B WIS

b [ AR AL SR
D2, g3 S A
= VA78'E
INEEYIEZEFZNEFHTIEREYEE

Invasive Mechanism of Ageratina adenophora Sprengel
(Compositae): Underground Self-reinforced Capacity by
Changing Soil Biota

{78 w7/ S PR S AN
§E % W 17 MR
HOF 2 AR ). REML

3 M. Apaa

BF % 5 ABREVMAR

B OF B AL EYMRTPHIRN
WA R

WAAHE 2007 £ 6 H



Secrecy: No.

Chinese Academy of Agricultural Sciences
Dissertation

Invasive Mechanism of Ageratina adenophora Sprengel
(Compositae): Underground Self-reinforced Capacity by
Changing Soil Biota

Candidate: Hong-Bang Niu
Supervisor: Prof. Fang-Hao Wan
Major: Bio-Safety

Specialty: Invasive Alien Species

Chinese Academy of Agricultural Sciences

June, 2007



S L Ec I e B
WL ZAALB RN BRR RSB HBR

WICH H | SRR ZE 5 22 NGB i 3 22 L)

wicheE | dal | € W | AMEt | PBTR | okemas

fRFEIT | A ARG Regrsnr (REET) HED RS

we | w |V w & o | %4

ﬁ it | B BRI | ey

Ijﬁz AL | B *ﬂ%ﬁ’?%ﬁm 2 A

% t

% WER | Bt *Mﬁiﬁ*ﬁ%%ﬁ AR @ fr 7\
KER | WRR | poc | EsikHEE AR 7{%/{
sigs | B gzg ERe T | aEws D \% X/

* | xe | wa REREGEMITS | R /M

% \
K5 | s PLAREE Y | AT %ﬁf

4

Al

Sp0ex ) R R R

oS B ) 2007 £ 6 A 20 H APER LB B A BRI SN E




B el % & B
AN 5B BT AT B8 SCR A NFE IR T AT AT 9T AR KIS BRI 5k
Ko RIP&N, BT CPRRIIMAREMBN T4, RCPARTHMA SR
KRBT IFT TR, A S ARG A B AR MR B B & B LA B 22 AL Bk
FomufE I AR} 5B — R AR B RS AT ST B A AT D ik 3 EAE R SRR T
IR B RS T I

RT3 fERENAYE IR

ANFEET B E AR B B KR AR EAIRSCHIE, Bl A EARMERE
AR B IATIR S B BV, SRRSO A B AME B, AT DR ATEED . 46
BB S5 B I T BARAE ISR AL 3o R AP B RME AR e vT AR AS R 75 SUEA
IR ERR . ALRRAALIR SR 2R BT A

4
MRAKL: );\:’-é-"z— *S B[] < Zoo7$ éHZOB

Cose=2 "}
SmEL: 06 Pg Wi 2007 6 B A



EE W H &M EAL

AR A B R E BB R AT R RS EIANIZ
IR LG 4 ) a5 7 (973 4+ %), 2002CB111400) &93R4 A %-.
Pl Sl fe “F B R LA FIRAAMIRY LI AR REAEY
FERELLHRET” AR “RAIRIRANAZE DTG 5 45 4] HF

R

K S” 7



W R

NZ )5 N R 3B E W HAE R RIE ISR R Y 5 MR A AR R RN
5, TIEEREY ISR NR IRVES RG NRIER — DN EZER R SRR T L
Sk RGP M ARSI R R AR, SOl SR M SR T e A TSR AR K
AP TE S, X IR AMSRAEINAR I — T AL — IR E A HLE . BRI, SRR AN AR
ONAR M -SSR PRI L S E IR B 5 R AN DU RO ), B 5 A SRABE ) A N AR AL
R, K2R % (Ageratina adenophora (Sprengel) R. King & H. Robinson (Synonym: Eupatorium
adenophorum)) J&—Ff LY R AP N AR A2 5L, 0TV 20 [ ORI X3 i, T 7™ i PR 28 D AR S0 2K
TELFIR T A SRS RAE I ) N AL BRI EE 23 22 M SR AT ST RER L, AT NP2 5 0
WP HAE R ZR A, W B AMBORE R 3 BB S5, 70 B2 22 NN 3RS I 52 i
BRI R RN TR 1 8 M E SRS PUMERE VPO | SRR 2R IR SRS T IR I A
PRI M A NAR - S E R N S 2R 2 AR K 5 S A ) 5 4 R R e 55 7 THIIE 9T T 282805
R IR AL EEEE R

1 BB NGRS I ARSI

RSP LR A AN Bh (AR X BRI . AR N R ) A
KD 1 IEBE DR TRV TR LEAL, RIS N 3 2538 T AR 1 - 38 7k
PEVIRER A, AR X SRR L B SRR s E R, AR R AR
DS N R L) 2.2 7% 3.6 {5 A 1.4 1%, SRR ARDOS W IH KRR 5.8 ff. 8.8 {51 3.3 1%, £
HUAE A DT Y B R Y 1.7 Ay 2.6 PR 1.9 fife [N S 7 IR AT B R A R B
AR A OSBRSS e A R A U 5 B 32.5 mg.kg A1 39.3
mg.kg™, 3B R AR DX B B 3.6 5 AT 2.0 £, S R O 5 R 2.3 f5 A0 1.4 1%
TIEREY R LIRS AR B AV SR AR A R B3, IR E R AR T e
FECT BRI TR GURRWIBEAE F R LMY K, B R T YR
VAL ARETR s MR DX A TR L VRR BRI A 1T L 2 5 T X, IR S R LR
ol TR AR B AR AT G
2. BREEVE MR ER P AN R 10 97 8 5 E MRS PR REVEpY

MR I M R AR R AU R A LRSI RN E . RBLER R AR
B - R A7 3 S AT R AV R, TR R AT A O R R R, 3N
S A R I KU 55.6%  JX LI AN TR A Xk T Al 20 R R Rl AT AN [ R L RS S
DI RZEAURF IR BS-5 M5 23 g 2F AT BT-1 6 A i bl 2000 1 RS U8R s o Wi, AR ™)
(RIFITE 470 1 y 85.5%11 83.8%; MLFAAM I A L R A 03 i BT (RS LA T B i G SRR T4
ZEVE MR B A o 0 B AT SR BS PUNE RE I 240 B SR T e 2P AN AR RN R A T
XA AT 2 S E M BB, SR 2 AR R N AE S a5 4 vh Ak T AL
MY A FEHESE ke -

3. IRV L RARMON IR E IR S



AR 2P AR AR MRS 5 AR SRR E YRR, KRB 2P AR AR RN =
H-RGERo AL B B NAR 358 2 JSJRN 3 e, IR K e W AR, LR R SRR
JEE B R Gl A= e v i i i) BEPE AR R, (HZSHRARIBIIAE IR N TR AR o i R I I E 1
BB MR AR RN ZE MR SRIBORT 73 25 55 1Y) 8 PR 2P AR P 5 A i B s i, R B AR A
SRR S e T A A, FLBAE R PO AR AR G5 . 45 SRR W] 2
P ] DO 25 A YRR R 73 W) 3 - S E W T 45 A, e AT TR AT REAFAEE IR R AR
RS TP
4. NZH LSRG AR 2T K SE IR

M RN E T ORISR T I IR R SR A K S ) e A
(KI5, ABUBCERZERE R AL T K IR R 3] T R (A A, A e TR R
SEMFEARRE S o BERENAR M - SR AR AT S A R ) A R B i P R A M e TR R
KA B 22 S B e i T 23%, =5 T 93%, SRALE e 1 73%, M5 =i = 3R
T 11%. SR, s T R A0S 58 2R A A i D) & M v T A A A . 2 A
Y LSRR AN T 3 M A R, At TR SRR A ARG DU RN LRI £
SRR AR S ey TR FE A LR, R L SR E R TR R RS B A
JEds o 2, LEAR AR DX S E DR 0 58 2P AT LB L IR S i -4 vt 24% . 45 R
REFZENROA T N LIRS et TRZZF AR

{19

o

[A\g=u]

HEPEE R T LA R, e R AR AR, AAAE AR EECE, it
T A A R AR EAEE SR RN AR R RSP Re 40 pe
HHE, PIREAE B 2R AN AR AR A SR R AR AN 25 R S R DA SO T3 AR RO
TEREARBR AN B (AR I IR SR A, SRR G T R E I 2 R, O A B A K AiE
BRI XN EERMEDE Cself-reinforcing) UM ANRZHUR]: 5285 % AR NAZ 1 3B AE )
e, Q& T B SRR R IR

o

G

R SRV, ARG, HIERUEYIRES, NERALE], TEERCEY R e R,
AR



Abstract

The rapid expansion of invasive plants in agricultural and natural ecosystem is threatening
biodiversity, productivity and ecosystem health throughout the world. Understanding the strategies used
by invasive plant for rapid proliferation is one of the most important problems in ecology, because the
successful invasion of particular species is neither mechanistically uniform nor predictable. Positive
feedback of soil biota may facilitate exotic plant invasion which attracts increasing attention recently.
Ageratina adenophora (Sprengel) R. King & H. Robinson (Synonym: Eupatorium adenophorum) is a
notorious worldwide invasive weed and one of the most unwanted in China. A. adenophora may alter
underground microbial communities, and the feedback of modified soil biota in invaded ranges may
promote its invasivibility. To examine this possible underground invasion mechanism, effects of A.
adenophora invasion on soil microbial communities were analyzed, dominant rhizosphere microbes of
A. adenophora and their antibiosis activity were identified and assessed, and plant-soil biota feedback
experiments were designed to measure the effect of invasion-induced changes of soil biota on A.

adenophora growth and competition. The main results are as follows:
1. Effects of A. adenophora invasion on native soil biota and soil nutrition

Soil biota and soil nutrition were analyzed in the four sites (Heavily invaded, Newly invaded,
Non-invaded and Native plant), and the results showed that soil microbial community structure was
clearly separated in all the four sites, and A. adenophora significantly increased soil fungi, azotobacteria,
ammonia oxidizing bacteria and soil VAM (Vesicular-arbuscular mycorrhizal fungi) abundance as well
as the fungi/bacteria ratio. Soil NO3-N, NH;"-N, available P and K content were significantly higher in
heavily invaded site as compared to the newly invaded site. Soil fungi, azotobacteria and ammonia
oxidizing bacteria were strongly associated with most of the measured soil nutrition characters. It
indicates that A. adenophora changed soil microbial communities, especially the soil nutrition cycling

related soil microbe groups and VAM, probably creating favorable soil environment to benefit itself.
2. Screening and identification of A. adenophora dominant rhizosphere microbes

Totally 25 strains of dominant rhizosphere bacteria of A. adenophora were isolated and identified,
of which 8 strains were assessed of their antibiosis activity. The results showed that Bacillus and
Pseudomonas genus were in high abundance in A. adenophora rhizosphere soil, of which Bacillus
subtilis and Bacillus megaterium were the most abundant and consist 55.6% of the total identified
bacterium. These dominant identified bacteria showed antibiosis activity to Fusarium oxysporum and
Ralstonia solanacearum at different level and Bacillus subtilis BS-5 and Bacillus thuringiensis BT-1
metabolic products had the strongest inhibitory effects to Fusarium oxysporum with antibiosis activity
85.5% and 83.8% respectively. The abundant antagonistic bacteria around A. adenophora rhizosphere

may help A. adenophora resist harmful soil-borne disease and provide a way to escape natural enemies.

