasad 2003; Mudgal et al. 2010;
Favas et al. 2014; Laghlimi et al. 2015). Previous studies
have been conducted by Ekamawanti and Ekyastuti (2010)
showed that jatropha (Jatropha curcas) was a plant that
tolerant to mercury, so it could be potentially used as
mercury phytoremediator. On the other hand, some types of
microbial rhizosphere such as arbuscular mycorrhizal fungi
(AMF) and mercury reducing bacteria (MRB) also has an
ability to reduce mercury from soil. Previous research has
reported the success results in collecting three isolates of
AMF i.e. Glomus SS11, Glomus SS15, and Glomus SS18
(Ekamawanti and Ekyastuti 2011) and two isolates of MRB
i.e. Pseudomonas sp. and Bacillus sp. (Ekyastuti and
Setyawati 2014), which had an ability to reduce mercury.
However, the symbiosis correlation between the microbial
rhizosphere (AMF and MRB) with J. curcas in enhancing
plant growth is still clearly unknown.
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Therefore, the purpose of this study was to determine
the role of microbial rhizosphere especially AMF and MRB
in enhancing the growth of J. curcas in tailings ex-gold
mining contaminated with mercury. The benefit of this
research is to utilize Jatropha inoculated with AMF and
MRB to rehabilitate the ex-gold mining area.
MATERIALS AND METHODS
The study was conducted in two different places, in the
greenhouse and in the field (tailings ex-illegal gold mining
of Mandor, West Kalimantan, Indonesia; Figure 1).
Research was conducted with a factorial completely
randomized design with two-type treatments of microbial
rhizosphere AMF and MRB. AMF consisted of three
isolates (Glomus SS11, Glomus SS15, and Glomus SS18)
and MRB consisted of two isolates (Pseudomonas sp. and
Bacillus sp.). The total number of treatment either single or
combination was 12, namely: Control, Glomus SS11,

Glomus SS15, Glomus SS18, Pseudomonas sp, Bacillus sp,
Glomus SS11 + Bacillus sp., Glomus SS11 + Pseudomonas
sp., Glomus SS15 + Bacillus sp., Glomus SS15 +
Pseudomonas sp, Glomus SS18 + Bacillus sp and Glomus
SS18 + Pseudomonas sp. Each of treatment combinations
was repeated five times both in the greenhouse and in the
field. In the greenhouse, concentration of mercury in the
tailings was 10 ppm. The addition of mercury in the
tailings was in accordance with Rabie (2005). The plant
growth responses were observed and collected in the
greenhouse as well as in the field for 4 months (Figure 2).
Plant growth parameters i.e the increase of plant height,
diameter, number of leaves, total dry weight, and the ratio
of root shoots were measured. In the end of this study,
values of translocation factor and tolerance index using
techniques of Rabie (2005), AMF infections using
modified of slide methods (McGonigle et al. 1990) and reisolation of MRB using Canstein's selective media
(Canstein et al. 2002) were carried out and analyzed.

Figure 1. Tailings ex-gold mining in Mandor Nature Reserve, West Kalimantan, Indonesia

