43 6 Vol. 43 ,No. 6
2006 11 ACTA PEDOLOGICA SINICA Nov. ,2006
1,2 1.2t 1.2
Q 210008)
(2 ( ), 210008)
; :BICLOG
S154. 36 A
, 1
[1]
100
(
2000 Jon Qopley'? ’ .
) on piey . AsCd O Cu Po Ni
Nature f -1
Zn , 658 mg kg
’ , (121.0 mg kg™ 1)
29% 45%, 3447mgkg '
’ 81% 85%°
> >
[4]
_ (51" Yamanoto
( DNA RNA | ) (Cu<100mgkg ') 35 :
(cul1000mg kg™ ') 25 ,
’ (Cu 10 000 mg kg™ 1) 13 (6]
* (40432005) (2002CB410810/ 9) (BK2005166)
1 ,Email :ymw @nil.isss. ac. cn
(1975 ), . , Email : yteng @il .isss. ac. cn
:2005- 12- 08; :2006- 05- 28



1019

6
) , (PCBS) Cu Ni Zn
, Ni Zn :
1 (211 1
Amann 7]
, 95 % ,
99 % , [22] ,
[23]
10 , :
[24 26]
, (BIOLOG ) ,
(RLFA) (PCR) :
[8 12] [24]
(1) (
) (Average well
2 color development , AWCD) ,
[27,28] (2)
AWCD :
, BIOLOG , (0]
BIOLOG 1989 , , AWCD
= (3)
2 000 (4
1991 Galand  Mills (B (4
(18] BIOLOG : (Y=
ODsw= K/ (L+bxe " 9) K
,r
BIOLOG ,
( (BIOLOG Q\) t
(BIOLOG GP) (ECQD) ) s 12
(14 8 knigtt BIOLOG , ,
Ccd Cu Zn 191
Kell BIOLOG ,
[20] Basth [23]
,2005. 39 45

@



1020 43
BIOLOG
[32 35] _ _
) (1208 )
BIOLOG ,
; BIOLOG (G - Cn)
; Fostegdrd ;
[32] (3] Zdles
3 :
¥ Fogegird
(Prospholipid fatty acid, ALFA) ,
) , R FA
RFA, RFA ) )
, cyl7 O ,
(io) (anteizr)
R FAs 1 , , R FAs
1 (PLFA)
Table 1 Diagnodic R_FAs hiomerkers o some microbid goups in sils
Microbid group RFA References
Qanm negtive bacteria nmorounsaturated FAs 16 w7t , 16 1w, 18 1w7 cyl7 0, cyl9 0 [34,44]
Qamrpostive bacteria I and anteio FAsil5 0,A15 0,i16 0,i17 0, al7 O [38,44]
Actiromycetes 10 Me FAs 10 Mel6 0,10 Mel7 O, 10 Mel8 O [36,40]
Pseudbnonas 16 0, 16 1w7c, 18 1w7c/ wot/ wil2t [24 45]
Fung al5 Oand al7 0 ,16 Iwsc, 18 2w6,9c 18 1wdc 20 4 23 0,25 0,21 0 [24 34,36 45]
Protoma Eukanyefic dgee and Polyunseturated FAs 16 1w4 16 3 18 403 20 4 20 5 22 6 [47 48]
10Mel6 O 10Mel7 O  10Mel8 O 18 206,9 20 4) ,
, 10Mel6 0 10Mel8 O , / ,
[l : Cd Cu Ni Pb
Zn , 18 2w5,9
, Cu , AFAs, brl7 0 brl8 0, i antedo
18 2w5,9 A FAs Pennanen ,
: Cu Ni ,
Frogtegard Cu Ni
18 2069 : (381 white
18 206 ,9 ( 16 107c,18 107c)
, (10Mel18 0) .
, i/ antei 015 0 (€] kdly
RLFAs
18 206 9'*!  Pennanen , (%1 Olson :
( ( Cytophagar Fl avobacteri urmr



