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A B S T R A C T  

In today’s world, environment is exposed to lead due to various anthropogenic activities. It adversely affects plants as 

well as microorganisms by disturbing soil health and fertility. Bioremediation is a technique used to sequester heavy 

metals from the contaminated soil and it can be used to decontaminate the polluted soil. Lead-tolerant plant health 

promoting rhizobacteria (PHPR) can be used to enhance the efficacy of lead remediation. Lead uptake can be enhanced 

through bacteria by modifying root structure, secreting metal sequestering molecules in rhizosphere and alleviating lead 

induced phytotoxicity. For this purpose, lead-resistant auxin-producing bacteria were isolated from the rhizosphere of 

some plants. These auxin-producing lead-tolerant bacteria were used to treat Zea mays both in the presence and 

absence of lead-stress under laboratory conditions and its impact on plant growth and biochemical parameters of Zea 

mays were analysed. 
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I N T R O D U C T I O N  
 

Increasing global population has lead to increase in 

industrialization, technological developments and over-

use of natural resources and release of contaminants into 

the environment which in turn resulted in greater number 

of highly polluted areas. Increasing demands of land for 

housing, infrastructure and recreation reduced the feeling 

to remediate polluted areas. 

Heavy metals contamination poses a serious threat to 

plants and animals throughout the whole world. Due to 

their sustainability, they pose a serious threat to 

agricultural fields1. Excess of heavy metals are absorbed 

by roots which accumulate in various plant organs and 

reduce growth by disturbing metabolic processes2. Thus, 

soil re-establishment processes are essential for re-

investing in agricultural production. Bioremediation is a 

promising technology which involves environmental 

friendly processes for remediation of polluted soil and 

water on a large scale3,4. The advancement of 

bioremediation strategies, such as the associations of 

bacteria with the plants rhizosphere that grow in 

contaminated soils are important because of the 

biotechnological capability of microorganisms for metal 

elimination directly from soil or the expected transport of 

metals to the plants5. Lead is among one of the most 

abundant and widespread heavy metals in the 

environment. Paints, mining sites, gasoline, explosives, 

paper and pulp industries and municipal sewage are the 

major causes of its release in the atmosphere1, 4.  

Plant growth is enhanced by bacteria that grow in the 

rhizosphere which are termed as PGPR6. Several studies 

have investigated that the potential of plants to separate 

heavy metals from soil is improved by plant growth 
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hormones7, 8. Plants follow specific growth patterns which 

are resolved and managed by phytohormones9. Auxins 

play an important role in the plant growth promoting ability 

of rhizobacteria6. Bacterial auxins act as signaling 

molecules and strengthen bacteria - plant relationship. 

The most significant attributes of plants inoculated with 

auxin-producing plant growth enhancing bacteria is the 

alteration in the root structure and growth10. The utilization 

of PGPB in phytoremediation is also termed as PGPB 

enhanced phytoremediation (PEP) which is considered as 

a cheaper eco-friendly technique to increase plant stress 

tolerance, biomass productivity and bioremediation 

effectiveness during reclamation of polluted lands. 

Some of the lead-tolerant Zea mays varieties have been 

reported. Lead mostly accumulates in the root and shoots 

of Zea mays plant, which are not eaten as food. So, 

chances of lead consumption and its addition into the 

food chain have reduced. 

M A T E R I A L S  A N D  M E T H O D S  

Bacterial Strains and MIC 

Six lead-resistant bacterial strains i.e., Bacillus anthracis 

(P1iv), Bacillus sp. (T4b), Sporosarcina sp. (T8bi), 

Bacillus cereus (S4ii), Bacillus cereus (T10ai) and T2aii 

were utilized for the present study. The bacterial strains 

were cultured at 37°C using L-agar supplemented with 

various concentrations of lead overnight to know the 

minimum inhibitory concentration of lead and growth of 

strains was recorded.  