3. Effects of A. adenophora leachates on isolated dominant bacterium



Soil biota incubation experiments were conducted by using A. adenophora leachates to imitate
field invasion processes. The results indicate that soil microbial community was significantly changed
after A. adenophora root and aerial part leachates treatment in 2 and 3 weeks, respectively. The newly
invaded soil biota treated by 100% A. adenophora leachates was significantly different from the control
and much closer to the heavily invaded soil. Growth of 8 strains dominant rhizosphere bacterium was
promoted by A. adenophora leachates. Effects of A. adenophora leachates on soil biota were in linear
with concentration of leachates and root leachates had stronger effects than aerial part leachates. A.

adenophora can change soil microbial community through nutritional and chemical communication.
4. Feedback of invasion-induced changes of soil biota to A. adenophora and natives

The greenhouse experiment indicated that the soil biota in heavily invaded site had more inhibitory
effects on native plant species than A. adenophora; and the soil biota in native plant site inhibited the
growth of native plant species, but not of A. adenophora. In pots with soil from heavily invaded site,
sterilization improved the biomass of Lolium perenne by 23%, of Eupatorium fortunei by 93%, of
Medicago sativa by 73%, and of A. adenophora by 11%. Soil biota in all of the four sites increased A.
adenophora relative dominance as compared to each of the three native plant species, where soil biota
in the heavily invaded site had stronger beneficial effects on A. adenophora relative dominance index
(24% higher on average) than soil biota in the non-invaded site. Our results suggest that Ageratina

adenophora modified soil microbial communities to facilitate its growth and inhibit natives.
5. Summary

A. adenophora is more positively affected by the soil biota in invaded sites than resident natives,
and earns its competition superiority directly or indirectly through the beneficial soil biota and
antagonistic rhizosphere microbes. Once it establishes in new ranges it further alters the soil community
in a way that favors itself and inhibits natives helping promote invasion. Soil biota alteration following
A. adenophora establishment may be an important part of its invasion process, which is used as an

underground self-reinforcing invasion mechanism to strengthen its invasiveness.

Keywords: Ageratina adenophora Sprengel; exotic plant invasion; soil biota; underground invasion

mechanism; feedback of soil biota, facilitation, inhibition
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T VF 2 AP RAION 2 iy R (1) EUOR 52 55965, Elton HA7E 1958 AFa e T — R AN 414
PINAZ K2 (The Ecology of Invasion by Animals and Plants). 1537645 ERI% T L AW
RIEHISL, B T — LR Y NAZ B LR A &, WORT A S = AR PR RE, AR
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HAGRKMI By 752 2T A6 HA B (AR R T RE BE RS IR S 3% 0 25 40 A0 25 R0 it 25
FF{iE(Lake & Leishman, 2004; Lloret et al., 2005 ). fEIX J5 [, IEFEMFITHGE 2 — 1 EhE R i
(Propagule Pressure Hypothesis) fift, HI 10547 RS AR A & S, S kAEP A
HiNAR BT R 5 A0Sk W it FE 508 D) A 5 (Williamson, 1996; Mack et al., 2000), Kt N2 Fi 1)
FEIARE PN FLAE O S R 1) N7 AR AR KA HI (Turnbull et al., 2000). Baker &5 (1974) %
XPHMRANZ D) RS T FNR R AR SR il MRS - BT DUAPESTE, A ot SIE
REJ s MPIT I B 2 BRI N TR 0 AR R S B A AR S R R 52 5, JE S 0 PR Bl 1 i
PR

1.1.2 ANFEBHITNERE

PN AL N M RARAES R G TN R AT BN, I T At PR 45 2 DX el % o) 18
RNZIIREE (Mack et al., 20000 , XAMRADIRE RINANZ R SCE K . AR AEBTR AR
BNRAEDIET R RN TIOKN L RGHRDUNAR I BE ST LR N AR TR =24 i 1) B A
ERAREY] (Lonsdale, 1999) o Al IEXI e MR AESFEA LI FE, HFFEN G T & FHE .
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1.1.2.1 PFhE 1R (Diversity Resistent Hypothesis)

KFESRG IR NAZ I, — B L SRARAUE X AR & A 43U — AW a5k
AP ZFEMERLGUR UL, e Ta i 2 PRI R 2 L 2 AR AR R B Sk A N AR Bk
i (Elton, 1958) X R UL RIS IR /L, (IRZ FEPEREVR AR ) IBC R i 59 H B ATAHX AL 2 1)
FRAAS AL (Crawley, 1987; Drake, 1990), BI7EZFEHEARIRER 1, BRI IR 22 BARIT, 31X
AR AR AL T AEAF 2SR, BT DL FE IR N R PRt & i (Crawley, 1987; Tilman et al.,
1996; Hooper & Vitousek, 1998). 1 XHFh Z FEPERRPUIR UL, ST F 2N ZFEERAR EE T
HHAT TN MR, ERBITAEE RGN eI 2N SR, SR TIRS
i o EEF AN TR A AR R A B, TEVE 22 R AT A AR 2 52 IEAH G, 4 Robinson %5(1995)
I AN A AR AP O, RIS X 5 T AR AN 1R« Rejmanek
(1996)iH L% 4 BRVE AR AEWAE B0 AT,  RIHGT H X IR WD, XA e R B
e LB Ay B X PR AR IR SRR N AR B A B m e, i sk e ARSI A S 2 A1 . 1
Stadler %(2000)i8 it 73 #1H JE W IEALHS 20 AN A kb AR SNSRI /0 A R, M s
i X AR AR 2, HAHAISRRANAZ PR AT B 1 RS0, W 22 FE R AR )R O Aty
LRI AR b e DRIk DX Bz By 52 NARE IR, TV B FHA By % R B IR N AR PR fIG, HL TV L
IHBFE S D) TR J3— 71, RN ALE D7 B 1 DIAREs rh 50 R 302 A R, Hpt
N2 E o 41 Dukes (2001)  FEERAN [) 22 4P 16 R JEUT AR )RR VRG] A0 ok — 4 AR e BB (5, 2 4]
(Centaurea solstitialis L.) IJAZHUIE, KIUIEE DI HE 2 FEIE & e ] gk D i e B A R
VTN 2 FEREEDO ANAZ P TC B 5200, 33X 3R AN REAA NI 22 FEPE RS B B AR VR — NV 1)
A NAZPE. Naeem Z5(2000)7EA A 5 B2 2R A BUA RN = N, 73R T 2 e 540
KM ZM 5 (Crepis tectorum L) ARPERIRR, KMZHEEENRE2IVEZAAHEE,
A IX T BEZ T AU S R 2 R TG T R, HLskb T R g F DA SR ) I
DKo FBr BRI U A H XA JE RT g 2 B T A [R] )23 I J ), 0 Bai 25(2004 ) i 6
WL 24 SRR RGN E HEFAMERON I G R IR E, RIAESRFERCE (UEGT
B AR E D ME TR NAZCE ORI D) A1 RN 2R GG, e
K RS E K B TR RN D R LA N8 TR AME SN, (R4 8 1, SE—Hph el
REM AR T RAEAEREE 1 o) — P el T RE AT HMES)

EAMe, BRAMKIAR B A AN GE SOV 5 22 FEIE AR I 8 SE M AR IR S PR 25 R IR
SEAERT, AR . TR H B R 4 (Levine & D’ Antonio, 1999; Shea & Chesson, 2002), Tfij [X.
BN R BRI AT, 55— T B T4 R e 12 i i 20 T OX Se R F PR, s PR T
PADOT Y A Z2 FEPE RN LA 22 B AR R - OCIAE FH I B . DRI A A ME IR~ S R 2 AE 1, BFT L
B NAZ PR 2R RATAE et — D IR IRAT P Z BB NIR, - WiDavisMPelsor(2001)7E
H g o, RO SRR ) (R a1 B TR RN TR R, M
I ELFERT AN RAE ) NAT ) 575 77 AR AR K IR 520, FosterS5:(2002) (1AM 1) 6 30 22 4528 ey (7). Ji B
Gy TRANRYIA AR, X FrRT B A AT RE EE R 2 FE RIS BT, R AnNIE A 250G
(Siemann & Rogers, 2003a) -
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1.1.2.2 =SEEBMIERE (Empty Niche Hypothesis)

Dl T A A A T AR A AL E S AR AR AR U HR I AR A AL T A AR AR B
K, ENAIRAEDNAZ SRR AT ANAZ MR T A ) AR F 2280 01%,  BIARX & 4  BE U
T L I N 42 (Elton, 1958; Mack et al., 2000). KL% LY =F & FIRE& BN A P38 98 A
7Ry, ANk DA S W R AR A, Iz iR 2 Rl 2 A PR Y B S A 2 —
(Levine & D’Antonio, 1999). iz UifR AN TR (B, REO MYELHER CAEZ. W2
) Yo MBI KR, CAERE R e N g &g T “AFSAL2%E (niche space) ”
() —AN i AR )7 BN TR 25 (A T AR, — NIRRT IX B PR 35 I 25 AR A ) e . ] e
E T'EMIAZ S (Shea & Chesson, 2002) .

XU AT EZEB AN T TR I LAE 1, — A RAEY) H 5 — LSRR R N AR ) R 22
FRAE, 53— 07 U2 N AR M A= U AR & ARG, tns (52 4] (Centaurea solstitialis L.) 7
TN RSy E B — AR, T el DR R AR R )2 (b R 60em) (IR 3 B8, 1T iZb X
WL RLTE L WA 285k 2 (Dyer & Rice, 1999), AT LUBHK IR 28 4 iZ B0 R 25 4%
FHIRIIALHY . Dukes(2001) W WA HE A= 25 RGP DI REIA R A0 B, F90 T 0T 3 €8 B2 ] i) N AR bk
RID> E 2Ky, SEIMThae A ERREE 2 RE0E, ARRRE A H B B 00 52 B [ R BAT IR &R
P06 2= —4F A2 3 Rl 2k HEHemizonia congesta (D.), A& Wi mi oot s (R S (R i,  HBFiidk
AR R LRI 2 A AR QR BN AR AR U T U . Rz, AR AR 2 i 008 32 22
R B, MRS IR B Z o AR R, BT LA R S5 RN AR A X
AT RIS EE AR LAV, — 5 T B — D45 0 AR bty o] BEAH T X R R R, 0 — Lk
PR TR A R R AR TR P R ] RE AR L SRR R LU T s B T A A R A
ASALIIGE , WS ] DA I PEAC 28 F PR (DGR KRR nl e N R A A
FH R AH X 25 4% (Hierro et al., 2005) 77 IR % 1&

1.1.2.3 EEBRETHBRIE (Ecosystem Disturbance Hypothesis)

MR HAEZS R GE 10 # BE VPRI AT NAR PRI 5 — N AR S TR 2 sk ot TR BiR
HMSKRAEDAENAZ HT, Re I N A A ) SE A BEHPLIAM S R SR T/ E T, iR g AN
2475k (Baker, 1974) o XBITHAT 0 AR TG AN TH, THALLERRARAE N AZ Hu AV o
TERCE I AESAL,  FEAR T XS I+ 2 AR VR R AR ARG, Ak 5 TR € fi e 1)
PR DRI A RN, WU A R A= B S R P I A b 2y B e 8 0 JE AR R S e 1)
Bt (Huston & Smith, 1987). —6ffF 50 R I, AHUAEMIAEAE B SMKRYIFI BT 4 D7 ik 22 Fh 2 R R 53
FETHRIIZE J1(Mack et al., 2000), IXf#ERE T A ARHB B E AN GEAE 2 TR R A 5 h R ok
KWFIBFE L. Smith & Knapp (1999)7E— A LACAEY 0 E MR 3T T 15 1R5%, BHFTRE
PSRRI FET- PO BEE N PR, RIS TP CRBEEURAO 7™ 5 52 5 AR R4kl
WIS B, R T VA A0 B G i n AR PR B . IeAh, 2akAeik
WALHE T AW NAZ B3 K& 2E (Dukes & Mooney, 1999), [K 4 N3N [8l 1) F JEE, BRI S
i e R AR, XRS5 BRI A A R ek, 2 SRR T AN . (HE TN
1k, UL ER— B LSRRI AN, [FREAR D IS rP A BIERE,  BRAT B0/ T DU 7 B Al i

4
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AEBERERLTA, AR RSN R S = E R I ASGAIE
1.1.3 SPRNFRENENRMEBNEEXR

HPRNAZAED) 5 AR AE BT K BAT SR RS AN KAE I NAR I RVES R G nl AMRYER)— A
FLEITI, AR RN VEVEAE ] o A5 AN RAE Y H) LR P BN AR M P 355
FAE AT LR TR AR, IR 5 28 P N AR IR AR A 5 AR AR B3 1)
T8, PIEM &SR E AR I N R P I 3

