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Impacts of arbuscular mycorrhizae on plant uptake and
phytoremediation of pyrene in soils
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Abstract Uptake of pyrene from soils by clover  Trifolium subterraneum L. and capsicuam Capsicum annuum L. in
the presence of arbuscular mycorthizae AM fungi was investigated using a greenhouse study. The impacts of AM on
phytoremediation of soil pyrene contaminant were also elucidated. Two arbuscular mycorrhizal fungi AMF including
Glomus mosseae and Glomus etunicatum were experimented. The initial concentrations of pyrene in soils were 0-75.18
mg/kg. In 60 days inoculation of AMF significantly enhanced the uptake of pyrene by clover from soils basing on the
root concentrations root concentration factors and accumulated amounts of pyrene in root and shoot. However no sig-
nificant influence was observed for the inoculation of AMF on the uptake of pyrene by capsicum. This would be the results
from the weaker mycorrhizal infection rate and mycorrhizal dependence MD  for capsicum. Compared with phytoremedi-
ation arbuscular mycorrhizal remediation AMR was more efficiency on soil pyrene contaminant reduction. In 60 days
67.80% —92.40% of pyrene was degraded for AMR process. However the accumulated amounts of pyrene by tested
plants contributed less than 0.2% to the total degradation of pyrene in soils. In contrast the enhanced microbial activi-
ties and consequently the increase of microbial degradation of pyrene in soils in the presence of AM should be the predom-
inant mechanisms of AM bioremediation for soil pyrene contamination .
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Fig.1 Mycorrhizal infection rate of Trifolium subterraneum L. and Capsicum annuum L. after 60 days
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Fig.2 Roots and shoots biomass of Trifolium subterraneum L. and Capsicum annuum L. after 60 days
2.3 AM AMF1
2.3.1 115.21% 103.47% AMF2
1 133.31% 114.49%
AMF AMF 2 S4
S1—~S5 AMF S5 AMF1
0.42 mg/kg 42.36 1.29 mg/kg  4.98 mg/kg AMF2
mg/kg AMF1 0.62 mg/kg 2.23 mg/kg 6.32
86.19 mg/kg AMF2 0.78 mg/kg AMF S5
mg/ kg 90.86 mg/kg 4 S5
1 mg/kg
Table 1 Concentrations of pyrene in root and shoot of Trifolium subterraneum L. after 60 days
Soils
Treatments S1 S2 3 Nz S5
Roots
CK 0.52 0.11 0.42 0.20 0.43 0.24 12.43 2.60 42.36 7.59
AMF1 0.91 0.50 0.64 0.45 0.62 0.37 26.75 4.36 86.19 2.02
AMF2 1.51 1.26 0.78 0.04 1.24 0.73 29.00 11.08 90.86 29.66
Shoots
CK 0.09 0.09 0.06 0.05 — 1.16 0.98 0.72 0.39
AMF1 0.07 0.06 0.11 0.08 0.08 0.02 1.35 1.15 1.13 0.40
AMF2 — 0.11 0.10 0.16 0.14 1.09 0.66 1.93 1.47

Note

Data in bracket are standard deviation. The same below.
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2.3.2 AMF
3
‘ Mycorrhizal Depen- AMF1 AMF2
dence MD MD % = / 52.02% —~ 85.83% 58.89% —~
x 100 131.85% AMF
S MD 400%
MD MD AMF
MD
3
60 d S5 Table 3 Root concentration factors of pyrene
AMF2 Soils
90.86 mg/kg  6.32 mg/kg 8 Plants Treat. 4 S5
PAHs PAHs CK 3.60 1.49 2.48 1.04
Trifolium AMF1 6.69 2.17 3.77 0.96
subterraneum L. AMF2 5.72 1.14 5.75 2.73
CK 0.43 0.22 0.27 0.11
0.155% 0.807% Capsicum AMF1 0.19 0.09  0.25 0.05
1 annuum L. AMF2 0.41 0.19 0.27 0.08
2 60 d S5 AMF1
AMF2 0.72 1.13 2.3.3
1.93 mg/kg PAHs
0.54 0.32  0.08 mg/kg 4 AMF
4.55 4.98 6.32 mg/kg 4
AMF
AMF S1 S5 AMF
0.494 0.643 0.181 2.610 18.642
AMF ng/ AMF1 AMF
66.48 %—~309.96 % AMF2
2 mg/kg 95.00% —~435.02% AMF2
Table 2 Concentrations of pyrene in root and shoot of AMF1
Capsicum annuum L. after 60 days
Soils 5
Treatments 4 S5 AMF
Roots
CK 2.64 0.43 4.55 1.55
AMF1 1.29 0.37 4.98 1.49
AMF2 2.23 1.38 6.32 4.00 2.4 AM
Shoots AMF
CK 1.30 1.09 0.54 0.01 3 6.02 — 75.18
AMF1 0.22 0.15 0.32 0.28 me/ke AMF1 AMF2
AMF2 0.20 0.17 0.08 0.00
AMF 5.30%

~ 58.55% 12.30%—61.04%
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4 ng/pot
Table 4 Accumulated amounts of pyrene by root and shoot of Trifolium subterraneum L.