6

Bacteroi des) 16 X05¢c
10Mel16 0 , 2
10Mel7 0  10Mel8 O ,

A FA [41]
Sra ,

RFA(i15 0, al5 0,15 0,i16 0, al7 0
cyl7 0) o
(p<0.01) Maike RLFA

(Lumbricus terrestris  Allolobophora chloratica
Esenia fetida)

[43]
JAFA
(1)
. ; (2)
JA_FA
1 (3) RFA
(QA/QQ)
4
4.1 DNA
DNA
DNA G+ C ,
[49 50] [51 52] , DNA
DNA [50,53 ,54]
DNA
( 24 76 G+ Cnol %) ,
[52] DNA
, Qiffiths
Po Ni ,Zn Cd,Cu ,
G+ Cnol % DNA ,
(%] sandea

DNA G+ Cnmol %

(%1 Quress

1021
DNA 35% 77%nol G+ C,
45% 70% ol G+ C,
G+ Cnol %
, [57]
,G+ C mol %
DNA
DNA (s}
DNA
4.2 PCR rRNA rDNA
10 , DNA
., DNA ( 16S rDNA
)
[59 65] PCR
DNA
(ARDRA)
(TFRALP) (RISA)
(ScP) (rep-PCR)
DNA PCR RT-PCR
(PCR-DGGE TGGE) ,
Sith ARDRA
(60] .Brim
ARDRA Zn
Raistonia
%] ARDRA ,
TRFP ,
DNA ,
(o 7 ,Ranjard 16S rRNA



23STRNA  PCR e ! DNA
, |_g 168 rDNA y ’
, Hg RISA ,
|_g 1
(73] rep- ’
PCR ( ,
DNA , PCR
) ) (& &]
,16S rDNA ( Arthrobacter)
(Badillus) ( Pseudomonas op. ) ,
cd [74]
(PCR-DGGE TGGE)
[64,73 78]
PCR 16SrRNA ,
DNA ) )
DGGE PCR )
DNA (2 4h) ? ?
, DNA Sandaa ( ) (
PCR-DGGE ) "
, ?
, ( Crenarchaeo
ta) (%61 Kozdroj PCR-DGGE ? ,
,DGGE ,
’ [84]
(71 Muler
, Radgj envski
16SIDNA  DGGE (Sable-i otope probing, SIP)
78] , Perkiomaki PCR ,
DGGE Nature
(7ol [es] ,Samantha  Radgjewski
2 , (SIP-PCR-DGGE)
ERIC —PCR

(LmPHS) [86] ,

[80] 16S rDNA (871 ,



1023

[1]

[2]
[3]

[4]

[5]

[6]

[7]

, BIOLOG A FA

, 2003, 18(4) :493 496. Eath

Minigry of Chinee Acadeny of Stiences. Ewvironmenta pollution
and oontrolling countermeasure in rgpid developing coagd regon of
Sutheag China (In Chinese) . Advance in Earth Sciences, 2003,
18(4) : 493 496
Qopley J. Eoology goes underground. Nature , 2000, 406: 452 454
Kuperman R G, Carreiro M M. il heavy metd concentrations, mi-
crobid biomass and enzyme activities in a contaminated grasdand
ecogysdem. il Biol . Biochem. ,1997 ,29:179 190
Hiroki M. Hfectsdf heavy metd contamination on il microbid pop-
uation. il Si. Hant Nutr. , 1992 ,38:141 147

