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INTRODUCTION 
Phytoremediation is an eco-friendly, 
sustainable, cost-effective, non-invasive, and 
aesthetically pleasing emerging technology that 
employs plants and associated microbes to 
accumulate, detoxify, and stabilise 
contaminants in soil and water (Sharma et al., 
2023).  It encompasses four main mechanisms: 
phytoextraction, phytostabilization, 
phytovolatilization, and rhizofiltration, with 
phytoextraction being the most efficient and 
commercially viable (Sharma et al., 2023).  
While heavy metals naturally occur in soil, their 
accumulation beyond certain thresholds poses a 
global environmental hazard, impacting soil 

fertility, water quality, agricultural 
productivity, and human health (Lebrazi and 
Fikri, 2018; Umar et al., 2020; Yahaya et al., 
2021).  Given the environmental damage caused 
by heavy metals and their threats to the 
ecosystem, removing them to ensure a safe 
environment is imperative (Lebrazi and Fikri, 
2018).  Phytoremediation offers advantages such 
as increased efficiency, cost-effectiveness, and 
environmental friendliness compared to other 
removal strategies (Mohamed et al., 2015).  
However, not all plants can accumulate heavy 
metal pollutants, and even cultivars within the 
same species vary in their capabilities (Lone et 
al., 2008). 
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Abstract 
Microbially-assisted phytoremediation (MAP) is increasingly recognized as the feasible 
alternative for removing hazardous heavy metals (HMs) from contaminated environments.  
However, the dynamics of rhizobial-plant interactions during phytoremediation remain 
unclear. This study investigated the toxicity of some selected heavy metals (Cobalt, Nickel, 
and Manganese), the potential tolerance of Phaseolus vulgaris grown in the HMs-rich effluents, 
and the population dynamics of the associated Rhizobia within the Katsina metropolis.  After 
80 samples of P. vulgaris collected from Lambun Sarki garden were exposed to 10 mL of 0.5-
2g/L of Ni and Co and 5-20 g/L Mn, respectively, in mesocosms, and the plants treated with 
10 mL HMs solutions daily. After three weeks treatment and then Indices of HMs toxicity on 
seeds and plants (4 and 3, respectively) were monitored in all the treatments.  Weekly 
rhizobial counts on Congo Red Yeast Extract Mannitol Agar (CRYEMA) were taken to monitor 
rhizobial population dynamics.  Pure isolates obtained after three iterations were identified 
biochemically.  One-way ANOVA was employed for statistical analyses using AnalyStat 
(version 1.6.50).  Generally, Ni exerts the highest toxicity, with Mn having less toxicity.  
Average rhizobial counts increased weekly, with high counts obtained in Ni and Mn 
treatments. However, they did not differ significantly between weeks (p = 0.061). Thus, 
longer time intervals (>2 weeks) are required to observe significant shifts in population 
dynamics.  Moreover, HMs concentration did not affect the colony counts (p = 1.00).  
Metabolism profile of the preliminarily identified Rhizobium sp. and Sinorrhizobium melliloti 
evidenced HMs removal and plant growth promotion ability.  The research demonstrated the 
phytoremediation ability of P. vulgaris and how rhizospheric population dynamics change 
during phytoremediation and contributed towards understanding HMs impact as 
environmental stressors on rhizospheric plant-microbe interactions.  Future research 
targeting the hyperaccumulation capacity of the plants and heavy metals tolerance of the 
identified rhizobia are recommended, as this may help in knowing the BCF, TF, and BAC of 
the plants as well as the tolerable amount of the heavy metals to the bacteria. 
Keywords: Heavy metals, Phytoremediation, Phaseolus vulgaris, Rhizobia. 
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Although microbially-assisted phytoremediation 
(MAP) is recognized as a feasible alternative for 
removing hazardous heavy metals from 
contaminated environments, research on the 
toxicity of the heavy metals to the plants, 
tolerability of the plants to the heavy metals as 
well as the population dynamics of rhizobial-
plant interactions during the phytoremediation 
process is still unclear.  Understanding these 
interactions can elucidate the impact of heavy 
metals as plant growth inhibitors and the 
potential of the plant to overcome the metals' 
toxicity in the presence of the associated 
Rhizobia, thus contributing to a better 
understanding of the scenarios involved in the 
phytoremediation processes. 
This research, therefore, aims to address these 
knowledge gaps by assessing the toxicity of the 
HMs and the potential tolerance of Phaseolus 
vulgaris to the selected heavy metals (Ni and Co 
at concentrations of 0.5-2g/L, and Mn at 
concentrations of 5-20 g/L) to examine the 
effects of these metals on the plant.  
Additionally, the study explores the role of 
specific Plant Growth Promoting Rhizobacteria 
(PGPR) known to contribute to phytoremediation 
processes (Li et al., 2021) through weekly 
microbial counts and cellular identification of 
predominant isolates. 
 
