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Abstract
The aim of this study was to identify bacteria present in
the nodules of the legume Hedysarum spinosissimum growing in
metal-contaminated soils; and to test whether these root-nodule
bacteria are able to promote host plant growth and enhance their
phytostabilization potential. Seventy-four bacteria were isolated
from nodules of H. spinosissimum growing in 3 different mining sites
in Morocco and were identified by 16S rDNA gene sequencing. They
belonged to 8 genera affiliated to Pseudomonas (49 strains), Pantoea
(11), Rhizobium (6), Herbaspirillum (3), Bacillus (2), and one strain of
Serratia, Agrobacterium and Azospirillum. Seven strains, presenting a
high tolerance to Zn and Pb, exhibited capacity of inorganic phosphate
solubilization and ammonia production from peptone degradation.
The inoculation of H. spinosissimum, growing in 2000 µM of Zn by
Pseudomonas putida and Herbaspirillum huttiense suppresses Zn
toxicity symptoms in plants and also enhances plant growth by
significantly increasing plant shoot and root fresh weights. The
maximal Zn accumulation was observed in roots of plants inoculated
by Pseudomonas putida with a translocation factor of 0.05(± 0.006).
Our results, evidence that the selection of metal-resistant bacteria
is a key step in polluted soils for the use of plants like Hedysarum
spinosissimum for in situ phytoremediation.
Keywords: legumes; Phytoremediation; Nodulation; Mine
tailings; Heavy metal resistance; Phytostabilisation

Introduction

Soil contaminations with heavy metals are principally caused
by mining activities and require strengthening the efforts to
minimize their impact on the environment and human health [1].
Since metals are non biodegradable, they accumulate and persist
in the environment [2]. To cleanup these degraded and polluted
areas, metallic pollutants should be extracted and stored in some
appropriate and secure sites. Conventional techniques, including
Symbiosis Group
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thermal processes, washing, physical separation, stabilization/
solidification, etc …, are generally very expensive and harmful
to soil integrity and microbial diversity [3,4]. Phytoremediation
appears as a good alternative as plants can indeed bio-concentrate
(phytoextraction) as well as bio-immobilize (phytostabilization)
toxic metals through in situ rhizospheric processes [1,2].
However, mining sites in semi-arid areas are characterized by low
vegetation cover due to the unfavorable effects of a combination
of environmental factors, including metals toxicity, nutrient
deficiency, poor soil structure and low water retention [5,6], thus,
the development of a vegetative cover in these environments
is a challenge. Recently, several studies have shown that the
combination of plant-associated bacteria in phytoremediation
may lead to promising results, in particular the group of plant
growth promoting bacteria [7,8]. This approach is furthermore
perceived as cost-effective, eco-friendly, and with good public
acceptance [2]. The choice of bacteria is usually based on their
potential to produce phytohormones such as IAA, gibberellins
and cytokinins that directly promote roots and plant growth [9].
Other bacteria can synthesize organic chelators (siderophores) to
acquire iron [10] that will play a positive role in plant nutrition;
some have great potential for phosphate solubilization or possess
ACC deaminase activity [11] while others are able to fix nitrogen
[1] or provide protection against viral diseases [12]. In addition,
microorganisms can be implicated directly in metal mobilization/
immobilization, by changing the metal bioavailability, solubility
and toxicity by different mechanisms including alteration of
soil pH, releasing of chelators (organic acids, biosurfactants,
siderophores, polymeric substances or glycoprotein, etc),
metal biosorption or by oxidation/ reduction reactions [4,13].
The use of plants for the remediation of contaminated soils by
heavy metals obviously also depends on the plant species, and
on its anatomical, physiological and molecular characteristics
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[14]. Furthermore, these plants need to be drought-, and metaltolerant in arid and semi-arid area, and preferentially native [5].
Beside the interest of legumes in soil regeneration, thanks to their
capacity to increase soil nitrogen through atmospheric nitrogen
fixation, many legumes are able to accumulate metals in their
roots, representing good candidates for metal phytostabilization.
They have also been found to be generally the dominant plant
species in metal contaminated environments [15,16]. In this
regard, several legume species have been proposed for metal
phytostabilization [17,18]. Hedysarum spinosissimum is a forage
legume, which is part of the indigenous flora adapted to semiarid climate of the mining sites located in eastern Morocco. The
soils in these sites are contaminated by metallic pollutants and
constitute a potential source of toxicity for the environment and
peoples in surrounding villages.

The objectives of this study were to isolate and characterize
metal tolerant bacteria from H. spinosissimum’s nodules and to
propose a new model for phytoremediation of mining tailing by
using plants and associated symbiotic bacteria.

Material and Methods

Soil collection and characterization
Soil samples were collected, in triplicate, from 12 points
distributed among the 3 mining sites: Oued El heimer smelter
(34°26’38’’N/1°53’54’’W), Touissit (34°28’06”N/1°46’18”W)
and Sidi Boubker (34°28’23’’N/1°42’55’’W) mines. Soil debris
was removed by sieving using a steel sieve (2 mm pores
diameter). Each soil was then ground in a mortar until obtaining
a fine powder. Samples were sent for ICP-AES analysis in
Eurofins-France laboratory, under ISO/ IEC 17025:2005 norm
and accreditation by the COFRAC 1-148.

Bacterial trapping and isolation

Nodules were obtained from Hedysarum spinosissimum
plants, aged of 2 months, growing in soils sampled from the
3 mining sites, under growth chamber under day/ night
photoperiod of 16h/ 8h and temperature of 25°C. The nodules
were collected, surface sterilized by soaking in alcohol (ethanol
95%), washed several times in sterile distilled water and crushed.
The suspension obtained was spread on solid YEM medium
(yeast extract mannitol), and incubated for 24-48 hours at 28°C.
Bacterial colonies were purified on the same media by streaking
3 to 4 times on fresh media. Bacterial isolates showing different
morphological appearance on agar media were selected, grown
in liquid YM and stored at -80°C in 20% glycerol.

