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Abstract Aims Ectomycorthiza ECM was generally considered to have a positive impact on the host plant
exposed in contaminated soil and could enhance heavy metal tolerance. However most researches have focused
on single-ECM seedlings in experimental conditions and the effects of mixed-ECM on the host are inadequate-
ly studied. Because woody plants are usually inoculated by mixed-ECM in natural conditions it is essential to
study the differences between single- and mixed-ECM inoculations especially the dissimilar effects on heavy
metal tolerance which can help us better understand the mechanism of ectomycorrhiza.

Methods  After a 4-week growth period  Pinus tabulaeformis seedlings inoculated by Boletus edulis and Xe-
rocomus chrysenteron and the uninoculated control were planted in Cu and Cd contaminated soil. We measured
growth and element accumulation 12 weeks later.

Important findings Compared with the uninoculated control ECM inoculation not only enhanced the host’ s
growth and biomass but also reduced the concentration of heavy metals and their transportation from root to
shoot. Seedlings inoculated by mixed-ECM strains had higher heavy metal tolerance than those inoculated by
single-ECM strain. This advantage was especially remarkable at higher concentration. Results showed that in 3
mg kg™! Cd contaminated soil Cd concentrations in the shoot and root of mixed-ECM seedlings were only
59.1% and 70.7% of the control 11.3% and 18.1% lower than single-ECM ones. However the dry
weights of mixed-ECM seedlings’ shoot and root were 1.14 and 1.20 times than the control vs. 1.18 and
1.17 times for single-ECM. In 400 mg kg™' Cu contaminated soil the dry weights of mixed-ECM seedlings’

shoot and root were 1.01 and 1.09 times than the control while the Cu concentrations in the shoot and root of
mixed-ECM seedlings were only 61.8% and 79.6% of the control 0.7% and 3.8% lower than single-ECM

seedlings.
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Table 1 General soil characteristics of the soils used in the experiment

pH

. Heavy metal concentrations in soil
Soil type pH value 1:2.5

Total organic

Total N % Total P %

cartbon % Cu mg kg'] Cd mg kg'l

Brown soil 7.5 1.668 3 0.093 8 0.267 6 25 0.064
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Fig.1 Effect of ectomycorrhizal infection on the dry weight of biomass under different Cu and Cd treatments
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Fig.2 The root/shoot ratio of Pinus tabulaeformis seedling influenced by ectomycorrhizal infection under different heavy metal treatments
B.e X.c 1 See Fig. 1
2.1.3 Cu Cd p<0.05
Cu B.e 4
400 Cu
mg kg™ 17.8%  24.4%
50 166 mg kg~!
400 mg kg~ ! B.e
88.9% 90.2% 3 Cd B.e Cu
Cd 97%  123.1%
3 mg kg™! 400 mg kg™'  B.e
23.6% B.e 83.4% 79.6%
0.75 mg kg™! Cd Cu 50
166 mg kg™ !
12.3% 26.3% 1.5 3mgksg ! Cd 400 mg kg~ !
62.5%
2.2 Cu Cd 61.8%
Cu Cd
Cu Cd 4
Cd
2 B.e B.e



Cd
Cd
Cd

Cd

5 927
Cd 70.9% 90. 4% 74. 2% 3
1.5mg kg=!'  Cd B.e mg kg !
81.7% 88.8% 70.7% 70.4% 59.1%
20
Cu Cd
18 + A
g s — 16 %
- 3 7
e %
%5 . % 0 9 .
L 14 +
2 16} (? % CP
£ X .
I
12 +
l i
14 1 ! Il Il 1 1 L i 1
0 100 200 300 400 0 1 2 3
T RES IR
Heavy metal concentrations in soil (mg-kg=!)
O— A$M Uninoculation O—B.e A—B.e & X.c
3 Cu Cd
Fig.3 Effect of ectomycorrhizal infection on the root length under different Cu and Cd treatments
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Table 2 The effects of heavy metal treatments and inoculation on accumulated concentration in seedlings
F p
Metal Section Source of variation df MS F-value p-value
Cu Shoot Cu 2 0.000 04 1.80 0.180
Infection status 3 0.000 14 7.12 0.001
Cu & infection 6 0.000 09 4.44 0.002
Root Cu 2 0.016 74 8.02 0.001
Infection status 3 1.191 29 570.83 <0.001
Cu & infection 6 0.007 58 3.63 0.006
Cd Shoot Cd 2 0.019 12 21.95 <0.001
Infection status 3 0.107 06 122.91 <0.001
Cd & infection 6 0.002 89 3.32 0.011
Root Cd 2 2.349 90 10.79 <0.001
Infection status 3 54.125 08 248 .49 <0.001
Cd & infection 6 0.550 28 2.53 0.038
3
3.1 Pa-
tra et al. 1994 2004
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Fig.4 Effect of ectomycorrhizal infection on the Cu and Cd accumulated concentration in seedlings
1 Notes see Fig. 1
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