MATERIALS AND METHODS 
Description of the Study Area 
The sampling site was Lambun Sarki Garden, a 
major vegetable source in the centre of the 
Katsina metropolis (Abubakar et al., 2016).  The 
garden is being irrigated by one of the largest 
wastewater flows in Katsina, which is being 
illegally used as a dumping site, where the 
refuse of different origins is discarded, including 
wastes from the neibouring iron bending 
workers, making it an important target for this 
experiment. 
 
Metal Solutions 
Stock solutions of the selected heavy metals 
were prepared according to the method 
suggested by Al-Mamun et al. (2013) with 
modifications. Cobalt and Nickel,0.5g/L, 1g/L, 
1.5g/L, and 2g/L were used, while 5g/L, 10g/L, 
15g/L and 20g/L concentrations of Manganese 
were prepared. 
 
Bacteria Isolation and characterizations 
Enumerations of rhizobacteria in the plant 
mesocosms were carried out weekly using 
CREYEMA (Congo Red Yeast Extract Mannitol 
Agar) medium through pour plate methods.   
 
 

 
After 21 days of the experiment, the plant roots 
were cut, washed, and homogenised using a 
clean mortar and pestle, after which serial 
dilution was carried out.  The Spread plate 
method was applied for the initial isolation, and 
the resulting colonies were further cultured via 
the streak plate method on the CREMA to obtain 
their pure culture (Ankur et al., 2017; Umar et 
al., 2018).  Based on standard protocols, 
Biochemical characterization involving Indole, 
Methyl-Red, Citrate utilisation, urease, 
catalase, oxidase, and triple sugar iron agar 
tests were conducted (Cheesbrough, 2010). 
 
Plant Materials 
Forty seeds of Phaseolus vulgaris were collected 
from Lambun Sarki garden within the Katsina 
metropolis using plant polythene bags.  After 
that, botanical identification and authentication 
were done at the Biology department of Umaru 
Musa Yar'adua University.  They were then 
transferred to the Microbiology laboratory of 
Umaru Musa Yar'adua University for the 
experiment.  The seeds were sterilized using 4% 
(v/v) sodium hypochlorite after which they were 
soaked in distilled water for 12 hours to allow 
dormancy breakage, as modified from the 
methods of Costa and Sharma (2016).  Using a 
polythene bag containing approximately 100g of 
the Lambun sarki's garden soil, a total of forty 
healthy growing Phaseolus vulgaris plants were 
transferred to the Biology Department of the 
Umaru Musa Yar'adua University for botanical 
identification and authentication, after which 
they were transferred to the Microbiology 
laboratory for the experiments (Shakir et al., 
2020) 
 
Experimental Treatments 
The seeds were placed in Petri dishes containing 
filter paper moistened with 10ml of each 
concentration of the selected heavy metals.  The 
plates were left for seven days with the 
germination observation at 24 hour intervals.  
Similarly, the plants' microcosms were watered 
with 10 mL of varying concentrations of the 
selected heavy metals daily for three weeks 
(Faizan et al., 2012). 
 
