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INTRODUCTION  

Heavy metal toxicity to various environmental 

niches has created environmental problems due 

to their potential adverse ecological effects and 

is a great matter of concern for environmental-

ists (Jiang et al., 2008). Toxic effects of heavy 

metals such as Cd, Cu, Zn, Ni, Co, Cr, Pb and 

As last longer and they cannot be degraded 

chemically or biologically (Ahemad, 2012). 

Continuous and excess use of agrochemicals 

such as fertilizers and pesticides could directly 

or indirectly have negative impacts as they 

could release toxic materials such as heavy 

metals to the environment. The elevated con-
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ABSTRACT 

 

The capacity to solubilize inorganic phosphates by phosphate-solubilizing bacterial strains isolated from soil sam-

ples collected from different agricultural fields in Matara District was assessed. The isolated phosphate solubiliz-

ing bacterial strains were then tested for tolerance against four heavy metals such as cadmium (Cd), lead (Pb), 

zinc (Zn) and copper (Cu) each with three concentrations (100 mg/L, 200 mg/L,  and 400 mg/L). The bacterial 

strains with the highest phosphate solubilization capacity and resistance to heavy metal were selected and the 

phosphate solubilization potential under different heavy metals was then assessed. The results showed that most of 

the tested isolates proved to be tolerant to the heavy metals at low concentrations. However, a subsequently signif-

icant reduction in tolerance was observed when heavy metal concentration increased. Except three isolates, all the 

other isolates were proved to be vulnerable to the heavy metals of Cd and Pb at the 400 mg/L concentration. 

Among the tested 15 isolates, PSB-14 showed the highest tolerance to 100 mg/L, 200 mg/L and 400 mg/L of Cd, 

Pb, Cu and Zn. The strain was identified as Enterobacter cancerogenous according to the 16 rRNA analysis. The 

bacterial strain showed very high degree of reductions in phosphate solubilization in the presence of heavy metals 

Cd and Pb. The order of the toxicity of the metals to strain was found to be Pb > Cd > Cu > Zn. According to the 

results, it could be concluded that heavy metals Cd and Pb was shown to display a major impact on phosphate 

solubilization while Cu and Zn had a mild effect. 
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centration of these metals in soils has direct 

and detrimental effects on plant growth and 

healthy production (Wani and Khan, 2010). 

Indirectly they affect the composition of natu-

rally occurring microbial communities and 

they limit the growth of naturally occurring 

beneficial microbial communities (Ahemad 

and Khan, 2012). However, there are some 

microorganisms including plant growth pro-

moting bacteria (PGPB) exert various kinds of 

tolerance mechanisms against elevated con-

centrations of heavy metals (Guo and Ma-

hillon, 2013; Mallick et al., 2014). They are 

able to evade the toxicity generated by the 

various heavy metals through various mecha-
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strains. Serially diluted soil sample aliquots 

were inoculated on NBRIP medium (National 

Botanical Research Institute Phosphate medi-

um) containing 10 g glucose, 5 g Ca3(PO4)2, 5 

g MgCl2.6H2O, 0.25 g MgSO4.7H2O, 0.2 g, 

KCl, 0.1 g, (NH4)2SO4 and 16 g agar in 1 L dis-

tilled water (Nautiyal, 1999). The pH of the 

media was adjusted to 7. The petri plates were 

incubated for 7 days at 300C. The colonies with 

clear halos were considered to be phosphate 

solubilizing colonies. Predominant colonies 

were further purified by re-streaking on the 

fresh NBRIP agar plates at 30oC.  

 

Assay of inorganic phosphate solubilization 

The isolated bacterial strains were grown in 

sterilized liquid NBRIP medium (20 ml) at 

300C for 2 days with continuous shaking at 150 

rpm. Aliquots of culture (1 ml) was then trans-

ferred to a 500 ml flask (n=3 per strain) con-

taining sterilized liquid medium (250 ml) and 

incubated with continuous shaking at 300C. 

Sterilized un-inoculated medium served as a 

control. A sample (10 ml) of each cultured and 

control were taken 3 days after the inoculation 

and centrifuged at 8000 rpm for 15 min. The 

clear supernatant was used in determining the 

pH and amount of phosphorous released into 

the medium. The pH of the culture medium 

was also recorded with the pH meter equipped 

with glass electrode. The phosphorus availabil-

ity was determined using phospho-molybdate 

blue color method (Murphy and Riley, 1962). 