Molecular identification

Genomic DNA was extracted from liquid cultures
of bacterial isolates and 16S rDNA was amplified by
Polymerase Chain Reaction (PCR) using the universal
primers, 41F (5’-GCTCAGATTGAACGCTGGCG-3’) and 1488R
(5’-CGGTTACCTTGTTACGACTTCACC-3’) [19]. The PCR mixture
(25 µl) contained 1 µl of DNA (10 ng/ µl), 5 µl of 5xTaq DNA
polymerase buffer (BIOLINE), 0.5 µl of Taq DNA polymerase (2.5
U), 1.25 µl of 10 pmol primers, 0.125 µl of Taq polymerase and
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bidistilled water. The PCR was performed in a Veriti® 96-Well
Thermal Cycler (Applied BioSystems®) with a hot starting at
94°C for 5 min, followed by 35 cycles of 94°C for 45s, 64°C for
90s, and 72°C for 90s, followed by a final extension at 72°C for
7 min. The sequencing was performed at Genoscreen Company
(France). The 16S rDNA sequences were compared with those
available in GenBank database using the BLASTN program
through the National Center for Biotechnology Information
server. The 16S rDNA sequences have been deposited in GenBank
under the accession numbers from KP263459 to KP263517 and
KP677886 to KP677900.

Phylogenetic analysis

Multiple alignments of consensus sequences were done with
the program ClustalW [20]. The resulting alignment was used for
construction of phylogenetic trees using MEGA software version
6, using the Neighbor-Joining method [21]. The robustness of
the phylogenetic tree was evaluated according to the bootstrap
analysis based on 1000 re-samplings of the sequences.

Effects of heavy metals on bacterial growth

The tolerance of each bacterial isolate to Zn and Pb of selected
isolates was evaluated on Tryptone-Yeast extract (TY) medium
[22] supplemented with increasing concentrations of both
metals. The choice of concentrations used for tolerance tests was
based on the concentration of these metals in contaminated soils.
ZnSO4 and PbNO32- forms were used at concentrations ranged
from 1 to 30 mM. The strains were grown in liquid medium for
24 h at 28°C. At the exponential growth phase of each strain, the
optical density at the wavelength of 600 nm was determined
and standardized at 0.06. Ten µl of the bacterial culture were
deposited onto TY agar plates and incubated at 28°C for 24–72
h. Three replicates were made for each bacterial strain. Strains
tolerance was also tested in liquid medium.

Bioaccumulation of Zn in bacteria

A total of 100 ml of bacterial cultures (in TY medium) were
prepared in 250 ml flasks, incubated at 37°C. After 48h incubation,
the metal (5 mM of ZnSO4) was added to the bacterial cultures,
which were then re-incubated under the same conditions. The cell
mass was collected by centrifugation (8000 rpm for 10 min at 4°C)
and washed twice with Tris-HCl buffer (0.1 M, pH 7.2) to remove
elements adsorbed onto the cell surface [23]. The samples were
then dried at 70°C until a constant dry mass was obtained. The
bacterial pellets were mineralized using the following procedure:
the pellets were introduced into tubes which contained 10 ml of
nitric acid (HNO3) 60%, 0.5 ml of sulfuric acid (H2SO4) and 4 drops
of perchloric acid (HClO4) were added. After incubation at room
temperature for 24 h, the tubes were placed in a heating block at
140°C for 4 h. Finally, the volume was reduced by evaporation for
24 hours by slightly opening the tubes. The concentration of Zn in
the samples was finally determined by ICP-AES method (Ultima
2- Jobin Yvon).

Motility Assay

The procedure described by Murray, et al. [24] was followed
with slight modifications. Bacterial motility was evaluated on a
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semi-solid TY (0.3%) medium. Liquid cultures were standardized
to a bacterial concentration of 105 to 106 cells/ ml. Five μl of
each bacterial suspension were inoculated in TY semi-solid
agar medium by gently pressing the tip into the medium. Three
repetitions were performed for each strain for both treatments:
metal stress treatment (5 mM of Zn) and a control treatment (no
metal added). Petri dishes were incubated at 30°C for 24-48h
depending on the strain. The bacterial motility was evaluated by
determination of the diameter of the halo formed.

Mineral phosphate solubilizing activity and ammonia
production

Phosphate solubilization was first roughly estimated on
modified solid PVK medium [25]. 10µl of each strain were
deposited on the media in triplicates and incubated at 28°C for
5 days. The solubilization was evaluated by the halo diameter
obtained. To precisely quantify the solubilized phosphate, flasks
containing 100 ml of PVK medium were inoculated with 1 ml of
pre-cultures and incubated at 28°C for 5 days with stirring at 150
rpm. The determination of soluble phosphate was done according
to the phosphomolybdate method [26].

Bacterial strains were also tested for the production of NH3
in peptone water [27] using Nessler’s reagent (0.5 ml/ tube).
The appearance of a faint yellow color indicates production of a
small amount of NH3 whereas a deep yellow to brownish color
indicates high NH3 production.

Influence of selected strains on plant growth and Zn
uptake

For inoculation, two strains (LMR23 and LMR51) were
grown at 28°C for 24h in TY medium on a shaker at 150 rpm.
The bacterial suspensions were washed twice and resuspended
in sterile distillated water after determination of optical density
(i.e. roughly 106 bacteria ml-1). After inoculum preparation, the
experiment was conducted with 3 replicates for each of the
3 following treatments: (1) plants grown in nutrient solution
without metal and inoculum, (2) plants grown in nutrient
solution supplemented with the Zn MIC (Zn Minimal Inhibitory
Concentration) of plants growth and (3) plants grown in nutrient
solution with different combinations of strains with Zn at the MIC.
Before the start of the experiment, plants were grown in normal
conditions for 15 days. After treatment, plants were grown under
the different conditions for 15 days and their roots and shoots
were separated and rinsed several times in 0.2 mM CaSO4 and
then with distilled water. Samples were dried at 70°C for 48h and
then treated according to the acid hydrolysis protocol described
by Temminghoff, et al. [28]. Zn concentration was determined by
ICP-AES method. The Translocation Factor (TF) for metals within
a plant was expressed by the ratio of concentration of metal
(shoot)/ metal (root), to estimate metal translocation properties
from roots to shoots [29].

