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ABSTRACT
Plants have a system of antioxidant enzymes,
which helps to alleviate the effects of various
types of stresses. Heavy metals like Cadmium
and lead are tolerable for plants to certain extent. The antioxidant enzymes do not function
properly at higher concentrations of Cadmium,
lead and some other heavy metals. The activities
of antioxidant enzymes are reduced due to reactive oxygen species produced as a result of heavy metal stress. The catalase activity was direct2−
ly inhibited by O (Kono and Fridovich, 1982).
These ROS are O2−, H2O2, and -OH which can react with many other biomolecules. Several metallic ions are produced by radical displacement
reactions. These metallic ions inhibit the activity
of antioxidant enzymes. Hence, enzymic antioxidant defense system of plants is affected and
adversely inhibits plant growth and productivity.
Mycorrhizal fungi are important in phytostabilization of toxic heavy metals. Plants having mycorrhizal association accumulate metallic pollutants by storing these heavy metals in Vesicles
as well as in fungal hyphae in their roots, hence
these metallic pollutants are immobilized and do
not inhibit the growth and uptake of phosphorus
and some other micronutrients. Mycorrhizal fungi also release various organic acids which increase the solubilisation of insoluble phosphate compounds present in soil. The unavailable forms of phosphorus are converted into
available forms as a result of organic acids produced by fungi. AM fungi release glomalins that
are certain metal sorble glycoproteins which increase the immobilization of toxic metals. Another protein is metallothionine released by certain AM fungi, which also reduces the heavy
metal toxicity in soil. Mycorrhizal fungi also inCopyright © 2013 SciRes.

duce resistance in plants against pathogens,
drought and salinity stress. Investigation on
heavy metal stress resistant genes in mycorrhizal plants can be very helpful for phytoremediation. This review focuses on the use of AM
fungi for phytoremediation.
Keywords: Mycorrhiza, Heavy Metal Stress;
Phytoremediation; AM Fungi; Antioxidant Enzymes

1. INTRODUCTION
The high concentration of heavy metals adversely affects plant growth and development. Soil micro-organisms are also disturbed due to the presence of various
pollutants in soil. Several physiological, biochemical and
molecular processes are disturbed as a result of heavy
metal stress in soil. Plant growth is inhibited and these
heavy metals result in various defects like low seed germination, turgor loss, chlorosis, necrosis, senescence and
ultimately plant death. Photosynthesis is also decreased
as a result of heavy metal stress effects. The increased
levels of antioxidant enzymes like Catalase, Superoxide
dismutase and peroxidise were observed under heavy
metal stress conditions [1]. Among heavy metals, Cadmium and lead cause the biological toxicity [2]. Heavy
metals like Cadmium and lead affect several physiological and biochemical processes of plants [2-4]. There is an
excessive accumulation of reactive oxygen species and
methylglyoxyl due to which peroxidation of lipids, oxidation of proteins, inactivation of enzymes and DNA
damage occur, sometimes DNA reacts with other cell
constituents. Pesticides, fertilizers and metal contaminated sewage are major causes of heavy metal deposition
in soil. Burning of fossil fuels has increased these heavy
metals in soil. The concentration of Cd, Pb and Zn has
increased rapidly in soil over the past two centuries [5].
Different plant species have evolved different mechanisms to tolerate heavy metal stress. These mechanisms
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involve inhibition of uptake and transport, immobilization, role of plasma membrane to expel these heavy metals, stress proteins induction, salicylic acid synthesis,
nitric oxide and pro and polyamine synthesis etc. Some
plants can accumulate a large portion of heavy metals in
their cell wall. It was indicated that metallothionins and
Ferritins protect plants against oxidative stress caused by
excessive heavy metals in soil [6]. Certain Cadmium
thiolate complexes are present in soil which is harmful
for plants and microorganisms. These chelated metals
accumulate in cell walls of plants. These may also be
deposited in the vacuoles of plants [7,8]. There are also
some reports of expression of genes in AM plants encoding proteins metallothionein, 90 kD heat shock protein,
Glutathione-S-transferase in response to metallic stress.
This indicates that proteins of these expressed genes may
help in the immobilization of toxic heavy metals in plant
rhizosphere.
Chemical, physical and biological methods are used to
remove toxic metals from soil. Among biological methods, Mycorrhizal fungi can play a role in bioremediation
of heavy metal pollution in soil [9]. Increased presymbiotic hyphal extension, Sporulation, and spore germination were observed in G. intraradices under high Cd and
Zn concentrations [10]. AM fungi reduce heavy metal
toxicity by metabolizing these metals. Metallothionines
like polypeptides are known to cause Cd and Cu detoxification in AM fungal cells. Presymbiotic hyphal extension was also observed in an Al tolerant strain of Gigaspora gigantia [11]. Hyphal extension was also observed
in Glomus species with moderately elevated concentration of Zn [12]. Mostly ectomycorrhizal and Ericoid
mycorrhizal fungi enhance tolerance of host plants [1315]. Endomycorrhizal association is also involved in the
bioaccumulation and immobilization of toxic heavy metals present in soil. Mycorrhiza is an association between
fungi and the roots of higher plants. Fungus enters in
plant roots and develops hyphae, arbuscules and vesicles.
Transport of nutrients especially phosphorus occurs as a
result of this association. Some of the heavy metals like
Cadmium and lead interfere with many physiological and
biochemical processes in plants like photosynthesis, respiration, nitrogen and protein metabolism etc. Similarly,
Zn also affects plants when it is present in high concentration in soil. The effects of these toxic metals can be
reduced by using suitable mycorrhizal fungi as an inoculum in the heavy metal contaminated areas. Successful
Arbuscular Mycorrhizal association can be explained by
finding fungal colonization (arbuscules, vesicles and
hyphae) in plant roots (Figure 1). Plants inoculated with
mycorrhizal fungi in a metal contaminated area are healthier as compared to uninoculated plants of metals polluted areas. Some mycorrhizal fungi are also affected
Copyright © 2013 SciRes.
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Colonisation by AMF

