
Antonie van Leeuwenhoek 81: 343–351, 2002.
© 2002 Kluwer Academic Publishers. Printed in the Netherlands.

343

Mycorrhizosphere interactions to improve plant fitness and soil quality
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Abstract

Arbuscular mycorrhizal fungi are key components of soil microbiota and obviously interact with other microorgan-
isms in the rhizosphere, i.e. the zone of influence of plant roots on microbial populations and other soil constituents.
Mycorrhiza formation changes several aspects of plant physiology and some nutritional and physical properties of
the rhizospheric soil. These effects modify the colonization patterns of the root or mycorrhizas (mycorrhizosphere)
by soil microorganisms. The rhizosphere of mycorrhizal plants, in practice a mycorrhizosphere, harbors a great
array of microbial activities responsible for several key ecosystem processes. This paper summarizes the main
conceptual principles and accepted statements on the microbial interactions between mycorrhizal fungi and other
members of rhizosphere microbiota and discusses current developments and future trends concerning the following
topics: (i) effect of soil microorganisms on mycorrhiza formation; (ii) mycorrhizosphere establishment; (iii) inter-
actions involved in nutrient cycling and plant growth; (iv) interactions involved in the biological control of plant
pathogens; and (v) interactions to improve soil quality. The main conclusion is that microbial interactions in the
rhizosphere of mycorrhizal plants improve plant fitness and soil quality, critical issues for a sustainable agricultural
development and ecosystem functioning.

Abbreviations: PGPR – plant growth promoting rhizobacteria

Introduction

The root-soil interfaces constitute a dynamic micro-
cosm known as the rhizosphere where microorgan-
isms, plant roots and soil constituents interact (Lynch
1990; Azcón-Aguilar & Barea 1992; Linderman 1992;
Barea 1997, 2000, Kennedy 1998; Bowen & Rovira
1999). Carbon fluxes are critical for rhizosphere func-
tioning (Toal et al. 2000). The rhizosphere is a
physical, chemical and biological environment clearly
distinct from the bulk soil, where altered microbial
diversity and activity are characteristic (Kennedy &
Smith 1995). The supply of photosynthates and de-
caying plant material to the root-associated micro-
biota, together with microbial-induced changes in
rooting patterns, and the supply of available nutri-
ents to plants, as derived from microbial activities,
are key issues in rhizosphere formation and function-
ing. The release of organic material occurs mainly as
root exudates, which act as either signals or growth

substrates (Werner 1998). Rhizosphere functioning is
known to markedly influence plant fitness and soil
quality because microbial developments in such en-
vironment can help the host plant to adapt to stress
conditions concerning water and mineral deficit, and
presence of soil-borne plant pathogens (Lynch 1990;
Bethlenfalvay & Schüepp 1994; Bowen & Rovira
1999).

Mycorrhizal fungi are relevant members of the
rhizosphere mutualistic microsymbiont populations
known to carry out many critical ecosystem functions
such as improvement of plant establishment, enhance-
ment of plant nutrient uptake, plant protection against
cultural and environmental stresses and improvement
of soil structure (Smith & Read 1997). The fungi in-
volved are microscopic in the case of the arbuscular
mycorrhiza (hereafter mycorrhiza) formed by fungi in
the order Glomales (Zigomycota) and more than 80%
of the flowering plants (Barea et al. 1997). Mycorrhiza
establishment is known to modify several aspects of
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plant physiology including mineral nutrient compos-
ition, hormonal balance, C allocation patterns, etc.
(Harley & Smith 1983; Smith et al. 1994; Azcón-
Aguilar & Bago 1994). Consequently, the mycorrhizal
symbiotic status changes the chemical composition of
root exudates while the development of the fungal soil
mycelium serves as a carbon source to rhizosphere
microbial communities and introduces physical modi-
fications into the environment surrounding the roots.
These changes affect both quantitatively and qualit-
atively the microbial populations in the rhizosphere
of the mycorrhizal plant also termed the mycorrhizo-
sphere (Linderman 1992, 2000; Barea 1997, 2000;
Cordier et al. 1999; Gryndler 2000). Though it could
be conceptually accepted that the mycorrhizosphere is
not strictly the rhizosphere of a mycorrhizal plant, it
is difficult in practice to make any distinction (Bowen
& Rovira 1999). In addition to mycorrhiza-induced
changes in the rhizosphere there are specific modific-
ations in the microenvironments surrounding the my-
corrhizal mycelium itself, the hyphosphere (Gryndler
2000).

