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Abstract A split root device was designed to assess
the possible role of AMF in translocation and
detoxification of As by maize plants. Half of each
maize root system grew in As-amended or unamend-
ed soil and the remainder was inoculated with either
Glomus mosseae or Acaulospora morrowiae. External
mycelium was collected from a third compartment.

Neither shoot nor root As concentrations were
affected by inoculation with either fungus. Soil As
amendment produced higher As concentrations in
roots in the second compartment and in the external
mycelium. The As concentrations in the matrix
solution of the second root compartment were lower
in mycorrhizal treatments with no differences in
soluble As in the hyphal compartments. Mycorrhiza
exerted little effect on As translocation within plants
but may have influenced root As efflux. Deposition of
As in external mycelium indicates a possible role of
mycorrhizal fungi in the detoxification of As in the
host plants.

Keywords Arbuscular mycorrhiza . Arsenic .

Phosphorus nutrition . Split-root device . Zea mays

Introduction

Arbuscular mycorrhizal (AM) fungi can form poten-
tially beneficial associations with the roots of more
than 80% of terrestrial plants and there is increasing
evidence that AM fungi are important components of
soil phytoremediation strategies for heavy metals
(Khan et al. 2000) in terms of increasing plant growth
and nutrient uptake (Smith and Read 1997) while
enhancing metal uptake by plants or immobilization
of metals in the soil. In some cases mycorrhizal plants
show enhanced heavy metal(loid) uptake and root-to-
shoot transport (phytoextraction) in non-hyperaccu-
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mulators and in a few hyperacumulators such as
Chinese brake fern for As (Al Agely et al. 2005;
Leung et al. 2006) and Berkheya coddii for Ni. In
other cases AM fungi contribute significantly to
heavy metal immobilization in the soil (phytostabili-
zation) beyond the rhizosphere and thereby enhance
phytostabilization by releasing compounds or binding
heavy metal(loids) to chitin in the fungal cell wall. By
doing so, AM fungi reduce local metal concentrations
in the soil or sequester the metals in underground
parts of the symbiont, for example in root tissues and/
or fungal structures. The outcome of mycorrhizal
colonization on clean-up of contaminated soils
depends on the plant–fungus–heavy metal(loid) com-
bination and is also influenced by soil conditions
(Göhre and Paszkowski 2006).

Arsenic (As) is a ubiquitous toxic element and it
has led to serious health problems, especially in some
countries of south Asia (Abedin et al. 2002; Meharg
2004). Both As and P are taken up via phosphate
transporters on the plasma membrane of root epider-
mal cells (Ullrich-Eberius et al. 1989) because of their
similar chemical behaviour (Meharg et al. 1994), and
arsenate sensitivity is intimately linked to phosphate
nutrition. In mycorrhizal plants ‘mycorrhiza-induced’
phosphate transporters (Rausch et al. 2001; Harrison
et al. 2002) are exclusively expressed in mycorrhizal
roots. The loss of function of the direct uptake
pathway in roots colonized by AM fungi can
apparently be complete in some AM associations
(Smith et al. 2003). As direct uptake by roots
declines, its replacement by the mycorrhizal pathway
will depend on the expression of phosphate trans-
porters in the external mycelium of the fungi (Harrison
and van Buuren 1995; Maldonado-Mendoza et al.
2001). It is therefore assumed that mycorrhizal
mycelium may perform a similar function in As uptake
as in P uptake in As-contaminated soils. However,
microorganisms can detoxify arsenate by reduction and
efflux of arsenite (Ghosh et al. 1999; Shi et al. 1999;
Mukhopadhyay et al. 2000; Mukhopadhyay and Rosen
2002; Rosen 2002), and plants have also been shown
to have a high capacity to reduce arsenate (Meharg and
Hartley-Whitaker 2002; Salt et al. 2002; Quaghebeur
and Rengel 2003; Duan et al. 2005). Xu et al. (2007)
recently reported that tomato and rice plants can
release As via their roots. Although several studies
have shown enhanced plant tolerance to As resulting
from inoculation with AMF (Gonzalez-Chavez et al.