Figure 1. Fungal colonization in plant roots indicating arbuscularmycorrhizal association.

due to the presence of heavy metals in soil. Some reports
indicate that the symbiotic mycelial expansion and sporulation are affected due to the presence of heavy metals
in soil [10].
Some of the strains of Mycorrhizal fungi can tolerate
heavy metal stress, among which, Glomus intraradices,
Glomus mosseae and some other species of Glomus are
important. Hence selection of heavy metal stress tolerant
strains of mycorrhizal fungi is an important step to get
healthy plants in metal polluted lands.

2. MYCORRHIZAL ASSOCIATION IN
HEAVY METAL CONTAMINATED SOIL
AM fungal colonization was observed in highly contaminated soil [16,17]. The presence of Glomus mosseae
was also reported in heavy metal contaminated site by
some researchers [18]. The external mycelium of certain
AM fungi produce a type of protein called Glycoprotein
(Glomalin), which has heavy metal binding sites [19-22].
Heavy metals accumulate at these binding sites. The antioxidant level is also increased as a result of association
of AM fungi with plants [2,23]. Various Glomus species
are important in mycorrhizal association. Some fungal
strains were isolated in the past which were resistant to
heavy metal contamination. Many mycorrhizal fungi
overcome the stress of heavy metal contamination [24,
25], which was shown by studies of different researchers
[12,24,26]. Tolerance level of heavy metals varies among
different fungal groups. Fungal colonization is reduced if
less tolerant strains are participating in mycorrhizal association. The inhibition of mycorrhizal colonization was
indicated as a result of the presence of Cu and Cd in soil
[12,24,26,27]. This explains the blocking of certain physiological and biochemical processes in mycorrhizal fungi and plant. The mechanism of mycorrhizal signalling
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taminated areas are more tolerant as compared to those
growing in clean areas [12,33].