1.1.3.1 REPEEMRIE (Natural Enemies Hypothesis)

TERZ A RO KD 5 A A HAE BB b, R Bk 72 51T BB BB 18 0 R Rk g
Pi(Darwin, 1859; Elton, 1958). ‘B /EIRAMKRAHMIMENR AT, [RIREIR T 5t M L M R B2 6l
TTAEANAR DX AR B0 Z AT ROR TR ], de Al FOMOE PR AT 7K o AR U a5 P A
P& (DAMRAPIAE ™ H R 22 52 B B Sh WA RSl QFMSKREEIEN R 2 20k AR
NIRRT ) — AR DN o Sl AT AU AT T, — 7 T 2 B A [ DR A I ™ FE A4 ) A
By B ORI AR R S e, RARKC ) g ) A AR PRI AR MR A f e Bl S S e 1 B
8o Ty T THIN R AE NAZ R 1) J5 ™ B R NAR 1t [R] I 0 AT R T o3k P T s A A 6 B R AR )
S, WITEAE S RO 1, Daehler A1 Strong (1997)fF 5% ELi% T I A£ K # (Spartina alterniflora
LOMEZAAFANR L (RN BN ) X g [RE A, i 7 A Bz de bl
B A M R T Az A E Y, 4 SRR MR I (L AR J L AN 50 L R B NAR A2
foFEAIR AR (b B> 23% R 17%) , T E SR FRRE I S2 217 5 1 B, AR
b 70% 1 88% , HALH “ANNEBAEE, HEEARHX FHEAAE R 37%, MR EAZ R
FEARTCHM . Wolfe 45(2004) W) ELAL Tl W NAR AL SE BN T 2 4F (¥ 2 48 42 B -7 % (Silene
latifolia P.) , LA 86 A ANAZHUFIVE A [F) B AP HRE AN, AERRINIZ AR 5 T3 2 ) iR
B Chnigp e, A TR AR PEREL (R IO E R SRR B s, X SR BN
R ER R =, I I AZ A AR BRI ) 52 R TR R B S L AR N 17 e 23 A 20
ANERINA H AT E AR AE L R @ AR R, BRI LSRR AL 5 Ehf R E 2—3 %
FIBAE Sy, H = i ) R L B BBUE (Wolfe et al., 2004).  Siemann Fl1 Rogers(2003¢)4R1E T i
T A [ 2 4 (Sapium sebiferum (L.) R.), 7847 1o 3 B 48 50 g% 3 M R A5 00, i) 5 A
HAEPIAH B AR B A RO /> . AR By D= o e B, VR A sy, AHbT)
RIS < fou(Adoretus sinicus B AR 5 [ [ Ja A R HBCEr WS K -0 ME A s At o e
RSBy X [ BB 4T (Clidemia hirta L) 72 AR U s 3R fed 7K A 55 2 4K T )2 (understory)
A, AR R AR T I AR AR, R T SR AR R R A R R LR R R B AR K
(Dewalt et al., 2004),

B I HE— D AN SR B Y T A SRAR A e s 1 RSO L FEAE RS, A - 4 I
o AEA R AR R J ™ - SR I T 1T, Beckstead MIParker(2003) 173 1 Hi BRI A 12
5 [ 0 M VD e ME RS (Ammophila arenaria L.) IV A& M Hb T 995 5 60 A A s FioRRE Frp 4 ol
YERT, RILBK A A RR N  Je Rt i N AR Mk ), AR BRI 0 52 21 1 6715 ey B S 22

5
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Ko AL T 7-13%, Bl 78 R T 12-16%, [5]IHERIZE (10 4 8t e B0 17 1 i
Reinhart1%5(2003) & B 1 38 A2 VG AL EREC IR AL 5% (Prunus serotina E.) 7136 [E A i 3 & [
(1) T B AR A 1R (Pythium spp.) BE A R LRI RE I S 09 58, 1T DU T 1) A e
Callaway“5(2004)HRIE T 5 1 VG KR [ 44N RN A2 i I 6 5 1) 2% 4 2 M B 30 A= o0 0% 65 1) 5%
W, AMAACE b, KB RO RS IR R A AR R N T 166 %, K B AL SR LR IRIN
RIF LRGN T 24% o TEMBERIRER KT b, TR AR BRH T 3835 73 1) O% 4 2 A= 40 e 14
T31%—900% , 172K B LS 3B IR I R 454 A i D DA 24 96 (R AR RT3 B = i o
FIFEFD) 2159 % M in. IXUEiFor i, J5 7 3 AR Mt SRR (3 4 T R AR b - 45
DGR/ LT

H, T RA — SEAIFFUAD e AR M 1) R R B 1R R BO SRR B e, W
Dachler I Strong(1997)% Bl £ 14 th (Prokelisia marginata V)% — B AR /bl it £ i1 Ah ke i
W) H 46 K % (Spartina alterniflora L.) 2 A 2 F M HU T 2N . Siemann 11 Rogers (2003b) &I, i
AL P gt AR AR 2 4 (Sapium sebiferum (L.) R)EAMIENE . bAoA 282 55 HRIE
TEVEAR I, B LERBON AR A5 A E I E A — 2 IR W] . (Crawley, 1989), My H. B R Bt ki th
GINFE—HX, W ICVEFEHI AN, W KR 5] N 250 2 7 # - F (Agasicles hygrophila S.&
V)5 —Fhii# H &R Vogtia malloi (PTG M KRR A0S T8, KRBT /K A T 8L
(IR, S TCVE S )20 1 B (1 A P (Julien & Chan, 1992). R, 15 5 LUASIF S0 5 & Hi A
P B TR A RO FEAN SRR B 2 T REAT R, X T PO RO AR i A2 AR A R S
(Parker et al., 2006).

1.1.3.2 AR {LERiR (Evolution of Invasiveness Hypothesis)

MNAZ A B A FR S ARAE 3 A AR A SR S Rl D A A F >, TR R A i 5 L R
R b 1) ) AR A L AR LAY | BN FAIR I 4545 1 (Crawley, 1987; Blossey & Notzold,
1995) o B RBUR BB RIS, BN S RA ) il -1k 30 T = R s il 2 25 7
H S RS X LR, KRS SRA Y T REALE AR L DX SR IR R BOE £ K ) T 87 40 il A4
PRI, AR/ B0 ) A5 RIAY, L Arisifl bR AR Pt A R T Ay e 1 A2 K (Sakai et
al., 2001; Lee, 2002; Stockwell et al., 2003; Maron et al., 2004). T4k, 1R 248 X% R 56
ST RE T BB TR

Crawley (1987)WFFUARIN, MMRINAAZ B0 R4 RO A b ] J@ A REAH B, 43 % IAED)
AR, 28% A8/, FIAIHFEAANA , Thebaud FISimberloff (2001) MIZEY K i 7 Hdhs = (1) 36tk L,
FFRE T HCrawley (1987) KA LB G, 45 R KI5 % FEHP AL R, 29% 48/ LU JE TP
152 32 [ 2R p 35 1 Bl 2 4RI (Sapium  sebiferum L)X %, SiemannHl Rogers(2001) & HLEFEYI(EA
152 1t DX PR AR 2 A Y05 A b ) g A iR A B K FL 8 ) B i, AELAD 1 i IS, Hpom R 2= .
JakobsZ5(2004) MR H i b AL, F] AR B SR RSy ARG SR 5E 4 ) 2 A — AN P4,
WF 58 i 18 7 ARk A2 K — 4% 546 (Solidago gigantean A.)[#)146- JbSE Rl IR A145 /4> Wi o Fil
B, AR T PR A A2 SN2 B G I W 22 S A b, I AAZ R R P SRR /N L 5 R A
BRI . VilaFIWeiner (2004) 694 NAZFEELE U5 A Hh 55 A= 1 1) 6] He AL 56

6
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SRR I, NAZ B LS P MR (G S8 4 i, ELNAR MR R MR R VR 75 I 1) 0 2R T L YR
R AR LE R NG, SO AR BT SR AR V& AR ) 1 5 0 REAE A
BN RIRESE S S0 — A E SRR . Hinz & Schwarzlaender (2004) i it K2 19765120044 )
CABHE PEA R NAZAE A AE DR E A R R FORE T30S J7 T SCRR IR 22, 2865 70T 1739/ R B AI2A
TR B A0MEFIRE S NN, MR E R HO A RE TG A T % B . B ) AR 1 1
SERRIAEE, DL R E

85— LeRE LA tH T 5 R BEAGEAR P JE 1R 45 A o DANAR WG 1) SR A0 S5 22 4t
(Cytisus scoparius L.)J#i, Rees fil Paynter (1997) ¥ {iARIEZALMIAE N X AN RE-240 75 i
FEK . MR KR H AR . 10 Paynter 25(2003) 28 Gt il 2 A AEAS AN AZ S RPEE (IR
HiDX 7 AN BT S X 20 N AR ORFIE 11 AN, #1155 Rees Al Paynter (1997)
FC I 45 5 . Buckley %5(2003) ELEIIF 5T T 95k >4 4 84 A6 5. (Ulex europaeus L)1k s FHER!
DN HBAEFNRE, RIS 22 S A AR IR 0 N My B2 O S AR T, (HIR S (R e A P b G f 3 2
il CEEIXEEHEFURT L, BREE R — NR AR S5 8, X AT RS R AT A i (] . 7
EL BRI I S5 BRI 00, AHSOM DU A AR U0 B0 AT ) (9 T, I I i SR 4t 4 L e TR 7
KRG AT IR LB D B AR A & X . W Edwards %5 (1998) 57 K ILT Jii =% (Herba Lythri
salicariae L.) FIHETEE IR LF I AR T 52 DA i (R 58 ), AR FR 4 22 B — R b s I
B SR TS . Leger M1 Rice (2003) % 31 M 5 A1) 5 | 3k ) 22 SE (Eschscholzia californica C.)7F %
AH MY TES IR OLR, A 0] RELL NN A R 55K T HL %558 J) 5% . Pritchard (1960)38 i 75 9%
][] — 1y 7] DX 55 R AN [ b DX PR 9050 A R R 25 1 E 55 KR AR 7 7 =2 55 e 1y [ S A 4 8 v
TER (Hypericum perforatum S.) R, AL RIMA 257, KIS RPEEE LU A Hh ) S hAEDH:
Maron %5(2004)7E i 2 4 1) ol DRI R I T IR 45 3, (HBEAE I TR A, X R4y
KT BHATIM . I BRI PE HESE (R0 I S2 AR T AN LA MR S IR K s B i, 4L
TR IRAN KT B S B A T R0 1R AR HRAEN R )

X T NAZ EAG AL PR 48 735 A 3 A AR AZ AR U PR — NI SR RIAE R, T 2 A PRz A
BEAL(Crawley, 1987). AR BRI A8 56 J7 IR I LARRE o A% 73 A (R FG AR S T 4 A Y
AT IEPE T A RN I N AR A, | S ST AR B 0 P AN [RE AN JiE AR S5 1R Sl - Maron 45(2004)
Y TR A A I N A R PR B | S SRR LU T AR B SE I TR (Hypericum
perforatum S.) AMAK/IN. BEE Iy FInE R AL, RIS AFLP ARic s AR E T X Lefp st 44 41
NE, 4 R I IR G 1 DX (R PR A7 B A PR A 2 S, 30 0 ) 10 el DX 2 B P b K/
SEhE ) R AR e AFAEW] B2 5, AT TIA A & I PR AT B A2 AP SRR D) AR LA 2
—o HIRAEGEVA NAZ LE DI PR A B TR 2 R Al IS (Crawley, 1987), 1M Willis 4%
(20000 T FH 2k 15 25 R BICHH K Bl A2 ORI AT 7 2= 1K) J85 7 K e (Carduus nutans L.) Fi
EHu (Digitalis purpurea L.) 7E[F—IAEgh AR K LA EE, 45 5k I ILAE RNV ESE J) 77 TH T
B S 28 e, IO — A B R A R A ) R AT e R A AR A AT I 5 R, T
eIk IeAh, AIHFCRIAAS G ARAEIE B XCE, HARMmIH Y, Gel B
FEREA ., B AN A EESUR%G (Carpobrotus edulis L.) 5+ 2 [F] J& 44 C. chilensis (L.)
(22 7 AR 1A JE AR 5 BN 2 A A IR R e, TEIRTEYD el vl b, 2 S AR A

7
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R T A, 1 B AR AN R sh W AR ST W] Y 5 (Vila & Dantonio, 1998). Milne Fl
Abbott (2000)5 FHIHZRAAFIEL IR DNA 04T, KILE AR 2 H i A S 5 [k 5 [ i A\ A2 ka4 2
+#tA%4E (Rhododendron ponticum L.) 7E/EAF B LR, FEAOE T 2438 201 .