2002; Leung et al. 2006; Chen et al. 2007), elucidation
of the effects of AMF on uptake and translocation of
As and direct evidence showing that mycorrhizal
hyphae are involved in the detoxification of As are
still lacking. In the present study a split root device
was used to assess the possible role of AMF in
translocation and detoxification of As by maize
plants. Arsenic taken up by a part of the root system
growing in a mixture of soil and sand would be
translocated to the shoots and into the part of the root
system colonized by a mycorrhizal fungus or into
external hyphae extending into a pot compartment
containing glass beads so that external hyphae could
be collected and analysed for As. Arsenic concen-
trations in the matrix solution were also determined.
The study was designed to test the hypotheses that
mycorrhizal colonization influences the translocation
of As and that As efflux differs between mycorrhizal
and non-mycorrhizal plant roots.

Materials and methods

Experimental set up

The split-root device shown in Fig. 1 was used. Two
compartments, A (10×10×4 cm) and B (10×10×
4 cm) were used for the growth of two halves of the
split root system of the maize plant. A mixture of soil
and sand (3:1, v/v) was placed in compartment A and
Perlite was placed in compartment B. The substrate in
compartment A was amended with different levels of
As and that in compartment B was either mixed with
mycorrhizal inoculum or remained uninoculated.
Compartment C (10×10×4 cm), which was adjacent
to compartment B, was intended for hyphal growth.
Glass beads (<1 mm) were used as the substrate so
that extramatrical hyphae could be collected and
analyzed as described in a previous study by Chen
et al. (2001). The device was designed specifically to
investigate the role of arbuscular mycorrhizal fungi in
mediating As translocation and detoxification in the
plants by determining As contents in different plant
parts, and by measuring As in the external fungal
mycelium and in the matrix solution. All materials
used as substrates were sieved (1.8 mm) and sterilized
by autoclaving at 120°C for 2 h prior to the
experiment. Compartments A and B were separated
by a polyvinylchloride (PVC) plate (10×10×0.2 cm)
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and a nylon screen of 30 μm mesh size was used to
separate compartments B and C.

Biological material, growing conditions
and experimental design

Two arbuscular mycorrhizal (AM) fungi, Glomus
mosseae (Nicolson & Gerdemann) Gerd. & Trappe
(BEG167; European Bank of the Glomales) and
Acaulospora morrowiae Spain & Schenck (BEG194)
were used as inocula. The two fungi were propagated
on the roots of maize plants in pot culture for
10 weeks. The inoculum consisted of growth medium
containing spores together with infected maize root
fragments. The experimental soil was collected from
a field located at Danzhou city, Hainan province (19°
30′ N, 109°20′ E), south China. The soil had the
following properties: pH 4.69 (soil/water ratio, 1:2.5),
organic matter content 0.46%, NaHCO3-extractable P
0.21 mg kg−1, total As 1.40 mg kg−1 (HNO3–HClO4

digest; atomic fluorescence spectrometry). Other
materials used were Perlite (1–4 mm), coarse river
sand (<2 mm) and glass beads (0.8–1.2 mm diame-
ter). The glass beads and coarse river sand were acid-

washed and all of the substrates were sterilised by
autoclaving at 120°C for 2 h and then air-dried.
Maize (Zea mays L. cv. Nongda 108) was used as the
host plant.

