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VERIEAER AT TR G —, IR T FIR S
B HLE FE9 09 4= ) 5 ASE AT LIAE R i 22 R =
SOV ERE (Laird, 2008 ), HIEHEME . KIEY
e IS YR BRAE O it B R R T R
5, TEIRFEYIE R AL B R SEEE T IR A FER
Wk T E K25 5025 (Singh %, 2010; Sohi 4,
2010; HHEMEAE, 2011), AEWHcAE R 130k B
AR L IR T R ISV L 8b 7 b 22 + ( Terra Preta ) A9
RIHFSE (HRAEfE, 2013 ), Xl AZETT#EK
FRIE A RRIR A1 Ir A A AL 58 1
M) 3~4 15, BRI E R HIEAE Ty, IRE g
FEH . HEERFISRIRA, AR AE e
B, BB SR . R ESRE . 2H5RE
15 YIRS AL 7 T B S RER T A TN, A
YA 3k B 5108 40 B v 22 i BE 2 H
L (MRIEAEEE, 2011; Yuan 2%, 2011; Gaskin
45 2008; Yao %, 2010 ),
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BSEIRNEIFERT . R . & % AL At
RHEEA LT ERE, R S A
TEMZES, RRBRIE AP e 2 L BN BT
SRS AHR (BRESE, 2014 ),

S LG TEE R SRR, A g 43
WS KR TS B LA, R R A () 5% i i
45 L% K ( Schmidt 1 Noack, 2000 )
MBS B AR e v, [RIRE, BR T AR AR 2 Bk
Wy, AW IR &8 T R Y R E L2 F R
FEVERES . AR R S R, TR IRAS
HHAEYREE T, A X R 28
BERc, A, SZEtE s 8™tk ( Lehmann
45 02009) o

—BIN A, AR TE R, Hos pH £
FRTHAS PR EHRE K. Ca, Na &
JET Y RFERIRR AP pH {EARF, HLil Zhang
1 Luo (2014) £ AFEA S pH N 7.47 ( Zhang
ZE . 2014 ) , 1Mi Nellissen 345 1) TR FEFF LA P
(% pH iK% 9.8 (Nelissen %, 2014) . B =)
TRAY SRR AR ) pH (K TR YK S (£
W pH AE, T AH ] Rk 2 (8 AR PR i) pHL 2>
it 75 AV UL P T v T 3 K

Tk, HEW A A R N T AL B 4G
¥y, HA AR Z IR IR Sl T 2252m . A
R REAE 1 m>g!, Wrlfesaskn
m*g"' o Bl AACIRE R TH s, AR R A 4 5% 11
R SR Z 3K, B4, Chun 45 (2004 ) &3
FEFFIEA Wm0 EL R AR 300 CHil &R 116
m?>g THE 700 CHY 363 m>g. Mok, XHFEAE
Vi, WREFEEAY R, YRR TR B — e 2L
L L, R m AU T RE R %

2 HE¥xxtTEREY S AR

HAET, A9 mere ek 1 DL RSB 4itsk i)
MR L, B, NOGERAI, Mg
Yimca, THERANE . BRI RS AR AR &
T2k (O'Neill 4%, 2009; Khodadad 25, 2011 ),
B, #EIHAE (2012) &Y AP i in A G e
RHJE, PSRRI (A . B i)
(A WoE RN, el A A AR AR S R R T A
PG AH X R 53 T 4.9 f5A1 1.8 1%,
Graber %5( 2010 HRIEZEBRMUFIAE 1 Bacillus spp. .
Filamentous fungi. Pseudomonas spp. 251 LY HRE
1) = i S4Bt 2 A 90 o AN O b 48] 8 o i 2 T
Ball 2% (2010 ) WF75 84 & P13 v il S SE AL T X
AW R AT IN A SRS, HER R S5 AR YR |
I pH. FRESE B EHC, EYRN
1o 75 B AT FLBR 248 B Xt 7K A W A A EL T

REA - e A W S BRI R A9 AR (Liang
45, 2010; Knicker, 2007 ) , Mifi$e e 1A
Y,

B2, AEYREINA 35 5 B 0 A= e
JEHE 2 (Steiner 25, 2008 ) ., M TiAdYIE KA
A& BFROEMMETR, Wi, ARFZEAEEY
Xt A=Wy it FH B el o EL A 2246 1E ( Steinbeiss, 2009
Kolton 4, 2011) , AlESE HIEPHAEY A Y &

