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ABSTRACT: The two main bottlenecks for a successful phytoremediation program are the 
metal availability in soil and the metal uptake and transfer to shoots of high biomass plants. 
Several agronomical practices have been tested to boost the bioavailability of metals in 
soils and accumulation in plants. Here we assessed the feasibility of plant-growth-promoting 
bacteria (PGPB) isolated from a site contaminated by gold ore processing activities to assist 
the phytoremediation of As, Cd, and Pb by Sorghum bicolor and mitigate the metal toxicity in 
plants. The bacteria Kluyvera intermedia, Klebsiella oxytoca, and Citrobacter murliniae were 
evaluated in single, double, and triple inoculations. They are regarded as metal resistant and 
were isolated from the rhizosphere of species naturally growing on the metal contaminated 
site. The treatments comprised two soils (contaminated and non-contaminated) and single 
(K. intermedia, K. oxytoca, or C. murliniae) or multiple inoculations (K. intermedia + K. 
oxytoca; K. intermedia + C. murliniae; K. oxytoca + C. murliniae; K. intermedia + K. oxytoca 
+ C. murliniae). Plants were grown for 42 days after inoculation. The results showed that 
the PGPB K. oxytoca and the combination of K. intermedia + K. oxytoca and K. intermedia 
+ C. murliniae were able to mitigate the metal toxicity in the contaminated soil and hence 
increase the shoot biomass, with implications to the effectiveness of phytoextraction. The 
sorghum ability to translocate Cd to shoots in the contaminated soil was enhanced through 
the single inoculation with K. oxytoca, C. murliniae, and K. oxytoca, as well as by the joint-
inoculation with K. oxytoca + C. murliniae, and K. intermedia + K. oxytoca + C. murliniae. 
Higher accumulation of metals in shoots is a crucial factor in successful phytoextraction. 
Arsenic and Pb, on the other hand, had their uptake and concentration in roots stimulated 
by the inoculation. Therefore, regarding these two metals, phytostabilization programs 
could benefit from the use of the bacteria studied here.
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INTRODUCTION
Phytoremediation is a soil remediation technology that uses plants to transfer metals 
from contaminated soils to harvestable parts (Cappa and Pilon-Smits, 2014; Chaney and 
Baklanov, 2017). However, despite some successful field experiments, several bottlenecks 
still exist for optimum phytoextraction (Robinson et al., 2015). Therefore, several agronomic 
techniques such as soil pH correction, fertilization, application of chelators to the soil, and 
microbial inoculation have been used to improve the efficiency of plants to remove metals 
from contaminated soils (Phieler et al., 2015; Boechat et al., 2016a; Sheoran et al., 2016; 
Álvarez-López et al., 2016; Nascimento et al., 2020). Microbes can improve the ability 
of plants to deal with the toxicity of heavy metals in anthropogenically contaminated or 
metalliferous sites (Phieler et al., 2015). The plant-microbe interaction in the rhizospheric 
has been investigated due to the microorganisms’ ability to accumulate metals from 
polluted environments. Besides, the so-called plant growth-promoting bacteria (PGPB) 
can increase metal uptake and hence improve phytoextraction (Chen et al., 2019; 
Kong et al., 2019).

Bioaugmentation-assisted phytoremediation relies on the use of plants (e.g., rhizosphere 
associated process), efficient microorganisms, and plant-growth-promoting bacteria (PGPB) 
to optimize the synergistic effect of both and enhance metal bioavailability in soil and 
plant metal uptake and biomass (Muratova et al., 2015; Phieler et al., 2015; Agnello et al., 
2016; Ma et al., 2016a; Irshad et al., 2019; Kong et al., 2019;). Some bacteria are known 
as plant growth-promoting because they promote a wide range of benefits to the plant, 
including nitrogen fixation, phosphate solubilization, and exudation of siderophores; 
also, they act as biocontrol agents and produce indole-3-acetic acid that increases plant 
biomass, nutrition, and health (Ahemad and Kibret, 2014; Irshad et al., 2019).

Several studies showed that bacteria inoculation boosts the bioavailability of metals 
in soils and their uptake by plants. For instance, inoculating a metal resistant bacteria 
significantly enhanced the biomass and absorption of Pb, Cd, and Zn by Sedum 
plumbizincicola (Ma et al., 2016b). Likewise, the introduction of the multiple tolerant 
bacterium Brevibacterium casei into a contaminated soil increased by 208, 86, and 39 % 
the accumulation of Cd, Zn, and Cu, respectively, by white mustard (Plociniczak et al., 
2016). However, the inoculation effects on the phytoextraction efficiency are inconsistent 
(Sessitsch et al., 2013), and more studies are needed to make bioaugmentation-assisted 
phytoremediation a feasible technique to improve phytoextraction.