The experiment consisted of a randomized block
design with two factors: As level in which the
substrate comprising a 3:1 (v/v) mixture of soil and
river sand in compartment A was amended with As at
rates of 0, 75 and 150 mg kg−1 in the form of
Na3AsO4·12H2O (roots were not inoculated), and the
mycorrhizal treatment in which roots in compartment
B were either non-mycorrhizal or inoculated with G.
mosseae or A. morrowiae. Inoculum (50 g) was
mixed with the Perlite in compartment B to produce
inoculation treatments and 50 g sterilized inoculum
plus 25 ml mycorrhizal fungal-free filtrate from the
inoculum suspension were added to produce the non-
mycorrhizal treatments to provide a similar microflora
except for the mycorrhizal fungus. There were nine
treatments with four replicates, giving a total of 36
boxes. All treatments received mineral nutrients
added to the soil as basal fertilizers at rates of
120 mg kg−1 N (NH4NO3), 20 mg kg−1 P (CaHPO4·
2H2O) and 80 mg kg−1 K (K2SO4). The substrate was
incubated for 3 weeks after addition of the solution
containing different As concentrations to allow
equilibration of the added As.

Seeds of maize (Zea mays L.) were surface
sterilized in a 10% (v/v) solution of hydrogen
peroxide for 10 min. They were pre-germinated for
2 days at 28°C and then sown in vermiculite. After
growth for 10 days, seedlings with one taproot and
eight to ten lateral roots were selected and trans-
planted in a split root chamber with one seedling per
box. The lateral roots were separated into two equal
parts and then placed in their two respective root
compartments. The tap root was placed in compart-
ment B to ensure good root growth and promote
mycorrhizal colonization.

The experiment was conducted from August to
October 2006 in a glasshouse at the Chinese
Academy of Tropical Agricultural Science (19°09′
N, 108°51′ E and 74 m above sea level), Hainan,
south China. The temperature was 22–30°C without
supplementary illumination. Water (or one fourth
strength Hoagland's solution when necessary but with
the P concentration reduced to one tenth) was added
to the substrate in compartment A every 2 days.
Twice each day 20 ml one fourth strength Hoagland's

4 cm 3 cm 4 cm 

10 cm 

A B C

Fig. 1 Diagrammatic illustration of the split-root cultivation
system. Compartments A and B were separated by a polyvinyl-
chloride (PVC) plate and compartments B and C by a nylon
screen (30 μm mesh). Roots of maize were split into compart-
ments A and B. Arsenic was added to compartment A and
mycorrhizal inoculum was added to compartment B. Compart-
ment C was for hyphal growth. The substrate in compartment A
was a mixture of soil and sand, and in compartments B and C
were Perlite and glass beads, respectively. Hyphae are depicted
as broken lines and maize roots as solid lines
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solution with one tenth P was added to the Perlite in
compartment B, and the glass beads in compartment
C were irrigated four times with 10 ml one sixth
strength Hoagland's solution with one tenth P. The
water supply was controlled by measuring the water
loss in unplanted control pots.

Harvest and chemical analysis

Plants were grown for 10 weeks and shoots and roots
were harvested separately and rinsed twice with
deionized water. Fresh portions (1.0 g) of the root
samples were retained for determination of mycorrhi-
zal colonization (Giovannetti and Mosse 1980).
External mycelium was collected from compartment
C of the inoculated treatments. Dry weights of shoots
and the remaining roots and hyphae were determined
after oven drying at 80°C for 48 h. Shoots, roots and
mycelium were milled and sieved (20 mesh) prior to
chemical analysis. The samples were digested with
concentrated HNO3 and deionized H2O (1:1, v/v),
followed by 30% H2O2 for As determination (USEPA
1983) or with concentrated HNO3, H2SO4, and 30%
H2O2 for P determination (Olsen and Sommers 1982).
As concentration was determined using an atomic
fluorescence spectrometer (Model AF-610A, Beijing
Rayleigh Analytical Instruments, China), and P
concentration was determined colorimetrically with
a spectrophotometer using the standard vanadium-
molybdenum yellow method (Murphy and Riley
1962). The proportions of As in shoots, roots grown
in soil and Perlite were calculated as follows:

Shoot � As% ¼ As content in shoot=plant total As contentð Þ � 100

Soil root� As% ¼ Root As content=plant total As contentð Þ � 100

Perlite root� As% ¼ Shoot As content=plant total As contentð Þ � 100

The As content of the mycelium was not included
in the calculation of total As content in mycorrhizal
plants because the mycelium contained much less As
than the other plant parts.