SR EaF, e, Steinbeiss (2009 ) &I
Tl A= W B S I RE A% 43 B v b L S A
RO E Y (B, taRE e, RE
FARVEAL B IEAR L, & S AR ) i B+
FOANTE B ZREPERS I T 25% (O’Neill 4, 2009 )
{E 7 TR ) Z REPE RN ST W3 R F% . Grossman 4§
(2010) A5 R HgEE, 5% AEY IR
HMHHE - B I TR S 25 S W, Rl
BN 2E FHIT 90%, i hnA: ¥k ) 1
B MR Verruco-microbia, A JE4 15 & 30
#J Pseudomonas, Acidobacteria F1 Flexibacter sp.
RIEEREE (2014 ) ZIAINED R AE—EFEE AR
71N e R4 ISR Yo i) | I (g S E S s i
FEH A BT, T LR R R A2 A W S N ) 5
FEARBAE . RIS XS AL [R]— DO e i A E
MR BENEIEIN Ideonella F Skermanella %5 )@ I
AEXF R, HE R IR B (Azospirillum) W FEAAZ
o (RIEFRSE, 2014) o XRRENAEYIRER T H
AR A Y E R IGTLISE, 6T e i+ 3Rk
FRAEMCE | oS ES ARG (Glaser 47,
2002; Xu %, 2013; Pietikainen %%, 2000 ) , ik
PR Y5 2475 e AN [R) A AR A T g AR A AR
W, SRR Y E P R AR, el
3 S E Y AR, S, BT RE
e (Castaldi %, 2011; Dempster %5, 2011) .
3 HYmXTEMEDERKKFEHZE
HL
31 HMERMAEWEKE pH IFE

+ 48 pH E sz YA KA — >
Fo 24 pH MSRERYE [ sp MRS RS, 3
YE—aHE pH BTSN (Aciego Pietry
F1 Brookes, 2008 ); 1 H.40 G FIE X pH A 1LY
HUBFEE A —FE, Rousk % (2010)i@ 1 PLFA 4347
K. M pH M 4.0 THE 7.0, EFELSIEM, B
HEFEEHRREAZM; HAY pH k%] 8.3 A,
HEMNAEYEA SRR T EFBEH (Rousk 45,
2009 ). HEWm—M AR, YE A LIRS R
Sy ARl pH JHaE, % pH RS2 B4 s i
DU ARG pH ROL R, S (2011)
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TERRVELT S S A= W o e BR 3380 pH 34 i
AR E] 1 A, Pietikainen 25 (2000 ) 3@t
XA BN 3T pH Ak ST PR A K
YRS, R AEY RGBT PR I pH k4
1o A RIS (AP AT R, A i MR 3L 5T
IR FAE SR o [RIEE, ANTRIGAE i A 4 R AR
HXTF pH ARk A USR5 it 52 0 P S A5 S5 A g
Mo FEEAEDE (2012) AOBFIEr, PRRRER M 350G
T Py A A W o TS N 3 KR, R
R R 22— R A R s B e T 1€ pH
i, ol 7 AR IR, N m T 115
[ZG7E
32 HMELIELEN

HE AR AN N2 B8 + 3 ) 25 R B ( Masulili
4, 2010) , FEAEA Y )5 B L — 28 WA I,
[ e B R FLBR s . PEiGE, 2l
AR YR SR TS R 1.5~2.1 grem™, AL
0.05~0.5 gem™, 3k —HfE H— B LR AT/,
Eastman (2011 ) 763t ] 25 gkg™ B9LEH 7%,
FIEARTEM 1.52 grom” FEAEF] 1.33 grem™, [HI,
MR I AR REARS 1 3628 B2 ( Busschei 55,2010 ),
HEOMALBREE, s B3 K SR S,
TG T A A KA
3.3 ElntiEksHmRA

He W) 7% e W AR R B i 3 338 1 15 K Rk
FIKBE S (Glaser 45, 2002; Laird, 2008 ), 41
il E R, SR UK RS [a] ( SCEFAS
285, 2012), PREEAXTENRAFLE, fEEiR. T
BT nT LA R E K i Re R o Rl e Hr
i A ) e — MR B AR K P, BERS B B FRAIG
THOKAB WG RKE (Asai 5, 2009; F55S
4, 2014 ) 5 MEE Y K AL TR FLIEAN £
AR B SRR S i, HLIROK RE ) AN 1R
KB (Cohen-Ofri 45, 2006) , MIfi Mk
AEYIFRAETE LT (7K o345 55 . Malik (1990 ) 84 H
TR DR AR B8 ] TR A5 T AR i AR ROUREE, A
e T ILR E R AR AERE ). R, Tl
5 B AR SRR XK B FF R 25 R, s
2 TR B P T R 22 G B B T A R s 32 7K A 2 1
ARSI X BIAR K ( Schimel 45, 2007 ), A[REIFhZEARY
A W A AR X A 1 e 0 5 | R R 7K 4 53 A AR 4k
AR B o7 AN A ]
3.4 FATHFEDTEREIA

