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The most evident effects of toxic compounds on plants are the inhibition of seed
germination and root growth. Microorganisms and chelating agents are two viable
options to assist phytoextraction of heavy metals. This study analyzed the effect of
bacterization of carpet grass (Axonopus affinis) seeds with a plant growth promoting
rhizobacteria and EDTA on germination and seedlings response in presence of
cadmium. The analysis done of Axonopus affinis by its morphological determinations
showed that the effect of these assisted phytoextraction agents someway inhibited
and/or promoted the first stage of development in this plant species; these results
demonstrated that the presence of rhizobacteria maintained the growth of seedlings
and tolerated the presence of the metal, including the adverse effects of EDTA;
suggesting a synergistic effect between microorganism and plant species tested.
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Introduction
The most widely used acute phytotoxicity tests
involving vascular plants are the seed germination
test and the root elongation test; simplest methods
of environmental biomonitoring and most sensitive
processes to analyze the heavy metal toxicity,
because the lack of defense mechanisms as primary
contact to metals (Wang and Keturi, 1990; Wang
and Williams, 1990; Őncel et al., 2000; Araùjo et
al., 2001; Munzuroglu and Geckil, 2002; Li et al.,

2005; Mahmood et al., 2007; Di Salvatore et al.,
2008; Soudek et al., 2010; Visioli et al., 2014). In
order to enhance the availability of heavy metals
and its translocation from root to shoot, a variety of
chelating agents have been investigated (Evangelou
et al., 2007), but one of the most studied is ethylene
diamine tetra acetic acid, EDTA (Grčman et al.,
2001). It possess the ability to sequester metal ions
such as Fe3+, Cd2+ and Pb2+, among others; after
being bound by EDTA, metal ions remain in
solution but exhibit diminished reactivity and with
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it, this salt is important in biological system acting
as chelating agent. Particularly, the EDTA complex
stablished with Cd reduces its uptake by plants
(Agbadah et al., 2016). Microorganisms have
gained the attention for their possible role in
extracting metals from polluted soil, and most
importantly better plant-microbe interaction in
contaminated environments as a way to increase
metal extraction (Khan and Lee, 2013; Ahmad et
al., 2016). In this regard, the use of plant growthpromoting rhizobacteria (PGPR) is a viable option
to assist phytoextraction of Cd (Mengoni et al.,
2010; Sessitsch et al., 2013). Moreover, the
efficiency of the phytoextraction process can also
be improved through the inoculation of PGPR’s
(Dourado et al., 2013; Khan and Lee, 2013;
Sessitsch et al., 2013).
The aim of this study was to analyze the effect of
bacterization of carpet grass (Axonopus affinis)
seeds with a plant growth promoting rhizobacteria
and EDTA on germination and seedlings response
in presence of cadmium.
Materials and Methods
Inoculum preparation
rhizobacteria