Statistical analysis

The mean and standard deviation of the 3 replicates for each
treatment were calculated. Tukey’s test was conducted to assess
determine significant differences. Statistical analyses were
performed with STATISTICA version 6.
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Results and Discussion
Isolation and identification of bacteria
Overall, 74 endophytic bacteria were isolated from Hedysarum
spinosissimum nodules. These isolates were selected based on
their morphological differences observed between colonies on
YEM solid medium and were identified using 16S rRNA gene
sequencing. Most of the strains were isolated from Oued El
heimer site (37 isolates) and Touissit (34 isolates), unlike Sidi
Boubker where the number of isolates was limited to 3 (Table
1). The analysis of the 16S rRNA gene sequences revealed that
the isolates belonged to 8 different taxonomic genera, including
Pseudomonas genus (largest number of representatives, 49),
Pantoea (11), Rhizobium (6), Herbaspirillum (3), Bacillus (2) and
one representative of Serratia, Agrobacterium and Azospirillum
(Table 1). The phylogenetic tree shows the relationships between
the bacterial strains and related reference species (Figure 1).
Phylogenetic analysis indicated that the bacterial strains isolated
from the nodules of H. spinosissimum belong to 2 phyla: the
Firmicutes represented by Bacillus sp. (2%) and Proteobacteria
represented by the rest of the collection (98%), including the
classes of α-, β- and γ-Proteobacteria (Table 1).

Few studies have been made on wild legume Hedysarum
spinosissimum nodule bacterial populations. Wei, et al. [30]
suggested a high level of genetic diversity among isolates
of Hedysarum. Benhizia, et al. [31] reported the presence of
isolates belonging to bacterial genera retrieved in our study,
Pseudomonas and Pantoea agglomerans, in addition to three other
Table 1: Identification, using 16S rDNA gene, of the bacterial isolates
present in the nodules of the plant Hedysarum spinosissimum.
Taxonomical
Number of
Bacterial species
Sampling sites
division
representatives
Touissit / Oued
Pseudomonas sp. γ-Proteobacteria
36
El heimer
Pseudomonas
γ-Proteobacteria
8
Touissit
putida
Pseudomonas
γ-Proteobacteria
1
Oued El heimer
brassicacearum
Pseudomonas
Touissit/ Sidi
γ-Proteobacteria
4
frederiksbergensis
Boubker
Touissit/ Sidi
Pantoea
γ-Proteobacteria
11
Boubker/Oued
agglomerans
El heimer
Serratia
γ-Proteobacteria
1
Oued El heimer
proteamaculans
Herbaspirillum
β
Touissit/ Oued
3
huttiense
-Proteobacteria
El heimer
Rhizobium
α
Oued El heimer
4
leguminosarum
-Proteobacteria
/ Touissit
Rhizobium
α
2
Oued El heimer
galegae
-Proteobacteria
Agrobacterium
α
1
Oued El heimer
tumefaciens
-Proteobacteria
Azospirillum
α
1
Oued El heimer
lipoferum
-Proteobacteria
Bacillus sp.

Firmicutes

2
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genera (Enterobacter, Leclercia and Escherichia), while Zakhia,
et al. [32] only isolated one strain related to Sinorhizobium.
Symbiotic Rhizobium species have been already isolated from
nodules of another leguminous plant, Anthyllis vulneraria,
growing in contaminated soils from a different mining district
in Morocco [18]. The presence of Agrobacterium in nodules of
plants in polluted soils was also previously described [33,34].
Herbaspirillum and Azospirillum are 2 root associated nitrogen
fixing bacterium [9,35,36]. Species belonging to Herbaspirillum
genus are known root endophytic Plant Growth Promoting
Bacteria (PGPB) especially in cereals. In addition, Herbaspirillum
strains have a considerable potential to produce auxin and
siderophores, and to solubilize inorganic phosphates [37]. In a
bioremediation frame, Herbaspirillum strains showed also an
important resistance to As, Zn, Cu and Pb, and some good abilities
for the leaching of Cu from contaminated soil [38]. Plant-growthpromoting Bacillus strains were also isolated from soybean root
nodules [39]. This genus was also able to accelerate root and shoot
growth by increasing chlorophyll content [40]. Different strains
of Bacillus species such as B. methylotrophicus, B. aryabhattai,
and B. licheniformis isolated from Spartina maritime rhizosphere
exhibited multiple plant growth promoting properties and were
selected as performing strains for restoration programs [41]. The
presence of Serratia sp. in legume nodules of Lupinus luteus was
previously reported [17]. This genus has also been shown to have
some PGPR properties like ACC deaminase activity [42].
The combination of both harsh conditions encountered by
the roots in metal polluted soils combined with the tolerance of
Hedysarum to co-infestation of nodules by rhizospheric bacteria
should explain the large taxonomic diversity we recovered in
this study. Such diversity gives the opportunity for the selection
of various strains, with different properties, that could be used
either alone or in combination for inoculation.