We assessed the ability of sorghum [Sorghum bicolor L. (Moench.)] inoculated with 
three metal-resistant bacteria species (Kluyvera intermedia, Klebsiella oxytoca, and 
Citrobacter murliniae) to accumulate As, Cd, and Pb from contaminated soil. Sorghum 
was chosen owing to high biomass, rusticity, and tolerance to heat, drought, and 
saline soils (Muratova et al., 2015). Sorghum was previously tested for remediation 
of soil and nutrient solution contaminated with metals (Al Chami et al., 2014; 
Schütze et al., 2014; Soudek et al., 2014; Muratova et al., 2015; Phieler et al., 2015). 
The bioaugmentation-assisted phytoremediation was assessed by the biomass yield 
and nutrient uptake of sorghum, while phytoextraction capacity was measured by the 
metal contents in roots and shoots and root-to-shoot translocation. 

MATERIALS AND METHODS

Soil sampling and chemical and physical analyses

The soil utilized in the experiment was collected in a site contaminated by gold ore 
processing activities (Boechat et al., 2016b). The site is located in Lavras do Sul, southern 
Brazil (30° 81’ 58” S and 53° 92’ 05” W). A non-contaminated soil was also collected in 
the vicinity of the site and used as a reference. The soil in the area is an Entisol Orthent 
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(Soil Survey Staff, 2014), which corresponds to a Neossolo litólico in accordance with 
the Brazilian Soil Classification System (Santos et al., 2018). 

Soil physical and chemical analyses (Table 1) were performed on air-dried soil (<2.0 mm) 
according to the standard procedures (Silva, 2009). The particle size analysis was 
carried out by using NaOH 1 mol L-1 as a dispersant under slow stirring, with the clay 
content being obtained by the pipette method. Soil pH was measured in water (1:2.5). 
Available contents of Na+, K+, and P were extracted with Mehlich-1 and determined by 
flame photometry and photocolorimetry, respectively. Exchangeable Ca, Mg, and Al were 
extracted by KCl 1 mol L-1 and obtained through titration. Total acidity (H+Al) was obtained 
by calcium acetate extraction and titration. Soil organic carbon (SOC) was determined 
by the Walkley-Black method (Tedesco et al., 1995). The content of As, Cd, Cr, Pb, and 
Zn in soil was determined by ICP-OES after sample digestion using the 3050b method 
(Usepa, 1998). Quality control of analyses used an internal soil standard, and recovery 
rates were satisfactory, i.e., between 93 and 105 %. 

Bacteria isolation and identification

The indigenous bacteria Kluyvera intermedia, Klebsiella oxytoca, and Citrobacter murliniae 
were isolated of the rhizosphere of plants spontaneously growing on the metal-contaminated 
site as described in Boechat et al. (2016a). These species are identified in the GenBank 
by the accession numbers of NR028803.1, NR028802.1, and NR028688.1, respectively, 
and are regarded as metal-resistant and plant-growth promoters (Arunakumara et al., 
2015; Anaukwu et al., 2016). The metal resistant-rhizobacteria were grown in Luria-Bertani 
liquid medium with an addition of of PbCl2 300 mg L-1, as the bacteria were Pb-resistant, 
and an initial pH of 6.5 at a controlled temperature of 31 °C. Lead was added to the 
growth medium aiming the bacteria maintain their resistance to metal. 

Table 1. Chemical properties, metals, and clay contents of the soils used in the experiment

Soil properties Contaminated soil Non-contaminated soil
pH(H2O) 6.0 6.0
P (mg kg-1) 30.0 7.9
K+ (cmolc dm-3) 0.33 0.42
Ca2++Mg2+ (cmolc dm-3) 7.7 5.0
H+Al (cmolc dm-3) 2.8 2.2
SB (cmolc dm-3) 8.0 5.4
CEC (cmolc dm-3) 10.7 7.5
SOM (%) 2.7 1.4
Clay (g kg-1) 140.0 120.0
Zn (mg kg-1) 167.0 42.0
Cu (mg kg-1) 61.0 4.7
Mn (mg kg-1) 13.0 4.0
Cd (mg kg-1) 2.0 0.4
Ni (mg kg-1) 8.0 5.0
Cr (mg kg-1) 12.0 9.0
Pb (mg kg-1) 599.0 46.0
Ba (mg kg-1) 109.0 84.0
As (mg kg-1) 42.0 <2.0