of

the

employed

A siderophore producing rhizobacteria strain was
employed as inoculant: Pseudomonas sp. strain
Sp7E isolated from the rhizosphere of Viguiera
dentata (Cav.) Spreng, by Melo et al., (2011).
Bacterial inoculum was obtained from the
rhizobacteria strain cultured on plates with LuriaBertani (LB) agar medium for 48 h at 28°C.
Calibrated loops (1/100 cells) were re-suspended in a
nefelometric flask with 25 mL of LB liquid medium,
incubated in a shaker incubator at 28°C for 24 h.
Later, the inoculum was finally adjusted to an optical
density of 5 × 107 CFU/mL for the bioassays.
Plant growth promoting effect on Axonopus
affinis seeds inoculated with the rhizobacteria
30g of commercially obtained certified seeds of
Axonopus affinis (Chase) 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 10 mL of sterile distilled
water as a blank control or a bacterial suspension of
Pseudomonas sp. strain Sp7E in distilled water of 5
× 107 CFU/mL. Fifteen seeds of this plant species,
treated and non-treated with rhizobacteria, were
placed separately in baby food flasks with Magenta
SIGMA caps with 25 mL of mineral medium
containing: 0.20 M NH4H2PO4, 1.15M Ca(NO3)2,
0.40 M MgSO4·7H2O, 1.2 M KNO3, 1.2 × 10-2 M
H3BO3, 1.2 × 10-4 M CuCl2·H2O, 2.3 × 10-3 M
ZnCl2, 4.4 × 10-4 M MnCl2·4H2O, 6 × 10-6 M
Na2MoO4·H2O, pH = + 6.0 with 3.5g/L of phytagel
(SIGMA Co.). Supplemented in each case with
1mM Cd (3CdSO4·8H2O) and 5mM Fe-EDTA
solution (7.1 x 10-3 M FeSO4·7H2O and 7.2 x 10-3M
Na2-EDTA salt), according to the experimental
conditions established: inoculated with the
rhizobacteria (Rb) only with metal (Cd), inoculated
with the rhizobacteria and in presence of the metal
(CdRb), only in presence of the chelating agent
(EDTA), inoculated with the rhizobacteria and in
presence of the chelating agent (EDTARb), in
presence of the metal and chelating agent
(CdEDTA) and finally, inoculated with the
rhizobacteria and in presence of metal and chelating
agent (CdEDTARb). Control experiments (C) were
performed without the inoculum, metal and
chelating agent. All the experiments were
developed in sterile conditions and performed by
quintuplicate. Experimental units were kept at
+36°C in a growth chamber with a 12:12
photoperiod for twelve days.
Growth evaluation of Axonopus affinis seedlings
Epicotyl and radicle of seedlings were separated after
twelve days and measured. Growth of seedlings was
evaluated by their morphological characters as
follows: germination percentage (%), seedling length
and the Vigor Index (VI) was calculated using the
formula of Cokkizgin and Cokkizgin (2010): VI =
[MEL + MRL] x GP; where, MEL is the mean
epicotyl length, MRL is the mean root length and GP
is the germination percentage (%).
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Tolerance Index (TI) was calculated by using the
formula of Wilkins (1978) and Burd et al., (1998),
considering the length of epicotyl and root of the
seedlings as follows: ETI = LEm/LEc; and RTI =
LRm/LRc, where, ETI is the Epicotyl Tolerance
Index, LEm the mean of epicotyls length of
seedlings grown in the presence of cadmium and
LEc is the mean epicotyls length of seedlings
grown without the metal; the same for Root
Tolerance Index (RTI).
Experiments with the rhizobacteria added were also
evaluated using this formula: ETI = LErb /LEc,
where LErb is the mean epicotyls length of
seedlings inoculated with rhizobacteria and LEc is
the mean epicotyls length of seedlings without the
inoculum, same for Root Tolerance Index (RTI).
Toxicity of experimental conditions to Axonopus
affinis seedlings, was measured according to BagurGonzález et al., (2011), by the Normalized Residual
Percentage of Germinated Seeds Index (NRPGI)
following the equation: NRPGI = Gexp-Gc/Gc
Where, Gexp is the % average of germinated seeds
in experimental conditions tested (Rb, Cd, CdRb,
EDTA, EDTARb, CdEDTA, CdEDTARb), and Gc
is the % average of germinated seeds in control
condition and by the Normalized Residual
Elongation Root Index (NRERI) following the
equation:
NRERI = REexp-REc/REc Where, REexp is the
average length of the root seedlings in experimental
conditions tested and REc is the average length of
the root seedlings in control condition. BagurGonzález et al., (2011) noted that the employ of
these indices allows the analysis in this study of the
toxicity produced by the metal, rhizobacteria and
chelating agent tested; with values between -1
(maximum phytotoxicity) to > 0, in a scale
proposed by these authors that gives a good
classification of this effect: A values = 0 to -0.25
(low toxicity), B values = -0.25 to -0.5 (moderate
toxicity), C values = -0.5 to -0.75 (high toxicity)
and D values = -0.75 to -1 (very high toxicity);
values > 0 indicated a stimulation of growth
determined as hormesis effect.