Assessment of P. vulgaris growth under Heavy 
Metals stress 
The growth analysis was conducted to ascertain 
the germination percentage and mean 
germination time were measured based on the 
method of Mavi et al. (2010).  The leaves' 
morphological appearance was also observed 
daily for characteristics such as necrosis, leaf 
loss, and occasional death (Abderrahmane et al., 
2018).  

94 



UJMR, Vol. 9 No. 1, June, 2024, pp. 93 - 101                         E-ISSN: 2814 – 1822; P-ISSN: 2616 – 0668 

UMYU Journal of Microbiology Research                                                      www.ujmr.umyu.edu.ng 

 

Tolerance Index 
To measure the plant capacity to grow in the 
presence of higher concentrations of the Nickel, 
Cobalt, and manganese, tolerance indices (TI) of 
the plants at three different concentrations of 
the heavy metals (Co & Ni = 1g/L, 1.5g/L and 
2g/L, Mn = 10g/L, 15g/L and 20g/L) were 
measured according to the method of Shakir et 
al. (2020).  The harvested plants, including two 
controls, were oven-dried at 60°C for 72 hours, 
after which they were weighed accurately using 
the standard laboratory weighing balance. 
Calculations and Statistical Analysis 

The following formulas were employed for the 
calculation of germination percentage (GP), 
mean germination time (MGT), and tolerance 
indices (TI): 

i. Mean germination time (MGT) =∑ dn / ∑ n.                    
(1)   

ii. Germination percentage (GP) =No. of 
germinated seeds/ total no. of seeds x 
100(2) 

Where: d= germination period in days, n= seed 
germinated on day d 
Tolerance index (TI) = Dried matter in the metal 
treatments/Dried matter in the control × 100. 
For the statistical analysis, one-way ANOVA, 
using AnalyStat (version 1.6.50) was employed. 
 
RESULTS 
Germination percentage of Phaseolus vulgaris 
seeds 
Table 1 below shows the germination percentage 
of the P. vulgaris seeds within the first week of 
the experiment across each treatment.  The 
lowest germination percentage was observed in 
Cobalt treatment (12.5%).  The highest 
percentage was observed in manganese, which 
has a 50% germination percentage.  Likewise, 
50% germination was observed in control plates. 

 
Table 1: Germination percentages of Phaseolus vulgaris seeds in varying concentrations of Co, 

Mn and Ni 

S/N 
Heavy 
Metal 

Germination Percentages (%) Metal conc.  in g/l (seed 
germinated) D1 D2 D3 D4 D5 D6 D7 

1 Co 0 0 12.5 12.5 12.5 12.5 12.5 0.5 (1 seed) 
 

2 Mn 37.5 37.5 50 50 50 50 50 5, 10, 15 (2, 1, 1 seeds) 
 

3 Ni 0 0 25 25 25 25 25 1, 1.5 (1 seed each) 
 

4 Control 0 0 25 25 50 50 50 2/4 seeds 

Key: D 1 to D 7 represent day 1 to day 7 
 
Mean Germination Time 
Table 2 presents the average germination time 
of the P. vulgaris seeds among the treatments.  
The manganese treatment observed the fastest 

germination, with a mean germination time of 1 
to 1.5 days.  A similar germination time was 
observed in Nickel, Cobalt and the negative 
treatments. 

 
Table 2: Mean Germination times of Phaseolus vulgaris seeds in varying concentrations of Co, 

Mn, and Ni 

S/No Heavy Metal Mean Germination (days) 

1 Cobalt 3.0 ± 0.00 
2 Manganese 1.5 ± 0.41 
3 Nickel 3.0 ± 0.00 
4 Negative control 3.0 ± 0.00 

 
Rhizobia population dynamics during the 
experiment 
Table 6 shows the data obtained from the 
enumerations of the rhizobia cells during the 
phytoremediation process.  Rhizobial counts of 
plants treated with Co (0.5 to 2g/L) and Mn (5 to 
20g/L) increased between the first and second 
week.  For the Ni, all the populations decreased 
across all the concentrations (0.5 to 2 g/L), 
while in the control plant, there was a sudden 
rise (Table 6). 