Clay: determined by the pippete method, using NaOH 1 mol L-1; exchangeable Ca and Mg: extracted with KCl 
1 mol L-1; P and K+: estimated by Mehlich-1; H+Al: extracted with calcium acetate 0.5 mol L-1, pH 7.0; SOM 
(soil organic matter): determined by the Walkley-Black combustion method (Tedesco et al., 1995). The content 
of As, Cd, Cr, Pb, and Zn in soil was determined by ICP-OES after sample digestion using the 3050b method 
(Usepa, 1998). H+Al: potential acidity; SB: sum of the bases; CEC: total cation-exchange capacity; SOM: soil 
organic matter. 
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Pot experiment 

The treatments comprised two soils (contaminated and non-contaminated) and single 
(K. intermedia, K. oxytoca, or C. murliniae) or multiple inoculations (K. intermedia + K. 
oxytoca; K. intermedia + C. murliniae; K. oxytoca + C. murliniae; K. intermedia + K. 
oxytoca + C. murliniae), arranged in a randomized block design with five replicates.

Soil samples in pots (800 g) were fertilized with rates equivalent to 30 kg ha-1 N, 200 kg ha-1 
P2O5, and 150 kg ha-1 K2O applied as urea, triple superphosphate, and potassium chloride, 
respectively. Seeds of S. bicolor were sterilized with ethanol 70 %, NaClO4 solution 10 % 
v/v, and then washed with ultrapure water (Milli-Q®). S. bicolor was seeded at a rate of 
ten seeds per pot and, after thinning, two plants were kept to the end of the experiment. 
Plants were grown for 45 days in a greenhouse with a temperature between 25-31 °C. 
Soil moisture was kept close to 70 % of the pot-holding capacity. The inoculum of each 
bacterium was prepared in a liquid medium containing Pb as previously described; after 
centrifugation and resuspension with 0.8 % NaCl solution, the inoculum was adjusted 
to a concentration of 1.8 × 108 CFU g-1 (optical density λ600). The inocula were applied 
to the pots twice (15 and 30 days after thinning, time needed to roots development) 
according to the single and multiple inoculations. 

Plant biomass analysis and phytoremediation capacity

At the end of the experiment, plants were separated into shoots and roots. The roots 
were immersed in HCl 0.1 mol L-1 and washed to remove metals adhered to the cell walls; 
the shoots were washed in tap water to remove airborne particles. The plant materials 
were placed in paper bags and oven-dried at 65 ± 3 °C until constant weight and had 
the biomass recorded. The above ground shoot and root materials were digested in 
a hot nitro-perchloric acid solution (Silva, 2009). The contents of As, Cd, and Pb were 
determined by ICP-OES. The ICP-OES analysis results for the extracts were compared 
with certificate reference plants (certification program of the Brazilian Society of Soil 
Science). Bioconcentration (BCF = Cshoots/Csoil) and translocation (TF = Cshoots/Croots) factors 
were calculated to estimate the S. bicolor ability to uptake metals from the contaminated 
soil and transfer them to the shoots. 

Statistical analyses

The data obtained were analyzed with one-way ANOVA (F test) at 5 %; in case significance 
was observed, means were tested by Tukey’s test (p<0.05) through the use of the Sisvar 
software statistical package (Ferreira, 2011). Pearson’s correlation analysis was used to 
relate metal concentration in roots and shoots with biomass.

RESULTS

Biomass production

The shoots biomass was negatively correlated (p<0.05) with Cd, and Pb contents. Arsenic, 
Cd and Pb also diminished the biomass of roots (Table 2).

Table 2. Pearson’s simple correlation between heavy metal(loid) and shoot and root dry mass of 
Sorghum bicolor grown in heavy metal contaminated soil samples

Metal(loid)
Correlation

Shoot dry mass Root dry mass
As -0.19ns -0.67*
Cd -0.86* -0.86*
Pb -0.66** -0.71*

* or **: significant at 1 or 5 % confidence limit, respectively; ns: no significant.
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The roots and shoots biomass of sorghum plants grown on the soil was increased through 
isolated inoculation with K. oxytoca. The double inoculations K. intermedia + K. oxytoca 
and K. intermedia + C. murliniae also increased the shoots biomass but did not affect 
roots. On the other hand, no significant (p<0.05) differences were observed in the 
shoots biomass of plants grown on the non-contaminated soil, but roots biomass was 
increased by the treatments C. murliniae, K. intermedia + K. oxytoca, and K. intermedia 
+ C. murliniae (Tables 2 and 3).