As concentrations in matrix solutions in compart-
ments B and C were determined by using in situ
buried anion exchange membrane (AEM) (Mallarino
and Atia 2005). Sheets of a commercially available
resin-impregnated plastic material (Chemical Plant,
Shanghai, China) were cut into strips (5×2 cm). The
strips were soaked and washed in 95% ethanol for
1 h, rinsed with deionized water, and then soaked in

0.5 M NaHCO3 for 48 h and during this period the
solution was replaced with fresh NaHCO3 at least
four times. The strips were then maintained in
deionized water prior to use. One strip was complete-
ly buried in the substrate about 2–3 cm below the
surface of the substrates in the three compartments for
2 h, maintaining the saturated status of the matrix
solution. The strips were then removed, rinsed with
deionized water, and shaken for 1 h in 20 ml 0.5 M
HCl to desorb As. The As concentrations in the
desorbent solutions were measured using the same
method as described above.

The percentage of root length colonized by the
mycorrhizal fungi was estimated randomly selected
root segments. Root samples were cut into 1-cm-long
bundles, cleared in 10% (w/v) KOH at 90°C for 12–
15 min in a water bath, rinsed three times and then
stained with Trypan blue at 90°C for 3–5 min, stored
in glycerine and measured by the gridline-intersect
method (Giovannetti and Mosse 1980).

Statistical analysis

Data were analyzed using analysis of variance
(ANOVA). Pairs of treatment means were compared
using Duncan's multiple range test at the 5% level. The
SAS version 8.02 software package was used. Data are
presented in the Tables as mean values±SE (n=4).

Results

Mycorrhizal colonization

No root colonization was observed in roots of non-
mycorrhizal plants. Inoculated plant roots in compart-
ment B had 48.2–72.2% and 59.3–79.5% of their
length colonized by Glomus mosseae or Acaulospora
morrowiae. The As addition level did not have
significant effect on root colonization rates of either
fungus but root colonization rates of both AM species
at 75 mg As kg−1 tended to be higher than at zero As
addition or 150 mg As kg−1.

Dry weights of shoots and roots

Shoot dry weights were significantly affected by As
addition levels but not by mycorrhizal colonization
(Fig. 2, Table 1). Shoot dry weight at 150 mg As kg−1
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was significantly lower compared to 0 and 75 mg As
kg−1. The As addition level and mycorrhizal coloni-
zation had significant influence on dry weights of
roots grown in soil (compartment B). Root dry
weights decreased with increasing As addition level
and root dry weights of A. morrowiae-inoculated
plants were lower than those of G. mosseae-inoculat-
ed plants and controls. Neither mycorrhizal coloniza-
tion nor As addition level showed any significant

effect on dry weights of roots grown in Perlite
(compartment C).

P and As concentrations in shoots and roots

Plant P concentrations were about 0.63–0.97% on a
dry matter basis and were presumably sufficient for
adequate growth of the host plants under the
experimental conditions because no symptoms of P
deficiency were observed (Fig. 3). As additions to
compartment A significantly increased P concentra-
tions in roots grown in soil but had little effect on
shoot P concentration or Perlite root P concentration
(Table 1). Shoot P concentration in mycorrhizal plants
was higher than in non-mycorrhizal controls amended
with As. No significant difference was found between
mycorrhizal and non-mycorrhizal plants in P concen-
trations of either half of the root systems regardless of
As addition level.