Two main groups of microorganisms interact
with mycorrhizal fungi in the rhizosphere environ-
ments: saprophytes and symbionts. Both of them
comprise detrimental, neutral and beneficial bacteria
and fungi. Detrimental microbes include the major
plant pathogens, as well as minor parasitic and non-
parasitic, deleterious rhizosphere organisms (Weller
& Thomashow 1994; Nehl et al. 1996). Benefi-
cial microorganisms are known to play fundamental
roles in soil-plant systems (Barea 1997). Particularly
important is a subset of soil bacteria, namely the
rhizobacteria (Kloepper 1994, 1996), known to dis-
play a specific ability for root colonization, with some
of them able to improve plant development, therefore
termed plant growth promoting rhizobacteria (PGPR).
The PGPR carry out many important ecosystem pro-
cesses, such as those involved in the biological control
of plant pathogens, nutrient cycling and/or seedling
establishment and soil quality (Kloepper et al. 1991;
Lugtenberg et al. 1991; Haas et al. 1991; Lemanceau
& Alabouvette 1993; O’Gara et al. 1994; Weller
& Thomashow 1994; Glick 1995; Broek & Vander-
leyden 1995; Bashan & Holguin 1998; Barea 2000;
Jeffries & Barea 2001). Mycorrhizal fungi also inter-
act with microorganisms colonizing root tissues, the
endophytic microorganisms, which develop activities
involved in plant growth promotion and plant protec-
tion (Kloepper 1994; Duijff et al. 1997; Van Loon et
al. 1998; Sturz & Novak 2000). Mycorrhizal fungi also

interact with both symbiotic and free-living nitrogen
(N2)-fixing bacteria (Barea 1997).

Because of current public concerns about the side-
effects of agrochemicals, more attention is now being
given to research areas concerning biological balance
in soil, microbial diversity or microbial dynamics in
soil, etc. This is why the study of interactions in
the mycorrhizosphere is a topic of current concern.
Accordingly, the aim of this review is to summar-
ize and discuss some key aspects including: (i) ef-
fect of soil microorganisms on mycorrhiza formation;
(ii) mycorrhizosphere establishment (iii) interactions
with symbiotic nitrogen-fixing bacteria, phosphate-
solubilizing microorganisms, PGPR etc., which are
involved in nutrient cycling and plant growth promo-
tion; (iv) interactions for the biological control of root
pathogens; and (v) interactions to improve soil qual-
ity concerning either soil aggregation, organic matter
and nitrogen accumulation, or the decontamination of
heavy metal polluted soils. These interactions will be
described and discussed here from the point of view
of their relevance in plant nutrition and health and
in soil quality. The cellular and molecular aspects of
these interactions are not in the aims of this study and
have been recently discussed elsewhere (Bonfante &
Perotto 2000; Franken & Requena 2001).

Effect of soil microorganisms on mycorrhiza
formation

Microbial populations in the rhizosphere are known to
either interfere with or benefit mycorrhizal establish-
ment (Germida & Walley 1996; Vosátka & Gryndler
1999). Deleterious rhizosphere bacteria (Nehl et al.
1996) and mycoparasitic relationships (Jeffries 1997),
have been found to interfere with mycorrhiza form-
ation, while many microorganisms can benefit my-
corrhiza formation and/or functioning (Barea 1997).
One example among the beneficial effects is that
exerted by the so-called mycorrhiza helper bacteria
known to stimulate mycelial growth of mycorrhizal
fungi and/or enhance mycorrhizal formation (Garbaye
1994; Azcón-Aguilar & Barea 1995; Frey-Klett et
al. 1997; Barea 1997; Gryndler & Hrselova 1998;
Gryndler et al. 2000). Soil microorganisms can pro-
duce compounds that increase root cell permeability
and are able to increase the rates of root exudation.
This, in turn, would stimulate mycorrhizal fungal
mycelia in the rhizosphere or facilitate root penetra-
tion by the fungus. Plant hormones, as produced by
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soil microorganisms, are known to affect mycorrhiza
establishment (Azcón-Aguilar & Barea 1992, 1995;
Barea 1997, 2000).