Content of As, Cd, and Pb in plants 

The content of metals in the shoots of plants growing on the contaminated soil followed 
the order Cd > Pb > As, while roots accumulated Pb > Cd > As (Figure 1). For the 
non-contaminated soil, the orders were Cd > As > Pb for shoots, and Pb > Cd > As for 
roots. The contents of Cd and Pb in the shoots of plants cultivated in the contaminated 
soil were 5- and 1.5-fold higher, respectively, compared to the non-contaminated soil. 
On the other hand, Cd, Pb, and As contents in roots were roughly 2, 4.8, and 4.8 times 
higher in the contaminated soil.

It is important to point out that the co-inoculation with K. intermedia (KI) and K. oxytoca 
(KO) promoted the lowest Cd content in plants (Figure 1) on the contaminated soil. 
However, no inoculation treatment affected the Cd content in plants grown on the 
non-contaminated soil. The treatments with bacteria consortia KI + KO, KI + C. murliniae 
(CM), and KO + CM promoted an increase in the concentration of Cd in roots; such 
increase was not observed for the triple inoculation (KI + KO + CM). The Pb content in 
roots of plants grown on the contaminated soil was higher in the CM and KO treatments, 
but all inoculated treatments resulted in increased Pb content in roots in comparison 

Table 3. Shoot and root dry mass of Sorghum bicolor grown on heavy metal (loid) contaminated 
soil and inoculated with heavy metal resistant-rhizobacteria

Treatment Shoot dry mass Root dry mass
g

Contaminated soil
KI 0.47 bcA 0.31 bB
CM 0.33 cB 0.27 bB
KO 0.74 abA 0.52 aA
KI + KO 0.77 aA 0.27 bB
KI + CM 0.75 aA 0.26 bB
KO + CM 0.47 bcB 0.27 bB
KI + KO + CM 0.38 cB 0.23 bB
Control 0.31 cB 0.21 bB

Non-contaminated soil
KI 0.63 aA 0.48 dA
CM 0.80 aA 0.65 abA
KO 0.66 aA 0.48 dA
KI + KO 0.69 aA 0.75 aA
KI + CM 0.72 aA 0.73 aA
KO + CM 0.76 aA 0.60 bcA
KI + KO + CM 0.68 aA 0.58 bcdA
Control 0.71 aA 0.52 cdA
CV (%) 16.42 9.58

KI: Kluyvera intermedia; KO: Klebsiella oxytoca; CM: Citrobacter murliniae. Means followed by the same 
lowercase letter do not differ between treatments in each soil and same capital letter do not differ between 
soils in each treatment by Tukey test (p<0.05); CV: coefficient of variation.
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to the control. On the contrary, for the uncontaminated soil, no significant difference in 
the Pb content in roots was observed. But the treatments CM and KO + CM presented 
lower Pb content in the shoot (Figure 1).

We observed that As contents in shoots were not affected by inoculation regardless 
of the soil. Also, we found no difference in As contents in the roots of plants grown on 
the non-contaminated soil. Higher contents of As in roots were found in the treatments 
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Figure 1. Heavy metals content in the shoot and root of Sorghum bicolor grown on heavy metals contaminated soil and inoculated 
with heavy metal resistant-rhizobacteria. KI: Kluyvera intermedia; KO: Klebsiella oxytoca; CM: Citrobacter murliniae. * Means followed 
by the same lowercase letter do not differ between treatments in each soil and same capital letter do not differ between soils in 
each treatment by Tukey test (p<0.05). 
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CM and KO, while the lowest As content occurred in control. We found that the higher 
the As content in the soil, the higher the As content in the roots (Figure 1 and Table 4), 
but translocation factors were higher in the non-contaminated soil (Table 5).

Bioconcentration and translocation factors

Cadmium was the only metal posing BCF over 1 for both soils, although BCF in the 
non-contaminated soil roughly doubled the values found for the contaminated soil 
(Table 4). Such a great ability to concentrate Cd from the soil is independent of the 
inoculation and seems to be due to the known mobility of Cd in soils compared to Pb 
and As (Ahmadipour et al., 2014; Puga et al., 2015).

