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Different microorganisms have been used for bioremediation based on their resistance and ability to
sequester heavy metals. The use of plant growth-promoting rhizobacteria (PGPR) for bioremediation of
these contaminants has been successful. A PGPR isolated from hydrocarbons-contaminated soil
identified as Bacillus sp., by microbiological and molecular tools and characterized as heavy metal
tolerant by minimal inhibitory concentration (MIC) assay was inoculated into Axonopus affinis plants.
Both of them were exposed to cadmium, nickel, and zinc and the effect of their relationship was
analyzed by multivariate analysis. The results did not show a significant growth promotion and
development of this Poaceae with rhizobacteria alone, but the presence of heavy metals plus the PGPR
assured the survival of plants. This suggests that the plant’s response is related with the metal
concentration and the exposure time to the contaminants, as well as with its intrinsic tolerance. The
Bacillus sp strain allowed the growth maintenance of A. affinis and enhanced its tolerance to the
assayed heavy metals, suggesting a synergistic effect between this species and the rhizobacterium in

response to contaminating agents.
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INTRODUCTION

Rhizosphere microorganisms that are closely associated
with roots have been termed plant growth promoting
rhizobacteria (PGPR) (Glick, 1995). These bacteria are
capable of promoting plant growth by colonizing the plant
root (Kloepper and Schroth, 1978). PGPR can be divided
into two groups according to their relationship with the
plants: symbiotic bacteria and free-living rhizobacteria.
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Generally, PGPR function in three different ways: syn-
thesizing particular compounds for the plants, facilitating
the uptake of certain nutrients from the environment, and
protecting the plants against diseases (Glick, 2003).

An extension of PGPR technology is the emerging use
of bacteria with plants for environmental applications.
Recent studies in this area include many different
applications, such as growth promotion of soil stabilizing
plants, to counteract flooding stress of plants, to aid plant
growth in acidic conditions, to counteract high tempe-
rature stress, as well as for phytoremediation techno-
logies (Burd et al., 2000; Zhuang et al., 2007).

Release of heavy metals from various industrial sources,



agrochemicals and sewage sludge poses a major threat
to the soil environment. The accumulation of heavy metals
into soil leads to changes in microbial activity and soil
fertility. Consequently, the enhanced concentration of
metals in soil and its translocation to plant organs can
have undesirable effects on growth of plants (Ahmed et
al., 2008). Generally, heavy metals are not degraded
biologically and persist in the environment indefinitely
(Khan et al., 2009).

A diverse group of free-living soil bacteria can improve
host plant growth and mitigate toxic effects of heavy
metals on the plants (Belimov et al., 2004). Even more,
metal bioavailability and uptake can be changed due to
the microbial activity in the soil (Amezcua-Allieri and
Rodriguez-Vazquez, 2008). It is also well known that
heavy metals can even be toxic for metal-accumulating
and metal-tolerant plants, if the metal concentration in the
environment is high (Jing et al., 2007).

Accumulation of heavy metals in the soil environment
and their uptake by rhizobacteria and plants is a matter of
growing concern. Some metals such as zinc, copper,
nickel and chromium are essential or beneficial micro-
nutrients for plants, animals and microorganisms (Olson
et al., 2001), whereas others (cadmium, mercury, and
lead) have no known biological and/or physiological
functions (Gadd, 1992). At higher concentrations, metal
ions can either completely inhibit the microbial popula-
tions by inhibiting their metabolic activities or organisms
can develop resistance or tolerance to the elevated metal
levels. The ability to grow even at high metal concen-
tration is found in many rhizospheric microorganisms
(Lakzian et al., 2002) and may be the result of intrinsic or
induced mechanisms (Giller et al., 1998).

In order to survive and proliferate in metal contami-
nated soils, tolerance has to be present in both microbes
and their associated hosts. For survival in metal-stressed
environments, the plant growth promoting rhizobacteria
have evolved several mechanisms by which they can
immobilize, mobilize, or transform metals, rendering them
inactive, thereby allowing the plant to tolerate the uptake
of heavy metal ions (Nies, 1999).

