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Combined Remediation Effects of Arbuscular Mycorrhizal Fungi-Legumes-

Rhizobium Symbiosis on PCBs Contaminated Soils

TENG Ying"?, LUO Yong-ming"*, GAO Jun"?, LI Zhen-gao"”
(1.Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science; Chinese Academy of Sciences, Nanjing 210008,

China; 2. State Key Laboratory of Soil and Sustainable Agriculture; Institute of Soil Science,> Chinese Academy of Sciences; Nanjing 210008,
China)

Abstract: The combined remediation effects of dual inoculation with an arbuscular mycorrhizal fungus ( AM)D and rhizobium ( Rhizobium
meliloti) with a host plant Calfalfa) on PCBs contaminated soils was studied using pot experiments. The results showed that alfalfa had a clear
role in PCBs removal in soils compared with treatments without alfalfa and inoculated microorganisms, PCBs concentration in lightly and heavily
polluted soils decreased 15.8% and 23.5% > respectively. After planting alfalfa with single incubation of Glomus caledonium, PCBs
concentration decreased 14.8% and 24.1% from lightly and heavily polluted soils, decreased 20.6% and 25.5% for single incubation of
Rhizobium meliloti > respectively. After dual incubation with Glomus caledonium and Rhizobium meliloti> PCBs concentration in lightly and
heavily polluted soils decreased 23.2% and 26.9% . We also observed that soil microbial communities in alfalfa rhizosphere soils had a higher
carbon utilization rate, improving the functional diversity of the soil microbial community. The results suggest that dual incubation of Glomus
caledonium and Rhizobium meliloti has great potential in remediation of PCBs contaminated soils.

Key words: polychlorinated biphenyls; alfalfa; arbuscular mycorrhizal fungusC AMD s Rhizobium meliloti; combined remediation
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Fig.1 Effect of plant combined with microorganisms on PCBs total concentration in soils tested
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Fig.3 Effect of plant combined with microorganisms on soil microbial metabolic profiles

AR IE PR 1 A o] DL I SR A B, 1R
i o 8 o ST S T 4 B AR g AU
5+ PCBs 1 BR A S B 3 MR O6 . Kk 255V
W R A B8 O 1 35 T A 0 TR b B = R RV
g5l

3 it

COAE SR AL B 7 - BT R 0T - AR 11 0Bk £ 18 R AR
A RAE A X b PCBs 1 B AIRS 2 1 A
F 5 TR 2846 7 2 B X PCBs A7 550 5 1) i 52
PE, XF PCBs V5 4 LS HATRL LT B R )

(ORYJR R AE B 7 12 5 PCB 175 4 3 1) 5
A PR T T8 R B TRT 1 R L TR7 AT R R T XL ol o
RACH A 19818 R W) S K1 B b 1 R
17 H AR SR T E AR B S B AR K 1 2 B
B, O T A R A M A D RE 2 R T,
TR B TR A1 AT LS A SAE T A0 PCBs V5 ¢
e AR .

ERpaE

[ 1] Valle M D, Jurado E> Dachs J» et al . The maximum reservoir capacity
of soils for persistent organic pollutants: implications for global cycling
[ J]. Environmental Pollution, 2005, 134: 153-164.

[ 2] Ockenden W A Breivik K> Meijer S N» et al . The global recycling of

persistent organic pollutants is strongly retarded by soils [ J 1.

Environmental Pollution, 2003, 121: 75-80.

DRSS il 2D i ARIE L 2 SRR 1R R I8 I B AT 2 F S0t i

L1 ®b2# 4], 2000, 45(15): 1572-1583.

fiti /b i, RIS 1, BER T . 22 SUBCHRAE S 80 35 e b DXCER 8 v 1Y

o3 A S BT L] A BR A AR 1995,15(4): 423431

SRAH S, VEAE AR, AN BT R A WL R —— 2 Sk

KRS ] A BTRE 2 4, 2002, 22(6): 788-791 .

Brunner W Sutherland F H> Focht D D. Enhanced biodegradation of

[3]

[4]

[o6]

polychlorinated biphenyls in soil by analog enrichment and bacterial

inoculation[ J . Journal of Environmental Quality, 1985, 14(3): 324-

[7]

[9]

L10]

[11]

[12]

[13]

[14]

[15]

L16]

[17]

[18]

328.

Komancova M Jurcova I» Kochankova L et al . Metabolic pathways of
polychlorinated biphenyls degradation by Pseudomonas sp. 2L J].
Chemosphere; 2003, 50: 537-543.
Chekol T, Vough L R, Chaney
polychlorinated biphenyl-contaminated soils: the rhizosphere effect
[J]. Environment International , 2004, 30: 799-804.

Boldt T S; Sprensen J» Karlson Us et al . Combined use of different Gfp

R L. Phytoremediation of

reporters for monitoring single-cell activities of a genetically modified
PCB degrader in the thizosphere of alfalfal J1. FEMS Microbiology
Ecology, 2004, 48: 139-148.

