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Introduction 
Copper (Cu) is a vital element for numerous biological 
functions, ranging from small bacteria to humans. It 
plays a crucial role in regulating harmful substances 
and supporting essential cellular processes, such as 
oxidative phosphorylation and photosynthesis1,2. 
Historically, copper has been extensively utilized in 
plumbing, manufacturing, and the preservation of 
perishable goods3. However, excessive copper 
presence can lead to toxicity, prompting regulatory 
guidelines to be established. In 1991, the 
Environmental Protection Agency (EPA) set a 
maximum contaminant level goal (MCLG) of 1.3 
mg/L for copper in drinking water4. The 

environmental impact of copper, especially in 
agricultural practices, has resulted in its infiltrion into 
water bodies, posing detrimental consequences5.  
Apart from causing nutritional imbalances, soil copper 
contamination poses ecological risks, impacting plants, 
edaphic fauna, microorganisms, and overall ecosystem 
functions6,7. Excessive copper in topsoil from 
anthropogenic sources can induce toxicity in non-tolerant 
plants, affecting growth or causing death. Studies have 
reported a strong tendency for copper accumulation in 
plant roots, known as excluder plants, which can mitigate 
herbivore risks and human poisoning, though not eliminate 
all risks8,9. Hyper accumulator plants, found in 
environments with high copper soil levels, can accumulate 
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Abstract 
Wastewater samples collected from the industrial area of Kot Lakh 
pat, Lahore, exhibited temperatures ranging from 35°C to 45°C and 
pH values between 8 and 9. A total of seven morphologically distinct 
bacterial isolates (ISO1-ISO7) demonstrating copper resistance were 
obtained from these samples. Minimum inhibitory concentration 
(MIC) analysis revealed variable tolerance levels, with ISO7 showing 
the highest resistance at 450 µg/ml, followed by ISO3 (410 µg/ml) 
and ISO6 (400 µg/ml). These three isolates were selected for further 
characterization. Physiological studies indicated optimal growth at 
37°C and pH 9 for ISO3, and 45°C and pH 7 for ISO6 and ISO7. 
Biosorption assays demonstrated that temperature, pH, and 
incubation time significantly influenced copper uptake. Maximum 
Cu⁺2 biosorption occurred at 25°C for ISO7 and at 37°C for ISO3 and 
ISO6, with peak uptake observed at pH 9 for ISO3 and ISO6 and at 
pH 7 for ISO7 after 48 h incubation. Biochemical profiling identified 
ISO3 as Enterococcus, ISO6 as Pseudomonas, and ISO7 as 
Salmonella. Growth promotion studies on wheat seeds revealed that 
all three isolates enhanced root and shoot lengths compared to 
controls, while co-application with copper mitigated the inhibitory 
effects of metal stress on germination. Overall, these results highlight 
the potential of copper-resistant bacteria for biosorption applications 
and plant growth promotion under metal stress, offering a sustainable 
approach for bioremediation of industrial effluents. 
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copper levels exceeding 300 mg kg−1 in leaves10. Because 
copper may infiltrate water bodies, bio accumulate in fish 
and other aquatic animals, and migrate up the food chain, 
potentially affecting higher trophic levels, copper 
contamination also poses a threat to aquatic 
ecosystems11,12. Chronic copper poisoning has been 
observed in copper-sensitive species such as sheep, where 
a progressive accumulation of copper in the liver (usually 
from eating soil particles loaded with copper on grass) 
causes serious health problems such as hemolysis, anemia, 
jaundice, and hemoglobinuria13–16. 
Chemical, physical, and biological treatments have all 
been suggested and used in a variety of ways to 
remediate heavy metal contamination in various 
contexts17. Precipitation, ion exchange, electrolysis, 
chemical extraction, leaching, hydrolysis, polymer 
microencapsulation, excavation, and landfilling are 
examples of conventional technologies. Despite being 
widely employed, these chemical techniques' toxicity 
and potential for mutagenesis effects present serious 
concerns to human health and the environment. In 
order to remove heavy metal ions from contaminated 
sites, remediation approaches such as vapor 
extraction, stabilization, and solidification, 
vitrification, and membrane technology have been 
investigated16,18. However, the implementation of 
many of these technologies on a large scale is hindered 
by their considerable expense and the challenges 
associated with continuous monitoring and control, as 
they may not eliminate heavy metal contaminants17,19. 
Recognizing the need for innovative treatment 
technologies, Medfu et al., (2020)19 emphasized the 
demand for alternative methods to remove heavy metal 
ions  from wastewater. To address this, bioremediation 
emerges as a wise solution, employing living 
organisms, particularly microorganisms, to activate 
metabolic networks and mitigate the presence of 
hazardous pollutants. This environmentally 
sustainable approach is recognized for its potential in 
cleansing contaminated environments2. Microbes, 
with their widespread presence and rapid growth, 
demonstrate adaptability to heavy metal ions in 
contaminated sites. Through interactions with metal 
ions, microbes develop tolerance and resistance 
strategies. Understanding the genetic and resistance 
mechanisms against heavy metals has contributed 
significantly to addressing heavy metal pollution20. 
The objectives of the current study was to isolate and 
distinguish copper-resistant bacteria from industrial 