AR RERS I -3 A AR B
B BEEAFIESAAERNERTE (XM,
2012; BROAEEE, 2014 ), [EEE, F T eI A 4 s
ZJa BIENFKEE AR BE AR B S, KA

BIRE T BRI, 1EX AL P
[FFER T B3R B FRTR R IAR B T 0, 8
WFHAE B P RS 28 MR ICRE /) ( Steiner 45,
2010 ), PRUET UEDIX TEIRITREMTE K, Laird
% (2010) LR A HEPARIMAYIR)E, 1§
R N PR Mg S5 R Bl P AN I A3
7RG YA R R IR IR 3 20 gk, T
ek P g R AR T 69%, S N B
FEART 11%. MO, AWk KsreE M K. Ca
Al Mg 58 h=E5, Mt 35 WrE sty
B ED TR CaRPTREE, 2009 ) , #5711
BITRMS R, DA A KA ™
R0, Novak 4% (2009 ) &I A B4y
Bl 2%HEY B 67 dJ5, H Ca, K. P &EHH
BIE, AICARE A R AR T S 3245
3.5 4¥RBESMTLEN

A HE IR BN N BN ARE A I BT, B
it A= ) AT AT BERE L — o B A AL AT N P 3747,
et R 3% ), 485 SN A I ( Kolb 45,
2009 ) ., Deenik ¢ (2010) Fl Zimmerman ( 2010 )
TE— ARG FR LG b & BT e A=) e b ELA 4 R P
() ANFRUE A LA 1) 15 R 3 1) — AL A 1) o 22
IEAHR KR . Mumme 55 (2014) & IINAIK K
REMS et~ e B K, M e, HEZR
RITEF 7K i A B HA — 5 w8 10 i R B
AHRC M, A BB 25 e A SR A e U A X — A
Mo Hamer 5% (2004 ) W8G2, AWymit A 11
AERE Ry R sefi b A KR — R AR TR
3.6 AWk XA W0 O IR B e

A=W ) R O B AL R TE RR T N 2 AL RE S
A PR LT M O i S TR A RS R R
Sl A v O B AL R T LA W R, AN
IXHERS A WS A L. TOHLYIR, B REM R
AW, T H R A P 0 3 TR 2 e AR R Y
W R e EYEH ( Ron 1 Rosenberg, 2001 ), iX
Tofr sz B} 56 77 i 45 Bk A= 90 R B bk i O Y R
( Pietikainen 5%, 2000 ), Mg T H3EH A9
FRE, b, Pietikainen 55 (2000 ) if & B A=Yk
(A FLBR S5 #AE FF AR A /N FL A= S B e R i)
PR, —S MR R IR T RE 2R AR
YR FLBRZE R, FIFHFLBR R i T K
R BIANZERIFT AN ShAT I, B TRERSIE AL
BRANN 2~4 pm BYFLBH 4K ( Samonin F
Elikova, 2004 ),
3.7 ¥R IR My BT Y TR B 1 B

A= W) 1A BE W I o0 A T R B R
HERKEFEER (Akiyama 5, 2005; Kasozi &5,
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2010) , M\IfTAR SR il A S B B A AR
W, IFo R ILSE S R R S 5t . E R
WA &I, A paad Y ek 1
RO TR A S A AR (B, 2012 ),
TCHSEAEE Z 5 Y 3, BImAE G, A
B, BEESEETEREZHITIE ., R
EHLE G5 TR A TR (Kasozi 4,
2010; RP-FE, 2011; Oleszezuk &, 2012), M
A T 5 Y rnd iAo A s A i VR o
3.8 AWt T A B N A e 18] 3T

A=W e %o F A SJERCAE W 43 A R e 3 23 Bl
BRI RS I & AR AR A, B, AW RN
FERONTE S I, Wt A AT mT e R —
FERAVRF N, P 325, ek - 30P /e
(Kolb %, 2009) , {HEEE AWy hcrr -1 % 8
etk AP N, P 5 RS HGH R A 1 L pE
HHFEER AW AE{L ( Mukherjee Fl1 Zimmerman,
2013) , [FEIA, PEREE A RS HIEA 0% AE
HAEA], THEEREE pH. CEC. FLBEE B fin sk s/
( Pignatello %5, 2006; Joseph %%, 2010) , MifiEk
AR T HE W 6 e TS Y ) B I RO SR A
YR BPERIMLS, T3 R N A 2 b
iR HERS T A AR AR A, RS B S R A A= ) s Bk
fhefad i
4 AR T IERAEYESIIEER R