Biological Assay 

Zea mays certified seeds of variety DK-6142 were taken 

from the Punjab Seed Corporation, Lahore, Pakistan. 

Autoclaved petriplates (120mm) were taken. Two 

Whatman filter paper no. 1 were adjusted in each plate. 

Plates were labeled with different bacterial strains and 

lead stress as well. Seeds of Zea mays were washed with 

0.1% HgCl2 for 2-3 minutes followed by several washings 

with autoclaved distilled water. Zea mays seeds were 

dipped in bacterial inoculum. Seeds were then placed on 

the filter paper aseptically and different concentrations of 

lead solution were added i.e., 0, 400, 800 and 1200µg/ml. 

All petriplates were kept in dark. Root length, number of 

primary as well as secondary roots of the seedlings were 

noted after one week.  

Plant-Microbe Interaction 

Petriplates of 120mm diameter were subjected to washing 

and drying before use. Two layers of Whatman filter paper 

no. 1 were placed in each plate then plates were 

autoclaved. The autoclaved plates were oven dried. 

Plates were properly labeled for each strain and control 

(without inoculation) with different concentrations of 

working solution of lead nitrate (PbNO3) i.e., 0 µg/ml 

(control treatment), 400, 800, 1200, and 1600µg/ml. 10 ml 

of sterilized salt solution with various concentrations (0, 

400, 800 and 1200µg/ml) were added to each respective 

treatment. Inoculated and treated Zea mays (var. DK-

6142) seeds were placed on the moistened filter paper in 

the petriplate which were placed for three days in dark 

condition at 25+ 2 ºC.  After three days, five germinated 

seedlings were sown in the labeled pots each with 140 

gm sieved soil and lead stress solutions with 0, 400, 800 

and 1200µg/ml of lead nitrate (PbNO3) was added to the 

respective pots. The light period of 10 Klux, for 16 hours 

duration was provided to the plants at 25+ 2 ºC. 

Seedlings were grown for 20-25 days and then the growth 

of the inoculated and non-inoculated treatments was 

analysed by observing shoot length, root length, fresh wt. 

and number of leaves. Protein test11 and auxin test12 for 

the inoculated and non- inoculated plants were also 

performed. The experiment was repeated thrice.   

R E S U L T S  

Biological Assay 

Inoculation with the bacterial strain T2aii caused 

increment in the root length upto 358.3% in the absence 

of lead stress. The strain Bacillus cereus S4ii (20%) 

caused maximum increase in the number of primary roots 

without the addition of lead stress. Under the lead stress 

of 400 and 800µg/ml, maximum enhancement upto 55.5 

and 75% respectively, was recorded in the number of 

primary roots of seedlings inoculated with the bacterial 

strain Bacillus sp. (T4b) over control treatments. In the 

presence of lead stress of 1200µg/ml, inoculation with the 

bacterial strain Bacillus anthracis (P1iv) showed high 

reduction (80%) in the number of primary roots as 

compared to control. The number of secondary roots were 

enhanced by inoculation of seedlings by the bacterial 

strains Bacillus cereus (S4ii), Bacillus cereus (T10ai) and 

T2aii upto 193, 186 and 176%, respectively in comparison 
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to control. Under the lead stress of 400, 800 and 

1200µg/ml, maximum increment in the number of 

secondary roots i.e., 335, 352 and 160.5% respectively, 

was exhibited by inoculation with the bacterial strain 

Sporosarcina sp. (T8bi) when compared with control 

plants (Fig. 1).  