effluents. The research aimed to determine the 
minimum inhibitory concentration of copper for the 
isolated bacteria. Additionally, the study seeked to 
optimize copper biosorption in culture media by 
exploring various parameters, including temperature, 
pH, and incubation time. Furthermore, the heavy metal 
stress alleviation ability of the isolated bacteria   on the 
germination of wheat seeds was also studied. 
Materials and Methods  
Sample Collection 
Wastewater samples were collected from the industrial 
area of   Kot Lakh pat, Lahore, Punjab. All the samples 
were obtained in sterile autoclaved containers and were 
safely moved to the laboratory for processing. The 
physicochemical characteristics (temperature and pH) 
of the wastewater samples were noted at the time of 
sampling by using a thermometer and litmus paper. 
These samples were stored at 4℃ until processed for 
isolation of Copper-resistant bacteria. 
Isolation of Copper-resistant bacteria 
The wastewater samples were directly spread on the 
CuSO4.7H2O supplemented nutrient agar plates. 
Wastewater samples were directly spread on the plates. 
The plates were kept in the incubators for 24 hours at 
37ºC. Morphologically different colonies were selected 
and purified on CuSO4.7H2O supplemented plates 
through quadrant streaking.  
Morphological Characterization of bacterial isolates 
The morphological characteristics including colony, 
cell and spore morphology was studied following 
Cappuccino and Sherman, 201321.  
Estimation of Minimum Inhibitory Concentration 
for Copper (Cu+2) 
The lowest concentration of Cu+2 known as minimum 
inhibitory concentration (MIC) to inhibit the visible 
growth of bacterial isolates was determined by using an 
Agar-Plate method. MIC experiment was performed on 
nutrient agar plates. Nutrient agar plates with varying 
concentrations (25 to 1000 µg/ml) of Cu+2 
supplementation were prepared. Fresh cultures of 
bacterial isolates were streaked under the aseptic 
condition on the Cu+2 supplemented plates. The 
streaked plates were incubated for 24 hours at 37ºC in 
to determine the MIC values of Cu+2 for each bacterial 
isolate22. 
Determination of optimum temperature and pH for 
bacterial growth 
The optimum temperature of each isolate was 
investigated. The three media sets were prepared and 
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autoclaved. Overnight bacterial cultures were prepared 
and the optical density of all the bacterial cultures was 
adjusted to 0.5 (OD600 = 0.5) to standardize the bacterial 
cultures. The inoculum of each isolate was given in the 
tubes and kept in the shaking incubator at 100 rpm for 
24 hours set to various temperatures (20, 37, and 45ºC).  
For the determination of optimum pH, the nutrient broth 
was prepared with three different pH values (i.e., 5, 7, 

and 9). The media was added into the tubes and 
autoclaved. Overnight bacterial cultures were prepared 
and the optical density of all the bacterial cultures was 
adjusted to 0.5 (OD600 = 0.5) to standardize the bacterial 
cultures. The inoculum of each isolate was given in the 
tubes and kept in the shaking incubator at 100 rpm for 
24 hours at the optimum temperature. Growth was 
observed using spectrophotometer 22.  

Optimization of different Physiological parameters 
for Copper biosorption23 
Different physiological parameters (temperature, pH, 
and incubation time) were optimized for copper 
biosorption in nutrient broth.  
Effect of Temperature on Cu+2 biosorption 
The temperature of the environment has a great impact 
on bacterial growth and physiology. Any fluctuation in 
temperature gradually affects both. Three different 
temperatures like 25, and 37 and 45ºC were selected to 
determine the optimized temperature for the biosorption 
of Cu+2 by bacteria. Nutrient broth was prepared (100 
ml per flask) and autoclaved. Overnight bacterial 
cultures were prepared and the optical density of all the 
bacterial cultures was adjusted to 0.5 (OD600 = 0.5) to 
standardize the bacterial cultures. The nutrient broth in 
each flask was supplemented with 100 µg/ml Cu+2 
stress and inoculated with standardized bacterial 
cultures in their respective flasks. 1% bacterial 
inoculum was added in each experimental flask and no 
inoculum was added in control flasks. After inoculation, 
the flasks were incubated at three different temperatures 
(25 and 37 and 45ºC) at 100 rpm. After 24 hours of 
incubation, growth was observed in flasks and then 
cultures were centrifuged (HERMLE, Z 216 MK) at 
5000 rpm for 25 minutes. After 25 minutes, 
supernatants were collected and stored in a refrigerator 
at 4ºC. These samples were further used for the 
estimation of the Cu+2 through Atomic Absorption 
Spectrophotometry (AAS). 
Effect of pH on Cu+2 biosorption 
The pH value is essential for microbial growth. It can 
affect the biosorption ability of bacterial isolates. To 
determine the effect of pH on the copper biosorption 
ability of each bacterial isolate, the experiment was 
performed to evaluate the optimum pH for biosorption 
potential of bacteria. To find the best pH for the 
biosorption of Cu+2 by the selected bacterial isolates, 
three different pH values 5, 7, and 9 were selected. After 
preparing the nutrient broth, media was poured into 
flasks (100 ml per flask), and pH values were adjusted 