Rhizosphere microorganisms are also known to af-
fect the pre-symbiotic stages (Giovannetti 2000) of
mycorrhizal development, like spore germination rate
and mycelial growth (Azcón-Aguilar & Barea 1992,
1995). Several explanations have been proposed for
the stimulatory effects of soil microorganisms on my-
corrhizal fungal spores. These include: (i) detoxi-
fication of the medium, since microorganisms may
remove inhibitors of fungal growth from the growth
substrate; (ii) utilization of fungal self-inhibitors; (iii)
production of stimulatory compounds such as water-
soluble, diffusible substances or volatile products (or
possibly both). Biologically active substances such
as amino acids, plant hormones, vitamins and other
organic compounds can be produced by soil microor-
ganisms, and can stimulate the growth rates of my-
corrhizal fungi. Volatile substances (CO2) could also
be important (Azcón-Aguilar & Barea 1995). Detri-
mental effects of soil microorganisms on spore ger-
mination and mycelial growth in soil has also been
reported (Linderman 1992, 1994; Azcón-Aguilar &
Barea 1992, 1995).

It is noteworthy that antibiotic-producing Pseudo-
monas spp. (Barea et al. 1998; Vazquez et al. 2000)
did not interfere with mycorrhiza formation or func-
tioning.

Mycorrhizosphere establishment

Mycorrhiza establishment changes both quantitatively
and qualitatively the microbial populations in the
rhizosphere (Azcón-Aguilar & Barea 1992; Linder-
man 1992; Barea 1997; Amora-Lazcano et al. 1998;
Cordier et al. 1999). Large numbers of bacteria (in-
cluding actinomycetes) and fungi are found associated
with AM fungal structures (Filippi et al. 1998; Budi
et al. 1999). Interestingly, some rhizobial and pseudo-
monad bacteria adhere to the hyphae of mycorrhizal
fungi, which appear to be a vehicle for root colon-
ization by these bacteria (Bianciotto et al. 2000). As
Bianciotto et al. (2001) described, extracellular poly-
saccharides are involved in the attachment of Azospir-
illum and Rhizobium to mycorrhizal structures. An ex-
treme case of close interactions is that of Burkholderia
bacteria which have been identified as endosymbionts
in mycorrhizal fungi of the Gigasporaceae (Bianciotto
et al. 2000; Ruiz-Lozano & Bonfante 2000).

It is obvious that the mycorrhizosphere effect is
due to the fact that the mycorrhizal mycelium re-
leases energy-rich organic compounds responsible for
an increased growth and activity of rhizosphere mi-
croorganisms in the hyphosphere. However, such a
release of organic compounds is probably much lower
than that produced by a mycorrhizal root, because bac-
teria counts in hyphospheric soil were lower than those
in the rhizosphere as a whole (Andrade et al. 1997).
Apparently, there is a preferential establishment of
Gram-negative bacteria in the hyphosphere (Vosátka
1996).

It has been demonstrated that mycorrhizal colon-
ization changes some morphological parameters in
developing root systems (Atkinson et al. 1994; Berta
et al. 1995), with a greater root branching as the
most commonly described effect. Undoubtedly, these
changes must affect establishment and activity of mi-
croorganisms in the mycorrhizosphere environment.

The establishment of microbial inoculants in the
rhizosphere is affected by mycorrhizal co-inoculation
(Christensen & Jakobsen 1993; Puppi et al. 1994;
Barea 1997; Andrade et al. 1998a; Ravnskov et al.
1999). In particular, mycorrhizal inoculation improved
the establishment of both inoculated and indigenous
phosphate-solubilizing rhizobacteria (Toro et al. 1997;
Barea et al. 2001).

Interactions involved in nutrient cycling

The well-known activities of nitrogen-fixing bacteria
and phosphate-solubilizing microorganisms improv-
ing the bioavailability of the major plant nutrients N
and P, are very much enhanced in the rhizosphere
of mycorrhizal plants where synergistic interactions
of such microorganisms with mycorrhizal fungi have
been demonstrated. Management of such interactions
is a promising approach for either low-input agricul-
tural technologies (Bethlenfalvay & Linderman 1992;
Gianinazzi & Schüepp 1994; Jeffries & Barea 2001),
or for the re-establishment of the natural vegetation
in a degraded area (Miller & Jastrow 1994; Barea &
Jeffries 1995).