Statistical analysis
All data obtained were analyzed by one-way
analysis of variance and the mean differences were
compared applying a Tukey-Kramer Method using
the statistics program Graph Pad Instat Ver. 2.03. A
numerical comparative analysis considering the
experimental conditions except the control was
done; a distance matrix was built using the
conventional standard distance coefficient, a
phenogram was build using the unweighted pair
group method of arithmetic averages (UPGMA)
method and correlation coefficient of Pearson was
obtained using the NTSyS-PC version 2.11T
(Numerical Taxonomy and Multivariate Analysis
System) software.
Principal Component Analysis (PCA) were done
with matrix data set of ETI, RTI, GP, VI, NRPGI,
NRERI, epicotyl length average (ELA) and root
length average (RLA); employing the Pearson
correlation, with PAST (Paleontological Statistics
Software Package) Ver. 2.17b.
Results and Discussion
Effect of bacterized seeds on seedlings of
Axonopus affinis growth promotion
Seed quality implicates viability and vigor; viability
refers to the ability of a seed to germinate and
produce a normal seedling and vigor is the sum
total of those properties of the seed which
determine the level of activity and performance of
the seed during germination and seedling
emergence (Afrakhteh et al., 2013). Values of
Vigor Index (VI) represented the relationship
between the seedlings growth (epicotyl and root
lengths) and the germination percentage obtained
(Table 1). In this study, results showed firstly the
effect of bacterization of seeds and secondly, the
seedlings growth promotion.
Germination percentage of A. affinis seeds, showed
a particularly positive effect of Cd on it (94.65%),
where the bacterized effect of the seeds by itself
produce a diminished percentage of germination;
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according to the obtained response: control > Cd >
CdRb > CdEDTARb > CdEDTA > EDTA > Rb >
EDTARb. Regarding to Vigor Index (VI), the
particularly response of A. affinis seedlings showed
a positive effect of Cd and rhizobacteria only with
the highest values of 530 to 392; compared to
control seedlings (632.07). Experiments with the
chelating agent added showed a decrease in
seedlings vigor (342 to 205).
In epicotyl and root lengths of A. affinis seedlings,
the bacterization of seeds with Pseudomonas sp.
strain Sp7E, cause a decrease on both
morphological parameters (Figs. 1a and 1b).
The epicotyl growth was maintained by the
presence of Cd and rhizobacteria; between them,
only the metal promoted it, but with a slightly
diminish compared to control seedlings. There was
a remarkable effect of the presence at first sight of
EDTA; that reduced the promotion of epicotyl and
root length compared to control seedlings; with a
little increase in seeds that were bacterized and
added with Cd and EDTA.
Growth response of A. affinis seedlings:
phytotoxicity of the experimental conditions tested
The response against the metal presence, was
determined by the ETI and RTI (Table 2), against
inoculated seeds and Cd (CdRb) where experiments
with Rb and CdRb showed the highest values of
tolerance for epicotyl (0.86 and 0.79) and roots
(0.77 and 0.56), respectively. Only the tolerance
against Cd presence showed a similar value for both
structures (0.88 and 0.57, respectively). With the
same values in Cd and CdEDTA experiments
(0.57). The results of these experiments presented
as tolerance index, has an important notation about
the values obtained; as Burd et al., (1998) mention;
a TI value of 1.0 indicates that the experiment
condition was not inhibitory, whereas a value of 0.1
indicates this was only 10% of the growth of
control seedlings.
These responses were agree with the analysis done
of the phytotoxic effect of Rb, Cd and EDTA, by

the determination of the NRERI and NRPGI
indices; where according to Bagur-González et al.,
(2011) (Table 3), experiments that influenced root
length were characterized according to “A
category” (low toxicity): Cd > Rb, “B category”
(moderate toxicity): EDTA > CdRb and “C
category” (high toxicity): CdEDTA > EDTARb >
CdEDTARb.
Experiments that affect seed germination were
grouped only in two categories: “A” (low toxicity):
EDTA > CdEDTA > CdEDTARb > CdRb > Cd
and “B” (moderate toxicity): EDTARb > Rb.
Relationship between experimental conditions
and A. affinis seedlings evaluated parameters
According to the multivariate analysis, Fig. 2 shows
the association of groups according with the nature
of the responses obtained for each experiment;
where two groups forming at first:
Group I made only by CdEDTA and EDTARb
experiments and the rest of them comprise the
group II; in this group the Cd presence is separate
of the rest (group IIa) and the other experiments
forming the group IIb by CdEDTARb as one group
and the cluster made by Rb and CdRb experiments.
These analysis demonstrate that the experiments
established with the Cd and/or seeds bacterization
with Pseudomonas sp. strain Sp7E; showed a
particularly response compared to the experiments
where EDTA was present.
Burd et al. (1998) mentioned that regardless of the
precise mechanism used by the bacterium to protect
plants, the experiments with plant seedlings and
suggest bacteria may eventually find a use in the
development of phytoremediation strategies; these
responses can be related to the fact that depending
on the conditions, the stimulation of plant growth
can ensure by the phytohormones produced
(particularly indole acetic acid: IAA) by PGPR’s
bounded to the seeds or roots (Patten and Glick,
2002), altering the hormonal balance within the
affected plant.
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Table 1. Determination of Vigor Index of Axonopus affinis seedlings.
Experiments

Epicotyl length average

Root length average

C
Rb
Cd
CdRb
EDTA
EDTARb
CdEDTA
CdEDTARb

4.71
4.09
4.16
3.74
2.93
2.37
2.7
3.21

1.87
1.45
1.44
1.06
0.94
0.82
0.71
0.83

Germination
percentage
95.98
70.73
94.65
89.3
78.59
63.99
79.93
85.33

Table 2. Determination of Tolerance Index of Axonopus affinis.
Inoculated with rhizobacteria + Cd
Experiments
Rb
CdRb
EDTARb
CdEDTARb
Experiments
Rb
CdRb
EDTARb
CdEDTARb
Only with Cadmium presence
Experiments
Cd
CdEDTA
Experiments
Cd
CdEDTA