through a pH meter (Inno Tech). All flasks were 
properly covered and then autoclaved. Overnight 
bacterial cultures were prepared and the optical density 
of all bacterial cultures was adjusted to 0.5 (OD600 = 0.5) 
to standardize the bacterial cultures. Nutrient broth-
containing flasks were supplemented with 100 µg/ml 
Cu+2 stress and then inoculated with the standardized 
bacterial cultures in their respective flasks. 1% bacterial 
inoculum was added in each experimental flask and 
control flasks were without any inoculum. After 
inoculation, the flasks were incubated at their optimized 
temperatures in a shaking incubator at 100 rpm for 24 
hours. After incubation time, growth was observed in 
flasks and then cultures were centrifuged at 5000 rpm 
for 25 minutes. The same procedure was done for AAS, 
after the centrifugation, as described above. 
Effect of Incubation time on Cu+2 biosorption 
The increase in incubation time primarily affects the 
biosorption ability and bacterial growth. The 
experiment was carried out to evaluate the optimum 
time period for the growth of bacteria. For the 
biosorption of Cu+2 by the selected bacteria, two time 
periods were selected (24 hours and 48 hours), to 
determine the optimized incubation time. For this 
experiment, nutrient broth was prepared poured in 
flasks (100 ml per flask), and autoclaved after adjusting 
the pH at optimum value. Overnight bacterial cultures 
were prepared in test tubes and the optical density of all 
the bacterial cultures was adjusted to 0.5 to standardize 
the bacterial cultures. The nutrient broth in the flasks 
was supplemented with 100 µg/ml of Cu+2 stress and 
then inoculated with standardized bacterial cultures in 
each flask. 1% bacterial inoculum was added in each 
flask and no inoculum was given in the control flask. 
After inoculation, all flasks were incubated at their 
optimum temperature in a shaking incubator at 100 rpm. 
Bacterial culture was poured into 50 ml falcon tubes for 
centrifugation, cultures were centrifuged at 5000 rpm 
for 25 minutes after the completion of their incubation 
time periods. Supernatants were collected and stored in 
a refrigerator at 4°C. To estimate the Cu biosorption 
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potential of all bacterial isolates these supernatants were 
further used in AAS. 
Estimation of Cu+2 biosorption through Atomic 
Absorption spectrophotometry 
Absorption Spectrophotometry is an analytical 
technique that is used for detecting trace metals quickly, 
it is predicated on ground state atoms in a flame or an 
electro thermal graphite furnace absorbing light with 
wavelengths peculiar to a given element. The Atomic 
Absorption Spectrophotometry was performed at the 
School of Biochemistry and Biotechnology, University 
of the Punjab, Lahore. Five different calibrating 
standard stock solutions of different concentrations (5 
ppm to 25 ppm) were prepared by using CuCl2 salt 
under sterile conditions to perform the AAS. All the 
experimental samples were arranged to analyze the 
concentration of Cu+2 in the samples. A hollow cathode 
lamp of Cu+2 was used in the Atomic Absorption 
Spectrophotometer (GBC Xplor AA) to detect the 
concentration of Cu+2 in samples. Absorbance values of 
the samples were taken and were further used to 
calculate the concentration of Cu+2. 
Biochemical characterization of selected bacterial 
isolates 
The biochemical characterization of the bacterial 
isolates was performed following the Cappuccino and 
Sherman, 201321 
Cu+2 stress alleviation ability of bacterial isolates on 
wheat seeds germination 
Viability of wheat seeds 
Wheat seeds were purchased from a local market and 
checked for their viability. To assess the viability of the 
wheat seeds, a seed germination test was performed 
according to the methodology of Afzal et al., (2015)24. 
Wheat seeds were thoroughly rinsed in 70% ethanol for 
one minute before being treated in 20% commercially 
available bleach for 10 minutes. The seeds were then 
rinsed ten times with autoclaved distilled water to 
thoroughly eliminate the leftover chemicals. Wheat 

seeds were dipped for 30 minutes in a 0.03 M solution 
of magnesium sulphate after washing. With the aid of 
sterile forceps, seeds were put in petri plates lined with 
sterilized filter paper and supplemented with 5 ml 
autoclaved distilled water. Petri plates were kept in the 
dark at room temperature for 7 days to observe for seeds 
germination. 
Evaluation of the combined effect of Copper and 
bacteria on wheat seed germination 
Following the procedure of Afzal et al., (2015)24, the 
combined impact of Cu+2 and bacterial isolates was 
investigated. The bacterial isolates were cultured in 
nutrient broth for 24 hours, and placed in a shaking 
incubator. After incubation, bacterial cells were 
extracted via centrifugation. The pellet was washed 
twice with 0.03 M solution of MgSO4 and the 
supernatant was discarded. The washed pellet was re-
suspended to an O.D of 0.5 at 600 nm (OD600=0.5). The 
suspensions were then applied to sterilized seeds. 
Following washing, the seeds were submerged for 20-
30 minutes in bacterial solutions. Autoclaved soil was 
taken in the pots. A total of 8-10 wheat seeds were 
added to the pot soil. Wheat seeds treated only with 
MgSO4 were used as a control. Autoclaved distilled 
water and copper sulphate at a concentration of 25 
µg/ml were used for watering these seeds for 5-7 days 
in the dark. The experiment was run in replicates. The 
seeds were germinated and the length of the root and 
shoot, no of leaves, and no of roots were observed (table 
1). 
Statistical analysis 
All the experiments were carried out in replicates and 
results were analyzed by applying the statistical 
analysis. Results were determined by calculating the 
average values and arranged in tabulated form. Standard 
deviation was determined for plotting of graphs and 
represented with error bars in graphs. The error bars 
were added by using Microsoft Excel. 