Different defense mechanisms allow these micro-
organisms to function metabolically in metal polluted
environments. The exploitation of these bacterial pro-
perties for the remediation of heavy metal-contaminated
sites has been shown to be a promising bioremediation
alternative (Lovley and Coates, 1997; Lloyd and Lovley,
2001). Therefore, managing the microbial populations in
the rhizosphere, by using microbial inocula, consisting of
a consortium of plant growth promoting rhizobacteria and
symbiotic nitrogen fixers as allied colonizers and
biofertilizers, could provide plants with benefits crucial for
ecosystem restoration (Khan, 2004). These micro-
organisms can be indigenous to a contaminated area
(intrinsic bioremediation) or can be isolated from else-
where and then introduced into the contaminated sites
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(bioaugmentation) (Whiting et al., 2001; Abou-Shanab et
al., 2003).

The carpet grass (Axonopus affinis) has been em-
ployed for another experiments related with the response
to heavy metals (Kuo et al., 2005) and with contaminated
soils, mainly in regions of copper and gold with great
importance for the development of rehabilitation of clean
technologies in areas degraded by mining (phyto-
remediation) and in the mineral bioprospecting (Ernst-
Frizzo and Porto, 2004).

This study evaluated the effects of the inoculation of A.
affinis with plant growth promoting rhizobacterium and its
tolerance to heavy metals as promising bioremediation
alternative.

MATERIALS AND METHODS

Maintenance and identification of the rhizobacteria isolated
from a soil contaminated with petroleum hydrocarbons

Twenty-three rhizobacteria strains were isolated from a rhizospheric
contaminated soil with petroleum hydrocarbons with a Light
Hydrocarbon Fraction Concentration (LHFC) of 90 ppm, Medium
Hydrocarbon Fraction Concentration (MHFC) of 100 ppm and
Heavy Hydrocarbon Fraction Concentration (HHFC) of 45 ppm. A
pheno-typic phosphate solubilizing rhizobacterial strain was isolated
from this soil sample using the method of Wu et al. (2006) with
phos-phoric rock, this strain was maintained and preserved on
nutrient broth agar medium plates for conventional bacterial
analyses. The isolated rhizobacterial strain was identified by
determining its 16S rRNA sequences. Colony PCR was performed
from live cells cultured on solid nutrient broth agar medium. Cells
were harvested after 24 h and processed for DNA isolation using
the Allers and Lichten procedure (2000). Using the purified genomic
DNA, the molecular target gene 16S rRNA was amplified using the
universal primers set, fD1 and rD1, designed by Weisburg et al.
(1991). The PCR mixture contained: 50 ng of genomic DNA, 3 mM
MgCl,, 2.5 units of Tag DNA polymerase (Invitrogene, CA), 200 mM
of each dNTP and 20 pmol of each primer. The amplification
reaction was cycled as follows: an initial denaturation at 95°C for 5
min, followed by 30 cycles at 95°C for 2 min; 42°C for 40 sec, 72°C
for 4 min, and finally a polymerizing cycle at 72°C for 20 min.
Aliquots of PCR reaction products were electrophoresed in 1%
agarose gel and then stained with ethidium bromide. These PCR
products were purified and sequenced by the Unidad de
Biotecnologia y Prototipos at FES-Iztacala (UNAM). The sequences
were then compared to similar sequences in the databases using
BLAST analysis (Basic Logical Alignment Search Tool, BLAST at
NCBI).

Determination of minimal inhibitory concentration (MIC) of the
isolated rhizobacterial strain

The minimum inhibitory concentration for the isolated rhizobacterial
strain was determined using the Sabry et al. (1997) method, by
inoculating nutrient broth agar plates with a range of concentrations
of each heavy metal, separately: 0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 5.0, 10,
and 15 mM for Cd and 0.1, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 10, and 15
mM for Ni and Zn, the analytical salts employed were: 3CdSO, -
8H,0, NiSO, - 2H,0O, and ZnCl,. Results of the inoculated plates
were read after 72 h of incubation at 28°C and recorded as positive
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by colony appearance on the plate surface (CFU/ml). The lowest
concentration that inhibited growth completely was considered the
MIC, and the metal resistant strains were those in which their
growth was not inhibited by 1 mM concentration of Cd, Ni, and Zn.