Vigor Index
632.07
392.63
530.33
429.64
305.04
205.14
273.45
345.22

ETI
0.869
0.794
0.505
0.681
RTI
0.775
0.569
0.433
0.444
ETI
0.883
0.574
RTI
0.769
0.382

Table 3. Determination of NRERI and NRPGI indices of Axonopus affinis seedlings.
Experiments
NRERI Index
Rb
A, -0.224
Cd
A, -0.230
CdRb
B, -0.430
EDTA
B, -0.496
EDTARb
C, -0.566
CdEDTA
C, -0.617
CdEDTARb
C, -0.555
Experiments
NRPGI Index
Rb
B, -0.263
Cd
A, -0.013
CdRb
A, -0.069
EDTA
A, -0.181
EDTARb
B, -0.333
CdEDTA
A, -0.167
CdEDTARb
A, -0.110
*Where: A= 0 a -0.25 low toxicity, B= -0.25 a -0.5 moderate toxicity, C= -0.5 a -0.75 high toxicity, D = -0.75 a -1.0
very high toxicity y E = > 0 hormesis (Bagur-González et al., 2011).
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Fig.1: Axonopus affinis seedlings total length. 1a) epicotyl length and 1b) root length (n = 15. Mean values ± S.D.
from quintuplicates are given. The different lower-case letters shows the significant differences founded (p < 0.001)).
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Fig. 2: Phenogram comparing the experimental conditions tested (r= 0.67).

Fig. 3: Principal component analysis grouping the Axonopus affinis seedlings responses and experimental conditions
tested.
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The PCA as a complement of the study, showed a
good separation of experiments done and their
parameters evaluated; according to Bagur-González
et al. (2011), Fig. 3 allows to determine the level of
phytotoxicity of the experiments; where negative
Component 1 values (76.27%) indicate a high level
and its positive values a low level of phytotoxicity.
In this study, the highest toxicity was founded in
CdEDTA, CdEDTARb and EDTARb experiments,
where EDTA has a pronounced negative effect. In
this figure there is also a particularly negative
association between the experiments of seeds
inoculated with the rhizobacteria (Rb) and the
parameters: ELA, RLA, ETI, RTI and NRERI.
With a positive effect in the relationship between
CdRb and Cd experiments with GP, VI and NRPGI
parameters.
Even Agbadah et al. (2016) investigated the effect
of EDTA on germination, growth of Cd treated Zea
mays L. and Vigna unguiculata L. species; results
showed that the co-treatment of Cd and these plant
species treated with 0.5 mM and 1.0 mM EDTA
reversed the inhibition of growth rate; Ebrahimi
(2013) showed that statistically EDTA affected the
growth of Echinochloa crus galii related to its
germination, root length, shoot length and biomass.
EDTA (10mM/Kg) treatments decreased the
germination rates and percentages; these authors
noted that this could be because EDTA elevates the
bioavailability of heavy metals. Lian et al. (2007)
reported that some studies found that in a certain
EDTA concentrations it can strongly inhibited the
plant growth.
Ştefan et al. (2008) reported that the delay in the
germination
of
plant
growth
promoting
rhizobacteria treated seeds can be explained
regarding to two possible aspects; the inhibitory
effect could be the result of an oxidative stress
induced by the presence and activity of the PGPR’s
employed as seed inoculants and the second
possible explanation is a competition for nutrient
resources
between
seeds,
seedlings
and
rhizobacteria. Special case was reported by
Belimov et al. (2005), these authors mention that
inoculations with strains having plant root

elongation promoting (PREP) activity stimulated
the root elongation in Cd-treated Brassica juncea
seedlings as compared to Cd-untreated seedlings.
In this study, the analysis done of Axonopus affinis
by its morphological determinations showed the
effect of different assisted phytoextraction agents
that could be added to experimental conditions, in
some way inhibited and/or promoted the first stage
of development in this plant species. Although the
seedlings of A. affinis grown in presence of Cd and
inoculated seeds with Pseudomonas sp. strain
Sp7E, do not shown a promotion with the
rhizobacteria strain; these results demonstrated that
the presence of the rhizobacteria maintained the
growth of seedlings and tolerated the presence of
the metal, including the adverse effects of EDTA;
suggesting a synergistic effect between this plant
species and microorganism.
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