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Research advances in heavy metal contaminated soil remediation by phosphate

solubilizing microorganisms
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Beijing Key Laboratory for Source Control Technology of Water Pollution College of Environmental Science and Engineering, Beijing Forestry University,
Beijing 100083, China

Abstract: Soil contamination by heavy metals is becoming one of the most severe environmental issues. Since heavy metals
cannot be degraded and can persist indefinitely in soil environments, how to remediate heavy metals polluted soils has
become a difficult and hot issue in environmental pollution control area. Phosphate solubilizing microorganisms ( PSMs) can
dissolve insoluble phosphorus and transform it into soluble fractions by utilizing their own metabolites or through the
synergistic effects with other microbes and plants. PSMs also has multiple functions in plant growth—promotion and heavy
metal detoxification. PSMs can improve the resistance ability of plants against various diseases and strengthen the survival
competitiveness of phytoremediation plants under toxic levels of heavy metals. This paper provides an overview of PSMs
research status, and summarizes the remediation effects and mechanisms of heavy metal contaminated soils by PSMs. The
disadvantages of PSMs for remediating heavy metal contaminated soils are also analyzed and the future research orientation

are pointed out accordingly.
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Table 1 The most frequently studied phosphate solubilizing microorganisms

TR 2 Species #i )& Genus

FRSCIC B & ( Erwinia )  3EHOFT 5 J& ( Bacillus ) B AT B J& ( Thiobacillus ) AR 98 5 J& ( Bradyrhizobium ) I 5. 76 ¥ 14 J&
( Pseudomonas) \#FT & ( Flavobacterium) JHFRFE & ( Micrococcus) 1T J& (Arthrobacter) |15 57 [CH & ( Serratia) |, 1
HEFTF R & ( Agrobacterium ) | i 41 B J& ( Enterbacter ) | 18 % & ( Azotobacter ) . Y2 ') [K B J& ( Salmonella ) . & FF 5 J&
( Clromobacterium) =0l J& ( Alcaligenes ) Y575 [CH J& ( Escherichia)

PRIV ( Fusarium ) . /N % B J& ( Sclerotium ) . AM B MR B ( Arhusclar mycorrhiza ) . 1 B J& ( Aspergillus ) . 75 %% J&
( Penicillium) | W ( Rhizopus)

M Bacteria

HE Fungus

e

. . BERE TR ( Streptomyces) Wi IS ( Nocardia) B (Actinomyces albus) .+ R H: 7= (Actinomyces rimosus)
Actinomycetes Strain

AT 2 KRR AR W D L 0 23 e R ) O AN TRDA € 1800 23 BE 6 8 Ak AT ML 1) A BILIBAE Bol 2 0 R RE 6 348 ik AL
B TEHUBE A 4 ELR ply T 5 8 T bk B 7T L 43 i TE MLt T A5 LB, O LA 52 o 58 10 o Rt AR
X7r,

Y4 Ak, WIEHRE B Y O 39 ANJE 89 LB AT T g vk 7, v B S R A
PR C 2 2 s BOR C R RENE G UK 1R AR I BA R B R A R Azziz
G4 NGt Ay B 12 MR T bR , iEFT TP-RAPD $88CHIE & B, Hrb 10 BOM BRI s , 1 vk
R RAA TR RTETE R | MO A SIFTRE . IRl 0L B DA B 3 I R A BRI T
AR TE R

2 BSMENNTIRESRETRANEERE

2.1 fEBERCEYIR R TEGE
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R, ST R B SRE SE R B 2 R AT LA RAAIG - 8 v EE 4 T TR sl R A SR R 1 B T e G
TG R T MY R K AR TR R R RIS Y e EAR (D) SEVE A K EAR (d) W HE AT
DL AE ffp s TR ARG B RE 7 . BRAE SO NI P8 X - HE P A B AU TR AR Y14 2t e iAo Nz WE , H D/
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YR S R A Y R BE 7, BFIT A, X/ INRE S DR T B 2% T 2 T U 2 A 5 o R P e 9 i R 1Y
B, S 5 v RE MR I R S W R e . FVT AR YRR 3R 2 R R 40 B I 27 2F S % B R R
R EHAA TR IR T | W B e 20 A F) 402.9 mg/L 1 589.9 mg/ L, fi#HE R4y ik F)] 19.7% F1 28.8%, Jin
Hee Park % BF5E 0, BAVA AT B AT LLA I 6.46 mM B 41 1Y 17.5% , F 30 B AE 1 AR bt
Pk, AN A 5 R BE 0 25 S K, T DA 2k e A58 ol T gl S A O
22 fREEHUEYINES BB

R E N E SRR IR E SRS e R P i B BRI M &R L, T e B A B b
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P A B A ) DR R %) B BRI DA™ DX 43 5 1 B 4 i 2 e i i 2 O 7 o 4 T e - 3B R 5 T A AR K
FHYE S, W RAR R R S B AR AT U — S A AR AR S R RS R T . Misra NLZEU'S
A R S A AR R 43 B 1) 6 MR AR TCHLIE TR , ELAT R I (A iR | ] B X o e 170 At 2 1 2 0L AR SR 1Y
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Y0 B 1) 4 SR P i PRAEAEAR 5 1) 2R AN ) ) 4 S A AN [R] B Btk S TR ) — o 4 i 18 70 2 35 R 6 AN [
FIZ0TE TP AFAE TR TR BRI T 12 Sk B Al 3B A7 G T 4 B BTk S R ol 3 e i T R 2 IR T 7
RAR A FE A W 2 A %) B 45 i e 35 TR R el T g 5 R B 5 2 SR 5, K el X i i e i B 4w
15 Y LB A TR A PSR
2.3 IR R Y E AR B E R T R