Assessment of A. affinis growth promotion by inoculated
rhizobacteria and tolerance to heavy metals

Commercially obtained certified seeds of A. affinis were surface-
sterilized with 10% sodium hypochlorite and then thoroughly rinsed
with sterile distilled water. These sterilized seeds were incubated for
30 min at room temperature in either sterile distilled water as a
blank control or a bacterial suspension in distilled water of 5 x 107
CFU/ml. Twenty seeds of each species, treated and non-treated
with bacteria, were placed separately in baby food flasks with
Magenta SIGMA caps with 25 ml of mineral medium containing:
0.20 M NH4H2PQO4, 0.50 M NH4NO3, 1.15 M Ca(NOS)Z, 0.26 M
CaCl;, 0.2 M MgCl'6H20, 0.20 M Mg(NOs)2'6H.O, 0.40 M
MgS0O4-7H,0, 0.20 M KH,PO4, 1.2 M KNO3, 0.5 M KzSO4, 0.04 M
FeCly'6H20, 1.2 x 10°M H3BO;, 1.2 x 10* M CuCl'H.0, 2.3 x 10°
M ZnCl,, 4.4 x 10* M MnCl>"4H,0, 6 x 10° M Na;MoO,'H-0, EDTA
and FeSO47H;O, pH = £ 6.0 and 6% bacteriological agar;
supplemented in each case with the corresponding Cd (0.01, 0.05
and 0.1 mM), Ni (0.1. 0.5 and 1 mM) and Zn (3, 4 and 5 mM)
concentrations. The analytical salts employed were: 3CdSO4 -
8H,0O, NiSO4 + 2H,O and ZnCl,; the control experiments were
performed without the metals. All the experi-ments were developed
in sterile conditions and performed in triplicate. Experimental units
were kept at #36°C in a growth chamber with a 12:12 photoperiod
for 8 days. The growth of plants was evaluated by measuring their
root and shoot length. The Tolerance Index (TI), expressed as the
ratio of the shoot and root lengths of plants grown in the presence
and absence of a specific added metal, was obtained (Wilkins,
1978; Burd et al., 1998); TI=Ror SLn/Ror S L where Ror S L,
is the root or shoot length of plants grown in the presence of a
specific added metal and R or Shoot L. is the root or shoot length of
plants grown in absence of metals (control).

Statistical analysis

All the results were analyzed with ANOVA and Tukey-Kramer’s
tests using the software Graph Pad Instat Ver. 2.03 (Aceves, 1993)
and the experimental designs program FAUANL Ver. 1.4 (Olivares,
1989).

Finally, a multivariate analysis considering the plant growth results
of A. affinis inoculated with the rhizobacterial strain in the presence
or absence of heavy metals was performed through surface
response analysis (Cleveland, 1994), using the software
STATISTICA Ver. 8 (StatSoft Inc. 2007, USA).

RESULTS

Molecular characterization of the rhizobacterial strain
isolated from the rhizosphere of contaminated soil

The rhizobacterial strain isolated was named rhizobac-
terium XllI strain, its microscopic morphology revealed
characteristic short Gram positive and sporulated bacilli
and was identified as Bacillus sp. strain based on its 16S
rDNA sequence homology analysis.

Response to heavy metals of Bacillus sp. Xlll strain
by the MIC

The effect of the heavy metal on the rhizobacterial
Bacillus sp. XlllI strain’s susceptibility was revealed by its
bacterial count in the colony; the results showed that Cd
was the most toxic metal at its lowest concentration of 0.1
mM, followed by Ni with a relatively toxic effect at
concentrations between 0.1 and 1.0 mM. Zn was the
heavy metal to which the rhizobacterium were tolerant at
a high concentration of up to 5 mM.

Plant growth promoting activity of Bacillus sp. XIll
strain on A. affinis seedlings

This rhizobacteria inoculated to A. affinis seeds showed
that this strain not only has the ability to bind to seeds,
but it can also stimulate growth of A. affinis seedlings in
the hydroponic culture (Figure 1).