Results 
Physicochemical characteristics of wastewater 
samples 
Wastewater samples were collected from the industrial 
area of Kot Lakhpat, Lahore, Punjab. The 
physicochemical characteristics (temperature and pH) 

of the wastewater samples were noted at the time of 
sampling.  It was found that the temperature for 
wastewater samples was from 35 to 45℃ and the pH 
ranged from 8 to 9 as given in Table 2 below

Isolation of Copper-resistant bacteria 
A total of 07 bacterial isolates that showed resistance 
against copper were selected based on the basis of 

differences in the morphology of bacterial colonies 
(Table 3). 

Morphological characteristics of bacterial isolates The colony characteristics of the selected bacterial 
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isolates have been given in table 4 below. 
Table 1: Experimental design of copper, bacterial isolates, and wheat seeds germination 

Sr. 
No. 

Experimental 
groups 

Seeds + bacterial 
combination 

Dousing of seeds 

1 Group 1 Seeds Sterile distilled 
water 

2 Group 2 Seeds CuSO4.7H2O 
solution (25 µg/ml) 

3 Group 3 ISO3 +Seeds Sterile distilled 
water 

4 Group 4 ISO6 +Seeds Sterile distilled 
water 

     5 Group 5         ISO7 + Seeds Sterile distilled 
water 

    6 Group 6          ISO3 +Seeds CuSO4.7H2O 
solution (25 µg/ml) 

   7 Group 7         ISO6 +Seeds CuSO4.7H2O 
solution (25 µg/ml) 

  8 Group 8         ISO7 + Seeds CuSO4.7H2O 
solution (25 µg/ml) 

Table 2: Physicochemical characteristics of wastewater samples 

Sample codes pH Temperature (ºC) 

K1 8 35 
K2 9 37 
K3 9 45 

Table 3: Selected bacterial isolates along with their codes and number 

Sample codes No. of the colonies 
selected 

Codes for the Colonies 

K1 3 ISO1, ISO2, ISO3 

K2 2 ISO4, ISO5 

K3 2 ISO6, ISO7 

Table 4: Morphological characteristics of bacterial isolates 

 

  

 

 

 

 

 

 

 

Isolates Form Consistency Size Pigments Margin Elevation 

ISO1 Circular Dry Moderate Orange Entire Convex 

ISO2 Irregular Dry Moderate White Entire Convex 

ISO3 Irregular Dry Large Off white undulate Umbonate 

ISO4 Irregular Buttery Moderate yellow Entire Convex 

ISO5 Circular Dry Moderate Off white Entire Convex 

ISO6 Circular Buttery Moderate Yellow Entire Convex 

ISO7 Circular Buttery Moderate Off white Undulate Convex 
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Minimum inhibitory concentration (MIC) of Cu+2 

for bacterial isolates 
The MIC values for Cu+2 have been shown in figure 1. 
MIC value for each bacterial isolate was completely 
different from each other. ISO7 showed the highest 
MIC value which is equal to 450 µg/ml. The bacterial 
isolates ISO1, ISO2, ISO4, and ISO5 showed values 

equal to 290 µg/ml, 350 µg/ml, 380 µg/ml and 395 
µg/ml respectively. The bacterial isolates ISO6 and 
ISO3 showed values equal to 400 µg/ml and 410 µg/ml 
respectively. Based on MIC values, three bacterial 
isolates, namely ISO3, ISO6, and ISO7 were selected 
for further studies due to their highest resistance ability 
against Cu+2. 

Figure 1: Minimum inhibitory concentration of bacterial isolates for Cu+2 

Physiological Characterization of bacterial isolates  
The pH 7 was found to be the optimum pH for the 
selected two bacterial isolates (ISO6 and ISO7) and the 
optimum pH for isolate ISO3 was 9.  Similarly, 45℃ 

was found to be the optimum temperature for the 
selected two bacterial isolates (ISO6 and ISO7) and the 
optimum temperature for isolate ISO3 was 37℃ 
(figures 2 and 3). 

Physiological optimization of bacterial isolates for 
Cu+2 biosorption 
Effect of temperature on Cu+2 biosorption 
The copper biosorption potential of all the bacterial 
isolates was studied at different temperatures i.e., 25°C, 
37°C, and 45°C. According to the results, ISO3 
absorbed 73.54 µg/ml, 77.71 µg/ml, and 69.83 µg/ml at 

25°C, 37°C, and 45°C respectively. ISO6 absorbed 
74.82 µg/ml, 76.73 µg/ml, and 72.72 µg/ml, while, 
ISO7 absorbed 80.87 µg/ml, 76.73 µg/ml, and 72.62 
µg/ml at 25°C, 37°C, and 45°C respectively. The results 
showed that ISO3 and ISO6 showed maximum copper 
biosorption potential at 37°C while ISO7 showed 
maximum copper (Cu+2) biosorption at 25ºC (Figure 4). 