Arsenic and Pb presented BCF much lower than the unit in the contaminated soil. In the 
non-contaminated, Pb BCF >1 was found in the treatments KI + KO, KI + CM, KO + CM, 
and KI + KO + CM; for As, BCF >1 were found in the treatments Cm, KI + KO, and KI + 
CM. However, BCF values for both metals were very close to the unit and similar to the 
control (Table 4).

Translocation factors of plants grown on the contaminated soil were always below the 
unit for all metals, although most Cd TFs were close to 1. Cadmium presented BCF >1 for 
the treatments KI, CM, KO, KO + CM, and KI + KO + CM in the non-contaminated soil; 
such figures were 2-fold higher than the Cd TF of the control. Arsenic and Pb TFs, on the 
other hand, were very low in the contaminated soil (Table 5).

DISCUSSION
Our data showed that bacteria inoculation alleviated metal toxicity in the plants grown 
on the contaminated soil, which caused the increase in the sorghum’s shoot biomass 
(Table 3). In the conditions of the low metal toxicity stress of the non-contaminated 
soil, such an effect on biomass was only observed to roots. Therefore, the role that 

Table 4. Bioconcentration factor (BCF) in Sorghum bicolor grown on heavy metal (loid) contaminated 
soil and inoculated with heavy metal resistant-rhizobacteria

Treatment As Cd Pb
Contaminated soil

KI 0.2 5.1 0.3
CM 0.3 5.0 0.5
KO 0.3 4.6 0.5
KI + KO 0.2 6.5 0.3
KI + CM 0.2 6.8 0.3
KO + CM 0.2 6.2 0.4
KI+ KO + CM 0.2 5.6 0.4
Control 0.1 5.2 0.3

Non-contaminated soil
KI 0.8 13.9 0.8
CM 1.1 11.6 0.8
KO 0.9 10.4 0.8
KI + KO 1.2 12.9 1.2
KI + CM 1.2 14.8 1.2
KO + CM 1.0 13.5 1.1
KI+ KO + CM 0.6 15.0 1.1
Control 1.1 18.3 0.9

KI: Kluyvera intermedia; KO: Klebsiella oxytoca; CM: Citrobacter murliniae. Values >1 are in bold.
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metal resistant bacteria play in metal toxicity amelioration is more relevant in stressful 
environments. Previous studies have shown that PGPB significantly improved biomass 
yield and development of plants submitted to heavy metal stress (Ma et al., 2011; 
Arunakumara et al., 2015).

Plant growth-promoting bacteria, including the ones tested in our study, enhance plant 
development mainly by producing phytohormones such as indole-3-acetic acid from 
auxin groups and stimulating the production of phytohormones, suppressing stress 
ethylene production (due to ACC deaminase activity), and improving plant nutrition 
(Sessitsch et al., 2013). High biomass is crucial for phytoremediation programs as the 
net metal removal from the soil is dependent on both metal accumulation in shots and 
biomass production (Jiang et al., 2015; Wood et al., 2016).

Regardless of the soil contamination level or inoculation, Cd was the metal most 
translocated from the soil to the aerial parts of the sorghum plants (Figure 1). The BCF 
for Cd is up to 2.5 orders of magnitude greater than those for As and Pb (Table 4). Various 
studies have shown the high availability of Cd in soils as compared to other metals 
(Cunha et al., 2008; Ahmadipour et al., 2014; Puga et al., 2015).

We found that the sorghum ability to translocate Cd to shoots in the contaminated soil 
was enhanced through the single inoculation with KI, CM, and KO, as well as by the 
inoculation consortia with KO + CM, and KI + KO + CM. Therefore, bacteria inoculums 
changed the Cd translocation rate to shoots. In general, Cd accumulation in the roots is 
much higher than in shoots (El-Beltagi et al., 2010; Izadiyar and Yargholi, 2010; Melo et al., 
2014; Soudek et al., 2014), which can be a drawback for efficient phytoextraction. Thus, 
the use of microorganisms capable of stimulating Cd translocation to the aerial part of 
plants aids in phytoextraction’s feasibility.