Effect of Pb and Zn on bacterial growth

To select strains tolerant to heavy metals, we conducted

Figure 1: Phylogenetic tree showing the relative position of isolates
based on 16S rDNA partial sequences, using the neighbor-joining method. Bootstrap values for 1000 replicates are shown.
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tests on solid and liquid TY media supplemented with ascending
concentrations of Pb and Zn (from 1 to 30 mM) that were the
most abundant metals present in the mining site of Oujda. The
experiment on solid TY medium demonstrated contrasted
responses of the isolates to the different amounts of heavy metals
tested. Seven highly tolerant bacteria were selected for further
studies. In liquid media, the effect of both metals on the growth of
these strains was estimated by measuring the optical density at
600 nm. As seen in figure 2, the 7 strains showed the same level
of resistance to Pb (25 mM) and Zn (5 mM). However, metals
affected negatively the growth of these bacteria by reducing
the number of bacterial cells (Figure 2). Compared with control
treatment the reduction of optical density was more pronounced
in Zn treatment (approximately 2/ 3 of reduction) than in Pb
treatment with 1/ 3 of OD decrease.

Determination of Zn uptake of the most tolerant
isolates

A deeper study has been done for these 7 resistant strains
in order to evaluate their metal accumulation capacity. Zn
was chosen for further investigations based on its important
concentrations in the 3 sampling stations and also its standing as
critical metal for the growth of living organisms, especially plants
and bacteria.

As shown in Table 2, the Rhizobium galegae strain LMR64
or the Herbaspirillum huttiense strain LMR51 showed a very
high level of zinc accumulation inside the cells (representing
respectively 58 and 31 ppm), while other isolates showed a
lower accumulation. The different levels of Zn accumulation in
the strains were not correlated with the level of inhibition of their
detected on TY medium containing high Zn concentration.

However, bioaccumulation of metals, inside the cell or on
cell surface can lead to some applications in remediation by
metal adsorption in soils [43-45] and could decrease the metal
bioavailability around the plant rhizosphere and thereby reduce
plant stress and metal accumulation [1,15,18,46].

Motility assay

In their environment, bacteria are either mobile or bound to a
substrate. In the present work, we were interested in swimming
bacteria, because it is a physiological strategy developed by
bacteria against stress [47]. The swimming was assessed by
comparing the halo of motility between strains living under Zn
stress and normal conditions (Figure 3). We found that motility
was significantly reduced (p < 0.05) under Zn treatment for
some strains (23% for LMR27, 40% for LMR51 and 42% for
LMR64), or completely inhibited for other strains (LMR80 and
LMR54). Conversely, motility was unaffected for LMR23 and
LMR79 with no significant differences (p < 0.05). Under adverse
environmental conditions, the maintaining of motility is useful to
bacteria to find nutrients and to survive, and the movement via
flagella appears to be important for the plant root colonization
[48,49]. However, it has been reported that heavy metals could
affect the motility [47]. In Pseudomonas putida, some proteins
are involved in regulating motility reducing the migration of
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bacteria and facilitating Pseudomonas putida biofilm formation,
an important trait to protect plants against pathogens [48].

35
30

Plant growth promoting properties

The detection of ammonia production was done using a
qualitative method. As shown in table 3, all the 7 strains tested
had a positive NH3 production but this production was more
important for Pseudomonas putida and Herbaspirillum huttiense.

Effects of the inoculation of selected strains on H.
spinosissimum plants growth and Zn tolerance

The effects of the isolates LMR23 (Pseudomonas putida)
and LMR51 (Herbaspirillum huttiense) on the growth of H.
spinosissimum grown in control condition and in nutrient solution
containing 2000 µM of Zn (the minimal inhibitory concentration
of Zn for H. spinosissimum plants) are shown in Table 4. The
plants inoculated with the selected isolates showed a significant
increase in plant fresh weight accompanied by the suppression of
Zn toxicity symptoms and a high level of Zn accumulation in roots
and aerial parts compared with the uninoculated control. The 2
endophytes used separately or together significantly (P < 0.05)
enhanced plants fresh weight as compared to control plants.

Optical density at 600 nm

1.6

Control

1.4

25mMPb
5mMZn

1.2
1

0.6
0.4

*

*

*

*

*

0.8

*

*

*

*

LMR51

LMR27

LMR23

*

*

*

0.2
0

LMR64

LMR54

LMR79

LMR80

Figure 2: Growth of different bacterial strains in TY liquid medium
under Pb and Zn treatments Asterisks indicate significant differences
compared to the control (p < 0.05).

25
Halo diameter
(mm)

The determination of free phosphorus resulting from the
activity of microbial solubilization of mineral phosphate was
performed by the vanadate-molybdate method. The results are
shown in Table 3. All strains tested showed a great potential of
phosphate solubilization (with co-relation with pH decrease)
from 27.25 ± 5.49 ppm to 90.91 ± 7.95 ppm depending on
the strains and was maximum for Pseudomonas putida. The
solubilization of insoluble phosphate into available form is a
mechanism commonly observed in most metals resistant PGPB.
This process is realized by means of organic acids secretion out
of the cell, acidification, chelation and exchange reactions [1].
Pandey, et al [50] also showed the importance of the phosphate
solubilizing activity of a strain of Pseudomonas putida isolated
in Indian Central Himalaya associated with antifungal activity
resulting in significant improvement of the plant biomass.
Several other studies have also demonstrated the importance of
phosphates solubilizing bacteria and their effects on plants by
increasing the bioavailability of this macronutrient [1,51].
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Control

*

5mM ZnSO4

20
*

15

*

10
5
0
LMR23

LMR27

LMR51

LMR54

LMR79

0

LMR80

LMR64

Figure 3: Impact of Zn treatment on the motility of strains estimated by
measuring the halo diameter (mm). Asterisks indicate significant differences compared to the control (p < 0.05).

Table 2: Amounts of Zn accumulated in bacteria

Zn concentration in cells
(ppm)

Strain ID Closest relatives

LMR23

Pseudomonas putida

LMR51

Herbaspirillum huttiense

LMR64

Rhizobium galegae

LMR80

Serratia proteamaculans

Control

Zn (5mM)

0.28 ± 0.14

8.07 ± 2.16*

0.24 ± 0.04

31.19 ± 17.54*

LMR27

Pseudomonas putida

LMR54

Bacillus sp.