Plant-Microbe Interaction 

The germination percentage was not affected by bacterial 

treatment of seeds both in the presence and absence of 

lead stress. Treatment of seeds with the bacterial strains 

Bacillus cereus (T10ai), Bacillus cereus (S4ii) and 

Sporosarcina sp. (T8bi) showed enhancement upto 6.2, 

5.7 and 5.3%, respectively, in the shoot length in the 

absence of lead stress. Although, shoot length was 

enhanced by inoculation of seeds with the bacterial 

strains under the lead stress (400-1200µg/ml) but 

treatment of seeds with the bacterial strain Bacillus 

cereus (S4ii) showed maximum increase of 13.5, 28.8 

and 19.6%, respectively, in comparison to the respective 

control. Treatment of seeds with the bacterial strains 

T2aii, Bacillus cereus (S4ii) and Bacillus sp. (T4b) 

exhibited increment in the root length of plants i.e., 40.9, 

29.2 and 28.4%, respectively, without the addition of lead 

stress. Under the lead stress of 400, 800 and 1200µg/ml, 

increment of 8.9, 19.7 and 8.5% in root length was 

recorded by inoculation of seeds with the bacterial strain 

Sporosarcina sp. (T8bi), as compared to non-inoculated 

lead stressed control plants. Inoculation of plants with the 

strain S4ii showed reduction of 13, 17 and 4.2% in the 

root length as compared to control treatments (Fig. 2).  In 

the absence of lead stress, treatment of seeds with the 

bacterial strains Bacillus cereus (S4ii), Bacillus cereus 

(T10ai) and Sporosarcina sp. (T8bi) exhibited increment 

in the number of leaves when compared with control 

treatments. Number of leaves was not much affected by 

treatment with the lead stress of 400 and 800µg/ml. Lead 

stress of 800µg/ml showed enhancement in number of 

leaves by inoculation with all the strains and inoculation 

with the strains Bacillus anthracis (P1iv), Bacillus cereus 

(S4ii) and Bacillus sp. (T4b) caused maximum increment 

upto 41.2% over control (Fig. 3). Although, lead stress did 

not decrease the number of leaves significantly but the 

leaves showed chlorosis and tip burns under lead stress 

which was more prominent in non-inoculated plants 

compared to inoculated treatments under lead stress. 

Fresh weight of plants was enhanced by inoculation with 

bacterial strains both in the presence and absence of lead 

stress. Plants treated with the strain Bacillus cereus (S4ii) 

caused enhancement i.e., 39% in fresh weight without the 

addition of lead stress as compared to control. Under the 

lead stress of 400, 800 and 1200µg/ml, enhancement of 

107.8, 76.7 and 13.5% respectively, was exhibited by 

treatment with the bacterial strain Bacillus cereus (S4ii) as 

compared to non-inoculated control treatments. Protein 

content of plants was reduced by inoculation of seeds 

with all the bacterial strains (P1iv, S4ii, T10ai, T8bi, T2aii 

and T4b). Maximum reduction of 70.7% was recorded by 

inoculation with the bacterial strain T2aii without the 

addition of lead stress. Inoculation of seeds with the 

bacterial strain T2aii also exhibited reduction (29.5, 62.9 

and 10.4%, respectively) in protein content under different 

lead stresses i.e., 400, 800 and 1200µg/ml in comparison 

to respective control. But, lead stress of 1200µg/ml 

showed enhancement in plants inoculated with the strain 

T10ai which showed highest increment of 209.8% in the 

protein content when compared with control. Auxin 

content showed highest increment upto 30.8% by 

inoculation of seeds with the bacterial strain Bacillus 

cereus (T10ai) as compared to control plants. Under the 

lead stress of 400µg/ml, auxin content was reduced in all 

inoculated plants. Treatment of seeds with the bacterial 

strains Bacillus cereus (T10ai) and T2aii showed 

maximum reduction i.e., 52% in the auxin content over 

respective control. In the presence of lead stress of 800 

and 1200µg/ml, increment of 22 and 16% was exhibited 

in auxin content with the bacterial inoculation of 

Sporosarcina sp. (T8bi) as compared to respective non-

inoculated control treatments (Fig. 4). 
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Fig. 1:  Influence of bacterial treatments in the presence and absence of lead stress [(PbNO3 (µg/ml)] on primary and 

secondary roots number of Zea mays in laboratory experiment. [W.I. = without bacterial inoculation; Bacterial strains = 

P1iv, S4ii, T10ai, T8bi, T2aii and T4b]. Data shows mean of fifteen replicates. Different letters designate significant 

difference between treatments using Duncan’s multiple range test (P = 0.05). 