Growth response of A. affinis inoculated with
rhizobacterial Bacillus sp. Xlll strain and exposed to
cadmium, nickel and zinc

The response of A. affinis exposed to Cd, Ni, and Zn
showed that this species was susceptible to all the
assayed concentrations, as heavy metal concentrations
increased.

The results of the root and shoot lengths of A. affinis
plants inoculated with Bacillus sp. XlII strain exposed to
cadmium (Figure 2) showed that the rhizobacterium did
not favor the growth of the plants at the highest
concentrations of this heavy metal in the hydroponic
cultures. This response was the same for the plants
exposed to Ni, without an increase in the growth of root
or shoots of the A. affinis plants at higher concentrations
of the metal (Figure 3).

For zinc, the plant growth response of A. affnis ino-
culated with the rhizobacterium showed not only growth
at 3 and 4 mM, but also a plant growth promoting effect
at the 5 mM concentration of this heavy metal (Figure 4).

Determination of the effect of rhizobacteria
inoculation on plants of A. affinis and the presence of
heavy metals by the Tolerance Index

The effect of adding the rhizobacterial Bacillus sp. XIll
strain to A. affnins before seeds germination, in presence
of different concentrations of the assayed heavy metals
was examined (Table 1). The results of these experi-
ments are presented as Tl (Tolerance index), to ease
comparison of the effects of the different experimental
conditions. A Tl of 1.0 indicates that the treatment was
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Figure 1. A. affinis shoot and root length not inoculated (control) and inoculated with
rhizobacterial Bacillus sp. XllI strain. Mean values + S.D. from three replicates are given. No
significant differences were found between experiments (P < 0.05).

not inhibitory, whereas a Tl of 0.1 indicates that the
growth of treated plants was only 10% of the growth of
the control plants (Burd et al., 1998).

These results show that for all the zinc concentrations
tested in the inoculated plants of A. affinis, the addition of
rhizobacteria increased the growth and tolerance of
plants as revealed by their root and shoot lengths.

Multivariate analysis of the response of Axonopus
affinis plants inoculated with the rhizobacterial
Bacillus sp. Xlll strain and exposed to heavy metals

Surface response graphs were obtained for the analysis
of the root and shoot growth of A. affinis plants as related
with the concentration of the heavy metals in absence
(Figure 5a) and presence (Figure 5b) of rhizobacteria.
There were no significant differences (P < 0.005) bet-
ween the plant growth and the presence or absence of
rhizobacteria in the heavy metal experiments.

DISCUSSION

Plants and bacteria can form specific associations in
which the plant provides bacteria with a specific carbon
source; this induces bacteria to reduce the phytotoxicity
of contaminated soils. Alternatively, plants and bacteria
can form nonspecific associations in which normal plant
processes stimulate the microbial community, which in
the course of its normal metabolic activity degrades con-
taminants in the soil. Plant roots can provide root exudates,

as well as increase ion solubility. These biochemical
mechanisms increase the remediation activity of bacteria
associated with plant roots (Jing et al., 2007).

Multiple metal-resistance in bacteria seems to be the
rule rather than the exception. Abou-Shanab et al. (2005)
tested the patterns of tolerance to heavy metals in 107
rhizobacterial isolates at 1 mM concentrations and found
that all the rhizobacterial strains were tolerant to multiple
metal ions. Strains with hexa-, penta-, tetra- and tri-metal
ions tolerance, respectively, were found more frequently
than those with hepta-, double- and mono-tolerance.
Notably, cadmium, copper, lead, and nickel resistance
seemed to be restricted to those strains that were
resistant to six metals or more. Sabry et al. (1997) have
previously reported similar observations for rhizobacteria.

Abou -Shanab et al. (2005) investigated the correlation
between metal resistance and metal mobilization abilities
of rhizobacteria under heavy metal stress. The highest
incidence of the biochemical activity of isolates and metal
resistance was recorded for phosphate solubilizers with
Cr, Zn and Pb (92.5, 82.2 and 68.2%, respectively); this
implies that phosphate solubilization is not the only
mechanism adopted by bacteria towards metals in soil
but that siderophores and acid production are also
involved in mobilizing metals.