Figure 2: Jatropha curcas in polybags in the greenhouse (left) and the field (tailings ex-illegal gold mining) (right)
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Furthermore, to determine the microbial rhizosphere
role in enhancing plant growth, we approached with the
correspondence class using results of the analysis of
variance. The value of control plants (without inoculation
of microbial rhizosphere) compared with the median trial
(mean of all trials included control) was used as standard
for each variable. Suitability classes were determined as
follows: (i) ineffective class, if the tested variables did not
differ from controls, (ii) low effectiveness if the tested
variables were in higher difference than that in control, but
they were lower than that of the average of the experiment,
(iii) moderate effectiveness if the tested variables were
higher difference than that in control, but they were equal
to the average of the experiment, and (iv) high
effectiveness (very effective) if the tested variables were
higher difference both than that of control or experiment.
RESULTS AND DISCUSSION
The growth response of Jatropha curcas as a result of
microbial rhizosphere inoculation
Results showed that interactions between AMF with
MRB were able to enhance the growth of J. curcas not only
in the greenhouse, but also in the field (tailings area exgold mining). However, the sole inoculation of AMF in the
plants had a less effect on the plant growth with loweffective response (Tables 1 and 2). This indicates that
three isolates of AMF (Glomus SS11, Glomus SS15, and
Glomus SS18) and two isolates of MRB (Pseudomonas sp
and Bacillus sp) could be symbiosis not only among their
communities but also with plants in this case with J.
curcas. This condition occurred because each type of
microbes including AMF has a specific response to the
suitability of plant species (Turjaman 1998 as quoted by
Agustian et al. 2011).
The further investigation showed that isolates of
Bacillus sp, Bacillus sp + Glomus SS11 and Bacillus sp +
Glomus SS18 were the most effective microbes to enhance
the growth of J. curcas in nurseries (greenhouse), which
could be observed from all improved data of growth
parameters especially in increasing plant height, diameter,
number of leaves and plant dry weight (Table 1 and 2).
This result was in accordance with other published papers
reporting some types of microbial rhizosphere could help
plants in acquiring nutrients from the soil (Harman 2011;
Pii et al. 2015; Kumar et al. 2015). In addition, some plant
growth-promoting bacteria could decrease the heavy metal
toxicity in plants (Burd et al. 2000). However, after
planting in the field (tailing areas) the different response
occurred. In the field, the treatment combination of
Bacillus sp + Glomus SS18 still had the most effective,
response to the improvement of plant growth, while
another two treatments showed the decreased response
(ineffective). This suggested that isolate of Bacillus sp.
inoculated either solely or in combination with Glomus
SS11 might have the good ability to compete with other
microbes in the tailings ex-gold mining, so that the
symbiosis system with plant might also work effectively.
Göhre and Paszkowski (2006) reported that several
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symbiosis mechanisms between plants and microbial
rhizosphere (AMF and MRB) related to the removability of
heavy metals including mercury. Furthermore, microbes
might involve in the removing heavy metals as a chelating
agent by binding metals to the cell wall. It also has a
function as a selection barrier of chelating agent to actively
and passively eliminate the metal-specific and non-metal
specific in the cytosol and the cell vacuole, as well as
transport metal both in the hyphae and fungal arbuscles. It
shows that after being transferred to the field, this
mechanism seems to be limited because of unknown
factors, so that the effectiveness of the symbiosis between
plants with microbial rhizosphere (Bacillus sp and Glomus
SS11) also decreased.
Translocation Factor (TF), Tolerant Index (TI) and %
AMF Infection
Translocation factor (TF) is used to determine the
location of mercury for being accumulated in plant tissues,
whether in roots or shoots (Rabie 2005). Furthermore, if
the value of TF ≥ 1, it means that mercury is mostly
accumulated in shoots, whereas if the value of TF <1, it
means that mercury is accumulated in roots. AMF and
MRB inoculations had caused the varying value of TF in
the J. curcas (Table 3). Besides, TF is also used to
determine the level of plant tolerance to mercury
accumulation with the value of TF < 30% is considered as
low tolerance, moderate tolerance (TF 31%-70%) and high
tolerance (TF > 71%, very tolerant).
Results showed that TF value of all inoculation
treatment combinations except for Glomus SS11 +
Pseudomonas sp treatment in J. curcas plants grown in the
greenhouse showed less than 1. It means that most mercury
was accumulated in the root. However, after planting in the
field (tailings area), there is little change. TF value of all
inoculation treatment combinations except for Glomus
SS18 + Pseudomonas sp treatment showed more than 1. It
means that mercury was accumulated in plant shoots.
Remediation mechanism accumulating mercury in shoots is
phytoextraction (Ghosh and Singh 2005; Malik et al. 2010).
Through the mechanism of phytoextraction, usually, the
level of plant tolerance will decrease. However, in this
study plant tolerance index (TI) remained high with a mean
of > 75% (Table 3), both in the nursery (greenhouse) and in
the field. It means that microbial rhizosphere has an
important role in eliminating mercury accumulation.
According to Suharno and Sancayaningsih (2013), the
presence of heavy metals including mercury can disrupt
plant growth and changes in microbial communities, which
are more resistant to metals. This condition is also
supported by the obtained results of AMF infection in this
study. AMF infection was found in plants either in the
greenhouse or the field.
As a conclusion, the application both types of
rhizosphere microbial namely AMF Glomus SS18 and
MRB Bacillus sp simultaneously inoculated in J. curcas is
highly recommended to remedy tailings (soil) contaminated
with mercury. Furthermore, the results of this study could
be used for reclamation program, especially in the tailings
of ex-gold mining.
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Table 1: Summary of effectiveness of microbial rhizosphere on growth of Jatropha curcas
Locations
Greenhouse