A great deal of work has been carried out on the tri-
partite symbiosis legume (general term)-mycorrhiza-
Rhizobium (general term) (Azcón-Aguilar & Barea
1992; Barea et al. 1992; Barea 2000). The inocula-
tion of mycorrhizal fungi has been shown to improve
nodulation and N2 fixation. Because the use of the iso-
tope 15N has made it possible to ascertain and quantify
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the amount of N which is actually fixed in a par-
ticular situation, the contribution of the mycorrhizal
symbiosis to the process can be measured (Barea et
al. 1992). The physiological and biochemical mech-
anisms underlying the mycorrhizal fungi × Rhizobium
interactions to improve legume productivity have been
also discussed. In spite of the main mycorrhizal ef-
fect in enhancing Rhizobium activity is mediated by
a generalized stimulation of host nutrition, more loc-
alized effects may occur at the root or nodule level
(Barea et al. 1992). Interactions can also take place at
either the pre-colonization stages, when both microor-
ganisms interact as rhizosphere inhabitants, or during
the development of the tripartite symbiosis (Azcón-
Aguilar & Barea 1992). The influence of host and/or
bacterial genotypes in these interactions has also been
discussed, suggesting a certain specificity (Azcón et
al. 1991; Ruíz-Lozano & Azcón 1993; Monzón &
Azcón 1996).

The effects on mycorrhiza formation and func-
tion of a wild type (WT) Rhizobium meliloti strain
were compared with those of its genetically modified
(GM) derivative. This GM Rhizobium was developed
to improve the nodulation competitiveness of the WT
strain (Sanjuan & Olivares 1991). It was found that
the GM rhizobial strain did not interfere with any
process related to mycorrhiza formation by the my-
corrhizal fungus G. mosseae, i.e. spore germination,
mycelial growth from the mycorrhizal propagules and
‘entry point’ formation on the developing root sys-
tem of the host plant Medicago sativa. Indeed, the
GM Rhizobium increased the number of mycorrhizal
colonization units and the nutrient acquisition ability
in mycorrhizal plants, when compared with the WT
rhizobial strain (Tobar et al. 1996). The establishment
of the symbiotic interactions also induced changes in
root morphology, in particular, the degree of branch-
ing increased and the number of lateral roots was
higher in mycorrhizal plants inoculated with the GM
Rhizobium strain (Barea et al. 1996). Measurements of
the 15N/14N ratio in plant shoots indicate an enhance-
ment of the N2 fixation rates in Rhizobium-inoculated
mycorrhizal plants with respect to those achieved by
the same Rhizobium strain in non-mycorrhizal plants
(Toro et al. 1998).

Multimicrobial interactions including not only my-
corrhizal fungi and Rhizobium spp. but also PGPR
have also been tested (Requena et al. 1997). These mi-
croorganisms were isolated from a representative area
of a desertification-threatened semi-arid ecosystem in
the south-east of Spain. Microbial isolates were char-

acterized and screened for effectiveness in soil micro-
cosms. Anthyllis cytisoides L, a mycorrhiza-dependent
pioneer legume, dominant in the target mediterranean
ecosystem, was the test plant. Several microbial cul-
tures from existing collections were also included in
the screening process. In general, the results support
the importance of physiological and genetic adapta-
tion of microbes to the environment, thus the use of
efficient local isolates is recommended. Several micro-
bial combinations were effective in improving either
plant development, nutrient uptake, N2-fixation (15N)
or root system quality showing that selective and spe-
cific functional compatibility relationships among the
microbial inoculants were evident with respect to plant
response.

Several experiments have demonstrated a positive
effect of the interactions between mycorrhizal fungi
and nodulating rhizobial bacteria under drought con-
ditions (Goicoechea at al. 1997, 1998; Ruíz-Lozano et
al. 2001).

Rhizobium strains have also been described to col-
onize the rhizosphere of non-legume hosts where they
establish positive interactions with mycorrhizal fungi
(Galleguillos et al. 2000).

The nitrogen-fixing Azospirillum bacteria are
known to benefit plant development and yield under
appropriate conditions (Okon 1994; Bashan 1999) and
the main conclusions are that these bacteria mainly
act by influencing the morphology, geometry and
physiology of the root system. Interactions between
mycorrhizal fungi and Azospirillum have been re-
viewed by Volpin & Kapulnik (1994) and it has been
demonstrated that Azospirillum could enhance my-
corrrhizal formation and response while mycorrhizal
fungi may improve Azospirillum establishment in the
rhizosphere.

