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WE SR H a8 E, HaJE S — e A
TATETRY), HEA TS5 A e i
Bk, SECRIEY - BB R, 0] Db A
HARME YRR AN, XA SIREE R g
J3E3 ™ H AU ( Mahar etal., 2016), K, 7
BT AN PEAT A ) T 4 T T Y AR RN PR
ARBE,  DME it bt Ht A G B AME &

AR, AT B HA S 4w X A
AR A AR 52 ( Wickramasinghe et al., 2017;
Wang et al., 2018 ), K&, HIEHAEY
X 4 JE A R BURFR R T A, O
RERE T I000 + AR S R S8 B Bt 81k, K&
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FRAKYE (Azarbad etal., 2015), X FEEETGY
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CL2 8 T KA TAE (Chodak et al., 2013; Abdu et
al., 2016; Caporale et al., 2016; Wang et al., 2017;
TRIHESE, 2016; HESOHSF, 2016; Zhang et al.,

2015; Huangetal., 2017 ), XFiX SERF57 AR EA T A
45, RIESELET | IR A YR RS

TAE YRR S5 DN RE RN Z e . TSGR . 1
WP B A A SRR AR Ik . BEE T AR
(TFES) . BRI R HR . 16S rRNA. DGGE., %
B | ZE SRR R AU W12 ( Zhang
etal., 2014; Yinetal., 2015), X THEL/EITS
TR X RS R, RN
BT SR I, JEIH AR eV Y T RE AL
K/ T KSR RS . AR B S50 TH
(Aydin et al., 2015; Azarbad et al., 2015; Hemme et
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al., 2016; Martinez etal., 2017 ), #Rifi, HEixT
ZO T 2 A RSN LRI . AT AR
ER G R HE R (e A ek
YITEIE S5 R/ RE AN R | fE Y PR T RE L A
JEE P TACIERE . AR M A PSR )
PIRFFEBIRIEAT T 2538, $8 1 T HRIiEsE A7 e )
[R]EE, XA SE 7 1 AT T RS AR
1 EEEXTEREYRIMm
1.1 TEREWE

A W) B 4 & T e B AR BT AR TR], KR 1
T 3R BH o TR B 1) o 4 R 8 0T IR A= W 7 A
i, FRARHAYmE ()&, 2016; Zhangetal.,
2016 ), —J7 101, B A0 T 4 Jm REAS B SR A Y
SERANTIRE, PRGN FE T, WA T
sE e IR A & S — i, FESR
e, I iR W R B R T FERE i LAHKAEI A
BElaa ] 7 A Y8 K Tayebi et al.( 2014 )
WEGE B, 5 4 JE X A 9 o 7 A B B R /N B
RERH> R, [l 4 R R RN 1
e A L BT ) R R SR IS A5 2016)
WG R IR, A X B - e rh e i A W i bl
T4 B VS YRR A i B T R RIS AR
FEAG o (ER:, A BFITHE IR B 1) 5 4 i 75 Y g
SR P ) AR A B v A AR T A A i A= ) i
(AR, 2016; FEE, 2017 ), LhrByE 4R I5Y:
WRZUE AT T, ARRESM E IR R PR
B A Jm TS Y U W A AR T e A s e G = AE
B X Sl [T PN A AT A R ik o PR T AN [R) 2528 1
B WMAEYA T ES, W —EES B MAEYEY
AT EANFRE I (X, 2016 ), Hit, 7F
A3 BT AR A 52 H T 4 8 s G IR i S A A
IY 4 JE X A W AR S T RR I RS M T o A
1.2 TIEMEWMEE

- R AE W R s - MRS T R AR AL
il F) B AU A A, R AT PSR AP R I R A
FRE MY FE IR TR R . REZEE M
T, FEAJE T Yo P A (AR 45 RA RN
AR ( Zhang et al., 2015), KiIZESEIR
15 IR P A RIS S5 2 R AR AR, W
SRR e A I kAL, G 43 R X 0 o 32
THIGE kA, OGS 3 (UL E 4 )
otk ) BRI RIS T RIE MU R, X
HWMEZIFHE (Xieetal., 2016 ), ANFEFEAHE
Yyx} 4 W SRR AN ] T P AR AN R i, )
J& (2016) WF5R LB, I, M. K.
G TRV P TS 57 R B 380 3R Rl L TR > T T > A R
B RN BRI Y AR AR AR I P

PZFErE, FOEMUE TR TEis Y- gerpay
EHT TS AR, SESBaT T RZE R =F
FEREN ( Azarbad et al., 2015), UaRHXEEHHA:YFh
THERE N8 5 I ik 1V o 45 Js DA 1 7F A F LA S
P R AR AR . ARREERY As ARt
AR BSOS ERE, B R
SR TGN, PLFA srdriiss, &2 [RFHPEANEE/
FAPEAN B Y LB T (TEIRSE, 2014 ), {HEBA
MR, HRUEYIREIE S5 S 4 R I5 e A
WAY5EE, Grandlic et al. (2006 ) #F5E T HIIAGIAA
e A B XA YR R N, 5 SR B AR X e 2
DAREVE A5 18 77 5