LMR79

Rhizobium leguminosarum 0.26 ± 0.07

0.11 ± 0.04

0.51 ± 0.14

0.51 ± 0.23

0.42 ± 0.34

14.54 ± 3.24*
4.24 ± 0.57*

58.51 ± 9.92*
2.2 ± 1.12*

11.05 ± 5.65*

Results were expressed as means ± Standard Deviation (SD) (n = 3).
Asterisks indicate significant differences compared to the control (p <
0.05).

Table 3: In vitro screening for NH3 production and phosphate
solubilization abilities
Ammonia
Strain
Phosphate solubilization
production
Soluble phosphate
pH
(ppm)
LMR23

LMR27

LMR51

LMR54

LMR64

LMR79

LMR80

+++

+++

+++

++

++

++

++

90.91 ± 7.95

54.16 ± 4.75

55.95 ± 2.98

51.79 ± 11.18

27.25 ± 5.49

54.54 ± 2.35

64.12 ± 2.71

4.4 ± 0.21

4.5 ± 0.2

4.7 ± 0.41

4.4 ± 0.61

4.5 ± 0.1

4.7 ± 0.17

5.09 ± 0.27

Results were expressed as means ± Standard Deviation (SD) (n = 3).
(++) intermediate, (+++) strong production

Fresh weights were increased by 44% (LMR23), 41% (LMR51)
and 43% (LMR23/51) for these shoots and 59% (LMR23), 52%
(LMR51) and 57% (LMR23/51) for the roots. Bacteria belonging
to Pseudomonas genus are known for their beneficial effects that
may ameliorate heavy metals phytoextraction [52]. It has been
also shown that Pseudomonas fluorescens strain MH15 was able
to increase the accumulation of Zn, Cd and Cu in the tissues of
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Table 4: Effect of inoculation of Hedysarum spinosissimum with 2 bacterial isolates on the plants fresh weight and Zn uptake

Added Zn
in plant
Treatment
medium (µM)
Inoculated
2000
with LMR23
Inoculated
2000
with LMR51
Inoculated with
2000
LMR23/51
0

2000

Uninoculated
Uninoculated

Plant fresh weight (mg)

Zn concentration (ppm)

Shoots

Roots

Shoots

Roots

Translocation
factor (Tf)

47.96 ± 22.1

219.9 ± 62.06*

1093.76 ± 143.84*

19695 ± 3677.73*

0.05 ± 0.006

49.93 ± 9.15*

228.5 ± 43.41*

699.58 ±150.38

5136.51 ± 1807.66

0.15 ± 0.08

51.83 ± 3.8*

110.36 ± 39.57
21.23 ± 5.22

251.76 ± 32.15*
606.93 ± 154.78
129.8 ± 20.13

1860.54 ± 405.06*
41.06 ± 4.65

397.47 ± 82.36

7100.03 ± 2735.83*
98.26 ± 16.03

3590.12 ± 541.37

0.27 ± 0.08*
0.42 ± 0.04
0.11 ± 0.01

Results were expressed as means ± Standard Deviation (SD) of three independent experiments. Asterisks indicate significant differences compared
to the control (uninoculated treatments) at p < 0.05

Sinapis alba, which that is consistent with our results. Many
rhizobacteria and endophytic bacteria, including Pseudomonas,
associated with yellow lupine, are also known to promote the
growth of this plant and to increase its resistance and extraction
capacity of Cd [53]. However, in our study, the accumulation
of Zn was higher at the root level compared to the aerial part
thus reducing translocation factor. Zn maximum accumulation
was observed when inoculating the Pseudomonas putida strain
alone, remarkably in the root level, which indicates a very low
Zn translocation to aboveground biomass (Tf = 0.05 ± 0.006),
suggesting an important phytostabilisation potential. In a recent
study, the inoculation of poplar roots with a Pseudomonas
fluorescens strain resulted in improved Cd absorption in
the roots, showing the interest to use such bacteria in a Cd
phytostabilisation program [54]. The use of several bacterial
strains presenting different beneficial features is also often
described as a very effective strategy to improve plant growth
and activity of phytoremediation [55].

Conclusions

The metal contaminated soils harbor a diverse group
of microorganisms [56] among which some are capable of
enhancing the effectiveness of phytoremediation [8,57]. This
study analyzed nodule bacteria population of the legume
Hedysarum spinosissimum and describes the potential of
different bacterial strains to promote plant growth and enhance
Zn phytostabilization potential. Growing in heavy metalscontaminated soils, this plant hosted a high diversity of endophytic
bacteria inside their root nodules. These endophytes, that belong
to 8 different genera, are resistant to high concentrations of
Pb and Zn, produced multiple PGP traits such as, phosphate
solubilization or ammonia production with a great potential
of Zn bioaccumulation. Inoculation of Pseudomonas putida
LMR23 and Herbaspirillum huttiense LMR51 of H. spinosissimum
seedlings, grown in a nutrient solution supplemented with the
minimal inhibitory concentration of Zn enabled plant survival
and growth. By accumulating Zn mainly in the roots, these
associations may further be tested for their phytostabilisation
potential. The bacteria identified here may thus be used as bio-

inoculants in situ and may constitute a biological alternative to
improve phytostabilization efficiency in the contaminated sites
from where they originate. However, the molecular mechanisms
whereby these bacteria help the plant to tolerate metals remain
to be elucidated [58].

Conflict of Interest

The authors declare that they have no conflict of interest.

Acknowledgements

The authors warmly thanks GEODERIS the organization in
charge of technical expertise in post- mining risk assessment in
France for its collaboration and helping analyzing soil samples.
This study was financed, in part, by the EC2CO program (INEE,
CNRS).

References

1. Ma Y, Prasad MN, Rajkumar M, Freitas H. Plant growth promoting
rhizobacteria and endophytes accelerate phytoremediation of
metalliferous soils. Biotechnol Adv. 2011;29(2):248-58. doi:
10.1016/j.biotechadv.2010.12.001.
2. Ali H, Khan E, Sajad MA. Phytoremediation of heavy metals—concepts
and applications. Chemosphere. 2013;91(7):869-81. doi: 10.1016/j.
chemosphere.2013.01.075.