B2, NZHEABG H RIS & 5 2 S8 A RN R i 22 Bl SRR I R A N ) [ — [l X 55 &
N, IS AR RN AR AR R I (1) 22 A6 K N LA 56 (Siemann & Rogers 2003b), 7EHLEE
AT REIE BN IR LM S AR TR F DU IO AL AL AN . HFEEE R L, fEAR
DL X R E, X IR A A AR R A ) F e, EORHR s PR A RS L
R AR IR ) 3 AT AE ) 1) A AT Ay T R R

1.1.3.3 AR EE{RI% (Novel Weapons Hypothesis)

PR G U B0 AL B A ) AR SRR PO A AR ) A E ] 2B AR A
FRII AR 2 R S AT B i o WAk ) i E T AR Hb R ) BV (Callaway & Aschehoug 2000; Bais
et al.2003), %A 1) R BEAIl L AR A B 70 We A IR o, PRI A s G ) R AL 40 BT A A 300 1)
0 R1 A AE P TS0 " A G R 3 N, T A NARE s U] s oAy — i AR R A A TG 2338 I (PR AFDRE 3 7 1
W) 5T A iV A AEAE

Callaway M1 Aschehoug (2000)HF 53 ELHR 12K H WK fil Az A6 56 I 2 5K 4244 (Centaurea
diffusa L.) FJ & M ff A= R FORIAG 28 =R AR HA1s (7] J8 RS PEIVEH o R IR 25 AR 3R 5 b
Wt AbSE RS LA WA A E T, i e W B T DA X — 1R, AL ISR R Ay
AR L5 R R R B E BN B Sl o T U0 B R 44 7 2B (R A 27200 O BRIV e DX R 5 BT 3 B 1
HAESEREEE A IEN . Vivancods (2004) WHRIE T 5444 1 3R G AR D5t FE AR 1 11 52 1
FARERBERR Y IR B AL S BN R M. S5 AR, AR, AR S SRR 4152,
Bais%(2003) W R4 I & 43 545 81 7 (-)- LAY % (Catechin) , FHARIZY) RIS 45 ik
JEE B L LR R M RO 2 A, HWROT PRI )6 12 ) SR AT B s i 4k « K H Callaway il Aschehoug
(2000)AU¥ J77%, PratifiBossdorf (2004) 5 T AR ALE AR T 2452 TF (Alliaria petiolata B.)
A EAE L, AR AE R 45 5910 K A6 26 I Geum laciniatum MLFIRK I 1G. urbanum L., 45 5H R HLAN e fl
WIAE AR M 25 B (R % 00 A i S R [0 £ A B 1 e I O S 5 VR, i B
(R NAS R0 Y 1 (0 4 AR B A T S 2 A E . A IR (2006) BIFFT T 58 28356 22 1 - 204k
W) N R AB A E I, ORI AL B S, FREAN RS LRI/
Ry AR B AR ARG = s B2 0 R B D) R, BB AR A4l
(R AN SRR G540 2R T B A4k, ARk . RV 2 . SR A A

HZ, MR S B UUR 2 IR0 s B TS = N e, IXAE e LR A A R
(K1, 1y H ATAERF SRR S BT N I AL IAEAMRAE N AR A IO T SO RIRIGEE 2D o th PSR4
B IR2 AR, ML Gl RSO SZIABE M, [0 ) B S BRI K ik . et
SR e E AR L AR o iR 55, X AR LR BRI AL AT (Inderjit & Nilsen,
2003¢) o A HH WA ILL IR 475 A R B RDRE FRC ) TR R BEORT IR, iy LI 225 18 SR )
TEEIER], AEIREARAE A EOR LT — e MR, AT & B — 28 U 5 iR B R
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SE PG HEMI M 22, AN Blair’s:(2005)3 1T 75 Bais 2 (2003)WFIT (O FEA I, XA (-)- ) LAY &4
Y AN 52 b B OGS R — 2 AR A RIS T CAEARER I 45 B ((-)-) L% 35 H (AR B
#A1000ppm. X K% (Festuia idaboensis L.)[¥1 42 SE#E M 5 B ZE LU IR sE30E & A5 BRI, A%
P FAE R N AR L R o ) B B R T RE— 2D

B AR N FIPLELZE — A ARH 2R [, R Rh B B AR FL Y F 5 i A7 e
JE M RIRYE, AR R BEE M 5 MR e BB, 3 22 e BT I 7 (K Ak L DARERE . [
SR RS BB UK AT I AN R LR FEASZRANUTRERY DRI 20015 S50 AR RS P R AT 4]
ARG E, A N AT R, SRR P Bl ) 460 F 1 AR .

1.2 ShSRAEHIN B0+ R AL 5

SRR B AES RS, B S EEMYEH R0, e x L&Y, ARk,
ERE 2R S JENRHLHRIFISE0E 2> 52 9% H 2 L2 FEfb(Mack et al., 2000), JLr, 4ok
MNARFE W) 5 1 38 ol A2 ) B T 19 A O & 8K B 5 | B 9T 1) B PR (Callaway et al., 2004;
Klironomos, 2002). T3EADREK & T ESREPEENEWR T, MAESRGERFRE MM
YK T84 524 ] (Westover & Bever, 2001; Reynolds et al., 2003); [FJH A2 L Z M RN
AP BAE TS, LA AT RES2 B S RA NAZ 5200, I S i1 ) 5% i R sz 4k
KA N AZ 3 FE(Kourtev et al., 2002, 2003; Li et al., 2006). FAA LR RGN : Y5 118
T E IR ) AT AR SRS E T, SRR IR . ORIFE) 2 REPER) A AR Tk
MAMRNZEYENZ PR A 79K, @R 2Rk, X RSB i S MR+
G E MR AT AR )k 22 (Augspurger & Kelly, 1984; van der Putten et al., 1993; Mills &
Bever, 1998; Packer & Clay, 2000)

MNAZ A 55 N AR M SR E W ELAE OGRS S AN KA N AR D RVEZS R G MR YRR —
ANFIITI o APRANAZ MR AN AT b I FR MG IR - ST DRV R 50 LS X 52 0 5 AR
TN RS 5 2 R 55 A7 SRR SOt/ 2 AT & 32 R, 2 I P AR T R
(Callaway et al., 2004b; Reinhart & Callaway, 2004). ZNRAEYINAZ 7] DL S 38 Y ie s fe 358
ERRG R A AR, SO KIX R SR AT e A T AMKAEY) S S R S A, AR
MY, TERCRAA PR Ry R & e . PRIk, AR AR AP AN AR Hh 33857 /0 1 AR L 3
TEMIRE B AR AR RO ), B8 5 SRR N AR LI R B

T AN RAEDANAZ ) IR D AR AT IR DN A, AT B O S RAE A N AR 0T
TR FE N, R N IR I R SRR A B, DL AR N R A
I HAE R RAEAZRIR, IR R R AR 1) 38D 2 DL SRR N AR H A AR 2515
RS

121 TEFEYHEYERK. EFNFFERENER

TIEFAEY R R IR MR EN R, 25 PRIPRAARE, EAESRGEHAR T A
SRS I BIRPE , AERIV AR REAR . TR FOE TR A b s+ > R . (VP
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Mg, 1991; 5KAREE, 1998); [RINF, T3t A=W iEvs vl LA & A og a2 sg w4 (0 28 K
s, WHREHERIYIFR . I LB SR T R A L SR P L J D R R AT 1 (&
nkf, 1998 SREFIEFIMRIEEE, 2003) o FEHAEL SRR ) LR HE O R A T R
o, AR S DIERUERRK, R KIS T M S A R E R A RS
(JHL 4%, 1992; Bever et al., 1997; Bever, 2002, 2003). H1 45 iAW & 1 5% & T LA
PRE RIS TR 7 1) R ol 2 38 rP R T AR U SR 1) 52 T e R I R A ) ) 5 4 R R AR
AL, KB RGE T E ARG M DO I E S BRI P e )6 FEEAEA] (Reynolds et
al., 2003; Deyn et al., 2004; Z=f#, 2001), Kb, Y5 HIEHEW L AERL R L ERAIR
TN —, WA RFI IR SRR N2 SR LA B2 .

1.2.2 IEEYINERI T IEE ST IERF N
1221 SpREMANERN LIEF O RIZ N

AT SRR ANAZ TR NMZ 1A S R GG B R W@ N AR S AR N 2, DA
WL 2 B e SRR e, TN TR R T AR 2R KRS RS
SR IR FUAH 6 45 /D (Bhrenfeld, 2003; Levine et al.,2003). {HBfiE % 4= 4 R GoHh 55 FEL A IR
VRN (B 4245, 2004; Copley, 2000; Johnson et al., 2004;Wardle et al., 2004), #RiJ4MRNZHEY)
X NAZ b 3SR S AR R IR 52 0 O A 7T 4 5 2 —(Belnap & Phillips, 2001; Rice et al., 2004). iX
Loty ERAE T T LSS AE S T M TR R A LA B R A LR ) 22
(Mack & D’Antonio, 2003; Hook et al., 2004 ; Wolf et al., 2004; Yelenik et al., 2004), 3 fij {5 B MR A
AN FIETR 3 (R o AR AP RAEIN FIETFR I W RS SS AR KA — 3, —LeRiF 5]
ANRAEINAZ TG IN T NAZ Hb A3 SR & (Vitousek et al., 1987; Stock et al., 1995; Asner & Beatty,
1996; Yelenik et al., 2004); 53— L5/ 5T NHRIE S KAE Dol T H AR M 3 S R(BHRAURT G ),
2004; Feller, 1983; Bhatt et al., 1994; Trent et al., 1994; Christian & Wilson, 1999); it —4E5iff 57 & I,
HPSRAEBEAT A8 N AR 3 4= 38 5 % (Otto et al., 1999; Porazinska et al., 2003), #NRAEMI A AR X} + 12
TEWUR S EAH A RO W2 e [RIREAE ARG I 98D BB e 3 M . A 2emt ot R B A kAl
Ppdi T LA I (Kourtev et al., 1999, 2003; Yelenik et al., 2004), 7 L6HF 57 |2 B4 + 15T HL
Fk > (Wolf et al.,2004), I3 —LEHFFTRIE S RAH NAZ BAT L HIRTEHVA S B, WANIR L AR
RN, KA S RS LEMYA B3 % 5 (Windham & Ehrenfeld, 2003). Saggar
EE(1999)WTFT K WIS RAE I ANAZ G I T -3 WL ¥ £ i s {H2 Windham F1 Lathrop(1999) & HiL35¢
DB PE M AR AP =5 B 0% LI B & &, RN R 2 U S IO s, 4
SAHAIE R NAR AT 1.6 £ (Windham & Ehrenfeld, 2003). ARG NIZ & FHAIRA T 1L
¥ H (mineralization)3 5 (Vinton & Burke, 1995; Ehrenfeld et al., 2001), X 7] fig & K 4 NMZAEY) A
T I S EFEAC S E YRR, WA kMY 3z (Avena barbata L.) M4 7 (Bromus
secalinus L.) ANRITH LTSS, TR MM BEREE R T o0k, HEIT 1 AE 1A
FHAR 25 319 5 (Hawkes et al., 2005). 3840 It 52 2RI NAZ 520, O FIFR 32 22
FEENS 35 pHL TR KR . B IEZF A2 (Mack & D’ Antonio, 2003; Hook et al., 2004 ; Rice et
al., 2004), [ 055 (2005) KILAZHYINE K —H 34t (Solidago canadensis L.) 715 T +1%
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pH, HIIN T B8R RIERATHUTE, IFA XA SRR AR .