) 2002 ,11(1) : 85 89. Teng Y, Huang C
Y. Emlogcd dfect of heavy metds on il microbes and research
advances on the mechanisms of bioremediation (In Chinee) . il
and Environmental Sciences, 2002 ,11(1) : 85 89
Yamanoto H, Tatsuyama K, Uchwa T. Fungd flora of il polluted
with copper. il Biology & Biochemidry, 1985, 17:785 790
Amenn R |, Ludnig W, Shieifer K H. Prylogenetic identification
and in sStu detection o individua microbid cellswithout cultivation.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Microbiol. Rev. , 1995,59: 143 169
41(1) :203 107. MaWL. A new method for research on il m
icrobid dversty (In Chines). Acta Pedologca 9nica, 2004,
41(1) :103 107
,2004 ,41(4) :612 617. Li
H, Chen GX, Zhang Y, et d. Application on o nolecular biotech
niques d the sudy on microbid diversty in polluted sils (In Chi-
nes) . Acta Pedblogca Snica, 2004 ,41(4) :612 617
) . ,2006,38(2) :
113 121. Lu Y H, Zhang F S. The advances in rhizogphere micro-
biology (In Chiness) . Svil , 2006,38(2) :113 121
,2004 ,36(5) :476 480. Zhang R F, Qui ZL ,Li SP.
Advance in methods for research on il microbid conm unity sruc-
ture(In Chiness) . Soil , 2004 ,36(5) :476 480
,2004 ,36(4) :346 350. ZhanJ E, Cd Y F, Go
A X, e a. Reviewon laboratory methodsfor il microbid diversty
(In Chinese) . 2004 ,36(4) :346 350
Galand J L, Mills A L. Qasdfication and characterization of het-
erotrophic microbid communities on bads of patterns of community-
level ole-carbon-ource utilization. Appli. Enwvron.  Microbiol . ,
1991 ,57:2351 2359
Zak J C, WillingM R, Moorhead DL , e a. Functiond diversty of
microbid communities: a quantitetive goproach. il Biology & Bio-
chemidry, 1994 ,26:1 101 1 108
Pennanen T. Prolonged , Smulated acid rain and heavy meta deposi-
tion : sgparated and combined efectson fores il microbid communi-
ty dructure. FBEMS Microbiology Eoology ,1998 ,27:291 300
, 2003,
32(2) :131 138. Yang Y G,LiuCQ,WuPD, e d. il heavy
metd accumulation induced by locd ardting and its microbid envi-
ronmenta efects in Hezhang Gounty, Quizhou Province (In Chi-
nes) . Geochemica, 2003, 32(2) :131 138
, 2004 ,41(1) :113 119.
Teng Y, HuangC Y,Lw YM, e a. Microbid activities and func-
tiond diversty of conmunity in ils polluted with Po-Zn-Ag nine
tailings (In Chinese) . Acta Pedblogca Snica, 2004 ,41(1) :113
119
Lieo, M. , Xie, X. M., Qubhani , A. , & a. Gombined dfect of
nutrient and pes managements on subdrate Utilization pattern of il
microbid population in hybrid rice cropping sygem. Pedophere,
2002 ,12(3) : 219 228
Knight B. Biomass carbon measurements and subdrate utilization pat-
ternsof microbid populationsfrom ils amended with cadmium , cop-
per, or znc. Applied and Environmenta Microbiology , 1997 ,63:
39 43
Kel JJ, Tate RL. Hfectsof heavy meta contamination and remedi-



1024

43

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

aion on il mcrobid communitiesin the vicinity of a znc srdter.
Journd of Enviromental Quadlity , 1998 ,27(3) :609 617
B&dth E, DiazRavina M, Frogegird A, e al. Hfect of meta-rich
dudge amendmentson the il microbid community. Appl. Environ.
Microbiol . ,1998, 64:238 245

Yoo H Y, XuJ M, Huang C Y. Subdrae utiliztion patern,
biomass and activity of microbid communitiesin a sequence of heavy
metal-polluted paddy ils. Geoderma, 2003, 115(2) :139 148

, 2004 ,41(5) : 735

741. Teng Y, HuangC Y,Lw YM, e a. Kindicd characteridics
o functiond diversty of microbid community in ils polluted with
mixed heavy metas (In Chinese) . Acta Pedblogica Snica, 2004,
41(5) : 735 741