3. Mulligan CN, Yong RN, Gibbs BF. Remediation technologies
for metal-contaminated soils and groundwater: an evaluation.
Engineering Geology. 2001;60(1–4):193–207. doi: 10.1016/S00137952(00)00101-0.
4. Rajkumar M, Sandhya S, Prasad MN, Freitas H. Perspectives of plantassociated microbes in heavy metal phytoremediation. Biotechnol
Adv. 2012;30(6):1562-74. doi: 10.1016/j.biotechadv.2012.04.011.

5. Mendez MO, Maier RM. Phytostabilization of mine tailings in arid and
semiarid environments an emerging remediation technology. Environ
Health Perspect. 2008;116(3):278-83. doi: 10.1289/ehp.10608.

6. De-Bashan LE, Hernandez JP, Nelson KN, Bashan Y, Maier RM. Growth
of quailbush in acidic, metalliferous desert mine tailings: effect of
Azospirillum brasilense Sp6 on biomass production and rhizosphere
community structure. Microb Ecol. 2010;60(4):915-27. doi: 10.1007/
s00248-010-9713-7.
7. Glick BR. Using soil bacteria to facilitate phytoremediation. Biotechnol
Adv. 2010;28(3):367-74. doi: 10.1016/j.biotechadv.2010.02.001.

Citation: Sbabou L, Idir Y, Bruneel O, Le Quéré A, Aurag J (2016) Characterization of Root-Nodule Bacteria Isolated from Hedysarum
spinosissimum L, Growing in Mining Sites of Northeastern Region of Morocco. SOJ Microbiol Infect Dis 4(3): 1-8.

Page 6 of 8

Characterization of Root-Nodule Bacteria Isolated from Hedysarum
spinosissimum L, Growing in Mining Sites of Northeastern Region of Morocco
8. He H, Ye Z, Yang D, Yan J, Xiao L, Zhong T, et al. Characterization
of endophytic Rahnella sp. JN6 from Polygonum pubescens and
its potential in promoting growth and Cd, Pb, Zn uptake by
Brassica napus. Chemosphere. 2013;90(6):1960-5. doi: 10.1016/j.
chemosphere.2012.10.057.

9. Bashan Y, de-Bashan LE. How the plant growth-promoting bacterium
Azospirillum promotes plant growth – a critical assessment. Advances
in Agronomy. 2010;108:77–136.

10. Long XX, Chen XM, Chen YG, Woon-Chung WJ, Wei ZB, Wu QT. Isolation
and characterization endophytic bacteria from hyperaccumulator
Sedum alfredii hance and their potential to promote phytoextraction
of zinc polluted soil. World J Microbiol Biotechnol. 2011;27:1197–
1207. doi: 10.1007/s11274-010-0568-3.
11. Ryan RP, Germaine K, Franks A, Ryan DJ, Dowling DN. Bacterial
endophytes: recent developments and applications. FEMS Microbiol
Lett. 2008;278(1):1-9.
12. Siddiqui ZA. PGPR: Prospective biocontrol agents of plant pathogens.
In: PGPR: Biocontrol and Biofertilization. Springer, The Netherlands.
2006;111-142.

13. Gadd GM. Bioremedial potential of microbial mechanisms of
metal mobilization and immobilization. Curr Opin Biotechnol.
2000;11(3):271-9.

14. Garbisu C, Alkorta I. Phytoextraction: a cost-effective plant-based
technology for the removal of metals from the environment. Bioresour
Technol. 2001;77(3):229-36.
15. Pajuelo E, Rodriguez-Llorente ID, Lafuente A, Caviedes MA.
Legume–rhizobium symbioses as a tool for bioremediation of
heavy metal polluted soils. In: Khan MS, Zaidi A, Goel R, Musarrat J
(eds). Biomanagement of metal-contaminated soils. Environmental
Pollution 20. 2011;95–123.
16. Hao X, Taghavi S, Xie P, Orbach MJ, Alwathnani HA, Rensing C, et al.
Phytoremediation of heavy and transition metals aided by legumerhizobia symbiosis. Int J Phytoremediation. 2014;16(2):179-202.

17. El Aafi N, Brhada F, Dary M, Maltouf AF, Pajuelo E. Rhizostabilization of
metals in soils using Lupinus luteus inoculated with the metal resistant
rhizobacterium Serratia sp. MSMC541. Int J Phytoremediation.
2012;14(3):261-74.
18. El Aafi N, Saidi N, Maltouf AF, Perez-Palacios P, Dary M, Brhada F, et al.
Prospecting metal-tolerant rhizobia for phytoremediation of mining
soils from Morocco using Anthyllis vulneraria L. Environ Sci Pollut Res
Int. 2015;22(6):4500-12. doi: 10.1007/s11356-014-3596-y.

19. Estrella MJ, Muñoz S, Soto MJ, Ruiz O, Sanjuán J. Genetic diversity and host
range of rhizobia nodulating Lotus tenuis in typical soils of the Salado
River Basin (Argentina). Appl Environ Microbiol. 2009;75(4):108898. doi: 10.1128/AEM.02405-08.
20. Thompson JD, Higgins DG, Gibson TJ. CLUSTALW: improving the
sensitivity of progressive multiple sequence alignment through
sequence weighting, position-specific gap penalties and weight matrix
choice. Nucleic Acids Res. 1994;22(22):4673-80.

21. Saitou N, Nei M. The neighbor-joining method: a new method for
reconstructing phylogenetic trees. Mol Biol Evol. 1987;4(4):406-25.

22. Beringer JE. R factor transfer in Rhizobium leguminosarum. J Gen
Microbiol. 1974;84(1):188-98.
23. Sinha SN, Paul D. Heavy metal tolerance and accumulation by bacterial
strains isolated from waste Water. Journal of Chemical, Biological and
Physical Sciences. 2014;4(1):812-817.