AR ANAZ RO LI F SR 0 R AR, X n] Re 5 NZ R H S AEY)RF IR > 1y
BRI AN K, W AN IS A 5 AR 0 3R SR Sy, 2 AR R
YIOY 3k S 4E UV FE KR4 (Asner & Beatty, 1996; Duda et al., 2003). 7750 3RAFH AR LI
AR TR POEAE T, AR 3555 0 B ] B R 3RS 2 — M LA (R R (Yu
et al., 2005; Hawkes et al., 2005; Li et al., 2006), {H H A7 B BAAEANAR M DR 3587570 1152 i
5N R 7703 WROBE R, PR 21— 20 I SRR S AN A0 3557 23 1K 52 0 B
PRI NAZ LB G FR o AEAFE R I AR ANAZ AN 3555 53 15 ) 55 O - S A e v
(R SE I [ AR AE T AN RN R, IR E Y I& SR RN T RE A AR A0 AT DA SRR + 3 5R 3R A,
TEBE NAZ R T 53 WL o

1.2.2.2 ShSREINE X L IR AE B E AT ARy RN

AR AEY)— BRI e JE 5Kk, e il i SRR A N R UK AR S RS, ik e

T IERCAE YR TE A D RE RS W BE R T, W LA R AR RGP AR 1k (Saggar et al.,1999;

Belnap & Phillips, 2001; Ravit et al., 2003). KourtevZ:(2002) Eb 45 T N2 & B2 75 M i Akt H

A/NEE(Berberis thunbergii L.)F1Z24 354 (Microstegium vimineum L.) 55 -+ 2 1k J& #54) (Vaccinium

spp.) IR 5 1 (rhizosphere soil) 5 AR B 1 (bulk soil) oM ZE M BER IS5 K 5 Thfg, 45 SR Wy A4k

KAWL RS LRI HEAR B LA PR I S5 R S DR ) 25 S 2 s JEIX PR AR A

REAE B A N AR I e e = AN TS W, R0 S R IR 4 i R D e D 2% (Kourtev et al.,
2003), HE—HAFSE T IX—45 B . DudaZ%(2003) % IR 25 [ P4 3 i1 5 45 & (Halogeton glomeratus L.)
(LI T T RE 2 AEVE B T Y, RN IR AT R (Bromus secalinus L) AR 2395 145

P, SEAREHIEF A I A DR R A T W81k

HMRNAZ R AT LA B al ) R IR AR O N M I I R . — 7, IR
VIR B EAE IR I SRR, SRR YR N BSOS S, A& AR ORE!
PHUEE, FECHHED Z RS, X AR EE R R AR i I PRI (De Deyn et al.,
2004; Inderjit, 2005) : 53— U7, AMRAZAEY P LRI AR R0 WY s va ) o ik 55
TIERUEY R A RAR IR, O IR E YRR S DI BE (Wolfe & Klironoms, 2005; Reinhart &
Callaway, 2006). 1t3&K%:%4 (Centaurea diffusa) ZEJLIEHIX V2 N2, ‘EIAR R AT AR A
ATEAEH BBy it 8-F23EMsIbk (8-hydroxyquinoline) , 5[ T3EFUAEDEEVK 11424 (Vivanco et
al, 2004) . ZJ%+ (Alliaria petiolata L.)/& I AMZ AL FE ARG 25 E K00, XK K 2 Re -
AP EC AR (glucosinolate) ZEWJiT, THITAR R Wb FERAR AT T3 T AW IR, 51+
SRR I s SR AR ECR (AM) VR T3 AN DI RE A 5t (Vaughn & Berhow, 1999)
WIREL R A IL AR T, R B 22 AR ] DU 27 EAE ST Re 2 10 T s I, AR AR
PR TEVRTE 2 #E EELE M (Richardson et al., 2000; Roberts & Anderson, 2001; Marler et al.,
1999) o 1 FAHPIH R h B SRS P 5 TR BB IR AR R T B B AL AR AR TR T 1A T B8 DIAH G,
FESLARARTE BOHT , AM BCTE 71 R R BT 22 AR K B — i IR AR AR IE ) 3 (1155 5 (5K 55 4%, 2003 ;
A BB, 2003). 8T, BT A AR AR A2 35 R GE D) REARE ) E v R A
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ARG T E T IR E YR TA IR IE 01 (Roberts & Anderson, 2001; Marler et al.,
1999) o K45 (2002)4RIE , k218 = A5 R s 281 - 358 v (1) 8 P 24 SO R0 B (Elrimoe fasvitts)
IR IEI 1% (Colklotrichum gloeorporimder). 19 1% (Oidsum tingitaninum) 14 555 B (Capondium
cite) ST A el = 00 R LR B A IS . Bais 25(2003) R I, BE AT A4S MR 4 WA (1) J L AR T ot
FRES s Y5 e F AT ORI PE,  RERS AL R DR R IINAR o FLIETEAEQ00 1) WF TR, 21 8 4%
KM 2 BRSO L0 80 3R S AT AR, SRR RIS il 20 5 MR R S50 BB A P AR R B
Fo IbAh, NRIEYREW I UL N TR S B REME, W Phy #hor RARSE, MEMIAE +
S EIRER S5 FIDIRE (Duda et al., 2003) .

F AT OG- AMRAE I N A2 0] 38 R s (T 58 2 A R A e — 285 e 1, ANBe AT i
PRl AN RA N AR 0 LI A R I, B S R AR R Ak . [l T
TWERER IR A AP, AR ZEHE T 52 52 M 18 AN ) AH [F] (Belnap & Phillips, 2001), 7 ZE4E#F
SERE AR A RN T BRI FR T SR A B8 S LT 1 S WA SR NAZ R )% - 30 A= U4 11 52 i (K ourtew et all,
2002).

1.2.2.3 SpREMN R I L IELE SR IMAIRE

HhSRNZAEY)IE I SRR AR LIRSSy, AN T LA, R EREE, HED
S, W34 %R (Vitousek, 1987; Vitousek & Wlaker, 1989) 5 {E-th 4[4 + 31 77
K, X EBE T NI A KR TR, MR AR FR 3 Z B i, R R 7
A7 14 pH {H 2538 ) (Miyster, 1993; M.D'Antonio, 1992). A {2 AT LK In A\ 45 i 5 ok kA=
B, AR, SECRIER SR E R, SN h(Walker & Smith, 1997). A Kia4iE L
AR TEAE BAT R R A BT B A E VR, 33 b T 1078 TR TR A S A R R A T R
FIFH 47 HL4)(Thicbaut, 2005), HEAAEZS RGP FE P (Suding et al., 2004). — &AM A IZ AT
E A B AR A K T, T IR RUE S S MR IR R RRE TR
WA A SRR, IS8 2290 )R P& PR (Vivanco et al., 2004). {55 G P AR A2 A2
i, ] U ORI K A (Kong et al., 2004); IX ] BE KON AR R8T L350 E )
FEvR, AR RS HUE - A R S

B, YR CEAE B0y P i 2 g AR e N L, O TR YR L E R
U, [FI S R AR AR DGR, TR AN A R A AR ) X R R 1Y) D) fiE(Zak et al., 2003;
Johnson et al., 2004) . A [\ () AAZAEDIRT T 08 =PI RE T S IL ARSI RS20 R FH IR A% v] AN IS AH
[\, VA4 >k K3 (Igbal et al., 2004; Yu et al., 2003; Lawrence et al., 2003): (D)FE) IR AH
VIR E g IR O ISR B REYR . T AMRME) S 2 R ) B N T )
AN, SEAIEMAEDREEAF (Saggar et al. 1999) o (QFEMIR R W) : ANIFFEYIHR 2R 5 ik
YR AL S A AN, B E A R R AN ], PRl A RAE A - 2 ) e AR RN
IR A, TS IRV S5 KD (Kourtev et al. 2002) o (3)ilad 5E Mg A4
(A St IR, B SR B EEAE, AT R ) IR A 2 761 (Duda et al.,
2003) o (A)REYHE EE AT (PR AR 2R A 1 L o R T DL SO T S R AR R T AR
WEPE (Yuetal,, 2005) o (5) EHARIEY) S IR KA PR AR S . 20T gt
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H AR RTIRR 8 53 W) s T R IR SRR (R BN NAR s — D7 AN RAH AR R 70 i (¥4
AR ) HER AR IR A, RE MG i) (Callaway et al., 2000); 53— 771, Af
P IE AR R 73 W) 5 S E ) DR v 8 R ST, DAC I 2 MR AR ) L P - S i e e O
AL A KA N AT H A F | i (Kourtev et al., 2003). i NZAHYIAR R 20 W4 H A
I R TR, 6 TR AR ) AN AR LA AR A Ok M 2

123 TIHRMEMBENAREMER. TEHRIFRIIG

TR PRI QAR S e S SRAE D I AR KRN SE R AR WL S — AN BT 7 1), Callaway
& (2004) FlReinhart? (2004) CLARSEIE TXT7 M TAE, ABATRT TR BN 35
IR B AR E AN RIYINAR o BEJGIOVE 2 SER AR AR NZ MWL 5 A Y VR 56 4
o, REEEYREE TR B T RSN RN, I R TR M IR R S5 R, B
INT AHFIFEY) 5 IR AP 2 (R G K 7 LR B PR L A DG BRI A R e ) A A R
(IREHT, 1 H SRR T A, I A2 5K (Yu et al., 2005; Li et al., 2006; Ffi g 845, 2005).

FEF—RYESREE T, FE R Y, TIRREY TR AT S R S L T
BRRLY), IR AR B (Klironomos, 2002). A {2 R85 it R iE 55 4 A A TR
5 NZ M 3B AR A 10 I B E A V0 R . BET K45 (Centaurea maculosa L.) J# A —
T KPR, A 26 [ U 3 L Wk — 2 0 A A i BIFSE N D3 0 0P BRE R R A2 2 At A K
PRI 28 K BT RS R R S 9 L 38 p g AT AR LU S . 25 SRR, FRe /e SR 9K B L g b (1) A4
L AR KA1 148%, 1T FAELE KN K B 1438 o (1) AR A B AR K TR 900% (HE Ji = b -3 Bk 2 40)
TEVR ST B A R 2 4 A K (A BELRS 1 FH S8 38 K N2 S e ek s JF FLIE bt L3 A
BV AT PCR-DGGE 73 M7 & I = M AN AR HURR 2R 438 rh A V& A7 AE AR K 22 53¢ (Callaway et
al., 2004a). RN HTINN AT HE A 55 Pl J5 = b - 398095 JR B A7 0, S SR IWF b 3 B X A A= K 11
Z e 5T R AR SL R S PR AE R AT RAT K (Callaway et al., 2000, 2004b) .

35 SR AU ) A A 18] 17 5% 4 5< & (Putten et al., 1993; Brinkmana et al., 2005), AfZHh-1
5 CH P M 3RAHELD RN E KA AT R R, X AT g2 DR N AR R SE 1 st b+
e 1) - 35890 )L i AE W) (Beckstead & Parker, 2003), 1% i 5 R HEEEE i A — 2 (Knops et al.,
1999; Hierro et al., 2005). Reinhart 252003l S250 R I, 5= HIEAI L, AR ALY SE [ B
PRk (black cherry L) 7E AR M 358 b I H B0 5 4 ) AR B, PR RR 00T I 0o 1) - 350t
M FED KA W RAEIER s R PR A R R R R SR R T . (HIEA T
NRIED A AT S Rk AR, 7R U™ b 38 Pl A=K . Beckstead %5(2003) 56T A
12 £ A BRI RS (Ammophila arenaria L.) (IBFTEHT, T2 Mo A AR #3880 HiAE K
() R E AR, (HAE AR IR A SRR Ty AE S — N R AE, 330 AR B
H B e HEE H (Knevel et al., 2004).