events for a mutual dialogue between plant and fungi can
explain the enhancement or inhibition of fungal colonization due to the presence of different heavy metals. This
mutual flow of information has been depicted by Figure
2.
Many plants produce root exudates containing strigolactones and flavonoids which attract mycorrhizal fungi.
Fungi also produce lipochitooligosacharide signals which
are perceived by plants. In some mycorrhizal associations this exchange of signals is not disturbed by the excessive presence of certain heavy metals like Zinc. This
means that certain mycorrhizal fungi are tolerant to the
high concentration of some metals eg. Zinc. Many heavy
metals are immobilized due to the binding capacity of
fungal hyphae to metals. The translocation of toxic heavy
metals to plants is reduced due to this binding capacity
[28,29]. Pine trees inoculated with Pisolithus tinctorius
showed high tolerance to heavy metals. Zinc tolerant
strains of Suillus bovinus develop resistance in Pinus sylvestris. The immobilization of some heavy metals due to
mycorrhizal association may possibly be due to slight
increase in pH in the mycorrhizosphere. Many heavy
metals are immobilized due to this change in pH under
conditions of high concentrations of certain metals. The
beneficial effects of mycorrhiza against plant’s heavy
metal uptake may be associated with heavy metal solubility caused by changes in soil pH.
Heavy metals are mostly accumulated in fungal hyphae as well as in arbuscules. A significant absorption of
Zinc to the mycelium of arbuscular mycorrhizal fungi
was observed by using several Glomus species in association with Clover or Ryegrass [30]. AM fungi release
an insoluble Glycoprotein (Glomalin), which can extract
Copper, Cadmium and Lead from polluted soil. So 1 g of
Glomalin was able to extract 4.3 mg Copper, 0.08 mg
Cadmium and 1.12 mg Lead from these metal contaminated soil [31,32]. Gohri and Paszwoski also indicated
that toxic metallic compounds are stored in Fungal vesicles [32]. Kaldorf et al. (1999) indicated the immobilization of metals in maize which was inoculated with Glomus species. AM fungi which are present in metals con-

3. MYCORRHIZAL DEVELOPMENT AND
PLANT GROWTH
Several studies explain the role of mycorrhiza in the
enhancement of plant growth and yield. Plants with mycorrhizal association are healthier as compared to the
plants without this relationship. Many plant genes which
are involved in mycorrhizal symbiosis contribute in the
improvement of nutrient uptake especially phosphorus
[34-36]. The mechanisms of increased absorption are
both physical and chemical. Mycorrhizal mycelia provide a larger surface area for absorption of water and
minerals, hence these can explore a greater volume of
soil. The role of mycorrhizal fungi in the acquisition of
mineral nutrients, especially phosphorus was explained
previously by some Scientists [37]. Smith et al., 1986
demonstrated the increase in growth of Allium Cepa as a
result of inoculation with mycorrhizal fungi [38]. Mycorrhizal fungi improve plant growth by enhancing the
nutrient uptake under phosphorus limiting conditions.

4. CONCLUSION
Arbuscular mycorrhizal associations play an important
role in protecting plants in heavy metal contaminated
sites. Plants with mycorrhizal association, growing in
heavy metal contaminated areas, are more tolerant as
compared to the plants of clean areas. Fungal hyphae can
approach the soil which is beyond the approach of plant
roots, hence absorption of water and mineral nutrients is
enhanced by increasing the exposed absorptive area.
Healthy plants are more tolerable to different stress conditions as compared to unhealthy plants. Hence plants
having mycorrhizal association show toxic metals accumulation, and immobilization of excessive metals such
as copper, zinc, lead and Chromium etc. without disturbing the mobilization of useful micro and macro-nutrients,
which can further help to improve the yield of plants.
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Figure 2. Signal exchange between Plant and mycorrhizal fungi (steps 1-4). Step 5 Mycorrhizal fungal development in plant roots.
Step 5 Figure from Michael Schultze.
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5. FUTURE PERSPECTIVES
Heavy metal stress tolerant genes from mycorrhizal
plants should be transformed in less tolerable plants for
better growth and productivity. Efficient transgenic
plants can be produced to get agricultural benefits from
heavy metal polluted areas. This will prove an important
strategy in phytoremediation. Understanding the mechanism involved in uptake of toxic heavy metals and nutrients in plants will further open new areas of phytoremediation research. Identification of new stress resistant
genes in mycorrhizal plants and fungi will also broaden
the horizon of research related to bioremediation.
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