  

Fig. 2: Influence of bacterial treatments in the presence and absence of lead stress [(PbNO3 (µg/ml)] on shoot length 

(cm) and root length (cm) of Zea mays in laboratory conditions. [W.I. = without bacterial inoculation; Bacterial isolates = 

P1iv, S4ii, T10ai, T8bi, T2aii and T4b]. Data represent mean of fifteen replicates. Different letters designate significant 

difference between treatments using Duncan’s multiple range test (P = 0.05). 
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Fig. 3: Influence of bacterial treatments in the presence and absence of lead stress [(PbNO3 (µg/ml)] on fresh weight (g) 

and leaves number of Zea mays in laboratory conditions [W.I. = without bacterial inoculation; Bacterial isolates = P1iv, 

S4ii, T10ai, T8bi, T2aii and T4b]. Data represent mean of fifteen replicates. Different letters designate significant 

difference between treatments using Duncan’s multiple range test (P = 0.05). 

 

Fig. 4: Influence of bacterial treatments in the presence and absence of lead stress [(PbNO3 (µg/ml)] on protein and 

auxin concentration of Zea mays under laboratory conditions. [W.I. = without bacterial inoculation; Bacterial isolates = 

P1iv, S4ii, T10ai, T8bi, T2aii and T4b]. Data represent mean of fifteen replicates. Different letters designate significant 

difference between treatments using Duncan’s multiple range test (P = 0.05).  
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D I S C U S S I O N  

The current research deals with the study of bacterial 

treatment of Zea mays for reducing hazardous impact of 

lead on plant growth and development under lead stress. 

The biological assay was conducted to study the effect of 

auxin-producing bacteria on the growth of Zea mays in 

the presence and absence of various lead concentrations 

(0, 400, 800 and 1200µg/ml). Root length, number of 

primary roots and number of secondary roots were 

enhanced by inoculation of seeds with the bacterial 

strains Bacillus cereus (S4ii) and T2aii in the absence of 

lead stress while inoculation with the strain Sporosarcina 

sp. (T8bi) showed reduction when compared with control 

treatment. 

The selected six auxin producing lead-resistant bacterial 

strains were used to assess their plant health promoting 

potential under lead stress for which seeds of Zea mays 

variety DK-6142 were inoculated with the selected auxin-

producing lead resistant bacterial strains in the presence 

of lead stress. Inoculation with the bacterial strain Bacillus 

cereus (S4ii) caused prominent increment in growth 

parameters like shoot length, germination percentage, 

root length, fresh weight, number of leaves, and auxin 

content of Zea mays in the absence of lead stress in 

comparison to control. Under the lead concentration of 

400µg/ml, the germination percentage was decreased in 

inoculated plants whereas lead stresses of 800 and 

1200µg/ml does not affect germination percentage of 

plants treated with various bacterial strains as compared 

to respective control treatments. The shoot length of 

plants inoculated with the bacterial strains Bacillus 

anthracis (P1iv), Bacillus cereus (S4ii), T10ai, T8bi and 

Bacillus sp. (T4b) showed enhancements under the lead 

stresses of 400, 800 and 1200µg/ml as compared to 

control. Similarly, Hassan et al.13 have reported increment 

in the height (shoot length) of wheat by inoculation with 

Pseudomonas moraviensis and Bacillus cereus upto 32%. 

The increment in plant height in the presence of PGPR is 

attributed to increase IAA synthesis that improve cell 

elongation and cell division13. Under various lead stresses 

(400-1200µg/ml), treatment with the bacterial strain T8bi 

caused increment in root length over control treatments 

while inoculation with the bacterial strain Bacillus cereus 

(S4ii) caused reduction in root length under the different 

lead stresses i.e., 400, 800 and 1200µg/ml when 

compared with the respective control treatments. 

