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ABSTRACT

Concern over heavy metal contamination is a common issue related to soil health. Soil is an excellent
habitat for various microbes. Microbial activities in soil are negatively impacted by high concentrations of
heavy metals. The physico-chemical changes of soil microorganisms are recognized as a sensitive indicator
to assess soil quality. Some plants can absorb metals, and eventually, through food chains, humans and
other animals are exposed to them. As a result of ongoing exposure to heavy metals, the rhizospheric
bacteria of metal accumulator plants develop intrinsic or extrinsic resistance mechanisms. Through their
critical contribution to metal detoxification, these resistance mechanisms either directly or indirectly support
plant growth and development. Therefore, it is crucial to look into the correct mechanisms of plant-
rhizospheric microbe interaction in metal-contaminated soils. The current review sought to highlight the
metal-resistant bacterial communities in rhizospheric soils and their part in plant health management.
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Introduction

Heavy metals are widely distributed in the environ-
ment and are considered significant contaminants of
soil pollution. Even while all metals are toxic, many
of them are advantageous in trace amounts. Metals
having a density above 5 g/cm3 are heavy metals
(Nies, 1999). The key characteristics that set heavy
metals apart from other harmful contaminants are
their inability to degrade through biodegradation
and their tendency to accumulate in living things.
The unrestricted use of agrochemicals, prolonged
application of urban sewage, disposal of industrial
waste products, and vehicle exhausts are the pri-
mary sources of heavy metals in soils. High levels of
heavy metals in the soil cause plants to absorb and
accumulate them, and eventually, through the food

chain, these metals reach animals and humans
(Zhuang et al., 2014). Such accumulation causes se-
rious abiotic stress that impairs human and animal
health as well as soil biodiversity and lowers plant
productivity. Due to heavy metal stress, there is an
increase in reactive oxygen species, hydroxyl, super-
oxide radical and hydrogen peroxide production
which are very harmful to plants (Eltahawy et al.,
2022; Li et al., 2022).

Soil bacteria are an integral part of the ecosystems
and by participating in mineral cycles and decom-
posing organic matter, they play a crucial role in the
environment. The presence of heavy metals in exces-
sive amounts also affects the growth and survival of
soil bacterial populations (Bååth, 1989). Heavy met-
als inhibit enzymatic cellular activities inside bacte-
rial cells by disrupting membrane functions and
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damaging DNA (Matyar, 2012). Although, for many
cellular functions of bacteria, low quantities of spe-
cific transition metals like cobalt, copper, nickel, and
zinc are crucial. But, heavy metals, such as lead, cad-
mium, mercury, silver, and chromium, are harmful
even at low doses and have no recognized benefits
for bacterial cells) (Abou-Shanab et al., 2007). There-
fore, many researchers marked soil microbial activi-
ties as an important indicator to determine soil deg-
radation by heavy metals.

Soil bacteria adapt various types of resistance
mechanisms in response to continuous exposure to
heavy metals. Those mechanisms may be intrinsic or
extrinsic. Usually, the heavy metal resistance encod-
ing genes are located on the plasmid, but some are
reported from the chromosomes of the bacteria also.
Such resistance genes carrying bacteria are common
in contaminated soils and rhizospheres of roadside
plants and play an important role in the enhance-
ment of plant health. There are several bacteria iso-
lated from polluted areas which are found to be very
efficient plant growth promoters that could produce
siderophores, indole acetic acid and solubilize the
phosphate (Tirry et al., 2018). Thus, the importance
of the rhizosphere bacterial ecology of roadside
plants and their role in heavy metal resistance will
be emphasized in the current review.

Rhizosphere bacterial communities

With so many advantages to plant growth and de-
velopment, the rhizosphere of plants offers a great
microhabitat to a wide variety of bacterial species.
Through active mineral cycling, the deposition of
organic matter, and mineral weathering, rhizo-
sphere bacteria work as the primary nutrition re-
serve for plants. Rhizosphere refers to the portion of
soil that is exposed to root activity. Rhizosphere in-
cludes the rhizosphere microbiome which is <3–5
mm from the root, the rhizoplane microbiome at
root–soil interface, and the interior root microbiome
(Coats and Rumpho, 2014). A variety of microorgan-
isms that make up the rhizosphere, affect plant
health and adaptation, either directly or indirectly
(Dlamini et al., 2022). Several studies have demon-
strated that the major part of the plant root surface
is devoid of bacteria. Scanning electron microscopy
(SEM) investigations showed that bacteria only oc-
cupied a small percentage of the root surface in the
roots of several plants, such as wheat, clover, and
rye. Microorganisms generally follow a definite pat-
tern of colonization and therefore they are not ran-