Copyright:
© 2016 Sbabou et al.

24. Murray TS, Ledizet M, Kazmierczak BI. Swarming motility, secretion
of type 3 effectors and biofilm formation phenotypes exhibited within
a large cohort of Pseudomonas aeruginosa clinical isolates. J Med
Microbiol. 2010;59(Pt 5):511-20. doi: 10.1099/jmm.0.017715-0.

25. Pikovskaya RI. Mobilization of phosphorus in soil in connection with
vital activity of some microbial species. Mikrobiologiya. 1948;17:362–
370.

26. Bernhart DN, Wreath AR. Colorimetric determination of phosphorus by
modified phosphomolybdate method. Anal. Chem., 1955;27(3):440–
441.
27. Cappuccino JC, Sherman N. Negative staining. In: Microbiology: a
laboratory manual. Benjamin/Cummings PubCo. Redwood City.
1992;125–179.

28. Temminghoff EJM, Houba VJG. Digestion with HNO3-H2O2-HF. In: Plant
Analysis Procedures (second edition). Kluwer, Dordrecht. 2004;1619.
29. Zayed A, Gowthaman S, Terry N. Phytoaccumulation of trace elements
by wetlands plants: I. Duckweed. J Environ Qual. 1998 ;27(3):715721. doi:10.2134/jeq1998.00472425002700030032x.
30. Wei GH, Zhang ZX, Chen C, Chen WM, Ju WT. Phenotypic and genetic
diversity of rhizobia isolated from nodules of the legume genera
Astragalus, Lespedeza and Hedysarum in northwestern China.
Microbiol Res. 2008;163(6):651-62.
31. Benhizia Y, Benhizia H, Benguedouar A, Muresu R, Giacomini A,
Squartini A. Gamma proteobacteria can nodulate legumes of the genus
Hedysarum. Syst Appl Microbiol. 2004;27(4):462-8.

32. Zakhia F, Jeder H, Domergue O, Willems A, Cleyet-Marel JC, Gillis M, et
al. Characterisation of wild legume nodulating bacteria (LNB) in the
infra-arid zone of Tunisia. Syst Appl Microbiol. 2004;27(3):380-95.

33. Yu J, Fan L, Yang S, Tang M, Yang W, Li H, et al. Characterization of
copper-resistant Agrobacterium isolated from legume nodule in
mining tailings. Bull Environ Contam Toxicol. 2009;82(3):354-7. doi:
10.1007/s00128-008-9598-z.
34. Ruiz-Díez B, Quiñones MA, Fajardo S, López MA, Higueras P,
Fernández-Pascual M. Mercury-resistant rhizobial bacteria isolated
from nodules of leguminous plants growing in high Hg-contaminated
soils. Appl Microbiol Biotechnol. 2012;96(2):543-54. doi: 10.1007/
s00253-011-3832-z.

35. Baldani JI, Baldani VLD, Seldin L, Do bereiner J. Characterization
of Herbaspirillum seropedicae gen. nov., sp. nov., a root-associated
nitrogen-fixing bacterium. Int J Syst Evol Microbiol. 1986;36:86 – 93.

36. Ding L, Yokota A. Proposals of Curvibacter gracilis gen. nov.,
sp. nov. and Herbaspirillum putei sp. nov. for bacterial strains
isolated from well water and reclassification of [Pseudomonas]
huttiensis, [Pseudomonas] lanceolata, [Aquaspirillum] delicatum and
[Aquaspirillum] autotrophicum as Herbaspirillum huttiense comb. nov.,
Curvibacter lanceolatus comb. nov., Curvibacter delicatus comb. nov.
and Herbaspirillum autotrophicum comb. nov. Int J Syst Evol Microbiol.
2004;54(Pt 6):2223-30.
37. Wang X, Cao Y, Tang X, Ma X, Gao J, Zhang X. Rice endogenous nitrogen
fixing and growth promoting bacterium Herbaspirillum seropedicae
DX35. Wei Sheng Wu Xue Bao. 2014;54(3):292-8.
38. Govarthanan M, Lee GW, Park JH, Kim JS, Lim SS, Seo SK, et al.
Bioleaching characteristics, influencing factors of Cu solubilization
and survival of Herbaspirillum sp. GW103 in Cu contaminated
mine soil. Chemosphere. 2014;109:42-8. doi: 10.1016/j.
chemosphere.2014.02.054.

Citation: Sbabou L, Idir Y, Bruneel O, Le Quéré A, Aurag J (2016) Characterization of Root-Nodule Bacteria Isolated from Hedysarum
spinosissimum L, Growing in Mining Sites of Northeastern Region of Morocco. SOJ Microbiol Infect Dis 4(3): 1-8.

Page 7 of 8

Characterization of Root-Nodule Bacteria Isolated from Hedysarum
spinosissimum L, Growing in Mining Sites of Northeastern Region of Morocco
39. Bai Y, D’Aoust F, Smith DL, Driscoll BT. Isolation of plant-growthpromoting Bacillus strains from soybean root nodules. Can J Microbiol.
2002;48(3):230-8.

40. Deivanai S, Bindusara AS, Prabhakaran G, Bhore SJ. Culturable
bacterial endophytes isolated from mangrove tree (Rhizophora
apiculata Blume) enhance seedling growth in rice. J Nat Sci Biol Med.
2014;5(2):437-44. doi: 10.4103/0976-9668.136233.