The interactions related to P-cycling have also re-
ceived much attention. These are based on that the
phosphate ions solubilized by free-living microor-
ganisms from sparingly soluble inorganic and or-
ganic P compounds (Whitelaw 2000) increase the
soil phosphate pools available for the extraradical
arbuscular mycorrhizal mycelium to benefit plant nu-
trition (Smith & Read 1997). Several experiments
have demonstrated synergistic microbial interactions
involving phosphate solubilizing rhizobacteria (PSB)
and mycorrhizal fungi (Barea et al. 1997; Kim et al.
1998). The interactive effect of PSB and mycorrhizal
fungi on plant use of soil P sources of low bioavail-
ability was evaluated by using 32P isotopic dilution
approaches (Toro et al. 1997). The PSB behaved as
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mycorrhiza-helper-bacteria, promoting mycorrhiza es-
tablishment by both the indigenous and the inoculated
mycorrhizal fungi. Conversely, mycorrhiza formation
increased the size of the PSB population. Because the
bacteria did not change root weight, length or spe-
cific root length, they probably acted by improving
the pre-colonization stages of mycorrhiza formation.
The dual inoculation treatment significantly increased
biomass and N and P accumulation in plant tissues and
these dually inoculated plants displayed lower spe-
cific activity (32P/31P) than their comparable controls,
suggesting that the mycorrhizal and bacterized plants
were using P sources (endogenous or added as rock
phosphate) otherwise unavailable to the plant. It there-
fore appears that these rhizosphere/mycorrhizosphere
interactions contributed to the biogeochemical P cyc-
ling, thereby promoting plant nutrition.

The interactive effect of phosphate-solubilizing
bacteria, mycorrhizal fungi and Rhizobium with re-
gard to improve the agronomic efficiency of rock
phosphate for legume crops (Medicago sativa), was
evaluated by using isotopic techniques under con-
trolled conditions, and further validated under field
conditions (Barea et al. 2002). It was demonstrated
that the microbial interactions tested improved plant
growth and N and P acquisition under normal cultiva-
tion. Similar results were obtained by using Medicago
arborea, a woody legume of interest for revegeta-
tion and biological reactivation of desertified semi-arid
Mediterranean ecosystems (Valdenegro et al. 2001).

Interactions involved in the biological control of
root pathogens

Mycorrhizal establishment has been shown to reduce
damage caused by soil-borne plant pathogens (Azcón-
Aguilar & Barea 1996; Cordier et al. 1999). Sev-
eral mechanisms have been suggested to explain the
enhancement of plant resistance/tolerance in mycor-
rhizal plants (Linderman 1994, 2000; Azcón-Aguilar
& Barea 1996). One of the proposed mechanisms is
based on the microbial changes produced in the my-
corrhizosphere. In fact, there is strong evidence that
these microbial shifts occur, and that the resulting
microbial equilibria could influence the growth and
health of the plants. Although this effect has not been
specifically evaluated as a mechanism for mycorrhiza-
associated biological control, there are indications that
such a mechanism can be involved (Azcón-Aguilar &
Barea 1992, 1996; Linderman 1994, 2000).

Early work showed that changes in the populations
of soil microorganisms induced by mycorrhiza forma-
tion may lead to the stimulation of certain components
of the resident microbiota that can be antagonistic
to root pathogens. In this context, Meyer & Linder-
man (1986) found a lower number of sporangia and
zoospores formed by cultures of Phytophthora cin-
namomi by adding extracts of rhizosphere soil from
mycorrhizal plants, and Secilia & Bagyaraj (1987)
found that there were more pathogen-antagonistic ac-
tinomycetes in the rhizosphere of mycorrhizal plants
than in that of non-mycorrhizal controls. Further stud-
ies have corroborated these findings and demonstrated
that such an effect is dependent on the mycorrhizal
fungus involved, as well as the substrate and host plant
(Azcón-Aguilar & Barea 1996; Linderman 2000).

Rhizosphere microorganisms antagonistic to root
pathogens are being used as biological control agents
(Alabouvette et al. 1997). Therefore, there is a tend-
ency to exploit the prophylactic ability of mycorrhizal
fungi in association with these antagonists (Linderman
1994, 2000; Nemec 1997; Barea et al. 1998; Budi
et al. 1999). It should be noted that several studies
have demonstrated that microbial antagonists of fungal
pathogens, either fungi or PGPR, exert no antimi-
crobial effect against mycorrhizal fungi (Calvet et al.
1993; Barea, et al. 1998; Edwards et al. 1998; Vazquez
et al. 2000).