It seems reasonable to assume that plant growth
promoting rhizobacteria could be developed as inoculants
to increase plant biomass and thereby, to stabilize and
remediate metal polluted soils. Such soils can be made
nutrient-rich by applying metal-tolerant microorganisms,
especially plant growth promoting rhizobacteria, which
would provide not only the essential nutrients to the
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Figure 2. Effect of Cd on the shoot length (2a) and root length (2b) of A. affinis plants, without and with
rhizobacterial Bacillus sp. XllI strain. Mean values + S.D. from three replicates are given. The different lower-case
letters indicate significant differences between experiments (P < 0.05).

plants growing in the contaminant sites but would also
play a major role in detoxifying heavy metals (Mayak et
al., 2004) and thus help plants capable of remediating
heavy metals-contaminated soils (Glick, 2003).

Finally the current perspective about this research can
resume in Karami and Shamsuddin (2010) comments,
where they mentioned that the indirect impact of PGPR
is usually achieved by increasing the plant tolerance to
diseases (Guo et al., 2004); is important to extend the

efficient use of PGPR and no limiting it to slight and
moderately contaminated sites (Wu et al., 2006), They
noted that the most important limiting factor for the
application of PGPR is their tolerance to the concen-
tration of heavy metals and the PGPR population bet-
ween plants could be different among the same species
in the contaminated soils, or even between the different
growing stages of an individual plant. These authors
mentioned too that several numbers of new researches



Cardédn et al. 8777

-
=

-
N
1

ab

Shoot length (cm)
= (2] (=] 8

N
!

Control 0.1mM

3a

0.5mM 1mM

ac ac

Root length (cm)

bec be

Control 0.1mM

Experiments

3b

0.5mM 1mM
O withoutrhizobacteria
@ with rhizobacteria Xlll strain

Figure 3. Effect of Ni on the shoot length (3a) and root length (3b) of A. affinis plants, without and with
rhizobacterial Bacillus sp. Xlll strain. Mean values + S.D. from three replicates are given. The different

lower-case letters indicate significant.

carried out in relation to the effects of PGPRs on the
growth of plants and/or heavy metal concentrations in
contaminated soils are reported today (Karami and
Shamsuddin, 2010).

Some rhizobacteria can reduce the toxicity of heavy
metals, resulting in the stimulation of plant growth.
Several established studies indicate that PGPR can
promote the growth of plants under the toxicity of Ni, Pb,

or Zn. In addition, a variety of bacteria (mainly PGPR)
have been reported as phytoextraction assistants:
Pseudomonas spp., Bacillus spp., Mesorhizobium sp.,
Microbacterium spp., Rhizobium spp., Variovorax sp.,
Rhodococcus sp., Psychrobacter spp., Flabobacterium
sp., Sinorhizobium sp., and Achromobacter sp. The
exploration of new microbial resources, including PGPR,
is still necessary for the development of in situ remediation
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Figure 4. Effect of Zn on the shoot length (4a) and root length (4b) of A. affinis plants, without and with
rhizobacterial Bacillus sp. XIII strain. Mean values + S.D. from three replicates are given. The asterisks
indicate significant differences between experiments (P < 0.05).

strategies under multifarious conditions and a better
understanding of the interaction between PGPR and their
host plants is important for enhancing the efficiency of
microbe-assisted phytoremediation (Koo and Cho, 2009).
Examples of the state of the art of the PGPR’s research
and their association with plants for the phytoremediation
technologies as rhizoremediation, are the works of Koo
and Cho, (2009) with a PGPR, Serratia sp. isolated from
heavy-metal-contaminated soils and characterized by its
plant growth-promoting abilities and the effects of its
inoculation on the growth of Zea mays determined under

both heavy metal-contamination and non contamination
conditions, the Belimov et al. (2005) studies about the
isolated and characterized Cd-tolerant bacteria asso-
ciated with the roots of the metal accumulating plant
Brassica juncea L. Czern. grown in heavy metal
contaminated soils, making the selection of PGPR strains
which might be useful to increase plant biomass
production under unfavourable environmental conditions.
Ma et al. (2009) isolated and characterized Ni-resistant
bacteria associated with the rhizosphere of Alyssum
serpyllifolium and Phleum phleoides grown in serpentine
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Table 1. Tolerance index (TI) of the A. affinis plants inoculated with rhizobacterial Bacillus sp. Xl strain and

exposed to heavy metals.