domly distributed on roots.
The roots of plants secret different organic com-

pounds which enhances the bacterial population in
the rhizosphere zone. The secretion of enzymes,
oxygen, ions, mucilage, a variety of carbon-contain-
ing compounds, and secondary metabolites includ-
ing sterols are all included in root exudation. The
root exudate’s composition varies from plant to
plant, so the host plant creates selection pressure on
the growth rhizosphere microbiome by favouring
and attracting a particular plant microbiota. Investi-
gations revealed that as a result of substrate avail-
ability through root extrudes, the rhizosphere soils
contain higher bacterial biomass compared to root-
less (bulk) soil (Odelade and Babalola, 2019). Some
common genera reported to be isolated in rhizo-
sphere soils are Bacillus, Microbacterium,
Azospirillum, Serratia, Pseudomonas, Burkholderia,
Erwinia, Acinetobacter, Enterobacter, Mesorhizobium
and Acetobacter (Mohamed and Abo-Amer, 2012).
Traditionally, the common culture-based method
for isolating and characterizing microorganisms was
used to identify bacterial isolates in the
rhizosphere.Using this conventional method, one
can only identify a small number of genera. As a re-
sult, high throughput sequencing has recently been
recommended by researchers for the accurate iden-
tification of rhizosphere bacterial populations.

Bacterial heavy metal resistance

Bacteria have been examined to develop different
efficient mechanisms of heavy metals tolerance.
When bacteria become exposed to heavy metal ions,
they usually adopt two types of metal uptake sys-
tems to combat this problem. The first one is consti-
tutively expressed in the bacterial cells and forms a
chemiosmotic gradient across the cell cytoplasm. In
the second type of uptake system, ATP is hydroly-
sed to get energy during the process (Nies, 1999).
Moreover, bacterial cells acquire a large number of
plasmids-mediated heavy metal resistance genes via
vertical and horizontal gene transfer. In a study,
these resistance genes were found in Acinetobacter
spp. (Argudín et al., 2019). Later on, Staphylococcus
aureus, Bacillus subtilis, Bacillus cereus, Pseudomonas
sp. and Bordetella sp. isolated from Egyptian soils
were also found to exhibit metal resistance genes.
mer, chr, czc, ncc,cadA, cadB, cuoO, cuoP, golT etc. are
some examples of bacterial genes responsible for
metal resistance (Eltahawy et al., 2022).
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Exposure of heavy metals to rhizosphere bacteria

Soils are the major sink for metal contamination
where the concentration of metals can range from 1
to 1000000 mg/kg in a typical contaminated soil. In
contaminated soils, soil microorganisms, particu-
larly those in the rhizosphere, play a crucial role in
heavy metal detoxification. ‘Rhizoremediation’ is
the term used to describe this input of the rhizo-
sphere microbial population (Bååth, 1989).
Firmicutes, Proteobacteria, Actinobacteria and some
selected genera such as Bacillus, Pseudomonas,
Arthrobacter are abundantly found bacteria in heavy
metal-contaminated soils (Pires et al., 2017). Heavy
metal stress limits the nodulation and nitrogenase
activities, however, in some nodulated plants heavy
metal tolerant rhizosphere bacteria were also found
to be reported carrying out symbiotic nitrogen fixa-
tion. Heavy metal-microbe interactions in the rhizo-
sphere are extremely complex phenomena and
somehow depend on the physicochemical makeup
of the soil, the concentration of metal species, and
microbial diversity. Root exudates play a significant
role in the activity of rhizosphere microbes by modi-
fication of pH and redox potential and increasing or
decreasing metal bioavailabilityin heavy metal-de-
posited soils. The presence of heavy metals in soils
changes the concentration of root exudates which is
a developing biomarker of soil contamination. A re-
cent study based on gas chromatography-mass spec-
trometry and metabolomics revealed that Pb stress
can change the root exudates concentration of Sedum
alfredii, which established it as a potential biomarker
of Pb-contaminated soil (Luo et al., 2017).

Heavy metal-resistant bacteria isolated from
rhizosphere zones of different plants

Molecular identification and next-generation se-
quencing of heavy metal-resistant bacteria isolated
from rhizosphere zones have opened up great po-

tential for environmental management. Researchers
investigated a wide range of important rhizosphere
bacteria that can enhance the phytoextraction of
heavy metals from contaminated soils.

Conclusion

Heavy metal-contaminated soil effectively increases
the stress tolerance of plants in the presence of
rhizosphere bacteria. However, more field research
is needed to better understand soil metal contamina-
tion and stress tolerance output of microbial com-
munities. In this regard, a better comprehension of
root-microbe interactions and precise identification
of metal-resistant bacterial genes involved in stress
responses would be useful for future applications in
the treatment of contaminated soils and
phytoremediation.
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