Haack S K, Garchow H, KlugM J , & a. Andyssd factors dfect-
ing the accuray , reproducibility , and interpretation of microbid com-
munity carbon ource utilization patterns. Applied Ervironmental Mi-
crobiology ,1995 ,61:1 458 1 468

Garland J L. Andytica gpproaches to the characterization of sanrples
o microbid communities ugng patterns of potentid C source utilizer
tion. Sil Biology & Biochemigry, 1996 ,28:213 221

, 2004, 15(5) :899 904. Zhong W H, Ca Z C. Methods for

dudy of il microbia diversty (In Chinese). Chin. J. Appl.
Eool. , 2004, 15(5) :899 904

Ibekwe A M, Kennedy A C. Progplolipid fatty acid profiles and car-
bon utilization patterns for andyss of microbid conmunity sructure
under fiedd and greenhouse ocondtions. FEMS Microbid. Eodl. ,
1998,26:151 163
. BIOLOG
. ,2004, 41(3) :156 161.
ZnenH,Ou Y, Fang Z G, & a. Applicaion of BIOLOGto sudy
on il microbid community’ sfunctiond diversity (In Chinese) . Ac
ta Pedologica Snica, 2004, 41(3) :156 161

GalandJ L. Andyss and interpratation of community-level physo-
logicd prdfilesin microbid eoology. FEMS Microbiol Ecol. , 1997 ,
24:289 300
Lind¢romJ E ,Barry R P,Braddock J F. Microbid com unity andy-
ds:a kinetic agpproach to congructing potentid C source utilization
patterns. Soil Biol. Biochem. ,1997 ,30(2) :231 239

Garland J L ,Le hman R M. Dilution/ extinction of community phero
ypic charactersto edimete relative gructurd diversty in mixed connmr
munities. FEMS Microbiol. Eool. ,1999,30:333 343

Yoo HY, He ZL, Carpbdl CD, & a. Sme limtaions of Bl-
OLOG sygem for determining il microbia community. Pedogphere,
2000, 10(1) : 37 44

White D C. Chemicd eoology: Possble linkage between mecro- and
microbid emlogy. OIKOS, 1995, 74:177 184

ZdlesL. Identification of dnge cultured micro-organiams based on
their whole-community fatty acid profiles, udng an extended extrac-
tion procedure. Chenpphere ,1999 ,39: 665 682

Yoo HY, He ZL, Huang C Y. Progpholipid faity acid prdfiles of

1 ’ ’

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Chinese red ilswith varying fertility levels and land use hidories.
Pecosphere, 2001, 11(2) : 97 103

Frogegard A, Tunlid A, Badth E. Prospholipid fatty acid conmposi-
tion, biomass and activity of microbid communities from two il
types experimentaly exposed to different heavy metds. Appl. Envi-
ron. Microbiol. , 1993, 59: 3605 3 617

Frogegird A, Tunlid A, Badth E. Changes in microbid community
gructure during long-term incubetion in two ils experimentaly con-
taminated with metals. il Biol. Biochem. ,1996, 28: 55 63
Pennanen T, Rerkiomeki J, KiikkliaO, e a. Polonged, smulated
acid rain and heavy meta depostion: Sgparated and combined effects
on fored il microbid community dructure. FEMS Microbiol .
BEool. ,1998,27: 291 300

White D C, Hemming C A, Leung K T, e al. In situ microbia
eoology for quartitative gopraisd , nonitoring, and risk asessrent o
pollution remediation in ils, the subsurface, the rhizogphere and in
bidfilms. J. Microbiol. Methods, 1998, 32: 93 105

Kelly JJ, HaggdomM , Tate RL. Changesin il microbid commu-
nities over time resuiting from one time gpplication of zinc: A labora
tory microcoam gudy. Svil Biol. Biochem. ,1999, 31:1455 1 465
Olson P A. Sgneture fatty acids provide tools for determingtion of
the digribution and interactions of mycorrhizal fung in il. FBEMS
Microbiol . Eool. , 1999, 29: 303 310