Cd (mM)
Organ 0.01 0.05 0.1
Without rhizobacteria Shoot 1.03 1.04 0.79
Root 1.11 1.20 0.87
With rhizobacteria Shoot 1.16 0.90 0.57
Root 1.18 1.02 0.63
Ni (mM)
Organ 0.1 0.5 1.0
Without rhizobacteria Shoot 1.30 1.09 0.21
Root 1.5 1.29 0.14
With rhizobacteria Shoot 1.09 1.0 0.20
Root 1.45 1.18 0.13
Zn (mM)
Organ 3 4 5
Without rhizobacteria Shoot 1.22 1.15 1.20
Root 1.11 1.03 1.10
With rhizobacteria Shoot 1.34 1.12 1.16
Root 1.31 1.03 1.13

soils, and selected plant growth-promoting bacteria which
been useful to increase the plant growth and Ni uptake by
Brassica species (B. juncea and B. oxyrrhina) in soil. He
et al. (2009) characterized the Cd-resistant bacteria and
evaluated the enhancement of plant growth promotion
and observed that Cd and Pb uptakes in Cd-hyper-
accumulator tomato plants grown in heavy metal-
contaminated soil, improved the efficiency of phytore-
mediation of Cd-contaminated soils.

Grandlic et al. (2009) mentioned that plant growth
promoting rhizobacteria are introduced to seeds prior to
planting to enhance one or more aspect of plant growth
through a number of potential mechanisms and recently,
they have demonstrate that these rhizobacteria can
enhance plant biomass production in mine tailings at
lower than optimal compost rates which represents a
potential resource and cost savings (Grandlic et al.,
2008). They mentioned too that the vast majority of
previous studies have prepared seeds for inoculation by
surface sterilization prior to introducing desired strains of
PGPR, this event leads to a competitive advantage in
colonizing the surface of the seed; as the first step of
their influence to the development of plants making
contribution of activities such as siderophore or plant
hormone production.

Xiong et al. (2008) mentioned that there is little infor-
mation available about the effects of terrestrial metal
hyperaccumulating plants rhizospheric or rhizoplanic
bacteria on multi- metals uptake by plants rooted in
aquatic systems, so this research is needed to under-
stand the role of microorganisms in the uptake of metals
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under both soil and hydroponics conditions. The
knowledge from previous studies on Sedum alfredii
focused on the physiological mechanism of heavy metal
uptake and the application of phytoextraction of this
species from contaminated soils were obtained, while the
role of the rhizospheric bacteria in the plant tolerance
against heavy metal toxicity and the removal of heavy
metal from aqueous medium were ignored. Their
research were to examine the possible effects of
rhizospheric bacteria on plant growth and metal removal
from wastewater by S. alfredii and the other possible
factors involved in heavy metal accumulation.

In this work, the effect of the rhizobacterial Bacillus sp.
Xl strain on the growth and development of A. affinis did
not show a significant difference on root and shoot
growth between the control and the Cd-exposed plants.
This response is comparable with the results of Sheng
and Xia (2006) and Belimov et al. (2005) with Brassica
juncea L. and Brassica napus, where the addition of
some plant growth promoting rhizobacteria favored the
development of these species. Other examples are
Variovorax  paradoxus, = Rhodococcus sp., and
Flavobacterium sp., which stimulated root elongation of
Brasica campestris seedlings either in the presence or
absence of toxic cadmium (Belimov et al., 2005), sug-
gesting that these bacterial strains could be developed as
inoculants to improve growth of the metal-accumulating
B. campestris in the presence of toxic cadmium concen-
tration.

Cadmium, as a non-essential toxic heavy metal to
plants, can inhibit root and shoot growth, affect nutrient
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Figure 5. Surface response to evaluate the growth of A. affinis without (5a) and with (5b) rhizobacterial

Bacillus sp. Xlll strain and the effect of metals.

uptake and homeostasis and it is frequently accumulated
by agriculturally important crops (Sanita di Toppi and
Gabrielli, 1999; Jing et al., 2007).