41. Mesa J, Mateos-Naranjo E, Caviedes MA, Redondo-Gómez S, Pajuelo E,
Rodríguez-Llorente ID. Scouting contaminated estuaries: heavy metal
resistant and plant growth promoting rhizobacteria in the native metal
rhizoaccumulator Spartina maritima. Mar Pollut Bull. 2015;90(12):150-9. doi: 10.1016/j.marpolbul.2014.11.002.
42. Zahir ZA, Ghani U, Naveed M, Nadeem SM, Asghar HN. Comparative
effectiveness of Pseudomonas and Serratia sp. containing ACCdeaminase for improving growth and yield of wheat (Triticumaestivum
L.) under salt-stressed conditions. Arch Microbiol. 2009;191(5):41524. doi: 10.1007/s00203-009-0466-y.

43. Rodriguez-Llorente ID, Gamane D, Lafuente A, Dary M, El Hamdaoui
A, Delgadillo J, et al. Cadmium biosorption properties of the metal
resistant Ochrobactrum cytisi Azn6.2. Eng. Life. Sci. 2010;10(1):49–56.
doi: 10.1002/elsc.200900060.
44. Cristani M, Naccari C, Nostro A, Pizzimenti A, Trombetta D, Pizzimenti
F. Possible use of Serratia marcescens in toxic metal biosorption
(removal). Environ Sci Pollut Res Int. 2012;19(1):161-8. doi: 10.1007/
s11356-011-0539-8.

45. Bai J, Yang X, Du R, Chen Y, Wang S, Qiu R. Biosorption mechanisms
involved in immobilization of soil Pb by Bacillus subtilis DBM in a multimetal-contaminated soil. J Environ Sci (China). 2014;26(10):2056-64.
doi: 10.1016/j.jes.2014.07.015.
46. Weyens N, van der Lelie D, Taghavi S, Newman L, Vangronsveld
J. Exploiting plant-microbe partnerships to improve biomass
production and remediation. Trends Biotechnol. 2009;27(10):591-8.
doi: 10.1016/j.tibtech.2009.07.006.
47. Barrionuevo MR, Vullo DL. Bacterial swimming, swarming and
chemotactic response to heavy metal presence: which could be the
influence on wastewater biotreatment efficiency? World J Microbiol
Biotechnol. 2012;28(9):2813-25. doi: 10.1007/s11274-012-1091-5.

48. Jakovleva J, Teppo A, Velts A, Saumaa S, Moor H, Kivisaar M, et al. Fis
regulates the competitiveness of Pseudomonas putida on barley roots
by inducing biofilm formation. Microbiology. 2012;158(Pt 3):708-20.
doi: 10.1099/mic.0.053355-0.
49. Covelli JM, Althabegoiti MJ, López MF, Lodeiro AR. Swarming motility

Copyright:
© 2016 Sbabou et al.

in Bradyrhizobium japonicum. Res Microbiol. 2013;164(2):136-44.
doi: 10.1016/j.resmic.2012.10.014.

50. Pandey A, Trivedi P, Kumar B, Palni LM. Characterization of a
phosphate solubilizing and antagonistic strain of Pseudomonas
putida (B0) isolated from a sub-alpine location in the Indian Central
Himalaya. Curr Microbiol. 2006;53(2):102-7.

51. Jiang CY, Sheng XF, Qian M, Wang QY. Isolation and characterization of a
heavy metal-resistant Burkholderia sp. from heavy metal-contaminated
paddy field soil and its potential in promoting plant growth and
heavy metal accumulation in metal-polluted soil. Chemosphere.
2008;72(2):157-64. doi: 10.1016/j.chemosphere.2008.02.006.
52. Zulueta-Rodriguez R, Cordoba-Matson MV, Hernandez-Montiel LG,
Murillo-Amador B, Rueda-Puente E, Lara L. Effect of Pseudomonas
putida on growth and anthocyanin pigment in two poinsettia
(Euphorbia pulcherrima) cultivars. Scientific World Journal.
2014;2014:810192. doi: 10.1155/2014/810192.

53. Weyens N, Gielen M, Beckers B, Boulet J, van der Lelie D, Taghavi S.
Bacteria associated with yellow lupine grown on a metal-contaminated
soil: in vitro screening and in vivo evaluation for their potential to
enhance Cd phytoextraction. Plant Biol (Stuttg). 2014;16(5):988-96.
doi: 10.1111/plb.12141.

54. Cocozza C, Vitullo D, Lima G, Maiuro L, Marchetti M, Tognetti R.
Enhancing phytoextraction of Cd by combining poplar (clone “I-214”)
with Pseudomonas fluorescens and microbial consortia. Environ Sci
Pollut Res Int. 2014;21(3):1796-808. doi: 10.1007/s11356-0132073-3.
55. Tara N, Afzal M, Ansari TM, Tahseen R, Iqbal S, Khan QM. Combined use
of alkane-degrading and plant growth-promoting bacteria enhanced
phytoremediation of diesel contaminated soil. Int J Phytoremediation.
2014;16(7-12):1268-77.
56. Zarei M, Hempel S, Wubet T, Schäfer T, Savaghebi G, Jouzani GS, et al.
Molecular diversity of arbuscular mycorrhizal fungi in relation to soil
chemical properties and heavy metal contamination. Environ Pollut.
2010;158(8):2757-65. doi: 10.1016/j.envpol.2010.04.017.

57. Rajkumar M, Ae N, Prasad MN, Freitas H. Potential of siderophoreproducing bacteria for improving heavy metal phytoextraction. Trends
Biotechnol. 2010;28(3):142-9. doi: 10.1016/j.tibtech.2009.12.002.
58. Sessitsch A, Kuffner M, Kidd P, Vangronsveld J, Wenzel WW, Fallmann
K, et al. The role of plant-associated bacteria in the mobilization and
phytoextraction of trace elements in contaminated soils. Soil Biol
Biochem. 2013;60(100):182-194.

Citation: Sbabou L, Idir Y, Bruneel O, Le Quéré A, Aurag J (2016) Characterization of Root-Nodule Bacteria Isolated from Hedysarum
spinosissimum L, Growing in Mining Sites of Northeastern Region of Morocco. SOJ Microbiol Infect Dis 4(3): 1-8.

Page 8 of 8