Interactions to improve soil quality

There is an increasing interest in applying mycorrhizal
fungi in interaction with rhizobial strains to help re-
vegetation of desertified ecosystems based on the use
of shrub legumes belonging to the natural succession
(Herrera et al. 1993; Requena et al. 2001). A number
of experiments have aimed at assessing the long-term
benefits of inoculation with these two types of plant
microsymbionts not only on the establishment of tar-
get legume species, but also on the benefit induced by
the symbiotically tailored seedlings in key physical-
chemical soil properties (Requena et al. 2001). In
fact, as a result of the degradation/desertification pro-
cesses, disturbance of natural plant communities is
often accompanied or preceded by the deterioration
of physical-chemical and biological soil properties,
such as structure, nutrient availability, organic matter
content, microbial activity, etc. Therefore, it is becom-
ing critical to recover these soil quality attributes by
managing the mycorrhizosphere interactions (Barea &
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Jeffries 1995; Schreiner et al. 1997; Miller & Jastrow
2000; Jeffries & Barea 2001).

A representative area within a desertified semi-
arid ecosystem in southeast Spain was chosen for field
studies on this topic. The existing natural vegetation
was a degraded shrubland where Anthyllis cytisoides,
a drought-tolerant legume able to form symbioses with
both rhizobial bacteria and mycorrhizal fungi, was the
dominant species (Requena et al. 1997). The inter-
action of these microsymbionts on seedling survival
rates, growth, N-fixation, and N-transfer from N-
fixing to non-fixing species associated in the natural
succession, was studied together with the possible
improvements of soil quality in terms of N content,
organic matter levels, and the formation/stabilization
of hydrostable soil aggregates in the rhizosphere of
the target plants. A long-term improvement in the
physico-chemical properties was evident in the soil
around the Anthyllis plants inoculated with a mycor-
rhizal fungal inoculum based on indigenous taxa. The
benefits included an increased N content, and a higher
amount of organic matter and soil aggregation in the
soil around the roots. It can be assumed that the in-
crease in N content in the rhizosphere of the legume
can be accounted for by an improvement in nodula-
tion and N-fixation rates resulting from inoculation of
nodulated plants with mycorrhizal fungi (Barea et al.
1992). The improvement of soil aggregation contrib-
utes to the maintenance of good water infiltration rates,
good tilth and adequate aeration for plant growth, thus
improving soil quality (Wright & Upadhyaya 1998).
The important role of the extraradical mycelium in the
formation of water-stable soil aggregates is well docu-
mented (Andrade et al. 1995, 1998b; Bethlenfalvay et
al. 1999; Miller & Jastrow 2000), and the involvement
of glomalin, a glycoprotein produced by the external
hyphae of mycorrhizal fungi, has been demonstrated
(Wright & Upadhyaya 1998). Glomalin has been sug-
gested to contribute to hydrophobicity of soil particles
and also, because of its glue-like hydrophobic nature,
to participate in the initiation of soil aggregates.

Inoculation with native mycorrhizal fungi also be-
nefited plant growth, N fixation and P acquisition by
plants. Improved N status of non-leguminous plants
grown in association with legumes has previously been
described for agricultural crops (Azcón-Aguilar et al.
1979), but this was the first demonstration of this phe-
nomenon for natural plant communities in a semi-arid
ecosystem. The results support the general conclu-
sion that the introduction of target indigenous plants
species, associated with a managed community of

microbial symbionts, is a successful biotechnological
tool to aid the recovery of desertified ecosystems. This
can be envisaged as the initial steps in the restoration
of a self-sustaining ecosystem.

Another aspects of mycorrhizosphere interactions
with regard to improving soil quality concern applica-
tions to the phytoremediation of heavy metal polluted
soils. This is an emergent field of mycorrhizal re-
search. Studies by Azcón et al. (2001) demonstrated
that the combined inoculation of mycorrhizal fungi
and bacterial cultures, isolated from a contaminated
environment was able to increase absorption of Zn and
Cd from soil, and the subsequent translocation of the
metals to plant shoot. This is a form of bioremedi-
ation (Wise et al. 2000). The environmental interest of
cleaning contaminated areas supports further studies
based in mycorrhizosphere interactions.

Conclusions

From the reviewed information it can be stated that
mycorrhizosphere interactions improve plant growth
and health and soil quality, which are key issues for
the sustainability of natural ecosystems as well as
agroecosystems.
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