Arsenic concentrations in shoots and roots of both
non-mycorrhizal and mycorrhizal plants increased
dramatically as As addition level increased (Fig. 4,
Table 1). As concentrations in roots grown in soil
were much higher than in roots grown in Perlite or
shoot As concentrations. The highest As concentra-
tion observed approached 127.3 mg kg−1 in non-
mycorrhizal roots grown in soil at 150 mg As kg−1

but the highest As concentration in roots grown in
Perlite was only 2.3 mg kg−1. Inoculation with a
mycorrhizal fungus often had no significant effect on
As concentrations of shoots or roots grown in soil
(except at 150 mg As kg−1, where root As concen-
trations in mycorrhizal plants grown in soil were
significantly lower than in the controls).
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Fig. 2 Dry weights of Zea mays shoots and of roots (grown in
soil and Perlite) inoculated with Glomus mosseae or Acaulo-
spora morrowiae or uninoculated. Error bars: ±SE. Lower case
a and b indicate significant differences among control and the

two mycorrhiza inoculation treatments at the same As addition
levels. Upper case A and B indicate significant differences
among the three means at different As addition levels

Table 1 Analysis of variance for Figs. 2, 3, 4 and 5

Significancea

due to
Mycorrhizal
inoculation

As level Interaction

Shoot dry weight ns P<0.05 ns
Root dry weight in soil P<0.01 P<0.001 ns
Root dry weight
in Perlite

ns ns ns

Shoot P concentration P<0.01 ns ns
Root P concentration
in soil

ns P<0.05 ns

Root P concentration
in Perlite

ns ns ns

Shoot As concentration ns P<0.001 ns
Root As concentration
in soil

P<0.05 P<0.001 ns

Root As concentration
in Perlite

ns P<0.001 ns

As concentration in
soil compartment

P<0.001 P<0.001 P<0.001

As concentration in
Perlite compartment

P<0.001 P<0.001 P<0.001

As concentration in
glass bead

ns ns ns

a By analysis of variance; ns, not significant

Plant Soil (2008) 311:235–244 239



As concentrations in matrix solution

Soluble As concentrations in soil matrix solution were
approximately 99–234 times higher than in Perlite
(Fig. 5). As concentrations in soil matrix solution
(compartment A) increased dramatically with increas-
ing As addition level and at 150 mg added As kg−1

As concentrations in soil matrix solution significantly
decreased in G. mosseae-inoculated treatments but
increased in A. morrowiae-inoculated treatments. As
concentrations in Perlite increased with increasing As
addition level but the increase was more distinct in
non-mycorrhizal plants than in mycorrhizal plants.
Mycorrhizal colonization significantly decreased As
concentrations in Perlite when As was added and
there was no significant difference between the two
fungi. As concentrations in the matrix solution of the

glass beads did not differ significantly among all
treatments regardless of mycorrhizal inoculation or As
addition level (Table 1).

As concentration in external mycelium

As concentrations in external mycelium of both fungi
collected from the glass beads increased greatly with
increasing As addition level. There was no significant
difference betweenG. mosseae and A. morrowiae in the
As concentrations in the external mycelium (Fig. 6).

Proportions of As in shoots and in roots grown in soil
and Perlite

Neither mycorrhizal inoculation nor As addition level
had any significant effect on the proportion of As in
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shoots or roots of mycorrhizal plants grown in soil or
Perlite (Table 2). Arsenic percentages in shoots were
mostly between 6 and 7% and the values for roots
grown in soil and Perlite were approximately 90 and
1.5–3.2% respectively.

Discussion

The split-root device used in the present study
allowed us to investigate the long distance transloca-
tion of As within the plants and the possible role of
mycorrhizal hyphae in mediating the process. Arsenic
was mainly retained in the roots grown in the soil
amended with As as shown by the higher concentra-
tion of As in the roots grown in soil compared to
shoot As and roots grown in Perlite (Fig. 4). The
proportions of As in shoots and in roots grown in soil
and in Perlite were approximately 6–7, 90 and 1.5–
3.2% when As was applied (Table 2), indicating that
As was translocated from the roots grown in the As
amended soil to the remainder of the plant parts.
However, As translocation seemed to be limited by
restricted upward transport of As from roots to shoots
and retention of As in the roots, which has been
suggested to be an effective mechanism for most non-
hyperaccumulator plants to tolerate As (Ahmed et al.
2006; Leung et al. 2006; Meharg and Macnair 1991).
In general, As(V) is taken up by the phosphate
transporters in the plasma membrane while arsenite

