
The performance of Fraxinus angustifolia as a helper for metal
phytoremediation programs and its relation to the endophytic
bacterial communities

J.C. Pinheiro a,b,1, C.R. Marques a,b, G. Pinto a,b, S. Bouguerra c, S. Mendo a,b, N.C. Gomes a,b, F. Gonçalves a,b,
T. Rocha-Santos d,e, A.C. Duarte e, J. Roembke f, J.P. Sousa g, M. Ksibi c, A. Haddioui h, R. Pereira i,⁎
a Departmento de Biologia da Universidade de Aveiro, Campus de Santiago, 3810-193 Aveiro, Portugal
b CESAM — Centro de Estudos do Ambiente e do Mar, Campus de Santiago, 3810-193 Aveiro, Portugal
c High Institute of Biotechnology of Sfax, University of Sfax, Route de Soukra Km 4.5 BP W P.O. 1175, 3038 Sfax, Tunisia
d ISEIT/Viseu, Instituto Piaget, Estrada do Alto do Gaio, Galifonge, 3515-776 Lordosa, Viseu, Portugal
e Departamento de Química da Universidade de Aveiro & CESAM — Centro de Estudos do Ambiente e do Mar, Campus de Santiago, 3810-193 Aveiro, Portugal
f ECT Oekotoxikologie GmbH, Böttgerstr. 2-14, D-65439 Flörsheim, Germany
g IMAR-CIC, Department of Zoology, University of Coimbra, 3004-517 Coimbra, Portugal
h University of Sultan Moulay Slimane, Faculty of Science and Techniques, P.O. 523, Beni-Mellal 23000, Morocco
i Departamento de Biologia da Faculdade de Ciências da Universidade do Porto, Rua do Campo Alegre, 4169-007 Porto, Portugal

a b s t r a c ta r t i c l e i n f o

Article history:
Received 13 September 2012
Received in revised form 13 March 2013
Accepted 20 March 2013
Available online 17 April 2013

Keywords:
Bioaccumulation
Chlorophyll-a fluorescence
Fraxinus angustifolia
Metals
Oxidative stress parameters

Soil contamination with metals is a serious problem requiring urgent measures to counteract their impacts. The
conventional soil remediation techniques are often inefficient and expensive. In this work, we studied the potential
of the species Fraxinus angustifolia for the phytoremediation of metal contaminated soils from the Cunha Baixa
uranium mine (Mangualde, Portugal). The plants were exposed to a contaminated, a reference and a control soil,
for a period of about 3 months, duringwhichmetal accumulation and a set of physiologic parameters (shoot height,
potential maximum efficiency of PSII (Fv/Fm) and quantum yield of PSII (ΦPSII), leaf area, specific leaf area, leaf
relative water content, leaf chlorophyll a, chlorophyll b and carotenoid content, leaf malondialdehyde (MDA) con-
tent and leaf proline content) were measured. The genetic profiles of the endophytic communities from the roots
of the plants were also analyzed, via PCR-Denaturing Gradient Gel Electrophoresis (DGGE) targeted for a conserved
region of 16S rDNA, pre- and post-exposure. Only the shoot height was a suitable indicator of the negative effects of
the contamination with metals on the plants. The remaining parameters indicated good physiologic fitness and
recovery. The trees did not hyperaccumulate metals but extracted Sr at a higher rate. The bacterial profiles from
the control and reference soils showed more similarity with each other and with the pre-exposure profiles than
with those from the contaminated soil. We showed that F. angustifolia has the ability to resist and adapt to the
adverse conditions of contamination, revealing a potentialwhich can be exploited for phytoremediation, specifically
phytostabilization. It also revealed that changes exerted on the bacterial root communities exposed to contamina-
tion, resulted in profiles considerably different from those of the remaining communities.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The contamination of soils with metals is a serious worldwide prob-
lem that needs to be urgently addressed. Such contamination can lead
to severe impacts on natural ecosystems and on the communities
sustained by them (Antunes et al., 2008; Hasan et al., 2009; Pereira et
al., 2008; Prasad and Freitas, 2006). In placeswhere lands are highly con-
taminated, it becomes urgent to come upwith remediation plans to pro-
tect the ecosystems that depend on them. In most cases, the applied
conventional methods (mostly physical, chemical and engineering tech-
niques) are too expensive and fail to efficiently decontaminate larger
areas in an eco-friendly manner (Pulford and Watson, 2003).