Likewise, Cathrine and Navab3 stated that lead 

accumulate more rapidly in the roots as compared to 

shoots. So, the roots of Lepidium sativum L. are much 

more sensitive to phytoremediation of lead than the 

shoots. Number of leaves showed no significant effect by 

inoculation with bacterial strains under lead stress of 400 

and 1200µg/ml but inoculation of seeds with the bacterial 

strains enhanced the number of leaves under the lead 

stress of 800µg/ml as compared to control. Although lead 

stress has shown negligible effect on the number of 

leaves but increasing lead stress caused chlorosis of 

leaves indicating the toxic effect of lead on photosynthetic 

pigments. So, leaves were not healthy and chlorosis of 

the leaves suggest that the overall biology of the plants 

was adversely affected by increasing lead stress. Idicko 

and Verma14 have reported increment in number of leaves 

of inoculated maize plants as compared to control. The 

Pseudomonas sp. improved the number of leaves up to 

8% whereas Azotobacter sp. increased the leaves 

number upto 7.67% as compared to the non-treated 

plants. Under the lead stress of 400 and 800µg/ml, the 

fresh weight of plants inoculated with all the bacterial 

strains i.e., P1iv, S4ii, T10ai, T8bi, T2aii and T4b showed 

enhancements as compared to the non-inoculated lead 

stressed plants. The lead stress of 1200µg/ml exhibited 

enhancement in fresh weight by plants inoculated with all 

the bacterial strains (Bacillus anthracis P1iv, Bacillus 

cereus S4ii, T10ai, T2aii and Bacillus sp. T4b) except 

plants inoculated with the strain Sporosarcina sp. (T8bi) in 

comparison to control. Similar results were obtained 

showing increment in fresh weight of groundnut plant 

inoculated with bacterial strains at various stages of its 

growth as compared to control15. The protein 

concentration of Zea mays plants treated with all the 

bacterial strains showed enhancements under the lead 

stress of 400 and 800µg/ml whereas the lead stress of 

1200µg/ml exhibited enhancements in the protein content 

of all the inoculated plants except plants treated with the 

bacterial strain T2aii when compared with the respective 

non-stressed treatments. Reduction in protein production 

is an essential biochemical demonstration of lead toxicity 

which is showed by others also, such as Bano et al.16 

have also reported that instead of the reports of stress 
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protein synthesis, the protein content generally decreases 

due to stress as the rate of photosynthesis declines due 

to unavailability of raw material for protein production 

which leads to the reduction or complete cessation of the 

process. The increase in protein degradation as 

compared to their production can also be the reason of 

reduction in protein content16. Reduction in auxin content 

of inoculated plants was observed under the lead stress 

of 400µg/ml over the control treatment. In the presence of 

lead stress of 800 and 1200µg/ml, treatment of plants 

with the bacterial strains, Sporosarcina sp. T8bi Bacillus 

anthracis P1iv and Bacillus sp. T4b showed 

enhancements in auxin content when compared with the 

control. According to Zhu et al.17, auxin production 

showed negative association with zinc concentration 

under the influence of PGPR isolates. By increasing zinc 

concentration, the auxin production must be decreased by 

bacterial isolates due to reduction in root growth of wheat 

plant under zinc stress17. They also observed that instead 

of reducing the auxin synthesis under zinc stress, 

bacterial isolates exhibit metal transport from roots to 

shoots and retarded the zinc accumulation in the root17 so 

a similar relationship may exist between some of the 

bacterial isolates and lead stress which caused reduction 

in the auxin content. 

C O N C L U S I O N  

Thus the current study suggests that lead stress 

adversely affects the photosynthetic pigments in plants 

leading to chlorosis in the leaves under lead stress which 

results in poor plant growth. Treatment with lead-tolerant 

bacterial isolates improve plant growth under lead stress 

and thus can be effectively applied in lead-contaminated 

areas for plant growth improvement. 
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