 

Assay of heavy metal resistance of the bacte-

rial strains 

Isolated bacterial strains were assessed for their 

sensitivity or resistance to heavy metals by us-

ing agar dilution method (Cervantes et al., 

1986). Freshly prepared tris-minimal salts me-

dium agar plates were amended with four dif-

ferent heavy metals (Cd, Pd, Cu and Zn) at var-

ious concentrations (100-400 mg/l). They 

were inoculated with isolated strains and heavy 

metal tolerance was determined by the appear-

ance of bacterial growth after 5 days of incuba-

tion at 30 0C. The experiments were carried out 

in triplicate. 

52 

nisms such as expulsion of metal species out-

side the microbial cell surface, bioaccumula-

tion the metal ions inside the cell, biotransfor-

mation of toxic metals to less toxic forms and 

metal adsorption on the cell wall (Ahemad, 

2012). 

 

Phosphate solubilizing microorganisms (PSMs) 

are able to mobilize insoluble inorganic phos-

phates to the soil solution, making them availa-

ble to plant uptake (Khan et al., 2009).  There-

fore, the potential use of PSMs to increase 

phosphorous utilization efficiency through its 

application as bio-inoculants has attracted the 

interest among the scientific community en-

gaged in P acquisition and P utilization. 

Among various domains of PSMs, bacteria be-

longing to the genera  Bacillus, Pseudomonas, 

Burkholderia, Pantoa, Enterobacter, Erwinia, 

Azotobacter, Rhizobium, Acinetobacter, Flavo-

bacterium, Klebsiella, and Micrococcus have 

been reported as efficient phosphate solubil-

izers (Sharma et al., 2013; Paul and Sinha, 

2013). Although many soil bacteria are tolerant 

to heavy metals it is reported that bacterial 

strains isolated from heavy metals polluted en-

vironments were shown to be tolerant to higher 

concentrations of metals than those isolated 

from unpolluted areas (Rajkumar et al., 2010).  

 

Therefore phosphate solubilizing bacterial 

strains with genetic potential for increasing tol-

erance to elevated levels of heavy metals are 

substantially improved the growth of plants 

implanted in heavy metal contaminated pollut-

ed soils by lowering the metal toxicity (Wani 

and Khan, 2010). The present study was under-

taken to isolate phosphate solubilizing bacterial 

strains from different agricultural fields and to 

assess their heavy metal resistance in the pres-

ence of different heavy metals. 

 

MATERIALS AND METHODS 

Isolation of phosphate solubilizing bacterial 

strains 

Rhizosphere soil samples were collected from 

different agricultural fields in Matara District 

for isolation of phosphate solubilizing bacterial 
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Assay of growth and phosphate solubiliza-

tion potential under heavy metals 

The bacterial strain with the highest phos-

phate solubilization capacity and resistance to 

heavy metal was selected and the growth and 

phosphate solubilization potential under dif-

ferent heavy metal concentrations were as-

sessed.  

 

Effect of heavy metals on bacterial growth 

was measured by measuring the absorbance at 

660 nm using spectrophotometer (Shimadzu 

UV-VIS). NBRIP liquid medium supplement-

ed with heavy metals at the concentrations of 

100, 200 and 400 mg/L was inoculated with 

bacterial suspension (106 CFU/ml) and incu-

bated with continuous shaking at 30 oC. Sam-

ples from cultures grown in NBRIP medium 

were diluted 1:1 (v/v) using 1 N HCl to dis-

solve the residual insoluble phosphate and 

absorbance was recorded at 660 nm against a 

blank to measure the growth of the strain 

(Rodriguez et al., 2000). Bacterial culture in-

oculated heavy metal free medium considered 

as control.  

 

Bacterial strain was grown in sterilized liquid 

NBRIP medium (20 ml) at 300C for 2 days 

with continuous shaking at 150 r min-1. Ali-

quots of culture (106CFU/ml) was then trans-

ferred to a 500 ml flask (n=3 per strain) con-

taining sterilized liquid NBRIP medium (250 

ml) supplemented with heavy metals (Cd, Pb, 

Cu and Zn) at the concentrations of 100, 200 

and 400 mg/L. The flasks were incubated 

with continuous shaking at 30 0C. A sample 

of culture broth (10 ml) from each cultured 

flask was removed after 3 days and centri-

fuged at 8000 rpm for 15 min. The clear su-

pernatant was used in determining the amount 

of phosphorous released into the medium. 