Phytoremediation consists of the use of plants to remove or render
harmless contaminants from the soil and is a technology that has
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grown in the last years as a promisingmethod formetal and radionuclide
remediation (Bhargava et al., 2012; Huseyİnova et al., 2009; Rascio
and Navari-Izzo, 2011). Phytoremediation is a process that can take
various routes and is commonly divided in the following different classes
(Salt et al., 1998): i) phytoaccumulation and phytoextraction;
ii) phytodegradation or phytotransformation; iii) phytostabilization;
iv) phytovolatilization and v) rhizofiltration.

By ways of immobilizing, degrading, transferring and accumulating
pollutants, phytoremediation began to gain the potential to become a
successful “green” sustainable alternative for soil decontamination.
However, to this day, phytoremediation still presents some disadvan-
tages. The very slow nature of this treatment stands as one of the most
important factors, among others like the dependence on various envi-
ronmental factors, variable bio-availability of the contaminants for the
plants, low range of plant tolerance (some plants may tolerate well one
metal but not others also present), the need of plants to accumulate
contaminants in the harvestable parts for phytoextraction, and low
biomass producing plants not having the capacity to support large effi-
cient remediation programs (Glick, 2010; Sarma, 2011).

As not every plant is able to deal with the amounts of contamination
present in the soil, also not all of those that can survive under such
conditions are capable of extracting or degrading the pollutants at
acceptable rates (Bhargava et al., 2012; Pulford andWatson, 2003). The
accumulation of metals in plants depends on various separated factors
ranging from soil properties, to total and available metal concentrations
and also plant physiology related parameters (Antoniadis et al., 2006).
Named as hyperaccumulator plants, they have increasingly earned inter-
est in the field as potential models for phytoremediation. These plants
can mobilize and accumulate from 10 up to 500 times more elements
than normal crops, without undergoing critical yield reduction (Chaney
et al., 1997). There is another class of plants often considered for
phytoremediation programs. Plants from this class are called excluders
due to the fact that they neither permit a significant metal uptake in
their roots, nor accumulate them in the above ground tissues (Robinson
et al., 2006; Shaw et al., 2006). Since they are basically equipped with
avoidance/resistance mechanisms, while they are not applicable for the
metal extraction process they are, however, key helpers to the whole
remediation process working as soil stabilizers, preventing the spread of
pollutants by soil erosion and reducing metal availability to other plants
(Shawet al., 2006). Even though it is impressive how the overall attention
over phytoremediation has clearly grown in recent years, precise infor-
mation about the plant species to be recruited for the task is not enough.
Recent reviews show that the list of potential candidates to accumulate
metals comprises already a few hundred species (Sarma, 2011; Wuana
and Okieimen, 2010). Despite this, we believe that considering the com-
plexity of phytoremediation itself andwhole phytoremediation programs
there is still the need for more detailed information not only on some of
the already listed species (regarding the extent of extraction, their real ap-
plication in large scale remediation programs, physiology analysis), but
also studies featuring less known and studied species. In this studywe at-
tempt to help filling that gap.

As most of the studies that approach the theme of phytoremediation
focus primarily on the plant species themselves, they tend to overlook
what seems to be a factor much more relevant than was previously
thought. This important factor consists of the non-pathogenic bacterial
communities associated to the plants' roots and their interactions. The
rhizospheric and endophytic bacteria are the two major types of
root-bacteria known to have relevant effects on plants (Doty, 2008;
Gomes et al., 2001). These are known for establishing a close relationship
with the plants and for being beneficial to them, not only by directly
aiding the plants' development, but also by grating protection against
pathogens (Gomes et al., 2001). These bacteria can also enhance the
tolerance and uptake of metals by the plant species either by making
metals more or less available to plants outside the roots or by absorbing
and immobilizing them inside the vegetal tissues. Hence, root-associated
bacteria may facilitate the phytoremediation process almost directly,

possibly during either phytoextraction or phytostabilization (Glick,
2010; Sheng et al., 2008). The interactions between plants and these
microbial communities are rather complex and often ignored in studies
concerning metal uptake by plants, therefore needing further character-
ization. Moreover, the impacts of the contaminated soil on these com-
munities need more clarification. We believe that this sub-field of
phytoremediation still stands as a new big challenge on the list of
unresolved questions of phytoremediation.