Plant height
Plant diameter
Number of leaves Plant dry weight
(cm)
(mm)
(pieces)
(g)
Mean Effectiveness Mean Effectiveness Mean Effectiveness Mean Effectiveness

Microbial rhizosphere
isolates
Control
Glomus SS11
Glomus SS15
Glomus SS18
Bacillus sp
Pseudomonas sp
Glomus SS 11 + Bacillus sp
Glomus SS 11 + Pseudomonas sp
Glomus SS 15 + Bacillus sp
Glomus SS 15 + Pseudomonas sp
Glomus SS 18 + Bacillus sp
Glomus SS 18 + Pseudomonas sp

10.50
9.40
9.24
7.87
14.56
12.15
11.25
11.31
11.06
11.31
11.37
11.72

+++
+++
+++
+++
+++
+++
+++
+++

3.75
3.50
3.37
3.75
4.87
3.37
4.94
3.87
4.00
4.25
3.87
3.12

+
+++
+++
+
+++
++
+
-

2.25
2.00
3.00
2.12
2.62
2.25
2.25
2.62
1.50
1.50
2.62
3.25

+++
++
+
+
++
++
+++

5.46
4.96
5.07
5.48
6.68
6.18
5.57
5.30
6.08
6.50
6.21
5.10

+
+++
+++
+
+++
+++
+++
-

Tailings area Control
Glomus SS11
Glomus SS15
Glomus SS18
Bacillus sp
Pseudomonas sp
Glomus SS 11 + Bacillus sp
Glomus SS 11 + Pseudomonas sp
Glomus SS 15 + Bacillus sp
Glomus SS 15 + Pseudomonas sp
Glomus SS 18 + Bacillus sp
Glomus SS 18 + Pseudomonas sp

11.3
12.8
1.0.8
16.6
14.6
13.3
13.7
14.6
15.5
15.2
14.0
15.6

+
+++
+++
++
++
+++
+++
+++
++
+++

8.24
8.12
7.57
7.56
6.32
7.46
6.71
7.48
8.12
9.35
9.41
7.29

+++
+++
-

2.20
1.52
1.69
1.41
1.41
1.52
1.41
1.52
2.33
2.15
3.77
2.66

+++
+++

19.8
7.9
15.0
22.8
21.7
19.3
21.7
19.3
17.1
23.5
20.9
17.9

++
++
+
++
++
-

Note: - : ineffective, (++): moderate effectiveness, (+): low effectiveness, (+++): high effectiveness

Table 2: Value of TF, TI and AMF infections in Jatropha curcas
Microbial rhizosphere isolates
Control
Glomus SS11
Glomus SS15
Glomus SS18
Bacillus sp
Pseudomonas sp
Glomus SS 11 + Bacillus sp
Glomus SS 11 + Pseudomonas sp
Glomus SS 15 + Bacillus sp
Glomus SS 15 + Pseudomonas sp
Glomus SS 18 + Bacillus sp
Glomus SS 18 + Pseudomonas sp

TF (%)
0.546
0.291
0.407
0.142
0.052
0.099
0.816
1.066
0.002
0.144
0.044
0.129

In the greenhouse
TI (%)
FMA
98.13
115.8
102.3
113.0
128.8
93.5
106.5
98.1
106.9
114.0
77.7

Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
High
Moderate
Moderate

In the field (tailings ex-illegal gold mining)
TF (%)
TI (%)
FMA
3.14
0.12
3.99
0.22
0.06
3.79
1.14
3.69
1.52
4.82
1.41
0.08

39.9
75.8
115.2
109.6
97.5
109.6
97.5
86.4
118.7
105.6
90.4

Very low
Low
Moderate
Low
Very low
Very low
Low
Low
Moderate
Moderate
Low
Low
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