TEER AR (A AP A, &
KF pH (HSE ) S e 4w e e F Ayl Al H
o UL, SCEMREE AR LT RE R th AR R
3V AL R P52 1Y ( Kenarova et al., 2014 ), i
e 5T 5 R R R A A TR AR G
% ( Zhang et al., 2016 ), fi4l1, Chodak etal. (2013 )
IS R B AR 3 sl A= W o 4 1 SRR R R
TR I RUEY . HiEr, X TESEAHA

SEMA IS = BURAE U DR SR AR KT I
HEFTI, AR SR P R 8 A A 1 % 45
AT A3 A S LB A AN B A . STt
PR TB AR B A R XA i 1 4 15 e R )
B, A SR W AR EAE BB TAEA i —
IR, BeAh, T ARIERISEEE LA S R G AT
Ko e, FEAFhANGE HOCTERRE R 25 A 224
HAE, HEEEARIHSCHENHEY S LA
REFTREZ RIS AR . L, TFE R 4@ X
HER A PRI RE MAHOCIE A | 3L R AP S A
AR M A5 THI RIS
1.3 TEREYIeEER/ZERRMRGED

TR Y s AR N SRR R B A
25 —-Z25RIES, XN T A Yihe
ZHE S TETIREZ FOCR B4, NIt
BT R DR AR B T i RS AR AR AL AN A W AR 2
BN Z 8] B G R IR — DB s . ME T4
YRR B P R R, N e LS R B
SN AR A R CRBEHE | R s
TR ) FRIITEMNGF AR ERIER L
A LA | B A AR DI RR AR R 0 1E R
BT,

TEARRIHEBE RO . B RPES Yeny 38, ik
YRR RE 2 FEVEM 22 BN . B sk 2 i 4
RERWY, ZRENFEESESBHHEVLIRIFHICH
FEH (ngmis e mima . 4JE s b i AE R
LA, SLHEXE SR IMESEREER . 55,
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Z 532 B R S R S R 4R
TG RE R B, ULIIZALEIAE RUE PiE
VA R R OB UK e R 2 L I (Y5 P {1713
FERT, 5 R LR S AR 56 A 6 R ek i e e
XA REJE TR MRS 4 R V5 Y T B R
WA RS E RS Yy 3 A EE AR g
KRR E YA/ (Epelde et
al., 2015), 7EZE4 @ EIGY M 5, L
YRR HEAOKE R, SRR ZREERAL, 5
EHAP—YRE R (E 4B RSEN MRS
JRFENAE ) AR IR . Yin et al. (2015)
R S mAH . EEERE (chrR, metC Fl
merB %5 ). A HLRER AR DA AEA G ) D RESE
PR 223k Wt R TG T R MR I S T e
AN Z 0] AR B A AR G5, TR
G J 5 YL PR ELAT v N 52 R 1V g

TRV PRI REAE R AN ) PR 8 5240 i P 5 4
0F e o 51 Bl w2 G N O I Ry = W e Y L LA T
Y EPER 23K S /) (Hemme et al.,
2016; Martinez et al., 2017 ), Hob, KEEFEF:F
W T A, 5 E AR TR R
iae R AT LR RS ok A Z IR, AUEE
I B0 3 P A AR i A 4 B A B
M ATV FH 32 (A B 11 S (o A sl OB (AR P ) 2
PERAEAR L, SR M REE S5, L,
IROFIE R 5675 ] Bl 3R W RPN 6 S 4 R VS
YT YR ZREME R 2 LR, SR, HRETECT
4 E 5 Y T TP I RE L K RE O 5T ™ R
B, WA T X I R (KRR 1O 2Ry
FHURIIETE, RS R RS E AL,

VLAER, e 8 A A0 E e B 1 K
ok A A R AT M A VAN B R
ST H, Fgn H T ESE YRy
BEERIIFST . Lacrtda et al. (2007 ) M ZEHE A4
FARBIGE T W RIS KR TS Y fma AL, 45
W, RSN F L ALERS S 2 DNA #5473,
HEMHESE DNA BE R AR SRR N (F
FHBA L) BRI, MTsYulsisg T 58 48 /M HE
FGE A G AR 10 ( ATP A U . ABC #5581
HUMIMRGEA ) R, SO R T S k4
HEBR = 40 s R A M Bk, 94, &
4 J@ W8 I RS R D A A i HA AR 2B
B aniE 3 A AR e B 1 DA IE R 0 A B B
P SE A B A P0G f R BH 1 E 3 4 W as i HoAth
AWK F I AE WA AT & SRR 1 A R o i
(Hall, 2002). Hodson (2013 ) Bf5L k¥, E4)E
it T —s B A SRR, HaT L