Additionally, the number of colonies in Yeast 
Extract Mannitol Agar (YEMA) medium obtained 
from 1mL of each dilution of the roots of the P. 
vulgaris treated with the maximum 
concentrations of the heavy metals was shown in 
Table 7. The highest population was seen in 
isolates of the control plants (2.16 ×109CFU), 
followed by Mn and Co treated plants (Table 7).  
The lowest population was observed from the 
roots having the highest concentration of Nickel 
(2g/L), which was 1.68 ×109CFU. 
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Table 3: Colony counts of the bacteria isolates obtained from the phaseolus vulgaris roots 

S/N Heavy metal 
Concentration 

(g/L) 

Average Colony Count (×109 CFU/g of soil) 

Two weeks incubation Three weeks incubation 

1 Co 0.5 2.65 34.60 
1.0 4.12 20.23 
1.5 6.77 17.77 
2.0 6.38 12.20 

2 Mn 5 31.75 39.20 
10 29.20 31.00 
15 9.28 22.48 
20 2.99 4.68 

3 Ni 0.5 70.30 16.55 
1.0 61.80 13.78 
1.5 52.10 11.70 
2.0 48.60 4.68 

4 Control NC 1 137.60 191.0 
NC 2 148.80 155.8 
NC 3 99.60 220.6 
NC 4 144.60 149.6 

Key: NC1 to NC4 represent negative control 1 to negative control 4 
 
Table 4: Bacteria counts obtained at the highest concentrations of heavy metals in CREYEMA 

S/N Heavy Metal (concentration) Rhizobacterial counts (CFU/ml) 

1 Cobalt (2.0g/L) 1.81 ×109 
2 Manganese (20g/L) 1.82×109 
3 Nickel (2.0g/L) 1.68 ×109 
4 Positive control (Distilled water) 2.16 ×109 
5 Positive control (Distilled water) 2.00 ×109 

 
Bacteria identification 
Table 8 shows the results of the identification of 
the isolates after growth on CREYEMA, the 

selective medium for the growth of Rhizobium 
species, and subjecting the isolates to the 
biochemical tests earlier mentioned. 

 
Table 5: Characterization of Rhizobacteria associated with Phaseolus vulgaris 

S/N Identification Isolate A Isolate B Isolate C 

1 Colonies on 
CREYEMA 
 

Positive Positive Positive 

2 Colony 
appearance 
 
 

Round, whitish, dried 
small colonies 

Round, whitish, dried 
small colonies 

Whitish, flat colonies 
with irregular margins 

3 Gram reaction Gram-negative 
coccobacilli arranged 

singly 
 

Gram-negative 
coccobacilli arranged 

singly 

Gram-negative rods 
arranged singly and in 

pairs 

4 TSI A/A, H2S
-, Gas+ A/A, H2S

-, Gas+ K/A, H2S
-, Gas+ 

5 Catalase + + + 
6 Oxidase + + + 
7 Indole + + + 
8 MR + + + 
9 VP - - - 
10 Citrate + + + 
11 Urease - - - 

Organism Rhizobium sp. Rhizobium sp. Sinorhizobium meliloti 

Key: CREYEMA = Congo Red + Yeast Extract Mannitol Agar, + = Positive, - = negative 
  

96 



UJMR, Vol. 9 No. 1, June, 2024, pp. 93 - 101                         E-ISSN: 2814 – 1822; P-ISSN: 2616 – 0668 

UMYU Journal of Microbiology Research                                                      www.ujmr.umyu.edu.ng 

 

Average Shoot Length 
The average shoot length of P. vulgaris across 
the heavy metals concentrations was shown in 
Table 3, where nickel treatment showed the 

most rapid decline in shoot length.  The decline 
in Cobalt is relatively intermediate, and the 
least declination of the shoot length was 
observed in manganese (Table 3). 