The pH of the culture medium was also rec-

orded with the pH meter equipped with glass 

electrode. The phosphorus availability was 

determined using phospho-molybdate blue 

color method (Murphy and Riley, 1962). 
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Identification of the selected bacterial 

strain 

The bacterial strain showing the highest de-

gree of metal resistance was selected and par-

tial sequencing of 16S rRNA for the strain 

was done with the help of DNA sequencing 

service, SOLGENT, Daejeon, South Korea 

using universal primers, 27F (5’-

AGAGTTTGATCCTGGCTCAG -3’) and 

1492R (5’-GGTTACCTTGTTACGACTT -

3’). The online program BLAST was used in 

identifying the related sequences with known 

taxonomic information available at the data-

bank of NCBI (http://www.ncbi.nlm.nih.gov/

BLAST). A phylogenetic tree was constructed 

using CLUSTAL X program (Thompson et 

al., 1997), which involved sequence alignment 

by neighbor joining method (Saitou and Nei, 

1987) and maximum parsimony using the 

MEGA4 program (Kumar et al., 2001). 

Grouping of sequences was based on confi-

dence values obtained by bootstrap analysis of 

1,000 replicates. Gaps were edited in the Bio 

Edit program and evolutionary distances were 

calculated using Kimura two parameter mod-

el. Reference sequences were retrieved from 

GenBank under the accession numbers indi-

cated in the trees (Figure 1). 

 

RESULTS AND DISCUSSION 

Isolation of phosphate solubilizing bacterial 

strains 

The collected soil samples were plated in 

NBRIP medium for isolation of phosphate sol-

ubilizing bacterial strains.Fifteen bacterial 

strains (PSB 1 to PSB 15) which exhibited 

clear zones on the NBRIP agar plates were 

selected as phosphate solubilizing bacterial 

strains. They had a marked solubilizing ability 

of insoluble phosphate as visualized by the 

clear zone developed around the colony after 3 

days of incubation. The isolate PSB – 14 

showed the maximum phosphate solubilizing 

halo zone around the colony. The solubiliza-

tion index (SI – Colony diameter + halo zone 

diameter /colony diameter) of the strain PSB – 

4 was calculated at the end of the incubation 

http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/BLAST
http://ijs.sgmjournals.org/content/54/2/513.full#ref-33
http://ijs.sgmjournals.org/content/54/2/513.full#ref-33
http://ijs.sgmjournals.org/content/54/2/513.full#ref-28
http://ijs.sgmjournals.org/content/54/2/513.full#ref-28
http://ijs.sgmjournals.org/content/54/2/513.full#ref-17
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period and it was 3.25.  

Assay of inorganic phosphate solubilization 

The phosphate solubilizing potential of the 

isolated strains in NBRIP liquid media indi-

cated that all the isolated bacterial strains effi-

ciently solubilized inorganic phosphate in the 

medium containing tri calcium phosphate 

(Table 1). The initial turbid color of the 

NBRIP medium was turned to clear within 2-

3 days due to the solubilization of inorganic 

phosphate by inoculated bacterial strains. Re-

sults showed that the isolated strains had dif-

ferent capabilities to release soluble phospho-

rus from inorganic phosphate. Among the fif-

teen isolates, PSB-14 was shown to release 

the highest content of soluble phosphorus 

(652 mg/L) into the medium, followed by 

PSB-8 and PSB-9 with 611 and 599 mg/L of 

soluble phosphorus, respectively. 

 

All isolated strains lowered the pH of culture 

medium. The initial pH of the NBRIP medi-

um was 7.0 and pH drop by phosphate solu-

bilizing bacterial isolates ranged from 3.95-

4.65.The inverse relationship between pH and 

Figure 1: Phylogenetic tree based on 16S rDNA gene sequences, showing the position of Enter-

obacter cancerogenus strain with respect to related species. The scale bar indicates 0.02 substi-

tutions per nucleotide position and accession numbers are given in parenthesis. 