is taken up via the aquaglycerolporin channel
(Meharg and Hartley-Whitaker 2002). As(V) can be
reduced to As(III) in the plant roots (Quaghebeur and
Rengel 2003; Webb et al. 2003; Xu et al. 2007). On
entering the roots, translocation of As within the plant
occurs both symplastically and appoplastically, with a
common pathway from roots to xylem, xylem to
leaves, and leaves to phloem (Campos et al. 2004;
Wachaupe 1983).

Inoculation with G. mosseae or A. morrowiae in
the B compartment often had no significant effect on

a

a

b

A

c

B

a

C

a a

a

a

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

NM

Gm

Am

a

a

a A

b

B

ab

C

a

a
b

b

0.000

0.002

0.004

0.006

0.008

0.010

0.012

NM

Gm

Am a

a
a

A

a

A
a

A

a

a

a

a

0.000

0.001

0.002

0.003

0.004

0.005

0.006

0 75 1500 75 150 0 75 150

NM

Gm

Am

As addition level (mg kg-1) As addition level (mg kg-1) As addition level (mg kg-1)

A
s 

co
nc

en
tr

at
io

n 
of

  
m

at
rix

 s
ol

ut
io

n 
in

 s
oi

l
co

m
pa

rt
m

en
t (

µg
 c

m
-2

)

A
s 

co
nc

en
tr

at
io

n 
of

  m
at

rix
 s

ol
ut

io
n 

in
 P

er
lit

e
co

m
pa

rt
m

en
t (

µg
 c

m
-2

)

A
s 

co
nc

en
tr

at
io

n 
of

  m
at

rix
 s

ol
ut

io
n 

in
 g

la
ss

be
ad

 c
om

pa
rt

m
en

t (
µg

 c
m

-2
)

Fig. 5 Soluble As concentrations in the matrix solution in
different compartments of the rhizoboxes. Error bars: ±SE.
Lower case a, b and c indicate significant differences among
control and the two mycorrhiza inoculation treatments at the

same As addition levels. Upper case A, B and C indicate
significant differences among the three means at different As
addition levels
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Fig. 6 Arsenic concentrations in hyphae collected from the
glass bead compartment. Error bars: ±SE. Lower case a and b
indicate significant differences between plants inoculated with
the two mycorrhizal fungi. Upper case A, B and C indicate
significant differences among the three means at different As
addition levels

Plant Soil (2008) 311:235–244 241



shoot or root As concentrations (Fig. 4) and this was
unexpected because an increase in shoot P concentra-
tion was observed in mycorrhizal plants (Fig. 3). If As
(V) was the main form of As translocated within the
plants an increase in shoot As concentration would be
expected. We therefore assume that As is very likely
translocated mainly in the form of As (III) although
the species of As present in the xylem sap was not
determined. Recently Xu et al. (2007) showed that As
(III) was the dominant form in xylem sap of
Lycopersicon esculentum and Oryza sativa. By
comparing two mutants of Arabidopsis thaliana,
namely pho1 (P deficient) and pho2 (P accumulator)
with the wild type, the earlier study by Quaghebeur
and Rengel (2003) also suggested that As(III) was the
main As species translocated and As was likely to be
translocated via a different pathway to P. The
proportions of P in shoots and in roots grown in soil
and in Perlite were approximately within the ranges of
70–77%, 10–14% and 10–16%, which was in marked
contrast to the As distributions in different plant parts
(Table 2). Although As and P are analogues and
arsenate and P are taken up by the same phosphate
transporters in plant roots, there is growing evidence
to indicate that As and P in the plant follow different
metabolic pathways. The process of translocation of
As within plants and the involvement of P in the
process require further study.