T AR AR WA I B SR IT A DL ) B A A G - e AN pH Eh
BN (P AL A YR L RR ) | T 4 I8 JC 2K I e 0 45 5 i g i 1ol A W vt 38 J 4 TR B S e 0
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43 FA IR A S 78 37 5 AR 2R B ISR, B MR R A A R B 1 R T
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Fig.1 Growth promoting effect of phosphate solubilizing microorganisms on heavy metal accumulation in plants
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Table 2 The most frequently studied phosphate solubilizing microorganisms( PSMs) and the species of heavy metal contaminated soils
fiEwE L A ES BIZVEH PerE P B 45 R 275 ik
Phosphate solubilizing microorganisms Heave metals Repair function PGP activities Repair results References
T IMAEAS ST ) e 193.2 ¢/L ZnSO, YE I F
Acinetobacter haemolyticus Zn fesfr 1A F0 kB K wEGE L16]
I I B e rr e TUE TWERG RS fEET
Pseudomonas vranovensis Ph DLGEAE IAA BRAI % TR [54]
W AT I s
ULVEAE L/ . - '
Enterobacter agglomerans 5 e . e K %A E 4
TR E5 1 5 F P A S Ul T S 571
. . PeAEAE

Acinetobacter calcoaceticus
PN REN:A| - . BEmn Z5 4 0 AR i
Arbuscular mycorrhizea cd BEAEAE AHIE X Cd ARk [57]
A T e .
Bacillus Cr PRy TP A FROT Cr AORENE [29]
Ea ) _ Ak e SN Cr (VI) B3 5, A2
Cellulosimicrobium cellulans Cr fEAVEH IAA 3 BR PELT B K [66]
A A N en R AR 9 2 0 T I
Enterobacter cloacae Pb ULVEAE i R BB E S IR [13]
AR o . T 56 M
Glomus intraradice Cu LA G M 4 B A2 [40]
PRI Ni Zn G BEEM/ IAA BRERMR ., FRIRT Ni F Cd 97, [46]
Enterobacter aerogenes A RAVEH ACC IE W PR T IR AE

T , S Cd LT AR P AR
ik L IR . Cd IR
Bacillus megaterium td fEAEVEH o = ’ B Cd kA [39]
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RG] GIEERUES AR ferER T Lo S 3CHk
Phosphate solubilizing microorganisms Heave metals Repair function PGP activities Repair results References
&R ) SALAERL/ s s
Pseudomonas Mn feA1ER A A [67]
i g 5.

L A I L

) Cr IAA A i E, A>T e Y [33]
Pseudomonas aeruginosa feA1EH ﬂléllﬂl
DA AL . AEFE R 2 1y H R SR e Ak
Pseudomonas fluorecens He LA A BRI RARAIESS [68]
EiHT S Zn AT W RN Zn 0 691

uconacetobacter diazotrophicus

T REAT B . AR . REINIT 3 A Wy i KO Ni
Bacillus subtilis Ni e A1EH 1AA JBE F I [70]
g (1 T B e i . ) ULREMEIL/ TAA BREAR . MO FKRIZE X Ph Al
RO VO /R IE T Burkholderia sp. Pb.Cd s e ACC Wit cd HIk [14]

£ b AR RS i B A 0 AN [ B R AR AL AN [A] , (R ke e T LAy S A5 T, 160G, Ak ot
AWy DR L SR B W s HLE P A BEIR AR R, 5 B R A U IR R DCTE , [R] T 3 ad A= My iz B R 2R
SEAE T B AR 4 e A L S T A R S A ARy m AR I, o < o o 80 T sl A A . R, St 2
] LE 3 WA HLAR R ZAR 151 SR | Tk Sl HCN S50, 45 G i 0 2% 2 W sl b 2 o 4 s )
FEAEMNZS, P TG AR A R E A T P, T iR ) s e Wil AR HIBLERANIAD 2 B

& ® ®
by y
F% 8 N K . o o
wm omml 5 Elw ' & &,
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Fig.2 Mechanisms of phosphate solubilizing microorganisms in remediation of heavy metal contaminated soils
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PSRRI, B | IR T SRR W ) AR O T BE R X S i A
I# 5 ET A FE JeR F)R M B HEXSUml VE IR ] o S B, 7 SRR 1 R B AR R
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S T 4 N ) RUBE R SRR | DT B i 8 ol 2 ) e KU A~ i A 18 2 o 4 J 45 e O i %) I S 7
L, SEASERAIESEAN ) L e EREE 25 P T A i o B T i A ) B F SR AN B S AL

(3) ok Z XHE R A DA™= 1) ik 0 D) BE S T < SR DU IR S DO BB N IR A S, Bof MR R ALY J=
TS B <G T T A e D RE R K] 1) S5 P SRS Ak e BE 7 PRS2, 5 T i e D) BE R IR 08 52 B 2 s v ) 7
P A U] i A A

PR, 06 AN [ DX < i 79 SRR, W G e e B R s - S BRI AR S O, Al Bl A 4 5
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