ARt N FIEASE IS, Wit A E AL
M 1 AR B A AAT, TR R A i A
YL ERTL~ATIRE, AT 520 3RS ) R 1 FS
oAb, TR R AR IR N 2R, S
14 B0 A W o BE 0% 8 1 41 1F R AR B X — - e
AR, Fepl R E R AR AR B R R Y5
%M (Warnock %%, 2007; Blackwell, 2008 ) ,
INE L8530 (40 glomalin-BREZ 2 ) e hn + 1
EERcE, RS RMYIEE . PR R Y
[ A& (Ogawa I Okimori, 2010) . {HA=¥y5% i
HEANEIL R, BUPKSFAKE & & ( Rondon 5%,
2007 ) , FERIRLEFFE LI L, SRR
Sy R AR S I , T ZEAh FE R % 40
BRI AR A TS f# ( Yan 55, 2004 )

YN FIEFAMUUEH THREEFERE, &
L1 A g e w7 G 7 o v I e SR ST
FHL 5 2 (Liang 45, 2010 ), FETCEEI
kel (Yanai %5, 2007 ) DL KI5 YLl i) i s
fb (Marchal %, 2013) 7ENEZ A Y HER{E
2T RS TR A W i S I T 3 i w2 sk 5, A
SN+ B TIREIR R BT . MR A
P, AR IR AR A SRR R L

ER . ABIPEIR Ak r= A= B R, Wardle %5
(2008 ) 48 th7EA £ RAFFEIE LT AL
YRR R E SR . B (2012) &3, WA
YR B SR T R AT M, B R IR IR
FE, R R AR, Wk, HEEEASE
TR, RRg AL E IS5 . 73 4h , DeLuca 55 2006 )
RIEINA YR Res P = HIE P AR S, D
FET BEALBELE T A5 P o B A% W o 2 ok - 48 rpr R0t
TEACVE I PR 22 i TAEIvER, Ry
JFREAEVERT . Ball 45 (Ball 45, 2010) &¥AEWY
P 4 v R R AL A B ) =F B (R AR NH,
1] NOs k% k. Mukherjee 25 (2011) S
IRAESHE R P A AL A R e e, fEHE TR R
MEIHERR . SRTZAREE (2011 ) WAERFSE P R A
MG, BAh, YA 2L R R, it
FHJERERGE H 3mSR, FRARRARERE, Ml
REFI] SRS Fb 41 B T JR AR N 1) SRS AR/ ( Laird,
2008; Chen 4§, 2010 ), {HJE, Xu 4§ (2014) K8
BRI AFIAE + 588 B T Flammeovirgaceae 1
Chitinophagaceae “57EMk . BAGA I FHE A M
BB M) B, BERE [ I 2 - 33 A RS AV T
HRAEVER .

AR, BE&TFRTADA YRR ESR
ARUSHE ST N RIS o AR I e A B Ak 3] 1) [
RAERLASN, Hoitt A 385t 2xii a5 + 1A= )
HupRAb 2 B A B I HIE = AR N,O 5 CH, HE
B . Rondon 2 (2005 ) & BRAE Y = (O VR il
733 NLO IHERR A T 50% , 17 24 78 0 ik 2]
20 mg-ha BHLT-AESE 4] CH, HERC. Spokas %
(2009) [ HEEFEMAEY B, KIHE IR 5
KT 20%H0 fig i & 4] 38 CO, IHERL, [FIRT
REPIH] N,O 55 CHy 742, Yu 55 (2013) B
FEARIR B - 3E v, A=W e (R a8 JinAm il 7 FR e 1 HE
i, ETE SR 3R e HE R ) TR o Feng
% (2012) KBS AW B IMAREG H 405 2531
I s B, R ERR T P RE S
B AL 3= B Ll AT A3 e 1 08
P BEHE R R R, Xu 55 (2014) K
AWK eI I E NG R nosZ JE R Y% 5%,
TR NLO 18] N, A% AT B, ] 145 N,O
A HERL -