Sara PB, Kamdudeen M, Megharg R, & a. Microbid activity and
phogpholipid fatty acid pattern in long-term tannery wase-contami nat-
ed ©il. Eootoxicology and Environmentd SHety, 2003, 56 (2) :
302 310

Make S, Soren O, PatersenJ, & al. Hfectsof Lumbricus terrestris
Alldobophora chloratica and Esenia fetida on microbid community
dynamics in oil-contaminated il. il Biology and Biochemidry ,
2005, 37(11) : 2065 2076

Cavigdli M A, Roberton G P, Klug M J. Fatty acid methyl ester
(FAME) prdfiles as measures of il microbid community sructure.
Rant and il , 1995, 170: 99 113

Oson S, Person P. The conposition of bacterid populaionsin il
fractions differing in their degree o adherence to barley roots. Appl.
il Bol. , 1999,12: 205 215

Lindahl V , Frogegird A , BakkenL , & a. Propholipid fatty acid
conpostion of sze fractionated indigerous il bacteria. il Biol.
Biochem. ,1997 ,29:1 565 1 569

Finday R H. The use of phospholipid fatty acids to determine micro-
bia community sructure. In: AkkermansA DL ,van HsasJ D, de
Brujn FJ. eds. Molecuar Microbid Ecology Manual . Kluwer , Dor-
drecht , 1996. 3.3.2:1 18

Frogegird A , Petersen SO, Bé&fth E, & a. Dynmamicsd a micro-
bia community asociated with manure hot gpots as reveded by phos:
pholipid fatty acid andyses. Appl. Environ. Microbiol . ,1997 ,63:
2224 2231

Torsik V, GksyrJ, Dane FL. High diversty in DNA o il bac-
teria. Appl. Environ. Microbiol . ,1990 ,56: 782 787

Jdegg CD, Ritz K, QiffithsB S. Broad-scde andydsd il micro-
bid community DNA from upland grasdands. Antonie van Leeuwen-



1025

[51]

[52]

[53]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

hoek , 1998, 73:9 14
Holben W E, Harris D. DNA-based nonitoring of total bacteria conr
munity dructure in environmental sarples. Mol. Eool. |, 1995, 4:
627 631
TiedeJ M, AsumingB S, Nisdein K, & al. Opening the black box
o il mcrobid diversty. Appl. Sil Eool. , 1999, 13: 109 122
QiffithsB S, Ritz K, Qover L A. Broad-scae goproaches to the de-
termination of il microbia community sructure: Application of the
community DNA hybridization technique. Microb. Eool . , 1996, 31:
269 280
Qiffiths B S, Ritz K, Ebblevhite N, & a. il microbid communi-
ty dructure: Hfectsdf subdrate loading rates. Sdil Biol. Biochem. |,
1999, 31:145 153
GiffithsB S, Diz RM, Ritz K, e al. Gommunity DNA hybridise
tion and %C C prdfiles of microbid communities from heavy metd
polluted ils. FEMS Microbiol. BEool. ,1997, 24:103 112
Sandsa R A, Torsik V, Enger O, e al. Andyssdf bacterid comr
munities in heavy meta-contaminated ils at different levels of reso-
lution. FEMS Microbiol . Eool. ,1999 ,30: 237 251
@reasL , Jenen S, Dase FL , ¢ al. Microbid community changes
in a perturbed agriculturd il invedigeted by nolecular and physo-
logicd goproaches. Appl. Enwiron. Microbiol . ,1998, 64: 2 739
2742
Ritz K, GiffithsB S. Potentia gpplication of a community hybridizar
tion techni que for assessng changes in the population structure of il
microbid communities. Sil. Biol. Biochem. , 1994, 26: 963 971
ZhouJ, BrounsM A, TiedieJ M. DNA recovery from ilsdf diverse
oconpostion. Applied and Emwironmenta Microbiology, 1996,
62(2) :316 322
Srith E, Ledlang P, Wernars K. Detection of shifts in microbia
community gtructure and diversty in il caused by copper contaminer
tion usng anplified riboomal DNA redriction andyss. FEMS Mi-
crobiol. Eool. , 1997, 23: 249 261
RanjardL , Nezaret S, Gurbiere F, & a. A il microscde gudy to
reved the heterogeneity of Hg (1) impact on indigenous bacteria by
quantification of adgpted phenotypes and andyss of community DNA
fingerprints. FEMS Microbiol. Eool. , 2000, 31: 107 115
Kozdroj J, van BsasJ D. Sructurd diversty of microbid communi-
tiesin arable ilsaf a heavily indugtrialised area determined by PCR-
DGCE fingerprinting and FAME prdfiling. Applied Sl Emlogy ,
2001, 17 (1) : 31 42
Muller A K. The diversty and function of il microbid communities
exposed to different digurbances. Microbid Eoology , 2002, 44 (1) :
49 58
Hlis RJ. Cutivation-dependent and -independent goproachesfor de-
termining bacterid diversty in heavy-meta-contaminated il. Ap-
plied and Ervironmenta Microbiology , 2003, 69 (6) : 3223 3230
, , , . DNA