Given the high TF, the contents of Cd in roots and shoots were similar (Figure 1 and 
Table 5). In contrast, the content of As and Pb were much higher in roots for both soils. 
Several studies showed that Pb is mainly accumulated in roots rather than shoots in 

Table 5. Translocation factors (TF) in Sorghum bicolor grown on heavy metal(loid) contaminated 
soil and inoculated with heavy metal resistant-rhizobacteria

Treatment As Cd Pb
Contaminated soil

KI 0.01 0.8 0.03
CM 0.03 0.9 0.02
KO 0.04 0.8 0.01
KI + KO 0.2 0.5 0.02
KI + CM 0.3 0.5 0.02
KO + CM 0.2 0.6 0.02
KI+ KO + CM 0.4 0.8 0.02
Control 0.6 0.9 0.03

Non-contaminated soil
KI 1.0 1.2 0.06
CM 0.6 1.2 0.01
KO 0.4 1.4 0.02
KI + KO 2.7 0.8 0.01
KI + CM 0.6 0.7 0.01
KO + CM 0.8 1.1 0.01
KI+ KO + CM 1.7 1.1 0.01
Control 1.1 0.6 0.01

KI: Kluyvera intermedia; KO: Klebsiella oxytoca; CM: Citrobacter murliniae. Values >1 are in bold.
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plants exposed to toxic levels of the metal (Romeiro et al., 2006; Costa et al., 2012; 
Ma et al., 2016b; Nascimento and Marques, 2018). Likewise, preferential accumulation of 
As in the roots as compared to shoots have been reported (Melo et al., 2012; Silva et al., 
2017). The preferential retention of As and Pb in the sorghum roots is probably due to the 
defense strategy by preventing the translocation of these metals and hence damages 
to the aerial parts. This is also a relevant advantage regarding the phytostabilization of 
arsenic- and lead-contaminated sites. 

We did not find inoculation effects on the Pb content in shoots, but KI, CM, and KO promote 
a high concentration of Pb in roots compared to the control (Figure 1). Inoculation with 
the endophytic bacteria Achromobacter piechaudii also increased the rhizoaccumulation 
of Pb by Sedum plumbizincola (Ma et al., 2016b). Lead uptake by plants depends on soil 
properties such as soil organic matter and texture, cation-exchange capacity, and pH 
(Sillanpää and Jansson, 1992). Given the low contents of clay and organic matter in the 
studied soil and hence low Pb sorption (Table 1), it is likely that the increased content 
of Pb in roots is due to enhanced solubility of Pb compounds in soil driven by the PGPB 
exudates in the rhizosphere (Yoon et al., 2006; Ma et al., 2011; Tangahu et al., 2011).

The triple inoculation (KI + KO + CM) promoted the highest As content in shoots in 
the contaminated soil, but results did not differ from the control treatment (Figure 1). 
Accordingly, these two treatments posed the highest TF for the contaminated soil. The 
inoculations with KI and KO showed the highest abilities to improve uptake and content 
of As in roots. For the non-contaminated soil, the inoculations with KI + KO and the triple 
inoculation were the only treatments to pose TF > 1, i.e., 2.7 and 1.7, respectively. More 
studies are needed to assess these species’ potential to mobilize As in different soil 
conditions and As contents. As discussed to Pb, the general preferential As accumulation 
in roots is part of a tolerance mechanism to restrict the transfer of As to shoots (Lux et al., 
2004; Wójcik et al., 2005; Pongrac et al., 2010, Kabata-Pendias, 2011).

CONCLUSION
We assessed the feasibility of using plant-growth-promoting bacteria to assist the 
phytoremediation of As, Cd, and Pb by Sorghum bicolor grown on a soil contaminated by 
gold ore processing activities. Our results showed that sorghum associated with the adequate 
metal resistant microorganisms could boost Cd phytoextraction and phytostabilization of 
Pb and As in the studied soils. The PGPB K. oxytoca and the combination of K. intermedia 
+ K. oxytoca and K. intermedia + C. murliniae were able to mitigate the metal toxicity 
in the contaminated soil and hence increase the shoot biomass, with implications to the 
effectiveness of phytoextraction. The sorghum ability to translocate Cd to shoots in the 
contaminated soil was enhanced through the single inoculation with K. oxytoca, C. murliniae, 
and K. oxytoca, as well as by the joint-inoculation with K. oxytoca + C. murliniae, and 
K. intermedia + K. oxytoca + C. murliniae. Arsenic and Pb, on the other hand, had their 
uptake and content in roots stimulated by the inoculation. Therefore, regarding these two 
metals, phytostabilization programs could benefit from the use of the bacteria tested here.
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