HZMESBSS, (E—Brembha 42 kKe
Pk skmg (2013) W5 T E A EX HIEEA TR
IR, S5 RIAMEE B E IR, i
AT 35 KD WA BREIR D, 15 F A
X/ (25 15KD ) ME A B RIR N, Xl EE
= 1 G 7k oy STER i AW e sl e
B, EERSHEMAY A AT A R
(n&EmEn . AEA ). HTARESEE
AIRES A SFRMEY = AR EAR, HESE
RIS FR R NSRS X 28 /N1 26 B 40T, 30KE
BT T R Y E A R T SZ AL . 5
Ah, TR R R e SR R R R e R
HEsG, HfE SRS GG RN P RE Y E A
JRELH AR IE B, LA AE B e IR 15 BLAA
A IR 3 AR S B 1 B A e R U

T T 4 @ 15 Y Gl A WA T A QI i A A
R, I ARG Y S AR g R E P AR
A, HETTRT A D e A — E 5 ( Xiong
et al., 2010), 5 j8t BAAYS Yedzhb b Ak AR
WA TLFRA S (Costaetal., 2015), {HiE
K I A H 75 e T B0 e AR I 4548 R ik /K A
A AL ) LR G A 32( Bérard et al., 2014 ),
FRSEE (2012) B K IBEVGHIN 0K B
IR 015 Y R B 5 A R W TR B 1R A
B . FRBERN A T 4 S V5 i T 350
AT TE IR IR SERR AR A, i S S
YA T R R IR A A
2 FTEFESEXNREMEINR
2.1 TIEMIERE

- SR T I 5 40 S WA A 4 AR R
W, AMUS R B B UG, T HXTE 4
R U . BIHECY IR, FEA TS5 Yt 1
WG A2 — EAFE R, IR SR 2
[ 5 R BEE B R AR fR I ek AR, 5 3o A BT
) Er i . AR LR AR Y SR A,
AR5 pH RIS KRB HIELR, M. @, 41
BER IS e B BRI T APPSR, X
FLD - A5 HeR R+ B & ( Chen et al., 2014 ),
TERD RN 375 mgrkg ™ FE, SRR A
T 15%, [ KGR 4 FYE s B i A 1500
mg-kg H17 500 mg-kg HYAREXT - LTI = ] 4
FERE AT ( Yang et al., 2007 ), #Rifii, Zhang et al.
(2010 ) BF7¢ &k B 4 15 e bl it 1 /K F - HEAY I
WS, X AT e R ON7E B 4R e T e AR
TSN A& B ) T RE R A A R
22 EBEEEXTIEESFEERNZMm

- B0k H T IR E R e, BT
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FE W — e 2 5 3] - 58 A 4 A6 21 A 1 A Qi
IRE A Y R s o A R R A
T, X - ERE AR RS PR 2 e E MR ( Burns et
al., 2013). J4b, TEERAEY SOLAY b 7
[REZ P T SR 1, X VR SR e S £
B Z A EEF EVINER . I EwES
PRI DUVE A s e 48 P B W0 0 ) — A E
Fro - HEBHG TR ASfL S5m0 SR R, T
+ IR LS 50E A SO G S, TERERERE
A A T it 2 RS 2 B R SRR T R
Vit tnea . WREPEE R 2K E BaicE 3 -5,
P P 0 v P T Rl K WL £k 5 0 7K i R TG AL
W (Huetal., 2014), PR —2KS 53)E LM
FRfb R N, I H-S Rk 9 el f g )
e (H75E, 2018 ). SEAER S AMEY
ARG O, BRI R E B R (R
45 2016),

B e 4 R IS YL Y H 25, e
XTI 4 S Y e R MR B 2 B 0eE . E
SNETFIR T RETIT, SRR E S RIS ant
IR A AR S IR . R Mo
(JURHt . FRVERERREGSS ) X514 Jm V5 YL AR A ok
TR (I o E SRS ), TR RSN T,
JOR TR Xof 4 5 e P BUER R B R T IR LR e, Mt
AR R T A AL S o S AL U . IR
BERRBE A FEPER G T S AR (F. B, Y. 4.
i, #%) MR R CRRBORKSE, 20165 Lietal.,
2017 ). Tayebietal. (2014 ) WF5E45h, HEAImI5 Y
o [ G PR PR TR N 4 B AR T R 2B
BTG T E A, A R R
FHEIER) . BKLIEE (2015) WFFE R E 48 15y
PRI . R 48T U Y T TG )
HE A — S ok B0 AE T 4 V5 Y ™ o A + 38
ARG RS ( Hagmann etal., 2015 ),
SR, T HE 4@ V5 Yot - SJE i v 1 R VE AL
HRETEAGRE, 45 NNSEIZ T T