Effect of pH on Copper biosorption: 
After checking the copper biosorption at different 
temperatures, the biosorption potential of bacteria at 
different pH (5, 7, and 9) was also studied. This was 
done to determine the optimum pH for bacterial isolates 
for copper biosorption. After incubation for 24 hours at 

optimum temperatures (37ºC for ISO3 and ISO6, and 

25ºC for ISO7), Cu+2 biosorption was estimated using 

AAS. According to the results, ISO3 absorbed 82.84 

µg/ml, 84.14 µg/ml, and 86.56 µg/ml of Cu+2 at pH 5, 
7, and 9 respectively. The bacterial isolate ISO6 
absorbed 76.29 µg/ml, 80.79 µg/ml, and 84.22 µg/ml of 
Cu+2 at pH 5, 7, and 9 respectively while, the bacterial 
isolate ISO7 absorbed 88.36 µg/ml, 84.03 µg/ml and 
80.87 µg/ml of Cu+2 at pH 5, 7, and 9 respectively. The 
results revealed that ISO3 and ISO6 showed maximum 
copper biosorption at a pH 9 while ISO7 at pH 7 (Figure 
5).  
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Figure 2: Optimum growth temperature for the bacterial isolates, ISO3, ISO6 and ISO7 

Figure 3: Optimum pH for the growth of bacterial isolates, ISO3, ISO6 and ISO7 

Effect of Incubation time on copper (Cu+2) 
biosorption: 
Incubation time significantly affects growth as well as 
the copper (Cu+2) biosorption potential of the bacterial 
isolates. AAS was done to estimate the absorbed 
concentration of lead from the media after two 
incubation times i.e., 24 hours and 48 hours. The 
bacterial isolates were incubated at the optimized 

temperature and pH values. The results showed that 
ISO3 absorbed 92.09 µg/ml and 94.42 µg/ml at 24 hours 
and 48 hours respectively. The bacterial isolate ISO6 
showed copper biosorption equal to 94.52 µg/ml and 
96.75 µg/ml at 24 hours and 48 hours respectively. The 
bacterial isolate ISO7 showed copper biosorption equal 
to 93.13 µg/ml and 96.13 µg/ml at 24 hours and 48 
hours respectively According to the results, all the 
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bacterial isolates showed maximum biosorption of 
copper at 48 hours of incubation. Out of all the bacterial 
isolates, ISO6 showed the highest biosorption i.e., 96.75 
µg/ml, and ISO7 showed the highest biosorption i.e., 

96.13 µg/ml which is the second highest value after 
ISO6. ISO3 showed 94.42 µg/ml biosorption which is 
the lowest but still significant biosorption valve (Figure 
6).
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Figure 4: Biosorption potential of bacterial isolates for copper (Cu+2) at different temperatures 

Figure 5: Biosorption potential of bacterial isolates for copper (Cu+2) at different pH 
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Figure 6:  Biosorption potential of bacterial isolates for copper (Cu+2) at different periods 

Biochemical characterization of bacterial isolates 
The biochemical tests were performed to determine the 
genus of the bacterial isolates. The results of each 
biochemical test performed have been mentioned in 
table 5.  
 
 

Growth promoting impact of bacterial isolates on 
wheat seeds 
Viability of wheat seeds 
A seed germination test was performed to assess the 
viability of wheat seed. It was found that 90% of the 
seeds were viable since 9 out of 10 seeds germinated 
under normal conditions (Figure 7). 

Table 5: Biochemical characterization of bacterial isolates 

Biochemical Tests 

 

Bacterial Isolates 

ISO3 ISO6 ISO7 

Gram staining + - - 

Spore staining - - - 

Oxidase Test - + - 

Catalase Test - + + 

Methyl Red- (MR) + - + 

Voges Proskauer Test (VP) - - - 

Indole Test - - - 

Citrate Utilization  - + + 

Urease Test - - - 

Hydrogen Sulphide Production Test - - + 

 Motility  Non motile Motile Motile 

Triple sugar iron(TSI) No sugar 
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Figure 7: Viability test of wheat seeds A (day 3) and B (day 7) 

Impact of copper stress on wheat seeds 
To determine the stress of copper on wheat seeds, seeds 
were doused with a Cu+2 concentration of 25 µg/ml. 
Cu+2 concentration of 25 µg/ml was shown to reduce the 
root and shoot length and the number of leaves of wheat 
plants. The root length for the control group was equal 
to 10 cm while for the experimental group (seeds wetted 
with copper solution) was equal to 8.25 cm. Similarly, 
the shoot length for the control group was equal to 7 cm, 
while for the experimental group, it was reduced to 5.75 
cm. The Number of leaves was also reduced as for the 
control group it was equal to 4 leaves while for the seeds 
dosed with lead solution, it was equal to 3 leaves (figure 
8). 
Growth promotion effects of bacterial isolates on 
wheat seeds 
The growth promoting impact of bacterial isolates 
ISO3, ISO6, and ISO7 was investigated on wheat seeds. 
The results revealed that in the presence of bacterial 
isolates, the root length and shoot length increased 
compared to the root length and shoot length of the 
control group (seeds without bacterial treatment). At the 
same time, the number of leaves remained the same in 
both the control and experimental pots. The root length 
for the control group was equal to 10 cm. The maximum 
root length equal to 12.75 cm was observed for the seeds 
treated with ISO7 followed by 11.85 and 10.75 cm for 
ISO3 and ISO6 respectively.  The shoot length for the 
control group was equal to 7 cm and for the seed treated 