BRILZ A1, st 24 a3 A HL
15 P B RS A T R g . £ (2012) &
A RN I 16 Fh 255 IRIH LBRRUR,
HAEHMLEIBR T A=W A 5 X5 2 3855 1 1 W B 2%
RZAN, WO A YIS S A T
LT IR YR A . Chen 55 (2012) 4
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P& 32 FH A= W 0 1 7 R A DA RE S 3 o b 238
TR W RRCR . B, 52, Yang
45 (2009 ) A1 Rhodes 45 (2010 ) 8 % AR R fift
R AW o A, X - A 2 R AR A F
FWALEMAI (Yang %5, 2006), Jones 25 (2011)
R RSB A 25 DU E ) Fsf B AT PG B i e
FE TR BOTE PR, DNITRRAIR T PG 3L 0 A P e A il R I
FEEXELIBEARTERS o AW R M FLBR 2 AR B s I ff
PERES M AEFLBR N AE K A R A PLBR IR, ke
G 55 A W FLBR MR I AR DA B = IR S v
A (Nl . BEZEY ) eSS ALY R
( Pietikainen 2%, 2000; Hamer £¢, 2004; Atkinson
4, 2010) , MMt T FLBR NG E D AR S
M FA TG R A (H2, XFhas e fhE
AR A T R H A VLS R &5,
15— 26 HAG [ i e 71 B 3 28 9 TG iR A R A L
Y. B, AT A LTS JeiiE
W et ik oL T (A A PR I8 37 3] = e IR B v et ik v
AR5 5340 22 R 052

5 RE

EWAMIR IR, EYRE T ERRY
A S A B A H AT s, RIEE, A9
IRAETE A IR IRIT 5 2 XA W R VK 45 4 21 il %
A T 1 A W M BR Ak 2 o R A ke 1R B Y S
o ARTM, HAGEF A mAF M m AR
DIgesZm s in om i =, 52— R AT
JEAEIE .

(1) ZHdRESE T FEAEY TR HAE A OC
HEAE KA B R = SRR s L, HE 158
HIAEYIF R E L SR Y bR A 2 AR R B AT
FE, ATh s A= Py s %t - e e v 2 i A1
W5 BARA SRR M B SY RIS N 5
X B SO 7 PR T L S TR A S LB A P Hb R b
2E R R IFIRAMIGY

(2) YRz, Hhgs, HES L
BRSNS ARIE], 45 O A i dRIETS A D
MEF G EE R RNy, A T LI YR
KA A A BeIE T 2 MR EH ,, S A
FEATI A 4 TR BH A= 9 o A FRAIL A S HS2 i R
WFF LT R— RN RGN 5T, TNt ER Y
X IR AE P s AL

(3) TEHEA LIRSS, Bt T 1A
P I A R Al HE 0 Sl 4 e e AV 2 B s R RS
Mk, (B2, AT E T R AR A T
HASCES, AR IRV AT, DIYIOE 4 v i
WrAE W pot - HERR i 5 A S TR S AR
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Influence of Biochar on the Community Structure and Biogeochemical
Functions of Microorganisms in Soils

ZHANG Youchi', LI Huidan

Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021, China

Abstract: Biochar, a solid material containing high fractions of aromatic functional groups, is produced through thermal degradation
of biomass in the absence of oxygen or with limited oxygen. Biochar amendment can improve the physio-chemical properties of soils,
regulate cycling of nutrient elements, and control transfer of pollutants, including heavy metals and poly-aromatic hydrocarbons.
Although biochar can be potentially used for soil amendment, it influences the microflora in the soil environment, leading to changes
in element cycling within the ecosystem. This paper summarizes recent advances about the effect of biochar on the distribution of
soil microorganisms, discusses the mechanisms of biochar on the growth and metabolism of microbes, and illustrates the influence of
biochar on the biogeochemical processes regulated by soil microorganisms. Previous studies demonstrated that the total biomass of
soil microbes may increase, remain constant, or even decrease after biochar application to the soil environment. Different
microorganisms show complex responses to biochar amendment, resulting in formation of unique microbial community structures in
different soils. The influence of biochar on the growth and metabolism of microorganisms originated from the interrelated effects of
several mechanisms, including pH changes, water distribution, and manipulation of nutrient cycling. In these mechanisms, adsorption
of inorganic/organic compounds and microbial thallus by biochar play important roles. The effect of biochar on microbial community
structure changes over time. Biochar also influences the eco-functions of microorganisms, resulting in changes in biogeochemical
processes, such as emission of greenhouse gas, cycling of carbon and nitrogen, and degradation of organic pollutants. Further studies
must be conducted to elucidate the effect of biochar on soil quality and provide useful information for biochar applicationin soil
amendment.
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