Bacterial 

Strain 

Phosphate 

solubilization 

mg/L 

Final pH 

PSB 1 379.2±15.6 4.41 ± 0.08 

PSB 2 279.9±13.9 4.48 ± 0.05 

PSB 3 410.2±14.2 4.65 ± 0.09 

PSB 4 255.4±13.5 3.95± 0.12 

PSB 5 509.7±14.6 4.21 ± 0.09 

PSB 6 472.3±14.1 4.11 ± 0.16 

PSB 7 506.8±15.4 4.08 ± 0.08 

PSB 8 611.0±14.5 4.06 ± 0.11 

PSB 9 598.7±14.6 4.22 ± 0.09 

PSB 10 466.2±13.4 4.14 ± 0.11 

PSB 11 502.5±12.4 4.29 ± 0.10 

PSB 12 417.6±11.4 4.06 ± 0.07 

PSB 13 589.4±15.6 3.96 ± 0.14 

PSB 14 651.8±15.7 4.31 ± 0.13 

PSB 15 431.9±14.5 4.28 ± 0.07 

Table 1: Phosphate solubilizing potential of 

the isolated strains in NBRIP liquid media  

 

Erwinia aphidicola DSM19347
(T)

AB273744 

 
Enterobacter cloacae subsp.dissolvens LMG2683

(T)

Z96079   
Leclercia adecarboxylata GTC 1267

(T)

AB273740 

 
Enterobacter_ludwigii_DSM 16688

(T)

AJ853891  

  

Enterobacter_hormaechei_ATCC 49162
(T)

FHR01000079 
  

PSB-14  
Enterobacter cancerogenus LMG 2693

(T)

Z96078G  

  

Citrobacter freundii  DSM 30039
(T)

AJ233408  
Citrobacter werkmanii CDC 0876-58

(T)

AF025373   
Enterobacter amnigenus JCM1237

(T)

AB004749 

 
Kluyvera cryocrescens ATCC33435

(T)

AF310218  
Kluyvera intermedia ATCC 33110

(T)

AF310217  
 

 

  

Cedecea davisae DSM 4568
(T)

AF493976 

 

79 

89 

92 
69 

60 

66 

34 

52 

7 

20 

0.02 
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soluble phosphorus concentration was ob-

served among all the isolated bacterial strains 

suggested that low pH of the medium could 

facilitate the inorganic phosphate solubiliza-

tion (Sharma et al., 2013). A Similar relation-

ship between pH and phosphate solubilization 

were reported by other researchers (Yu et al., 

2011; Yasmin and Bano, 2011). 

 

Assay of heavy metal resistance of the bac-

terial strains 

The isolated strains were tested for tolerance 

against four heavy metals (Cd, Pb, Zn and 

Cu) at the concentrations of 100, 200 and 400 

mg/L.  

 

Soil microorganisms having higher resistance 

to heavy metal s are considered as the best 

choice for phytoremediation studies. Our re-

sults indicated that most of the tested isolates 

were proved to be tolerant to the heavy metals 

at low concentrations. However, subsequently 

significant reduction in tolerance was ob-

served when heavy metal concentration in-

creased. Out of the tested four different heavy 

metals most of the isolates were able to grow 

at 100 ppm concentration. Except three iso-

lates (PSB-2, PSB-14 and PSB-7 for Cd and 

PSB-14, PSB-8 and PSB-13 for Pb), all the 

other isolates were proved to be vulnerable to 

the heavy metals of Cd and Pb at the 400 ppm 

concentration (Table 2). Therefore, Cd and Pb 

are considered as the most toxic heavy metals 

for isolated phosphate solubilizing organisms. 

Among the tested 15 isolates, PSB-14 showed 

the highest tolerance and the strain showed 

tolerance to 100 mg/L, 200 mg/L, and 400 

mg/L of Cd, Pb, Cu and Zn. 

 

Assay of phosphate solubilization potential 

under heavy metals 

Strains showed diverse levels of phosphate 

solubilizing activity in the presence of differ-

ent heavy metals. None of the metals was 

found to be highly toxic to the strain during 

the incubation period. However, the presence 

of heavy metals in NBRIP medium caused 

significant reductions in phosphate solubiliza-

tion. Phosphate solubilization decreased with 

increasing concentrations of heavy metals. 

The bacterial strain showed very high degree 

of reductions in phosphate solubilization with 

the presence of heavy metals Cd and Pb 

(Figure 2, 3, 4 and 5). The order of the toxici-
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Strain Heavy metal concentration (mg/L) 

Cd Pb Zn Cu 

100 200 400 100 200 400 100 200 400 100 200 400 

PSB-1 + + - + + - + + + + + + 

PSB-2 + + + + + - + + + + - - 

PSB-3 + - - + - - + + + + + + 

PSB-4 + + - + + - + + - + + - 

PSB-5 + + - + - - + + - + + + 

PSB-6 - - - - - - + + - - - - 

PSB-7 + + + + + - + + + + + + 

PSB-8 + + - + + + + + + - - - 

PSB-9 - - - + + - + - - - - - 

PSB-10 + - - + + - - - - + + + 

PSB-11 + + - + + - + + + + + + 

PSB-12 + + - - - - + + + + + + 

PSB-13 + + - + + + + + + + + + 

PSB-14 + + + + + + + + + + + + 

PSB-15 + - - + - - + + - + + + 

Table 2: Tolerances of the isolated strains at different concentrations of heavy metals  