ANSKAEY) 5 NAZ -3 TR AR B 45 A T G AR AR, 3 EAEYS R T 2 10 LA TR, B
N2 1, AR 5K (Marler et al., 1999;). B F-BR 11 135 R M AL (Pinus pinaster LR R ¥H 8H
WD A1 B AR B, 2 5 I NI LR S AA B AR R IE R T R AR L AR A4, 35 ) ISR Wi, A
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HRFEP 5K NMZIHE L IEFR A BACAL D) 7% (Rejmanek & Richardson, 1996; ). A& b33 4
YO T RE T A P REVR AL TR A R EFA AN A A F 22/E H (Thiébaut, 2005; Mao et al., 2005),
AR F R FR SN 554 . Hawkes5(2005)30 it NAZ A4 55 2 R 0 A K S 4 sz 0t
-2 PO Z EA TR (AOB) ST E 70 R PN, BB Z A4 (Avena barbata L.)
R4z (Bromus secalinus L) f T3 b & S LA ECE R IN T —A%, &G 7 HIREEMAIR, ] F
MRS B RE LT, 2 T N R . MR A 5 A i BAE, T
MNZHOIITES Ty, AEEAIAER A DB TP e BRI AR o« AR RAEANS 3 A 4 — e A B )
RERBEM R, WAL HE T T3 b s LA R R R IR Ak, A N A A T A R gy . op
KA KA (Myrica faya)idi il 55 [ 205 TE L A TR, 0] LLER 5 N A2 T S8 UK TR IR A B
BUR R R E TR, W3 a5 a5, R 0E U SR N AR R T B A AT B8R (R 573k
31812 (Vitousek, 1987; Vitousek & Wlaker, 1989).

Tt e R R AR S RS BRI A K GBI R, I, IR IEIR 8RS R A )
AR I RIS 1 (Huenneke et al., 1990; Myster, 1993), X AZAEA) I TE AR Yt &
SN (Stampe & Daehler, 2003). APk AP HIUAEAEIR AW E AN ARAR L BRI
N, PR SRR ) AT R T A SRAE A AN A B (Grubb, 1994). HATE NI M) 200t ok, RE
WS R AR 1) L3 5% 0y, AEZUR I L3 b A A7 T 9Kk G2 /D Bk, 1996) . ANIRIIK 3855 50 45 A1 F1
TRA AT 0 AR AR AR AR K S B0 DL 36 4+ 0K 2R 5% 1 AN ] (Callaway et al., 2001; Marler et al.,
1999; Suding et al., 2004); [F]— T HERAMIIER 0T AR A 25 R 400 A A 5% i o A7 A1 22 S
(Klein et al., 2005), 3 HIEMEYAE HIEFR MR MR F7 0 WO R b 22107, Toid e
EPIRNEREETE AR RS, TIRGZEDDN SR NZ B T L RE, &R
HPRNAZ R AT LI I & AR 25O T3 R S M M D RE, T SR G E MRS (R SR R A
WK, Faq, BER B IR R0 o ANTR] AR A b RS ) - S G AE e v o0 AR AR 2
KAH WF LW, Sl kir, M2 -3 EWREE R 2 BN A, XA 2 5 2k
TIPSR S A A SRR M EAE IR ? A e TN
A, T T A A H T AU T AN A R I SR A R a2 S RN
24, J& T AR A RIS IR TEY) o 1052 BN SR NS RE W 11 258 A5 b - S g A
W15 SO R SE M AN SKAE N, A RAIRE. 52, SRS 5 B A b - 4%
AR, WA DARY RS A S, HIRAEEE (Self-reinforcing) ? XX FATIEHHIREA
UNGYIE R/ NGEIN Wl

124 SPREMARE LIREEMENTHAREVESEROEISEX

AN RAE) NAZ T F O A 2 R, BUABORTAL 27 1R [0 96 it Tt S e DA A B ARG v A% R
(D'Antonio et al., 2002), 5IAEHIREIKI DIV X AT RESG 9 A A2 FE A0S HE AR A 124
(Pearson & Callaway, 2003; Thelen et al., 2005), Kb, AN N EIEHE B I PIE k.
B REACKHD LA = AR A BOR 5 E FHRAR (Marler et al., 1999; Kourtev et al.,
2003). fERFEAESIN, B TKRILFEI R, A i SRR B A AR E ()
ERKRER, B, AR AESEARL T, R H BN RAEY) — HIEAEY) — 2
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P EAF SRR 7 e B R BRI AR B 7 WA T 525 AR AR o [ ) Al A e v
P BRSBTS 2R TR A AR AR B B AR W] S BRI, T RIS T IR AR R SR 2SN
EIE(HLITTHISE, 2006). SRR R AL, SHBYEE, M SRR A A A A A
Y, AR IA NI R BT R AR, AT R 20 A K e, AT S DR AR A
P AR

MANKRANAZAEY) S IR E R 1 AR R AR A, AT RIRE A LR E e v i i
BE, XA AR 5K, et BBk 2 AErE, ERefe s 5 1%
WEMIRER RS T, REFERRGERE, K MRATMERIBT ST [ (Wolfe & Klironoms,
2005) FEANKAEYI N HBEAT AP - TERBUERER IR G A B R b, Zoen A 158
T YIRER R R AR 0 S B, S I St B AN, NAZB & LA JL: DS E Y
AR DI BEAE N R I E 0 R AR AL, AT ARFIEAI L3R s e AU S AR A
P3e S AR T VM AIPESC R U s 2)ikF HAT ERE YRR MR EACHY), 5 ARt 3 R Y
BAESRAR QT , AR BB Ik g = L i /2 2R S RGNk BT mE IR
3) T AEAE I RE b oM AR R 3385 2 AR PRV s i AT M IR 38 (g BT 1
R 25, IR mER.

AN LI AR YR TR SR AL SR O A RO DI G ER AN RIS R AR TR R e R
%M A5 e AR NG AE A TR 38 W VR R 1) 45 R (Wardle et al., 2004; David et al., 2005); &
POZIABEAAT R B BT R, AN NI AL IR (Buyer et al., 2002). BT LASE 7R ANAR
T A MG B A TE R R b, IR R R B L33 A TR 1)
HAERR, WAL EREMAN LT, AR imiismEar. wek, M EER150m
R I TR E .

125 R4

HMKRAED I NZAEH A G SRR YOE R, T2 AR S B R ARSI 2 s R A
R . BAANFEYRE RSN BIA R AR RS, BT REIPEBISHAN, Bt
AFAES A NS EARE AT AR TAR A AR S T &R, (HAMKRAEY)
HAMERRGN R RE 0 BRI, BUA 3 BB U AE R SR AE M NAR 5 T AT A L H R BR A
(FR7AIEES, 2001). AIEAE HIFNREEER B N AR HY) 3R 1 76 4 L #5(Callaway et al., 2004; Levine et
al., 2003), HIEFHRIAMIIRIG L TN . BB 5T AT DAEEAEH T k), o nl feidiad
ST AR BT LI E A, Rk S G AR IR KO R, BRI SE G
(Bever, 2003; Inderjit, 2005); fij H AR AR I8E (1) R A4 - 56005 R A= . kA7
MRS RS R E AR, AR R G PR B Sh A, B g 3R
WIBER ERY FIZ FEYE (Bais et al., 2003; Wardle et al., 2004; Haubensak & Parker, 2004); [AIEf, +
B EIRETE SR D) BE AR AL R MR NAZ BERE . [RIE,  APR AR R 55 A AR 1 3580k
AR I AR R R A — @ R EARER TAMSR AN Y 5 N R AESE I H ARG R, XA KA %
IINBEE T EEMEN . O IR IR AR OB T N R NZ T
AN 5K (Callaway et al., 2004), {HE XM T3 YA R St A H AR A RS 2, T3
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AT RETEAL T R TR, I T AR TR R (Hawkes et al., 2005); BoE AMZHED S A
12 - SEAAE I BT R MR EL B (Marler et al., 1999; Roberts & Anderson, 2001); tH 1] G822 N2 HE4)
R ok A2 0 1 SR i D TR A FH A5 JFL R 1 85 i B AR

LR b, ARSI AR (1 3R HU, A DCERS SRR Js = R
s IR R BEATOI I, OO N AR i A KL SE4 s iy HL2EmEIUAE
NIRRT ) L3RR N RAR R - A K SE i, Hal, A
IBIFoE A TP AE SR E Y ) SR RS (S R D) It AN R TR
TR R R EYD b, MR IRV R SR NG SR OIIT, e ks
IR A DR AN S BER I NAR o TR 2 OIS H RTAS 8, 1y oG EIR BRI R R
2 ENLAEHEWT ARG L, W DA D B IECE Y S SRR . R R 5% R R SRS
TR BONATAE R KN, HB T R A S IR, AR TR SO - S A M e A
X ARES RGOSR iz E N G e, X TR A B B RS R AMKR G B B
AER A T AN EORRERG . HOATPR A U A=A R AR5 16 25 P (10 36 B i #1 xE LA
B BAR I ROR il i N e T Bie 2 A 25 T REA 2 SEUR e AT A 808 PR K

1.3 TRMEMEBERSAMNMRAE

T HIEMAEMR R E 2 B B, I EILRUNR M, KRR S, e R PRI A
B A DR TE AR RAR K B R o A 3B E ) 2 FEPE RNV Z R0 BATR AR RS R R Y)
RERE SR, B, BMBFRNE— BRSO B TGS 40, ek A T8
WL F-BL. 4N, Knight %5(1997)FI ] Biolog /72 M1 RE T T AN pH FITE 4 Jmys 4y N 145
MERER e ZREVEIAR ML Kourtev Z5(2002) B AR AEIT M2 (PLFA) L T iR AR 4R
X AR IR R T AEY# R 5k (i PCR-DGGE, PCR-RFLP, PCR-SSCP %%)
R AR (1 1 K ST (Parkinson, 1997; D57 HL, 2004). RE5EAK, KA H 4 28 3wt
G IR T T UL PLFA AR AEWhr &L AR CS Biolog ARILL PCR 24
SERIE 16SIDNA 3 HT 71k A R EXRME G IR W5 15 R LL PLFA AR E Dbr & 72
VELLZRA .

1.3.1 TEREMNERIESFTRARE *

FR S HIRIET 3 AR I T 0 K i B A b a2, BE SR RIS, AR A BRVE AT VR
DA 5 T3 AR ) (R 45 A o SRy (S 0, T L ) DA e B 1 e o) e — Ak
WIBHATER TR 0T, AR5 8 B — 5 D RenIRF R B AR ARV 2 AR A I, T s N 2 4
PEDT T AN A — Pl bR 2k i R K A, 2004), I E A EA T Z RN . H i X
FOTEN DT T — S5 92 400, Jov At SR AE W) AR IR LR, — D T 5 32 i R
A E R, TS AR R U, 4R IR AR Y oV AT 1 43 5
AT N853R, DR A A ARUOR s et P £ 8 i BRI AR KR PR (3536 ® A%, 20025 3kt
%%, 2003).
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1.3.2 LAFKBERBERAER (PLFA) ARKFTHILEMIREH (Biomarker) 7%

18 A= Wb 35 42 (biomarker) KAl ik T3 A A 400 (R0 RE o 4 M AL o B i FH IR iz —, XA
Wb 3540 T A ) A L) A A B 23 B A R AR o Wi ) CEBE DGRV AR, 2004). 43l
S TIEIX AL AW, 1 A — B G IS R GR I TR SR R, RS R
HEAT Al 5 FH A& A I L S (45344, 2002; Klamera & Baath, 2004). HIRFEY) T
RACKE A D RETE LR, XA 7 YRR IR - S0 A= ) R R 0 4 R A B P s B AN T B A= 0 1)
MRS A3 25, RIS SR S iR 1 TR AR A B 55 10 5 BOA [ B AR A R0 oRE PT e 4 i A e ek
A TTIE BRI RRABL (SRS, 20035 Leckie, 2005).