Soils

Treatments S1 S2 S3 4 S5
Roots
CK 0.494 0.270 0.643 0.084 0.181 0.125 2.610 0.700 18.642 4.310
AMF1 1.120 0.615 0.723 0.141 5.142 0.546 10.701 1.990 31.033 14.521
AMF2 2.645 1.233 0.651 0.173 0.516 0.200 11.617 5.831 36.345 19.413
Shoots
CK 0.065 0.060 0.023 0.020 0.047 0.024 0.005 0.003 0.327 0.163
AMF1 0.051 0.020 0.098 0.050 0.060 0.015 0.026 0.018 0.655 0.193
AMF2 0.051 0.020 0.118 0.095 0.120 0.080 0.427 0.099 1.158 0.543
5 ug/pot 2 4Oroc
Table 5 Accumulated amounts of pyrene by % _ IS O AMI =
Capsicum annuum L. ui %j 30 W AM2
g A
Soils g = 22 _
Treatments 4 S5 = B
Pyrene accum. in roots § % :5 :
CK 0.135 0.072 0.728 0.257 ERe 2 i H_L.
AMF1 1.284 0.100 1.494 0.415 EJ 0 _I:Ifﬁ_lﬂ L ﬂli L L
AMF2 0.558 0.326 1.264 0.787 S1 52 53 s4 S5
Pyrene accum. in shoots +# Soils
CK 1.196 0.981 0.378 0.173
AMF1 0.249 0.035 0.158 0.229 3 AME
AMF2 0.102 0.080 0.073 0.064
Fig.3 Effects of inoculation with AM fungi on the
residual concentrations of pyrene in soils with
60 d AMF different contamination levels
67.80%—92.40% AM
4 S5 3 AM
6 60 d AMF1 AM
4.00 mg/kg 22.87mg/kg 92.40% AMF1 AMF2
69.58% AMF2 0.063% —~ 0.173%
5.07 mg/kg 15.81mg/kg 90.36% 0.074%—0.180% AM
78.97% AMF 0.01% 4
9.65 mg/kg  34.11mg/kg PAHs
AMF AM
8.69%—~24.34%
0.2% AM
3 PAHs
AM
PAHs AM
Joner
PAHs *
AMF PAHs AMF

AMF PAHs Gaspar '8
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Table 6 Contribution of plant accumulation of pyrene to AM-remediation
Treatments
AMF1 AMEF2
Plants Soils % %
Degradation ratio % Degradation ratio T %
4 92.40 0.03 0.063 0.012 90.36 0.04 0.074 0.035
Trifolium subterraneum L. S5 69.58 0.04 0.173 0.112 78.97 0.13 0.180 0.095
4 86.84 0.09 0.010 0.005 89.57 0.02 0.004 0.002
Capsicum annuum L. S5 73.72 0.05 0.009 0.002 67.80 0.13 0.007 0.004
Note T T is the ratio of plant accumulated amounts of pyrene to the total degraded-pyrene in soils.
AMF PAHs I 2005 24 3 498-502.
AMF  PAHs Gao YZ LingWT ZhuLZ et al. Ryegrass-accelerated degradation
of polycyclic aromatic hydrocarbons in soils J . J. Agro-Environ.
Sci. 2005 24 3 498-502.
AMF AM s .
J. 2001 2 20-24.
Geng CN LiPJ Han G Y. New method of bioremediatio-mycorrhi-
3 zosphere bioremediation J . Techn. Equip. Environ. Poll. Cont.
1 AMF 2001 2 20-24.
6 Zhou M Rhue R D. Screening commercial surfactants suitable for re-
60 d AMF1  Glomus mosseae AMF2 . o . .
mediating DNAPL source zones by solubilization J . Environ. Sci.
Glomus etunicatum Techn 2000 4 1985-1990.
7  BonelloP Bruns T D Gardes M. Genetic structure of a natural popu-
AMF lation of the ectomycorthizal fungus Suillus pungens J . New Phytol.
1998 138 533-542.
« ” 8 PAHs
I 2005 25 9 2320-2325.
2 AM Ling WT ZhuLZ GaoYZ et al. A novel study on root uptake and
60 d AMF its prediction model of PAHs from soils J . Acta Ecol. Sin. 2005
67.80%—92.40% AMF 259 2320-2325.
8.69% —24.34% 9  Gao YZ Zhu L Z. Phytoremediation and its models for organic con-
AM taminated soils J . J. Environ. Sci. 2003 15 302-310.
0.2% AM 10 Reilly KA Banks M K Schwab A P. Dissipation of polycyclic aro-
matic hydrocarbons in the thizosphere J . J. Environ. Qual. 1996
25 212-219.
AM 11 a
J. 2007 26
2 526-532.

I LingWT Gao Y Z. Promoted dissipation of phenanthrene and pyrene LiuSL Luo YM DingK Q et al. Rhizosphere remediation and its
in soils by amaranth  Amaranthus tricolor L. ] . Enviton. Geol. mechanism of benzo a  pyrene-contaminated soil by growing ryegrass
2004 46 553-560. J . J. Agro-Environ. Sei. 2007 26 2 526-532.
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Zhou Q X. Technological reforger and prospect of contaminated soil re- Chen BD Li XL Zhu'Y G. Characters of metal adsorption by AM
mendiation J . Techn. Equip. Environ. Poll. Cont. 2002 3 fungi mycelium J . Mycosystema 2005 24 2 283-291.
36-40. 13
3 ZhuLZ GaoY Z. Prediction of phenanthrene uptake by plants with a 7. 2006 17 11 2217-2221.

LiQL LingWT GaoY Z et al. Arbuscular mycorrhizal bioreme-

diation and its mechanisms of organic pollutants-contaminated soils
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