(+):  tolerance to the heavy metal,  ( - ):  susceptible to the heavy metal 



 

 

ty of the metals to strain found to be Pb > Cd 

> Cu > Zn. According to the results heavy 

metals Cd and Pb had a major impact on 

phosphate solubilization and Cu and Zn had a 

mild negative, but significant effect on phos-

phate solubilization. Similar toxicity results 

were observed by Singh et al. (2016). They 

observed consistently slower growth rates of 

the isolated strains in the presence of heavy 

metals (Cd and Pb). It was decreased by 41%, 

45% and 46% respectively for the Cd concen-

trations of 100 mg/L, 200 mg/L, and 400 mg/

L and 44%, 45% and 50% respectively for the 

Pb concentrations of 100 mg/L, 200 mg/L, 

and 400 mg/L compared to the control. This 

may be due to the impairment of various met-

abolic activities of the organisms (Kumar et 

al., 2010).  

 

The reduction of phosphate solubilization in 

heavy metal Cu inoculated NBRIP medium 

was 16%, 24% and 30% respectively for the 

concentrations of 100 mg/L, 200 mg/L, and 

400 mg/L whereas Zn inoculated medium it 

was 5%, 7% and 12% respectively for the 

concentrations of 100 mg/L, 200 mg/L, and 

400 mg/L. Phosphate solubilizing microor-

ganisms isolated from heavy metal contami-
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Figure 2: Effect of three different concen-

trations of Cd (cadmium) on phosphate sol-

ubilization and pH change by Enterobacter 

cancerogenus. Values given here are the 

means (n = 3) ± standard deviation.  

Figure 3: Effect of three different concen-

trations of Zn (zinc) on phosphate solubili-

zation and pH change by Enterobacter can-

cerogenus. Values given here are the means 

(n = 3) ± standard deviation.  

Figure 4: Effect of three different concen-

trations of Pd (lead) on phosphate solubili-

zation and pH change by Enterobacter can-

cerogenus. Values given here are the means 

(n = 3) ± standard deviation.  

Figure 5: Effect of three different concen-

trations of Cu (copper) on phosphate solu-

bilization and pH change by Enterobacter 

cancerogenus. Values given here are the 

means (n = 3) ± standard deviation. 
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nated soils have developed the mechanisms to 

cope with a variety of toxic metals for their 

survival in the environment enriched with 

such metals, thus adaptation of microorgan-

isms to such a heavy metal contaminating en-

vironment may be the possible reason at-

tributed to their withstand against heavy met-

als (Abou-Shanab et al., 2007; Singh et al., 

2016). Our results are in agreement with pan-

dy et al. (2011) who isolated Bacillus sp with 

phosphate solubilizing potential in the pres-

ence of metals Pb and As. 

 

The isolation of microorganisms both metal 

tolerant and efficient in producing plant 

growth promoting properties are of particular 

importance of the reclamation of heavy metal 

polluted soils (Sinha et al., 2011; Sinha and 

Paul, 2014). They are considered as cost ef-

fective and environmentally friendly tools for 

restricting heavy metal movement to plant 

organs by transforming metal species into im-

mobile forms to decrease toxicity of metals 

(Ahemad, 2012; Glick, 2012; Paul and Sinha 

2013). They can be useful to speed up the col-

onization process of the plant rhizosphere in 

heavy metal polluted soil. Therefore, further 

studies are needed to assess the other plant 

growth promoting activities of isolated phos-

phate solubilizing bacterial strain under heavy 

metal stress.   

 

CONCLUSION 

The results of the present study suggested that 

isolated heavy metal tolerant Enterobacter 

cancerogenous PSB-14 can be useful to re-

mediate heavy metal contaminated sites. Use 

of these heavy metal tolerance phosphate sol-

ubilizing  bacteria  as  bio-inoculants  will  

increase  the  available phosphorus content in 

the soil and reduces heavy  metal  pollution. 

Further studies are needed to assess the other 

plant growth promoting activities of isolated 

phosphate solubilizing bacterial strain under 

heavy metal stress.   
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