Microbes detoxify arsenate by reduction and efflux
of arsenite (Ghosh et al. 1999; Shi et al. 1999;
Mukhopadhyay et al. 2000, Mukhopadhyay and
Rosen 2002; Rosen 2002). Plants also have a high
capacity to reduce arsenate (Meharg and Hartley-
Whitaker 2002; Salt et al. 2002; Quaghebeur and
Rengel 2003; Duan et al. 2005), and recently Xu et al.
(2007) found that tomato and rice roots rapidly

reduced arsenate to arsenite while some of the
arsenate and arsenite were actively released to the
medium when plants were grown in solution culture.
Efflux of As from mycorrhizal and non-mycorrhizal
roots was also found in the present study and As
concentrations in the matrix solution of mycorrhizal
plant roots were significantly lower than of non-
mycorrhizal roots (Fig. 5). The process and mecha-
nism by which mycorrhizal plant roots exude less As
is unclear and remains to be investigated. The
presence of As in external mycelium (Fig. 6) indicates
that As was translocated to the hyphae and can be
deposited in the external mycelium. In the literature,
apart from the P-mediated effect on the improvement
of As tolerance in mycorrhizal plants (Ahmed et al.
2006; Chen et al. 2007; Xu et al. 2008), exclusion of
As out of the roots and sequestering of As by binding
on hyphae and other fungal tissues in the roots have
often been proposed (Trota et al. 2006; Ultra et al.
2007a, b) but have not yet been unequivocally
demonstrated except for the observation of As efflux
from the roots of Calluna vulgaris infected with
Hymenocyphus ericae (Sharples et al. 2000) and
Glomus species have been found to have a strong
binding capacity for Zn and Cd (Joner et al. 2000).
Our study provides some insight into these aspects by
showing that mycorrhizal fungi may alter the efflux of
As and As may be deposited in the hyphae. Recent
studies by Ultra et al. (2007a, b) also showed that
different As species occurred in the rhizosphere of
mycorrhizal plants compared with non-mycorrhizal
controls.

The two arbuscular mycorrhizal fungi G. mosseae
and A. morrowiae showed similar affinities to the
roots of maize as indicated by the percentages of root
length colonized. Aside from a few exceptions, this

Table 2 Arsenic percentages in Zea mays shoots and roots (grown in soil and Perlite) inoculated withGlomus mosseae or Acaulospora
morrowiae or uninoculated

As addition level (mg kg−1) Inoculation treatment Shoot-As% Soil root-As% Perlite root-As%

0 G. mosseae 7.25±3.85 90.75±3.60 2.00±0.84
A. morrowiae 5.98±2.64 91.78±4.04 2.24±1.65

75 G. mosseae 7.33±3.33 91.15±2.47 1.52±1.32
A. morrowiae 7.57±0.95 90.59±1.09 1.84±0.77

150 G. mosseae 9.43±1.47 88.55±2.05 2.02±0.94
A. morrowiae 6.78±1.75 89.96±2.23 3.26±1.99

Data are means±SD (n=4)
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often led to similar effects of inoculation of these two
fungi on plant growth (Fig. 2), enhanced shoot P
nutrition (Fig. 3), decreased As efflux into the
substrate (Fig. 5) and deposition of As in the external
mycelium (Fig. 6). A broad range of fungal species,
particularly those fungi which have adapted to As-
contaminated sites, should be included to further
elucidate the involvement of AM fungi in As
translocation within plants.

In conclusion, our results indicate that As can be
translocated within mycorrhizal maize, possibly main-
ly in the form of As(III). Inoculation with arbuscular
mycorrhizal fungi may alter the efflux of As from
plant roots and the deposition of As in the external
fungal mycelium, implying a possible role for
arbuscular mycorrhizal hyphae in the detoxification
of As in the host plants.
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