- PTG X 4 S e AR Ak A e AR P
3 pH., A HUTAIRS & BB G, 95
B IR RTEE A (500 mgkg™ ). 1 (50 mgkg™)
R (1 mgke") SRAABIR, HiEESE4R
W R 5 AR G T Bt 25 - 35 P A HILT A R Y AT
F&AK (Xian et al., 2015), #A4b, EEBEATGY:
5@ x HIEMN/E M AR, Khan et al.
(2007 ) #&H, HARETHEAE B X A SRS M i 4 i
YEFRTH—E4)E; 1M Wyszkowsk et al. (2006 )
WM, — e R H R R R T
WS, BB SRR AT . HAIRES N

RW N BHE R N, Z EPng, Hamisd
Xof LRI PR R 23 S0, AR VAR
N R TS Qe R A A PPN PR AR B A AE — SE A FR
i, LG T Y ISP L o
3 &it

4G 15 Y 30 RE RS R I SRR M AR S
FerE, BN, HHERCEYEYE . RERAT A Z R
P e ShAE, (RIS RATRAIAF, A
SEBEVE . M B TE I R . XA S
JERMERBEA G, i 5 TR BEPE R (pH, &%
KB ) A5, (BRI R G HEmI5 5]
AL PR A ) A 25 R A2 A 5 1P/ 0 2R H I i
ARG —1ER. AT, KRBT EE SR
A AT, SRR R E SRS
G 1R A MR RN, AT LSS A T At B
PR A= A A5 . F ORI LI B G R 5
AR RR0Y, HHRRE 2R, 5525
SMRAGENR BT, BARSCE B AH ETE />
SBSEBRIGE L PRI, T4 G N & AR T Y
SEH AR LU TE WA M R AR R s e S U
PIFFEZ [ AR o BERSANTR] Y - SRR 4
FRIET L ARRL AU P s , T IR E &R TS
DOIRBLIT AL HE P SRl AR 2 o
4 RE
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GE A VU 5 15 ) E oA W e AR 2 ad e
BRI, R LT LA J7 TR i — 25 1Y
e

(1) 13 pH fH . KokightaF s KR40
AR 2 U 4 SR TSR E TS SRR
BN, et E RIS HIEREAE S
FHIERYOC R YRR B, XX SEP R A T4 5 0 i
A3 Hr e J2 W o < T Xk - S W A A R T
SO SR GBS

(2) I or5AY-Fofr bR e Gas i, TEHE
Tl L P R < e 9 e SR A WIS AR . e
KRR, IR ARl AR AR HIPL .
R O R I R E MR ifE . 2 HAEYE R
FRDOLER PCR T kW AP R 2R
IRFIARAL, FEIMGEXS X LR N KR 1 /IO T 3X
HorFHLHIAGRETE, Eh A i i it v
45k, sRACHACH T RELL KA iR W) e P A3t
e T

(3) H AT R G i e B I T f - 1A
A A SRR R RN , R IEAS LA E
ok R AE W T WL I R AE, FEHO AR Y
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A Review
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Abstract: Ecological characteristics of microbes are always recognized as indicators of pollution in soil ecosystem, since microbes
are more susceptible to heavy metals (HMs) stress than plants and animals. This review summarized the recent advances in the effect
of HMs on soil microbes. The aspects included changes of soil microbial biomass, community structure/function and diversity, metal
resistance genes/proteins and metabolic ability, soil respiration and enzyme activity. Current studies gained controversial results with
stimulative, negligible or inhibitive effects of HMs on soil microbes being observed. This may be owing to the complexity of soil
microbial system, or the differences in species and concentrations of heavy metals, and soil properties. With the development of
molecular biology, studies on the relationship between HMs and soil microbial characteristics were shifting from the macroscopic to
microscopic level in recent years. In particular, many researches have revealed the impacts of HMs on the expression of functional
genes and proteins of soil microbes, and the related metabolic pathways. However, due to the complex relationship between HMs and
soil microbes, it is critical to quantify the role of different factors in impacts of HMs on microbial characteristics. Also, molecular
mechanisms controlling the response of soil microbial community to heavy metal stress should be studied by new molecular biology
techniques. Additionally, the toxicity threshold of HMs to soil microbes should be determined by exploring the effects of
concentration and exposure time of HMs on soil microbes. An evaluation method based on soil microbial responses for different
types of soil and HMs should be established as well. This will provide a rationale for assessing risk and remediation strategies of
heavy metal contaminated soils.
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