Schnoor J L, Licht L A> McCutcheon S Cs et al . Phytoremediation of
organic and nutrient contaminants [ J ]. Environmental Science and
Technology, 1995,29: 318-323.

Singer A C> Crowley D E, Thompson I P» et al. Secondary plant
metabolites in phytoremediation and biotransformation[ J 1. Trends in
Biotechnology> 2003, 21: 123-130

Whitfield-Aslund M Ls Zeeb B As Rutter As et al. In sit
phytoextraction of polychlorinated biphenyl-C PCB) contaminated soil
[J].Science of the Total Environment,2007,374: 1-12.

Luo W S, Angelo E M D> Coyne M S. Plant secondary metabolites,
biphenyls and hydroxypropyl-8-cyclodextrin  effects on aerobic
polychlorinated biphenyl removal and microbial community structure
in soilsL JJ. Soil Biology and Biochemistry, 2007,39: 735-743 .

ER b, MRSt R I ARCE RS R R )], L,
2004,36(3):251-257.

KIS, B8, T Te o, A5 R IFLa JEETS Bt e I AR AR
O o AR E S A RO TEL 0], L3 i, 2004, 41(3): 336-
342.

XU, SR KT, T e, &5 L 3T LS B A 1 ST
Jiat e [7]. 24,2003, 35(3): 187-192,210.

Mehmannavaz Rs Prasher S Os Ahmad D. Rhizospheric effects of
alfalfa on biotransformation of polychlorinated biphenyls in a
contaminated soil augmented with Sinorhizobium meliloti[ J1. Process
Biochemistry, 2002, 37: 955-963 .

Ahmad D> Mehmannavaz R»> Damaj M. Isolation and characterization of
symbiotic N,-fixing Rhizobium meliloti from soils contaminated with
aromatic and chloroaromatic hydrocarbons: PAHs and PCBs[ J1J.

International Biodeterioration and Biodegradation, 1997, 39:33-43.



2930 7N 58

B

P

% 29 &

L19]

[20]

[21]

[22]

[23]

[24]

Damaj M> Ahmad D. Biodegradation of polychlorinated biphenyls by
thizobia: a novel finding[ J1. Biochemical and Biophysical Research
Communications, 1996, 218: 908-915 .

Leigh M B> Prouzovia P> Mackova M> et al . Polychlorinated biphenyl
(PCB )-degrading bacteria associated with trees in a PCB-
contaminated site [ J 1. Applied and Environmental Microbiology
2006,72:2331-2342.

Mackova Ms Vrchotova Bs Francova K, et al. Biotransformation of
PCBs by plants and
interactions[ J1. European Journal of Soil Biology»2007,43:233-241.
Zak J C> Willing M R»> Moorhead D L et al. Functional diversity of

bacteria-consequences of plant-microbe

microbial communities: a quantitative approachl J1. Soil Biology and
Biochemistry,> 1994, 26: 1101-1108.

Garland J L, Mills A L. Classification and characterization of
heterotrophic microbial communities on basis of patterns of
community-level  sole-carbon-source utilization [ J 1. Applied and
Environmental Microbiology> 1991, 57:2351-2359.

TV RS, B B, Jfil s A5 AN RDR A 9 T 1 i v e L3 R A 4
DR S BE TR e 2 AR MR SE i [ ], BSR4 24 4, 2003, 23

(3):370-375.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

S A 2 HT T EEOM L A i AR AL R
fi#t:» 1999.107-240.

JEJR SC, 1B . S Ge vk 23 A S 3 DPS B s B R Gl M.
BT B2 HiRAE: 2002.33-80.

Johnson D L; Maguire K Ls Anderson D R et al . Enhanced dissipation
of chrysene in planted soil: the impact of a rhizobial inoculuml JJ. Soil
Biology and Biochemistry> 2004, 36: 33-38.

Asai K, Takagi K> Shimokawa M et al . Phytoaccumulation of coplanar
PCBs by Arabidopsis thaliana [ J 1. Environmental Pollution, 2002,
120: 509-511.

Mackova M, Macek T, Ocenaskova J» et al. Biodegradation of
polychlorinated  biphenyls by plant cells [ J 1. International
Biodeterioration & Biodegradation, 1997, 39: 317-325.

Estime L, Rier J P. Disappearance of polychlorinated biphenyls
(PCBs) when incubated with tissue cultures of different plant species
[J]. Bulletin of Environmental Contamination and Toxicology, 2001,
66: 671-677.

Kirk J L, Klironomos J N> Lee Hs et al. The effects of perennial
ryegrass and alfalfa on microbial abundance and diversity in petroleum

contaminated soill JJ. Environmental Pollution, 2005, 133: 455-465 .