 
Table 6: Average Shoot lengths of Phaseolus vulgaris grown in varying concentrations of Co, Mn, 

and Ni 

S/N 
Heavy 
metal (g/L) 

Average Shoot Length (mm) across the study period (2 weeks) 

D8 D9 D10 D11 D12 D13 D14 D15 D16 
D17-
21 

1 Co (0.5) 80.00  78.33 50.00 50.00  43.33  41.67  38.33 35.00  35.00 35.00 

Co (1.0) 75.00  63.33  60.00  50.00 21.67 35.00 31.67 30.00 10.00 10.00 

Co (1.5) 60.00  43.33 23.31 21.67  18.33  15.00 15.00  13.33 0.00 0.00 

Co (2.0) 59.67 40.00 0.00 0.00 0.00 0.00  0.00  0.00 0.00 0.00 

2 Mn (5) 91.33 73.33  73.33  73.33  73.33  68.33 61.67  60.00  50.00  50.00  

 Mn (10) 83.33 70.00 63.33 53.33 41.67 41.67 40.00 36.67 38.33 38.33 

 Mn (15) 79.33 61.67 50.00 48.33 45.00 40.00 36.67 36.67 33.33 33.33 

 Mn (20) 66.67 61.67 40.00 28.33 23.33 25.00 21.67 21.67 20.00 20.00 

3 Ni (0.5) 83.33 43.33 38.33 36.67 30.00  30.00 25.00 25.00 13.33 0.00 

 Ni (1.0) 80.30 45.00 36.67 36.67 26.67 26.67 20.00 16.67 0.00 0.00 

 Ni (1.5) 75.00 53.33 48.33 16.67 23.33 23.33 0.00 0.00 0.00 0.00  

 Ni (2.0) 91.67 50.00 30.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

4 Control 76.00 72.50 66.71 62.86 62.86 62.86 62.86 62.86 62.86 62.86 

Key: D8 to D21= Day 1 to day 21, Co = Cobalt, Ni = Nickel, Mn= Manganese 
 
Tolerance index 

The maximum tolerance capacity of P. vulgaris 
against different concentrations of heavy metals 
is shown in (Table 4).  Manganese treatment 
appeared more tolerable across all the selected 
concentrations, having 87%, 60%, and 51% at 
10g/L, 15g/L, and 20g/L, respectively.  Cobalt 

displayed intermediate tolerance, possessing 
78.51%, 55%, and 42% at 1.0g/L, 1.5g/L and 
2.0g/L relatively.  However, less tolerance was 
observed in Nickel treatment, where 1.0g/L, 
1.5g/L, and 2.0g/L treatments appeared to have 
TI values of 65%, 49%, and 38.2%, respectively. 

 
Table 7: Tolerance index of Phaseolus vulgaris against three different concentrations of Co, Mn, 
and Ni 

SN 

 
 

                            Cobalt (g/L)                     (Nickel (g/L)            Manganese (g/L)         Control 

1.0  1.5  2.0 1.0 1.5                     0.2  1.0 1.5 2.0     -      

%  78.51% 55% 42% 65.7% 49% 38.2% 87% 60% 51% 105% 

 
Toxicity of the heavy metals on the P. vulgaris 
plants 
The toxic effects of higher concentrations of Co, 
Mn, and Ni against P. vulgaris plants are shown 
in Table 5.  The effects ranged from Very Partial 
Necrosis (VPN), Partial Necrosis (PN), Total 

Necrosis (TN), Leaf loss, and the eventual death 
of the plant.  Co and Ni treatments died between 
day 10 and day 11 from the beginning of the 
observation.  However, the Manganese 
treatment resisted the toxicity until the end of 
the experiment (Table 5). 
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Table 8: Effects of heavy metals on Phaseolus vulgaris plants for three weeks 

Days Heavy Metals 
Cobalt (2.0g/L) Manganese (20g/L) Nickel (2.0g/L) 