with bacterial strains, the shoot length equal to 9.25, 
8.75 and 7.35 cm were observed for ISO3, ISO7 and 
ISO6 respectively.  The number of leaves equal to 4 
were observed for both control and experimental seeds 
(figure 9). 
The combined effect of bacterial isolates and copper 
stress on wheat seeds germination 
Effect of Copper with ISO3, ISO6 and ISO7 on 
wheat seeds germination 
The combined impact of bacterial isolates ISO3, ISO6, 
and ISO7 and copper on wheat seed germination 
revealed an increase in root length, shoot length, and 
leaves number when compared to wheat seeds 
dampened with copper solution. This mean root length 
(8.25 cm) was recorded when wheat seeds were wetted 
with copper concentration (25µg/ml). The seeds treated 
with ISO3 and wetted with copper solution (25 g/ml) 
had a mean root length equal to 10.65 cm, similarly, the 
mean root length of wheat seeds treated with ISO6 and 
ISO7 and copper solution was 9.5 cm and 9.85 cm 
respectively. The mean shoot lengths equal to 6.75, 6.25 
and 6.95 cm were observed for the seeds treated with 
ISO3, ISO6 and ISO7 and doused with copper solution, 
respectively, compared to the shoot length of the seeds 
equal to 5.75 cm when doused with copper solution 
without bacterial treatment (figure 10). The no. of 
leaves for the seeds treated with ISO3, ISO6 and ISO7 
and doused with copper solution were equal to 3, 4 and 
3 respectively (figure 10).   
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Figure 8: Effect of copper (Cu+2) stress on the root length, shoot length, and no of leaves of wheat plant 

        Figure 9: Impact of bacterial isolates on the root length, shoot length and no. of leaves of wheat seeds during 
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 Figure 10: Impact of bacterial isolates and Cu+2 stress on root length, shoot length, and no. of leaves of the wheat 
plant 

Identification of bacterial genera on the basis of 
biochemical characterization 
According to the biochemical test, ISO3 belongs to the 
genus Enterococcus, ISO6 belongs to genus 
Pseudomonas and ISO7 belongs to the genus 
Salmonella.  
Discussion 
Bioremediation stands to be among the most effective 
ways of remediating heavy metal contamination. The 
optimum conditions that would enable these bacteria 
further to efficiently remove copper from polluted 
effluents, thereby reducing the metal concentration 
affecting ecosystems and human health, have been the 
main objectives of the present work. This research 
contributes further to the biosorption capacity of the 
bacterial strains regarding the feasibility of 
bioremediation as an eco-friendly technology for the 
uptake of industrial pollutants. The results are not only 
a testament to the effectiveness of microbial biosorption 
but also hint at the optimization of environmental 
conditions for the enhanced mitigation process. The 
subsequent discussion will tear into the results obtained 
in this study, compared to available literature, to 
appraise its potential for practical applications under 
industrial scenarios. 

The presence of 12 copper-resistant bacterial isolates in 
the diverse samples of polluted water underlines the 
capability of microbial communities to adapt to the 
polluted environment. Seven such isolates showing 
distinct morphological features, were selected for 
further characterization, thus, extending further the 
view of microbial life variety in industrial effluents. It 
is some of the descriptions that are normally used in 
microbial species: colony features such as color, shape, 
and texture. Most are due to environmentally toxic 
metals, that is, toxic metals, and the response by 
bacteria towards the same25. 
These diversities in the bacterial isolates give an 
impression of various species depending on different 
strategies for survival in conditions with high 
concentrations of copper. The various strategies include 
the active production of extracellular polymeric 
substances, which may interfere with heavy metals; 
involvement of metal efflux pumps, which actively pull 
metals out of the cell; and the transformation of ions of 
metals into less injurious forms26,27. 
The various values obtained for MIC in this work are 
useful in showing the extent of resistance to copper by 
the bacterial isolates. ISO7 is the most resistant, its 
resistance depicting an MIC value of 450 µg/ml. This 
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suggests probable very efficient detoxification 
mechanisms against copper. This high resistance could 
be related to the upregulation of metal-resistance genes, 
such as copper-binding protein, efflux pumps, or 
enzymatic activity responsible for the change in Cu+2 to 
a less toxic form, Cu+1, among others. However, on the 
contrary, no one was significantly more resistant to 
ISO1, which can suggest either less effective 
detoxification mechanisms or simply fewer numbers. 
These differences in the MIC values among the various 
isolates may also be due to differences in the genetic 
makeup, metabolic pathways, and ecological niches of 
the isolates. For example, resistant strains may be 
growing in a wastewater microenvironment where 
copper levels happen to be high, allowing a phenotype 
with a higher magnitude to this environmental condition 
to emerge28. 
The recorded MIC values from the present study were 
on par with those previously reported. Kang et al., 
(2023)29, recorded the bacterial isolates from copper-
contaminated soils showing MIC values of between 300 
and 500 µg/ml, while the most resistant had resistance 
levels equal to that of ISO7. This test result shows the 
fact that bacteria from several environments are likely 
to develop strategies of resistance that are 
approximately similar to a comparable level of stress by 
the potentially toxic metals29,30. 
That the pH optimum for copper biosorption was pH 9 
in ISO3 and ISO6 and pH 7 in ISO7 would suggest that 
charge properties of the surface of bacterial cells can 
play an important role in the speciation of metal ions. It 
may, however, be observed that with higher pH than 
optimum, all the cations of copper Cu+2 will be observed 
to further tend to be converted to more hydroxide 
complexes, hence making adsorption on bacteria 
surfaces easier. This is in agreement with a study that 
supports one by Ayangbenro et al., (2017)31. There is 
also an increase in the electrostatic attraction between 
metal cations and the bacterial cell wall, with the cell-
surface charge becoming more negative at high pH 8-
1232 . All these results are in good agreement with the 
previously reported literature where the pH effect is 
noticed in the metal biosorption processes. For example, 
Rabia et al., (2023)33 reported the peak at pH 7 in the 
biosorption of copper by Pseudomonas aeruginosa, 
falling into what was achieved for ISO7 in this work. 
The improved biosorption efficiency of all metals 
experimented upon, including copper at an elevated pH 
up to an optimum point, beyond which further increases 