WENRAE TR (phospholipid fatty acid, PLFA) 14> HT /& A2 Wbr WL AR, 76 13T
FRER NS AT LN T2 CEBDERME AR, 2004; B, 2004), — 2R
Sh T T D 07 PR A R B A E ) A IR ) R 2y, 2 A IR 5%, {EANRAETIIN, 4 i REAR
PRAg A, BRI R R A B, & ARSI AE e A7, W IR TR AT &
B SR, R E A S L AR AR R S B RN [R],  EL < (R R R T LUAR AN R
WIRRE (LR 1-1), P20 1& G AR A bR &P, T PR R 348 B I (536K 45, 20025
Leckie, 2005). IRV R 1% Bl 3 B o ke i i i D7 R S B b e, SRS UM (i oA, 43
PLFA 5 &l; BEV& IR A P 45 0 R AR 7 A aa o 3% P 1) A8 A A 30 BRodi A R I . Yao (20000 55 1Y
H PLFAs 734t T 8 ANANRINE Iy /K PRIy S 1) v (R L0388 iR R DU v 4589, /I PLFAs S &
HA8EH0Cy BN SUZEY R C FISEREEIL 5 EARSE, PR D SRRl 28 2 ) AR
BEVK SR IR KR . B3 K4 (2005) FJF PLFAs W7 9% A= 28 A HUIE AT 76 56 75 Ros 4l e -+ 358
TR SE I, 45 B W e g 18 I IR D R (R AE S0 TR A i A v S R s Ak, il AR S LIS AT
0 SR EAE U E RS AL, TR IR E R LS TR L, B i VA 5 1
A F 5 B 55 B . Schmidt 45 (2002) KA PLFA J5 vl T 198 it FH 20 T R 40 187 7% 11 77
S IR S . Kelly 2% (1999) FI PLFA J7: R BT Zn 59 358 A F 7 B M 2 e Rk
WIE] PLFA AHXS & N R, TAEIRER S5 R AL T 4k, Lei 558 (20000 F e iZod e A il 2 v
FERDAE DRI PH B0 S AR DR EV& S5 A IR, R A HH I v Ve T B Il A R S
YRR SR AT A5, (H R REIE R 4G PH T 5200 3% . Maire 25 (1999) Fj PLFA J5ik%
MELT Swiss Jura X HL AT HUTIGEI AT AP ZAEVERI 52, A TCEY) D Be 2 1 R 2 1)
SER ZREE AR, PLFA 8 B WoR T AT RE M 2 FEMERIGUE DA R I Z 0% . 2, PLFA
Fl T B BAEE R, BRI e SR T IR E R I Sk, S 2 IS LR 141
2 R

B ARG IR TOTER S E NI E R, BRI e, i H S HR
LRI A T TR IR, AR . B ERETE 0 W BOR R VR TR T 1%
GUTERIAL, BEIT T 7 BRI IR M BB B AR T R E ORI 5K, RERS A JRATT I
853 17K LR SEA T (0 3 A D) 2 AR SRR DA% (HAAZIRON, IR E IR 4L
JEM AR, H AT AT AT VAT 5 A AR e NSRBI SRR SRS AR, T AAE— €
FEPE A ELIRANANE s (5 BAHILANAS, AEFRA DO 3R R RS R RIRN, BHHTIT 71X
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Table 1-1. Phospholipid fatty acids used in analysis of different soil microbial groups

Y T AR AR 07 R S R
Organisms PLFAs References
10:0 30H, 12:0, 12:0 20H, 12:0 30H, 14:0, 15:0 .. .
. iy ’ ’ ; ° D t al., 2000; Hill et al., 2000;
G4 i 16:107¢, 15:0i 30H, 15:0 30H, 17:0cy, 17:0, 16:1 20H, W?lgfg eet Zl 2000. ZleH:s 31‘999
18:1w7c, 18:1mw5¢, 11Me 18:1w7c, 19:0cy P ? ’ >
G4 12:0i, 12:0a, 13:0i, 13:0a, 14:0i, 14:0a, 15:0i, 15:0a, Drijber et al., 2000; Hill et al., 2000;
. 16:0i, 16:0a, 17:0i, 17:0a Waldrop et al., 2000;  Zelles, 1999
f=5 e A
I 16:107c, 18:1w7¢ Vestal & White, 1989
Aerobe
S f=
AR L) 19:0cy Vestal & White, 1989
Anaerobe
25 s R A [ T
P I 16:0 10Me Waldrop et al. 2000
SO, -reducers
DA TR T ) .
VAM fungi * 16:105¢ Olsson & Alstrém, 2000
=A:) . i ) Baath et al., 1998;
Fungi 18:31w6,9,12¢, 18:216,9¢, 18:109¢ Frostegrd & Baath, 1996
Ay é . 4—04)’& 2 .
ﬁﬁl&%ﬁ 16:0 10Me, 18:0 10Me Frostegérd et al., 1993b; Kourtev et al.,
Actinomycetes 2002
He He 3 .
JEJ_.J_% 20:406.9.12.15¢ Frostegard et al., 1993b; Kourtev et al.,
Protists 2002
B/ 18:26,9¢+18:1w9¢/15:0i+15:0a+15:0+16:0i+ Bardgett et al.,1996; Grayston et al.,
Fungi/Bacteria 16:107¢c+17:0i+17:0a+17:0+18:107c+19:0cy 2001
G)/G(H) 16:107c+17:108¢c+19:cy/14:0i+15:0i+15:0a+ Kourtev et al. 2002;

16:0i+17:0i+17:0a

Yao et al., 2000

* VAM: Vesicular-arbuscular mycorrhizal fungi, M 2 2L

14 REFZMEANRT RNEAR

#5289 % (Ageratina adenophora (Sprengel) R. King & H. Robinson (Synonym: Eupatorium
adenophorum)) & —Fht F AR MBS, s B2 G N B FER AR, 5= T 59
(s VG PRI RRITIA N, A —FicE F RIS RA, EBLCAE R R ORI By 2. R [
SRR AT, A AR . AT 30 2SR (FREEE, 2005). HARORLY
T 20 tAD 40 FEAN P g EE T ARY T ANRE 2 fE, AL MLy i, I OERE
rmg. oMy DU V0. PO, B85 4 44 2 )2 AmAE s, JHS LA RZY 60kmt)
T JEE o G R X AR R ) JB AR R & 2 () ML, 19915 Peng et al., 1998). ‘B AR JG W UHAZ K
PR Hbd. WMpipkHh, FoHbh, BRI, — HoEh, T IRA L T SRR R
TG IRAERF G BR, 25 b rg A AR RO AR 3 B 1 B 2R B 0 G R AR AR ) e
I, AL 1997 AERZEPE LA KB LIk 24.8 JTKm?, BEAELS 3R E B Ol K 45
BURFEET 770, IR - R BB NARY AL, X T i 28 Be 15 e Dh 58 ey JLA ) ¥
PHA AR BN A S, RN AR — T N AR T, Sl T2 AR 8T A
AR RFRFE, LAY LS T 5T B T e AN R, FE R EA
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RAZFEE, HESHRESRNZY) AR (B¥EAE, 2005) o BUXTE AR ZREE A
A REN LI TUE A5 5 T HEA T ) 38

1.4.1 KX FEZEMETSFIFE

ARk, VF2 %58 WRTUA 2 IERNRE ) SarRe DRI EAERE ). LR IENAE . AR T4
PRI A TP A A MRS A B 22 P W 2R PR A I NR HLH] (Manchester & Bullock, 2000)
T AT NG T, 5 ZEPE R AR K s XU R DY Ak &5 G DAAE R RN IR R . e 4
SEARR, RERRATSE R T3-4.5 )7k, ZRIRA10)7 k. BN/, T RS, R B,
K5 5 A1 AR RO AR 0 R 11 AR 58 v e R AR R AR RE RS, 1989) o W5 A I EL A1 1) ek B AN (A 1 ol
T 17 HLRRAEAN 7 R I A 7 — S BEUS IR L3 . BRER (M A AR BREESE L IANRE K G o
B R D) A 2 OGRS A LA 78, 5 i o E I B+ 5208 w1 g 0 DR R iR (A8
5, 1989)0 TLATE X SCHE(2004) 38 1 6 HA 1 N A7 RO FE B R 5 N A BHE K B3RO AT G
RO IN, (EAERN P, 58280 22 M1 48043 o0 AT 8 4582 1 5 el T J8CHOE 20 i
ATAE2 e PA P () 2 AR AR EOR I 3Rl . 2R A 2 B K AE IR P EE G (5 Al
SCHE, 2004), FTLLE RN REE ISR TR BIAL, LERT IR BRI AT AR AR RS . AT
K A 37 P (W R A A0 3G 1Y 22 78 1R AR B RAS B PR A K A A D T AT DBk, BSR4 )1
TEFANEA DA H AR K BN A R 28 1T sk 5 2R O 17 AR I, RNt AN 23 52 B K 246 1) By
(Thompson & Grime ,1979), [MiiX%f T4 Z8PE 22k U, ToSBE A & AR I NR PR T Y5 A W1 )5 £
i, BRI K, — BAMEE, 3R 7B A XS PO T R

RPN BT AR, B2 4h, T DUHAR . 2R T, 2SR BRSOk A
AR, HATWI R R R E S, AN AT RE BT BOR MR (1n R, 1991). Cook (1985) K3, 7KA:HE
IR 53 A DXL JU B 5 NAR AP AEAR K2 501, K AR A 1 23 A A6 N AR BT 52 21 (19 BHLT 22t 6 /T
JEi e, ToVE T RE AR T RE At R R D o IR R R A TR M RE, AR RN NAR M
DN T HRIEY B, AR P RE S TG Bk Re 1A k.

RV IR NS T, B SUACI S SEPE R B M A, TN
FIRR5H, AEAESFIAUR R - 10°C « AR B i T-68%- 4t AR BEAMIT T-11.5°C L e Tili35°C
DA, ddd PR R T 6 CRAUg 4 T K CRe %, 1989; Yadav, 1985) . Liu
HiSang (2003) AIFFT A58 2 2 AR AR il (R T4 A0 3R 48— IS T P dge v T LAZK 32.35-40°C 6 i
X 23 A T LA R A A, 5 ERR A T IE Y TGS A R R R AR ARG, Frp
DAY Rty =i DR Sl AR Al Ay e, AR KRN IR oA Tl il (P 40i25-35°) « M SE [
K, b A X AEICLE3 7o PE S, S IR F 235 I M AE R A A E (Kluge, 1991) « 554t
BV R BRSO, (I E R Y], XA R TERANLEERE . EAC,K
ﬁ%,%ﬁ%%%ﬁﬁﬁ%mﬁﬁ,%ﬁﬁﬁﬁ,ﬁﬁmmm,ﬁ%%ﬁ%ﬁﬁﬁ%,%k@%
AR REIL F)23mgCO, dm h ,  HAE I IN (0] S B 4E RFIXAE R AL m AP, [N i H AR
KR E MG RS AT LA A G U 50-80% 35 4F, HE FRAARAE K AT ELZALSZ90% IR Rl SCRE,
1988) , IXULHLILEZLPE L BEIZ AR, IR BEh,  HE R LA ) A It S R ) R
A RE R . FREHC YL DA g b X AL T X — A VA T, B SRR IIE AR X . AR H AT K
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N, FRZCEAMEAL, IR LT R AR A KLU &K Gk, 1998) .
142 BEEFENERY KBS FHE