Necrosis Leaf loss Death Necrosis Leaf loss Death Necrosis Leaf loss Death 
D8 TN3L, 

PN2L 
- 0/3 PN2L 2 leaves 0/3 TN5L - 0/3 

D9 TN3L, 
PN2L 

- 0/3 VPN2L, 
TN1L 

1 0/3 - 3 0/3 

D10 - - 3/3 VPN1L, 
TN1L 

- 1/3 TN3L, 
TN3LS/3 

- 0 

D11 - - 3/3 VPN2L, 
TN2L 

- 1/3 - - 3/3 

D12 - - 3/3 TN2L, 
NLS 

- 1/3 - - 3/3 

D13 - - 3/3 N2LS/3 - 1/3 - - 3/3 
D14 - - 3/3 TN2LS/3 - 1/3 - - 3/3 
D15 - - 3/3 N2LS/3   - - 3/3 
D16 - - 3/3 TN2LS/3   - - 3/3 

D17-21 - - 3/3 -   - - 3/3 

Key: PN1L &PN2L = Partial necrosis of 1 and 2 leaves, TN1L, TN3L, &TN5L = Total necrosis of 1, 3 and 
5 leaves, NLS&N2LS = Necrosis of 1 and 2 leaves and shoot, TN2LS&TN3LS = Total necrosis of 2 and 3 
leaves and shoots. 

 
DISCUSSION 
The germination of the P. vulgaris seeds 
appeared unaffected by the heavy metals at 
lower concentrations, having at least one 
germinated seeds across each heavy metal 
treatment.  However, as the concentrations 
increased, the seeds germination was relatively 
inhibited.  Previous studies by Ain et al. (2016) 
and Siddique et al. (2011) reported similar 
observations, in which the germination of wheat 
and Vigna mungo (L) seeds were not affected by 
lower concentrations of Ni, Co, and Mn.  
However, at higher concentrations, the seed 
germination was significantly inhibited.  This 
may be due to the suppression of the activities 
of hydrolytic enzymes and penetration of the 
metal ions into the embryonic tissue of the 
seeds, as reported by Sengar et al. (2006).  
Among the treatments, manganese appeared to 
have the highest germination percentage (50%).  
This finding is consistent with the previous 
experiment by Thummala et al. (2016), who 
recorded a higher germination percentage in 
horse gram seeds treated with manganese.  
Similarly, Roy and Bera (2000) observed that 100 
ppm manganese favors 100% seed germination, 
and attributed it to the fact that manganese is 
among the essential metals required for various 
physiological processes essential for the seed 
germination. 
The results of rhizobacterial population 
dynamics obtained in this study (Table 3) showed 
that the aerobic mesophilic heterotrophic 
bacterial count of weeks one and two did not 
differ significantly when compared against each 
other (p = 0.061) and also across the various 
concentrations (p = 1.00), which means that the 

bacterial populations are affected in virtually 
the same way by the different heavy metals.  
This result differed from the one obtained by 
Makia (2011) when she evaluated the effect of 
Nickel and Manganese on Sinorrhizobium 
meliloti in which a decrease in the rhizobial 
population was observed.  This result variation 
may be due to the nature of the exposure of the 
microbes to the heavy metals or arise from 
differences in the duration of the experiments. 
Regarding the identification and biochemical 
characterization of the isolates, all the isolates 
were capable of growing on YEMA medium 
supplemented with Congo red (CREYEMA), which 
is the selective medium for the growth of 
Rhizobium sp. (Faisal et al., 2012). 
In terms of average shoot length (Table 6), in 
which a decline in the P. vulgaris shoot length 
was observed, previous research by Rai et al. 
(2005) also reported a significant reduction in 
Phyllanthus amarus shoot length under cadmium 
stress.  Furthermore, the tolerance indices of P. 
vulgaris, as presented in Table 4, were slightly 
higher than the previously observed tolerance by 
Borcelo et al. (1986), who studied the P. vulgaris 
tolerance under cadmium toxicity, which could 
be resulting from the differences in terms of the 
heavy metals toxicity to the plants. 