resulted in decreased efficiency due to metal 
precipitation. 
The copper biosorption capability of these bacterial 
isolates was heavily dependent on the incubation time, 
being higher in the samples incubated for 48 hours. 
Such a trend suggests that increased incubation time is 
of huge interest, since it permits the increase in copper-
binding sites on the surface of the bacterial cell wall and 
may induce mechanisms for metal resistance34. High 
biosorption capacities in ISO6 (96.75 µg/ml) and ISO7 
(96.13 µg/ml) after 48 hours probably indicate 
intensified chelation activity of these isolates toward 
copper ions and an increased ability to sequester high 
amounts of metal over time. This increase in biosorption 
upon increasing the incubation time could be related to 
the phase of bacterial growth, during which 
multiplication and cell metabolism become active 
enough to produce more biosorption sites35. During this 
exponential increase phase, bacteria may synthesize 
more EPS, which can complex metals and over-express 
genes controlling metal transport and detoxification26. 
This 'exponential' phase of increase in the metabolic rate 
is important for the optimization of bio-sorption 
efficiency since the bacteria are optimally poised to 
interact with metal ions. One of the important factors, 
that has gained previous recognition, is the incubation 
time for studies related to metal biosorption. In this 
regard, Redha et al., 202036, have described that an 
increase in biosorption capacity concerning higher 
incubation times had taken place due to the extended 
interaction time of metals with the cell surface. This 
allows for tighter interaction of metals with the surface 
of the cells, and internalization of metal ions into cells. 
As a result, there takes place an overall net gain in 
biosorption efficiency. 
This was highly expressed in the seed viability test, 
where the germination percentage was high, averaging 
90% of the seeds under normal conditions during the 
study. In prime, such high live values provide a sound 
footing in the estimation of copper stress and growth 
promotion by bacterial isolates. Since seed viability is 
among the features important to agriculture for 
measuring quality and viability, it directly impacts the 
final crop yield and rate of productivity37. The high 
viability recorded above in this study ensures that 
effects on seed growth flow from the experimental 
treatments and not from the seeds themselves. 
Copper is an essential trace element in plants, but in 
large rates of application, it acquires a toxic level in 
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them. Wheat seeds exposed to 25 µg/ml of copper in the 
present experiment reveal that a considerable growth 
inhibition may occur under this metal concentration. 
The fall in the length of both the root and shoot with a 
reduction in the number of leaves indicates the negative 
impact of copper stress on the growth of the plant body. 
The explant of the experiment group has decreased to 
8.25 cm from 10 cm, and root length to 5.75 cm from 7 
cm. In addition, the number of leaves has reduced to 3 
from 4. Copper toxicity in plants occurs due to the 
interference or inhibition of particular physiological 
functions such as photosynthesis, respiration, or other 
enzyme activities38. Copper stress induces the 
production of reactive oxygen species in many plants, 
which, in turn, causes oxidative damage to major 
cellular constituents such as lipids, proteins, and 
DNA39. The shortening of root length may be due either 
to a toxic effect of copper on cell division and 
elongation in the root meristem or to impaired nutrient 
and water uptake by roots40. Thus, the decrease in shoot 
length and leaf number reflects copper's effect on 
photosynthetic efficiency and the general metabolism of 
the plant. Inhibition in chlorophyll synthesis will finally 
limit photosynthesis, which must be an expected cause 
for limiting growth by functional inhibition of 
chloroplasts due to copper ions as learned41. On the 
other hand, data from the present experiment agree with 
those of previous studies that stated that high levels of 
copper seriously restrict plants in their growth and 
development, causing dwarfism and poor yield, among 
others 41. ISO3, ISO6, and ISO7 bacterial isolates 
through direct inoculation on the wheat seeds had a 
highly effective growth induction impact. The results 
indicated that all these bacterial treatments supported 
longer roots and shoots than the control without 
bacteria42. 
Among them, the longest root recorded was 12.75 cm 
in ISO7 seeds, followed by 11.85 cm in ISO3 seeds and 
10.75 cm in ISO6 seeds. Also, it accumulated more 
shoot length up to 9.25 cm in the ISO3 treatment, then 
8.75 cm in the ISO7, and 7.35 cm in the ISO6 treatment, 
compared with a 7 cm length in the control. The 
implication that can be drawn from the results is that the 
bacterial isolates possess plant growth-promoting traits 
since there was an increment in the root and shoot 
margin length. These PGPTs are capable of elaborating 
phytohormones such as indole-3-acetic acid, which 
promotes shoot and root elongation and the 
development of branching root systems, and 