, 2003, 43(2) :276 282. Zhang RF, Cao H,
Cu ZL, & a. Exraction and purification of il microbid tota
DNA (In Chinese) . Acta Microbiologcad 9nica, 2003, 43(2) :
276 282

[66]

[67]

(e8]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

1 ’ .

, 2008, 23(5) : 988 995. Zhang H X, Wang X Y, Qi H
Y. Development in research methods of microbid ecology (In Chi-
nes) . Acta Ecologica Snica, 2003, 23(5) : 988 995
SHeema SL , Michdle M, Rachd GC, e al. Microbid gene ex-
presson in il : Methods, epplications and chalenges. Journd of
Microbiologicd Methods, 2005, 63(1) : 1 19
Sehadian G, Ingrid G, Susanne G, & a. Dedgn and evd udion of
an oligonucl eoti de-microarray for the detection of different pecies of
the genus Kitasstogpora. Journd of Microbiologca Methods, 2006 ,
65(2) :226 236
Brim H, Heuver H, Krogerrecklerfort E, e a. Characterization of
the bacterid community of a zinc-polluted il . Can. J. Microbiol . ,
1999 45:326 338
LiuWT, Marsh TL, Cheng H, & a. Characterization of microbiad
diversty by determining termina regriction fragment length polynor-
phisnsdf genes encoding 16S rRNA. Appl. Environ. Microbiol . ,
1997, 63:4 516 4 522
Jement B G, Kehl L E, DeBord KL, & al. Termind redriction
fragment patterns (TREPS) , a rgpid PCR-based method for the conr
parion of conplex bacterid communities. J. Microbiol. Methods,
1998, 31: 135 142
Lideman H, Arth |, Liessck W. Satid changes in the bacterid
community gructure along a vertical oxygen gradient in flooded paddy
il cores. Appl. Environ. Microbiol . , 2000, 66:754 762
RanjardL , Nazaret S, Gurbiere F, & a. A il microscae gudy to
reved the heterogeneity of Hg(11) impact on indigenous bacteria by
quartification of adapted pherotypes and andyss o conmunity DNA
fingerprints. FEMS Microbiol. Bl . , 2000, 31:107 115
Roane TM, Pepper | L. Microbid regponses to environmentaly toxic
cadmium. Microb. Ecol. , 2000, 38:358 364
Srit E, Ledlang P, Gandorf B, & al. Andyssadf fungd diverdty
in the wheat rhizphere by sequencing o cloned PCR-anplified
genes encoding 18S rRNA and terrperature gradient gel e ectrophore-
§s. Appl. Enwiron. Microbiol. , 1999, 65: 2 614 2 621
Kozdroj J, van HsasJ D. Sructurd diversty of microorganiams in
chemicaly perturbed il assessed by nolecular and cytochemica gp-
proaches. Journd of Microbiologcad Methods, 2001, 43:197 212
Kozdroj J , van HsasJ D. Regonse of the bacteria community to root
exudates in il polluted with heavy meta's assessed by nolecuar and
cultura gpproaches. Svil Biol. Biochem. , 2000, 32: 1405 1417
Muller A K. The dfect of long-term mercury pollution on the il mi-
crobid community. FBMS Microbiology Ecology, 2001, 36 (1) :
1 19
Perkiomeki J. Bored fores microbid community &ter long-term field
eqosure to acid and metal pollution and its potertid remediaion by
uingwood ash. il Biology & Biochemigry, 2003, 35 (11):
1517 1526

