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Fig. 1  The resistant and detoxifing mechanisms to heavy metal of microbe.



TR R MR - R Y 3 A R R 7 B R G R IR e b B T R . /AR 2 iR (2010) 50 (11) 1423

FHIXBEALH , A= W n] Lok 72 e A0 T 6 s Y S 1
A 0 Sl A W A B i R — PP ARG B i 2 4 T %

Metal-microbe
interactions

Biosorption
2+

M
~ L]

M2+
2+
M

Bioleaching
e.g. Heterotrophic leaching
-
Insoluble Organic
+ .
metal i acid

soluble metal-chelate

Metal MO,

(reduced insoluble)
Metal-chelate

Biotransformation

e.g. Bioreduction

e v N
Metal MOZ ‘
(oxidised soluble)

WS R — R AR A R S AR AT (B 2) o

Bioaccumulation

M?* (out)
M?* (in)
”

Microbially-enhanced
l chemisorption of metals
-

e.g. Hydrogen uranyl phosphate

—

HPO3 + M2 —>MHPO,
CO% + M2* ==MCO,

H,S+M>* — MS

CO,+M2*

Biomineralisation

Biodegradation of

chelating agents

H2 #4EY—SLREEEATEDESHEE

Fig.2  Metal-microbe interactions affecting bioremediation.
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Table 1 Heavy metal resistance rhizobia and Plant growth promoting substance by rhizobia
BB CiE FRAE ) ALK W T 2% 30k
Strains Heavy metals Plant growth promoting substance References
B. japonicum siderophore [50]
R. leguminosarum bv. viciae 128C53K ACC deaminase [51]
R. leguminosarum bv. trifolii ARPV02 P-solubilization [49]
R. leguminosarum MRP1 TAA [52]
S. meliloti Alf12 As,Pb [38]
R. leguminosarum MAI9-1 Cd [56]
R. etli AY460185 Zn [43]
R. gallicum AY509211 Zn [43]
Rhizobium sp. RP5 Ni,Zn IAA , siderophore [44]
Bradyrhizobium sp. RM8 Ni,Zn TAA ,siderophore, HCN [44]
Rhizobium sp. RL9 7Zn TAA , siderophore , HCN [44]
Mesorhizobium sp. RC3 Cd TAA | siderophore [45]
Cupriavidus taiwanensis TJ208 Cu,Cd,Pb [64]
M. metallidurans STM 2683 Zn,Cd [46]
B. liaoningense CCNWSX0403 Cu,Zn [54]
B. liaoningense CCNWSX0360 Zn [54]
S. meliloti CCNWSX0003 Ni [54]
S. meliloti CCNWSX0020 Cu TA A, siderophore [39]
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Fig.3

Rhizobia-legume symbiosis for remediation of heavy metals contaminated soils.
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Table 2 Some naturally occurring legumes on metal tailings in the northwest of China

A 45 3B X =2 Liik7
Investigated site Mine tailing Plant
PP NE] A KEEHE A (M. lupulina)

KisE B fE (M. lupulina) , 5 KA (M. suaveolens) , ¥ Hi . ( Vicia sepium ) , 3¢ &. ( P. vulgaris) , i 5 %

S0
e P X B =9 ( Sophora viciifolia )
BRAEET Kk B4 (M. lupulina) , 5 KR (M. suaveolens) , 3 5. ( Phaseolus vulgaris)
) KiEE T (M. lupulina) , M 2H 7 (L. cuneata) , A5 ( Kummerowia striata) , % 465 ki T ( Lespedeza
Bewr . _ L
B 7 = foribunda) , 4 =W ( Trifolium repens)
o s KEETE (M. lupulina) , # " 8 A 5 (L. cuneata) , 2 £ 8 & 1 (L. floribunda ), 81 5. ( Vigna
i unguiculata )
P K5 BT (M. lupulina) , 3 K (M. suaveolens) , | # ( R. pseudoacacia ) , % 5. ( P. wulgaris) , & W
e 7 s [T ’ (Albizia julibrissin)
By HIML(R. pseudoacacia)
R Bt (L cuneata) , Z LK T (L. floribunda)
[R0n WM (L. cuneata)
T L - KEEETE (M. lupulina ) , fl#E (R. pseudoacacia ) , FH T ¥ K #R ( Melilotus albus) , 2 1% # £ ¥ (L.
PR .
Sfloribunda)
E20N FIBL(R. pseudoacacia) , ATFHARM (M. albus) , ZEHIET (L. floribunda)
HR R KisE B 18 (M. lupulina) ,fI# (R. pseudoacacia) , M 37 (L. cuneata) ,§4 AR 55 (K. striata) , 53 5 Hl

(S. wviciifolia)
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Application of rhizobia-legume symbiosis for remediation
of heavy-metal contaminated soils

Gehong Wei” ,Zhanqiang Ma
(College of Life Sciences, Shaanxi Key Laboratory of Molecular Biology for Agriculture, Northwest A & F University,
Yangling 712100, China)

Abstract ; Heavy-metal pollution in soil is a major threat to human health and the entire ecosystem. Legumes and their
associated rhizobial microorganisms are important for the biogeochemical cycles in agriculture and natural ecosystems.
Legume-rhizobia symbiosis is very important in restoration of heavy-metal contaminated soils because the fixation of
atmospheric nitrogen by legume-rhizobium symbiosis can increase the accumulation of nitrogen and organic matter. We
reviewed the importance of remediation of heavy-metal contamination in soil and the current situation of remediation
techniques , analysed the advantages and disadvantages of each remedial techniques. We address especially the superiority,
recent advances and potential application of the legume-rhizobium symbiosis in remediation of heavy-metal contaminated
soils.

Keywords: Rhizobia; Legumes; Symbiosis; Heavy metal; Bioremediation
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