gibberellins, which promote shoot elongation39,43. 
They can also solubilize and take up essential nutrients 
like phosphorus and iron, among others that are closely 
linked with host growth promotion. The better 
performance of the isolate ISO7 as the best root and 
shoot growth inducer compared to all the isolates may 
thus be due to a higher number of PGPTs in this isolate 
or more efficient nutrient-solubilizing mechanisms in 
this isolate41. More so, as the number of leaves formed 
was expressed hardly differently between the control 
and experimental groups, this is indicative that though 
bacterial treatment significantly stimulates root and 
shoot elongation, it may have a minor effect at this stage 
in the induction of leaf formation. 
Further, bacteria were also co-inoculated with the same 
bacteria isolates for copper stress at the time of 
germination of wheat seeds. It was noted that the 
bacterial isolates reduced the deleterious effect of 
copper and the average root and shoot lengths were 
found to be much more than seeds treated with only 
copper. Specifically, seeds subjected to ISO3 root 
growth treatment along with copper yielded a mean root 
length of 10.65 cm, which would provide that ISO6 and 
ISO7 produced a mean root length of 9.5 cm and 9.85 
cm, respectively. Conversely, under conditions where 
no bacterial treatment was subjected, yet the seeds were 
permitted to be exposed to copper, the said seeds 
developed to grow their roots up to the mean length of 
only 8.25 cm. The shoot length also increased with 
bacterial treatment, being most pronounced after 
application for ISO3 at 6.75 cm, followed by ISO7 at 
6.95 cm and ISO6 at 6.25 cm, while being solely 5.75 
cm in seeds treated only with copper. However, the 
second parameter, the number of leaves, reacted 
differently, where the seedlings treated with ISO6 
resulted in four leaves; while the ISO3 and ISO7 
resulted in three leaves, the same response as to the 
control not copper stressed reaction. The presentation 
here relates that the bacterial isolates are capable of not 
only improving the usual overall growth but also 
preventing the copper-induced stress in the wheat seeds. 
One such mechanism may be the sequestration and 
immobilization of copper ions by bacteria, which, in 
turn, reduces bioavailability and, therefore, the toxicity 
of copper ions to plants44. Moreover, bacteria can 
induce systemic resistance in plants through which the 
plants increase their potential to tolerate abiotic stresses, 
one of which is heavy metal toxicity. These divergent 
activities of the bacterial isolates concerning root and 
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shoot growth under copper stress indicate the 
importance of selecting well-defined bacterial strains 
for bioremediation and plant growth promotion in 
polluted soils. In particular, ISO3 appears to provide the 
most effective protection under copper-stressed 
conditions and hence seems very promising in studies 
directed toward the formulation of agricultural bio 
inoculants.  
Conclusion and Future Prospective 
The present study has been conducted with an emphasis 
on illustrating bacterial isolates, isolated from industrial 
effluents for copper, one of the most ecologically 
relevant metals that creates a serious threat to 
ecosystems and human health. This study optimized the 
conditions through which these bacteria were subjected 
to remove copper from the culture media; therefore, it 
lays the foundation for the provision in important 
insights into the use of bioremediation as a sustainable 
approach toward industrial pollution. In the results, it 
has been established that the copper uptake potentials of 
the bacterial isolates are essential and performance-
dependent parameters due to general environmental 
conditions such as temperature and pH. The study also 
enumerates the importance of the incubation period for 
the boosting effect of the biosorption relied upon since 
longer time periods are most likely to increase the 
capacity at which the bacteria will be able to capture the 
copper ions. This work underlined the application of 
such bacterial isolates for wheat seed growth under 
copper stress and their further use in agricultural 
applications, especially for the relieving of negative 
effects due to heavy metal contamination in soils. 
Further studies regarding the genetic and molecular 
mechanisms underlying the observed biosorption and 
plant growth-promoting characteristics are encouraged 
for such bacterial strains. It is desirable that in the 
future, research tries to transfer such types of bacteria to 
practical use in industry and agriculture on a more 
extensive basis to test their efficiency in large-scale 
bioremediatory operations and their possible inclusion 
into the system of ecologically clean agriculture on the 
principles of sustainability.  
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