Several heavy metals are considered a source of 
micronutrients to plants. Their presence in low 
concentrations may improve plant growth 
(Haruna et al., 2014; Murad et al., 2020).  
However, at higher concentrations, the toxicity 
of the metals is manifested in the plant biomass, 
which includes necrosis, chlorosis, leaf loss, and 
eventual death (Shakir et al., 2020).
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Similar effects were observed in this study, as 
presented in Table 5.  Regarding nickel toxicity, 
results from a previous study by Maheshwari et 
al. (2012) also showed that at higher 
concentrations, the toxicity of Nickel inhibits 
the hydrolysis of proteins and RNA by 
suppressing the performance of RNase and 
protease. Also, the activity of ribonuclease 
decreased in roots and shoots.  Greater Ni2+ 
concentrations led 22-24% and 37-39% reduction 
in protease activity in rice seedlings' shoot and 
root parts in the first 20 days of seedlings 
growth.  In most species of plants, a decrease in 
ribonuclease, protease, and amylase enzyme 
activity is the cause of seed germination, growth 
retardation, and eventual death (Ahmed et al., 
2012).  
Regarding the Cobalt treatment, Mohamed 
(2008) reported that Cobalt at high 
concentrations suppressed the seedling growth 
and dry weight of the ragi and paddy seedlings.  
Cobalt at higher levels may directly inhibit root 
growth by inhibiting cell division, cell 
elongation, or a combination of both, resulting 
in the limited uptake and translocation of 
nutrients and water and induced mineral 
deficiency.  Similar results were also reported on 
the effect of Cobalt on V. mungo (L) by 
Jayakumar and Vijayarengan (2006) and P. 
americanum (L) and P. Aculeata (L) by Burhan et 
al. (2001).  Furthermore, Bhupendra et al. 
(2014) proved that a higher concentration of 
manganese could affect the roots and shoots of 
green and black gram. 
 
CONCLUSION 
This research showed that P. vulgaris displayed 
tolerance to various degrees on Ni, Co, and Mn, 
in the order Nickel > Cobalt > Manganese.  
Average rhizobial counts increased weekly, with 
high counts obtained in Ni and Mn treatments. 

However, they did not differ significantly 
between weeks (p = 0.061). Thus, longer time 
intervals (>2 weeks) are required to observe 
significant shifts in population dynamics.  
Moreover, HMs concentration did not affect the 
colony counts (p = 1.00).  Metabolism profile of 
the preliminarily identified Rhizobium sp. and 
Sinorrhizobium melliloti evidenced HMs removal 
and plant growth promotion ability.  The 
research demonstrated the tolerability of P. 
vulgaris and how rhizospheric population 
dynamics change during phytoremediation and 
contributed towards understanding HMs impact 
as environmental stressors on rhizospheric plant-
microbe interactions.  
 
RECOMMENDATIONS 
As the present study assessed the tolerability of 
P. vulgaris exposed to different concentrations 
of heavy metals, Co, Ni, and Mn, future research 
targeting the hyperaccumulation capacity of P. 
vulgaris against the heavy metals through 
analysis of its Bioconcentration Factor (BCF), 
Translocation Factor (TF) and Bioaccumulation 
Factor (BAF) is highly recommended, as it may 
help in knowing the maximum amounts of the 
heavy metals the plant can accumulate as well 
as its ability to distribute the heavy metals to 
the aboveground biomass. 
Furthermore, assessing the tolerability of the 
identified rhizobia to higher concentrations of 
heavy metals is highly recommended, as the 
concentrations used in the current study did not 
significantly affect the rhizobial population. 
Hence, the research did not detail the maximum 
tolerable amount of the metals to the rhizobia 
despite its significance in selecting appropriate 
bacterial species augmenting the microbially-
assisted phytoremediation under the 
appropriate level of the heavy metals 
contamination. 
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