, 2003, 43(2) :366 371. Chen M,

Zheo L P. Biodiverdty of becterid islates on three different media
from coking wasteweter treatment sysems (In Chinese) . Acta Micro-



1026

43

[81]

[82]

[83]

biologica Snica, 2003, 43(2) :366 371
16S rDNA
. , 2003, 48(9) :
A7 952. Zhang XJ,MaXJ, Yo CD, & a. Microbid diversty
of 16SrDNA and inpact factorsof iceinMaLan (In Chines) . Chi-
nese Sience Bulletin, 2003, 48(9) :947 952
) DNA
PCRDGGE , 2004, 41(3) :
335 339. Teng Y,Lw YM, Zheo X W, & a. Repid exdraction
and purification of DNA in farmland ils contaminated with mixed
heavy metas for PCR-DGGE andyss (In Chinese) . Acta Pedblogica
Snica, 2004, 41(3) : 335 339
. , 2005, 25(2) :
186 191. Teng Y,Lw YM, Zhao X W, & a. Genetic diversty

[84]

[85]

[86]

[87]

o microbid communities in farmand ils contarminated with mixed
heawy metds (In Chinese) . Acta Stientiae Grcumdantiae, 2005,
25(2) : 186 191

Boschker H T, Nold SC, Welsbury P, e al. Direct linking of mi-
crobiad populations to gecic biogeochemica proceses by 13Cla
belling of biomerkers. Nature, 1998, 392: 801 805

Radgewski S, Ineon P, Parekh N R, e a. Sable-iotope probing
asatool in mcrobid elogy. Nature, 2000, 403: 646 649
Samantha A, MorrisL , Radgenski S. Identification of the function-
dly active methanotroph population in a peat il microcosm by ga
ble-isotope probing. Applied and Environmental Microbiology , 2002 ,
68(3) :1446 1453

Lu Y H, Lueders T, Fiedich M W, & a. Detecting active
methanogenic populations on rice roots usng gable i dtope probing.
Environmenta Microbiology , 2005, 7 (3) : 326 336

MICROBIAL DIVERSITY IN POLL UTED SOILS: AN OVERVIEW

Teng Ying'? Luw Yongring'?" Li Zhengeo' 2
(1 Sal and Environment Bioremediation Research Centre, Indtitute of Soil Science, Chinese Academy d Sdences, Nanjing 210008, China)
(2 Sate Key Laboratory o Sail and Agricultural Sustainable Development , Ingtitute d Soil Science, Chinese Academy o Sdiences, Nanjing 210008, China)

Abgract il microbid diversty isan inmportant content of il microbid ecology , which is a new fronta field in ecology.
il microbid diversty enconmpassesfunctiond , gructural and nolecular genetic diverstiesdf microbid community , and is a key
indcator of gahility and functionsof il eco-sygems. This paper reviews current development in researchesof thefidd of micro-
bid dverdty in polluted sils a home and abroad based on the methods of i<lating culture and biomerkers, and the krowledge
of microbid diversty fromthe anges o different ecologca levels, and explores advanced approaches, new ideas and issues in
the research on il microbia ecologicad processes aming a new problems in il pollution the world isfaced with .
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