The nickel concentrations tested for A. affinis and the
presence of the rhizobacterial strain (Figure 3), just as
the response to the other two metals, maintained the

development of the plants but not the increment in their
growth response, agreeing with the results reported by
Burd et al. (1998) with the plant growth promoting rhizo-
bacterium Kluyvera ascorbata SUD165 isolated from
metal contaminated wetland, which, when applied to soil
amended with nickel, zinc, lead and chromate, induced



an increase in the growth of Brasica rapa, while
protecting the plants from nickel toxicity (Burd et al.,
1998). Similarly, nickel resistant K. ascorbata protected
Lycopersicon esculentum L., Brasica campestris, and
Brasica rapa plants when grown in soils supplemented
with nickel, lead, and zinc (Burd et al., 2000); Zaidi et al.
(2006) obtained similar results with Brassica juncea and
the bacterium Bacillus subtilis strain SJ-101.

In this study, all concentrations of nickel were toxic to
plant development, even when the A. affinis plants were
inoculated with the rhizobacterial Bacillus sp. Xll| strain.

In the case of Zn, for all the experiments, root and
shoot lengths of A. affinis were promoted. The presence
of Zn favored also the growth of the plants and in the
experiments with bacteria and the metal, the difference
between the roots and shoot growth was not significant
(P < 0.05). Only a slight decrease of plants growth was
observed with the 4 mM zinc concentration for the
inoculated and non-inoculated seeds.

Some plant growth-promoting rhizobacteria can signifi-
cantly increase the growth of plants in the presence of
heavy metals, including nickel, lead and zinc (Burd et al.,
1998, 2000), thus allowing plants to develop longer roots
and get better established during early stages of growth
(Glick et al., 1998). Once the seedling is established, the
bacterium can also help the plant acquire sufficient iron
for optimal growth.

When plant growth promoting rhizobacteria, used as
seed inoculants, were applied to soil, either treated/
amended intentionally with metals or already conta-
minated, a substantial reduction was observed in the
toxicity of metals, as well as a concomitant improvement
of the overall growth and yield of species, such as Cicer
arietinum (Gupta et al., 2004), Vignia radiata L. wilczek
(Wani et al.,, 2007), and Pisum sativum (Wani et al.,
2008a). Besides their role in protecting the plants from
metal toxicity, plant growth promoting rhizobacteria are
also well known for their role in enhancing soil fertility and
promoting crop productivity by providing essential
nutrients (Zaidi et al., 2003; Zaidi and Khan, 2006).The
use of such microorganisms possessing multiple proper-
ties of metal resistance/reduction and ability to promote
plant growth through different mechanisms in metal-
contaminated soils make them one of the most suitable
choices for bioremediation studies (Khan et al., 2009).

Metal tolerant growth promoting rhizobacteria have also
shown a substantial protection to plants against metal
toxicity and consequently, improved the growth, sym-
biosis and seed yield of plants (Chaudri et al., 2000; Wani
et al., 2008a, 2008b). The increase in the growth of
agronomically important crops grown in metal-stressed
soils by applying metal tolerant rhizobacteria has been
attributed to the ability of rhizobacterial strains to mitigate
the toxic effects of metals using mechanisms such as
production of siderophores besides providing plants with
the sufficient amounts of growth promoting substances
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(Khan et al., 2009).

This work demonstrates that the presence of heavy
metals plus the PGPR assure the survival of plants. This
suggests that the plant response is related with the metal
concentration and the exposure time to the contaminants,
as well as with its intrinsic tolerance. The presence of the
Bacillus sp. strain induces growth maintenance of A.
affinis and its tolerance to the heavy metals: cadmium,
nickel and zinc, suggesting a synergistic effect between
this species and the rhizobacteria on the response to the
contaminants. Plant growth-promoting rhizobacteria, may
eventually find a use in the development of phyto-
remediation strategies to treat plants to increase their
biomass and stabilize and remediate metal-contaminated
soils.
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