Compared to smaller plants, tall trees have deeper root systems
allowing them to reach soil and water sheets at a greater depth
(Domínguez et al., 2008). Also, trees usually have higher biomass yields
than smaller plant species, which enables them to accumulate more
quantities of pollutants (Pulford andDickinson, 2006). Trees are also fairly
accepted by the public as ecological and esthetical elements for rural and
urban areas (Domínguez et al., 2008). Belonging to the family Oleaceae
the genus Fraxinus (commonly ash tree) comprises between 39 and 65
species of medium and big trees (Kostova and Iossifova, 2007). There is
not much knowledge about their ability to tolerate and accumulate
metals from soils. Also, the research work available focused principally
on a main species (Fraxinus excelsior) and lacks data regarding quantita-
tive and spatial metal accumulation, physiological data and microbial
community analysis (Haro et al., 2000; Mertens et al., 2004; Pulford and
Dickinson, 2006; Rosseli et al., 2003; Tlustoš et al., 2006).

The main objective of this work was to investigate the potential of a
native deciduous ash species, Fraxinus angustifolia, for the purpose of
metal phytoremediation. In an attempt to enrich our characterization
we performed simultaneously an evaluation of a set of physiologic
parameters, an assessment of metal accumulation in the plants and,
since most studies are based on controlled laboratory conditions only
(Glick, 2010), a study of the possible roles of the species in an eventual
field phytoremediation program was performed. It was also our goal to
help fill the void on the emerging branch of phytoremediation that con-
cerns microbial communities, trying to engage a more novel and com-
plete approach. Hence, we did so by applying the molecular based
technique of denaturing gradient gel electrophoresis (DGGE) in order
to check for spatial and temporal variations on the endophytic bac-
terial communities isolated from the roots of plants grown in
non-contaminated soils and contaminated soils from a uranium mine in
Cunha Baixa (Mangualde), center of Portugal.

2. Materials and methods

2.1. Test soils and artificial substrate

For this work two natural soils and an artificial substrate were used.
One of the natural soils, the contaminated soil (soil B according to
Pereira et al., 2008), was collected in the Cunha Baixa uranium mine
area (central Portugal). The general physical and chemical characteriza-
tion of this soil was already made by Pereira et al. (2008, 2009) and is
summarized in Tables (1A and 1B). This soilwas one of themost contam-
inated soils found in the area, with high total concentrations of Al
(25,628.5 mg/kg), Fe (8570.07 mg/kg), Mn (3321.36 mg/kg) and U
(224.16 mg/kg). The other natural soil, the reference soil, was collected
from a site about 60 km away from the mine, near Guarda city (center
of Portugal). It was characterized as a reference soil by Caetano et al.
(2012) (Tables 1A and 1B). Lastly, the artificial substrate, used as a
control in the experiments, consisted of a moisturized mixture of non-
acid vermiculite and humus substrate/turf at a proportion of 3:2.

2.2. Experimental design

A group of 54 rooted (grown from seed) plantlets, belonging to the
species F. angustifolia, was obtained directly from a nursery. They were
chosen according to their size and apparent good physiological condi-
tions, in order to preserve group homogeneity. While still in the soil
from the nursery, all the plantlets were initially kept in an acclimatized

172 J.C. Pinheiro et al. / Geoderma 202–203 (2013) 171–182



Download English Version:

https://daneshyari.com/en/article/4573503

Download Persian Version:

https://daneshyari.com/article/4573503

Daneshyari.com

https://daneshyari.com/en/article/4573503
https://daneshyari.com/article/4573503
https://daneshyari.com

