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Enhancing of cadmium accumulation ability of hyperaccumulating plants using microorganisms
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ABSTRACT

A metagenomics approach was used to assess the impacts of cadmium and zinc
contamination on rhizobacterial population of Chromolaena odorata (L.). Twelve rhizosphere
soil samples were obtained from Phra That Pha Daeng District, Mae Sot, Tak Province.
Bacterial communities were characterized using the V6 hypervariable region of the 16S
rDNA gene using lllumina next-generation sequencing technology. Among 54,026 unique
OTUs identified, 99.74% was classified as bacteria, 0.26% was classified as archaea and
0.0001% could not be assigned to any kingdom. At all sites, several dominant phyla were
observed including Proteobacteria, Actinobacteria, Acidobacteria, Fimicutes and
Bacteroidetes. These five Phyla accounted for 89.17% of all OTUs identified among all sites,
and only two OTUs could not be classified into any Phylum. Comparison among samples
contained low and high level of Cd contamination using the nonparametric Shannon and
Shanon diversity indices showed that soils with low level of Cd had obtained higher value in
term of species diversity (P<0.05). This result indicated that level of Cd may significantly in

bacterial species selection. Cd and Zn resistant bacteria from each sample (n=96 isolates)
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were submitted for MICs analysis (Cd; 20, 40, 80, 160, 320 mg/L Zn; 200, 400, 800, 1,600,
3,200 mg/L). A total of 1,152 MIC values were submitted individually to analyze the pattern
of gene function by using BioNumeric softwere. The results showed that 26.7% of the
bacteria were resistant to cadmium at concentrations up to 320 mg/L and only 2.3% of
bacteria were resistant to zinc at concentration up to 3,200 mg/L. The MICs analyses
indicated that cadmium and zinc resistance decreased with increasing cadmium and zinc
concentrations and those bacteria resistant to Cd and Zn at the same level of concentration
may contain the same group of genes. PCR reactions were performed to identify czcD,
czrC, nccA, cadA and cadB. However, the genes were not detected. Twenty isolates were
chosen based on profiles of Cd and Zn resistance. Ten isolates produced sideroderphore
units in the range of 6.6-60.39 % when tested using chrome azurol sulphonate (CAS) assay.
The bacteria were also tested for their ability to produce plant growth -promoting factors
including auxin and gibberellic acid. All of these isolates were able to produce auxin and
gibberellin in the range of 3.76-20.89 ?g/ml and 280.22-326.26 ?g/ml, respectively. Isolates
TR6004 had ability to resistant to highest amount of Cd and Zn, produced the greatest
amount of siderophore units and were best at production of plant growth promoting agents.
Mobilization study showed no different effect on leaching of Cd and Zn with or without
addition of bacteria to contaminated soil. The mobilizations of Cd and Zn were very low
(0.82-7.4 ?g/Kg). Moreover, to investigate the effects of bacteria on metal uptake by the
hyperaccumulating plant, Chromolaena odorata (L.), a pot experiment with different
concentrations of Cd and Zn was conducted. It was found that the growths of C. odorata
were no different during 1st-9th weeks. Then, Plants without inoculation of bacteria had
higher height that plants with inoculation of bacteria during 10th-12th weeks. The plant
grown better in less Cd and Zn contaminated soil. Total Cd and Zn in the soil tend to be
decreased when plant grown with inoculation of bacteria. However, there is no statistical
difference. We observed that Cd and Zn accumulation in the roots of the plants higher than
shoots. The results indicated that Cd and Zn accumulation in plants are no different with

inoculation and without inoculation of bacteria.
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