WP NE IR, AR E R, L, W T ARSI A FE AN AR N H DX AR [
ARSI IR B 2P S AT I AL Z AR MR AT, IR ILIBE AR e, PR 2 2 TAERIE N
BURIRAIE T, 6 TR 28 2B 22 M NAR WL BN S 328 22— P AR PR SR IR S8R )
Fr, HATH R IR AN T, Dbt A% 2 A FE AR /s IR C 2 o A2 SO I e A o
(2006) FJFHRFLPH AR MEZDNAFH I Sf AADNAf FEWT ST T 58 2208 2 PE (1 152 4% 2 FF 1 FORP R 25
P, RIVERZEPE L G E A A g W s, MR A I (R I A A AP IR 4 B R R
(AR AR A AR B O3 A MU IR IR 1 M e W], 820 22 A b [ A e 1 S DA XU A A A
TR, HUCNBERAKAERE, HHENE 2R N R k. #0H (2007) FIHAFLPAS T-Frid
FER MAZDNATKIFIE T 5 206 2 PR (R 5t A 2 AR PEFIEAL 450, DA /s 58280 2 AR R v
FEIRIEAL AR e SO BEAS Sy, RIS P B W s e Z ek, b 2 A s Z FErKr
e, DU SN TP, BRARIR DS PR LA RIS AT PR T R
(RIS AL A3k, TR AN A ) (AR S R 2R 6 24 P AR BRI K I R YR . UPGMA R R Tk
B, 624N M BRREE n) LAy A UK, G8E 2 KRR S A BT R MG OC R, RO 2R
WAL Z R I B PR N T BOEAE(2005) X 244N b X (148 25 B L B S A A DNA % 25 1
AT TR, IRl I UPGMA RIS Ty e 45 B AT T 70, &5 (1) BRPe2iif 2
B, HATZMAESENE;  (2) BERZNEN KN oA BE 2 AR E, AR
FLIRTBT AN AR M DX 1 36 A% 22 PP AR LI

143 EXF=5XHMEYNERES

SRV LIRS PR B, B ARORHOAE S T IEAE ). BESTR MR MR 210K S
T R R T R ) R 456%-95%, 46%-53%F16%-33%, M ififi AR K
R R, SRR EIEMN. PN, FERR AT RN B WS E1250.308%-
2.216%H11.204%. fERAREIIAESE I, RFarEPais3254ke, HFEME. B #07ik10.0.
72.18139.2kg. AL, FREEVE O IR AP AR O (R RESE, 1989) o i HUEZE
B AR AL, SRR I S T ) 25 A A R IR, W R AR R, N AT AR
KAF AR SE G 30 B AR AP S ) P AR T R ClERY, 1991) o JXSEAE TR AR 34 250t )
IR ARG B T L By, 05 A 58 S b B R A F TG M) . TP (2007) K H
B AMER SIS0 T, FNE T NI B T N R 2R B A S Y M ) B R S VR RN X, 8 A HT
HAKBCRMTE S AE T, 45 RR LT 5 ) 2 0] BRI 58 4 /B, JE bk A4 i
R = S AN 5 4 PR B8 0 2 i T4 MR e N F R b, ELREAE I RER B R, RIROCR @

HHEZO
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1.4.4 REFZFZBIEATR

ARk, AR 2 [ A AR 27 NS 28 22 A I F I A SR R R BLEE, JEFFRE T RIS
Tripathi 55 (198 1)WF UK L, 2828 22 A& 40 Wb IR A0 ) 0T, e ) b A Il il AR ) = i 2
(Trifolium repens L.) FIfA% (Rumex nepalensis S.) Fhif4iE. Yadav AlTripathi (1985)/(H/F 57 45
BRI, BB NIRRT N R R I IR ARACRI Bk & 38 5AT I 2 A E
Angiras FF(1988)FIT T 48 28V 220 UM A AL A, 45 SRR, 58 2838 22 1) 5% K S HUR
FRR ) S BRI Bl A . R, [ =iy R R SR 1 IR RN 4y 1 2B K i 2 mT ks
63.09-100%. Baruah®s (1994) 50K, EZEPEZH G 2L 2 MRS IUEAT BRI
TBAE T, RIS T AT 2 B4 o (1) 40 3 ZE %4> . Rajbanshi FlInubushi (1998) MHilJIE
(A7 BE VPG TR Z5 P 2 M P (Lantana camara) [RARIEAE T, 45 3R R BLAE 52 ) BB R R 4%
SRS SRR AT Bk A I E ] o Navaz®5 (2003) WIBFST T 48 2828 == /K $E M0 /K ARG Al
ROMABAE, R A e S ORI E i . A2 445 (19900 R ILEE 2K
BB YIRGHA G (8 KA, (HINEZ D TR iz BRA SRl 7 (0 IR SR 28 1 4 Ko R
[FIFEEERAEINE T o RIE7R5E (20000 WFFCRIN, SR2EP2 M LA IO Al . ZRERIKERIY),
FE2% AR R, Wi (Pisum ativum L) #5548 7= 4E100%- 40%F150% ¥4 . Yangss
(2006) P T HZE5 2 MREMINT RREIIR 5% T, ARG, RIEEE= T
BRAR SR BT 2 I R Pk 22 v LA AR AR Al A AR R, RIZ AR R EIRT . H XL
WFFEEIEAAE p T AN [F) I AR AR ST AN [F) 52 AR 1) = AR, AT RO 8 03 38 7E FIR Sk
VER & D7 ISR Gk =

BLEPEENRY IR KIRR T R Z A, AT — S8 an A0 ) PRt e 0058 (1) o 2%
MPER SIS S ) RO S Y R E I R Gl %E, 2003) o {HHATIE%R
A KT LIEMAE YA 2 SRS E R 2R 2 N IORGE,  HL D SR80 200 IR E i s .
HEFROY R AR DT . I H BT AR C T IL B NI R4 1 H 56 55 (10— S RF T 45 ok
B, RV POENZY kA T e IR AT 5 RS SRR R AR R
WP B R AR S IR AR R T NMZ I T SR IR S i R D Re, A AR R E DR % T A i
PRIV, HEMINIE T RIEFR G0, Mo T8RP 2 IR sa g ), RS b A A A
W, REONR G KRS B RAR .

1.5 AMRMEMEBR. TERNSME AL

TEAN KA S AR )56 5, HIERUE AR RERE B TR MR IPER, AR
W] REAE 1 SR N AR M SR A A A B D RE A 1 B A A s BH ARG 2 R A2 ) A R B
(Yu et al., 2005; Li et al., 2006). {EHMRAEZRGH, LI RIY) 2 W H AL U BT
R, R SIRRER . ORREAE 2 FE MR B 2R 157772 (Klironomos, 2002) « AR A 7E A Hh
TAEp R A FIK, ERAEZ R, X AR R T R AR M IR Y ) I AT
AEVIRR, HOAWMTUERM I OB AR NZ DA 22 14 ] (Reinhart et al.,
2003; Callaway et al., 2004) o 5257 20 Il I o028 T A= b 3 A E M &5 ), BOR 17 AR b b
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T R ) 2 1A 28 A i~ P A 3EAE SR 2R, S MRS I RE A0 F1 A AR A ) B, e gk
HEERAMTES? IR D) 55 5285 2 AR S AR ) A S TU S 25 S I AR LRI e A AL
[F] 25 L3 i

151 BIKEBE

SR TET RS B, AR T — /MR 2R 22 B IR INaE  (Self-reinforcing) 3 AAZ AL
Hill: BB NRECR T IR R AN IR AR TR, X R IR YR R O AR R
SR SAERE T 2R AR K, W5 T S84 )0 ONUE S FIETUEY) E AR P, AL
EPEE- IR - A AR R RO LR, R RIIEGL, RIHH SRR AN
ok HIERAED ENLE . RIS BT S, B R NN LIRSy IR
FER LS M A DI RE M 2, PRZR G X FP L (R ) BRI A HOR B IX b R i s ok Rt 55 288 22
AL SR RO R 8 R G R A B 2K 2 NI AR AR ) 2 B

152 fAIRARTFEX

WFFT 3 2 S LUK DA 53

DRI BIRAS (BRI RIEWMCEYRERD R,

2) 58 2RV AR - S L 40 T P 5 328 465 52 MR D o RS O RE VEATY 5

3)E R AR N ZE R SO S A WA MOS0 TR 2R (R R 5

MPCERZEFE RIS T SRR R R 2T AR SE I R BT

REFE L BIEHEREE N IAR R R R RN I A S R T AR PR — AN
LTI, — RPN G D ARV S g, 5 — 7, XM SRR T RE A A T
REF MRS a4, IWInEI K& 5E . Pk, KPR AR
PIREE AN LR M A DU AR OV, S5 TR LI B o R — R 1)
TR T AR N I LD U] Rl A RkAE Y A At (self-reinforcing) AR

B DIRBATR AP RAE N I I B, TR R S SRR N AR R P e B AR 2 1B 4R
LR AR .

1.5.3 BIAREL%
CEOERZERE AR E VR B NAZ BIR, MRS 253 25 2 MR A b AR e R R AL
ERFANEI A E FIRFEX, W EENR X . BENR X . A Y AKX, FRES

DA, TRLHTECRL, MBS SE R NN HIETR Iy . R R ST . R, 2y
B RE IR RV MR A S A, S I T 3 SR S PR RE . AESESERS b, T
RLR INER 2P L RARB T T A A AL A R KA A, PR R R 2P 2 U S U v 11
REIRAR. fhn, IR AR, IR AMR I, AR, EAE Y A KX
TIERE PR R A SES R . BORER IR
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H AR 22 e - 207 18 S i SN VN ot AL

FE REFANERMNIRESHFNE

ARRANAZ LR NZ A S RE G0 Dhae S ARSI = A E Tt S fa s, JxT ek
IARMEFD F AR A S RGN A 7 S AR S R R 8 T 7 L By, ok BB ) — AN A
FH 73 (Dukes & Mooney, 1999). VP AR KD AN AZ R AR M AEW) 2 R 5 A S R A D REN 3%

MR G, (RS H R, KRS #, IRl &g iess S E S R G4 5 Thhg
T RSN R B RE R, TR B AR 2 = AR )5 e B YRZE (Kourtev et al., 2002; Wolfe & Klironoms, 2005;
Reinhart & Callaway; 2004). T35 e TS RGP L E LRGN IR AR 7, H
B 5HMIED R TR WRFE RIS TR RRG R, MK, SEF LK
ARG R E A E EE I (De Deyn et al., 2004)

ARTELNCRZEFE NI RO VI i, SRR I 1R (PLE As) A% e85 7R AH 45 15 1 U505
T PR 2P A IR AN R B (1 - SRRl A M e A L SR PR R 22 5, DTSR R
MNExE LSRR S B BRI R IR AT LI E R AR 5 TR 7 A2 AL )
RINTEICR s ANDOY AT PP AL SR8 N RS R G R R AL SC ey, i H TR %4k
RAINAZ ) LD A DU o6 T 2R 3 RO

21 #MBE5F&%
211 WHREXBBEARBR

WX AL T 25 P AR T S LB AT b 4kmAb (1)1 4 By (N: 24°427 1427 -15.5" , E: 102°52
' 48.6" -48.9" ), HWEEVAM R VRATAR T, #E441993-2016m, JE BT R R TR R, TR
orWl, SH R RI0 A ZE, 10 MRS H LA B2, AR 16.5°C, 5N
H952mm. RN LR, LR, UK. B RIS R RN B
N& T, HLS5km® (2kmx2.5km), HIAIXPIH, A8 RN, E2EF 2 A K 2
HH S R PO A b A R A A AT, AN TR R R RO T B, A I X L e R
P AR, AT IR DR B 2P R G R L R S e A G, AT 2 R ) o Ao D034 DX 3
LT JCAE) A A R i b X 4

2.1.2 Wit

FERIFFEIX AR A 58 259 22 00 2 ML) RV 5 it IR AN [RIR B, DURCER 2R3 22 i FE A RSN
R, R AEEAR CTARD BEARX (D RARK (IR F=HEY)
DCCIVAD . BRI, SREEPEZNIBFRE, FERNT 60%, NLFRAE 10 FLUE; BEA
X, HKEFEL MMM T e A K, R SHEAE 10%-30%, NRGERE 3 F4h,
A 1 FEAE 30%-50% 0 ARNARIX AL L NAZ XS L, 2R 2 M S i 5 & 40
WK, IR, TR OCHA AR R, LR 65 /N 0.2%, MRV S d N T
5%; AHUAEAIRE DB SR A, IR S A K CUM R R FR R SR 2R A e
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Y, HEPMAEYI S SN T 1%, MR S5 BT 40%. (ELL b 4 PSRRI N IR AR+
FE il N2 3 2 EE AR (Heavily Invaded) . B AR (Newly Invaded). K AfZ
(Non-invaded) FI*YHiAE4) (Native Plant), 1% R4 FRATEE LU AR 28 2800 22 A1 Y U ) . F 4
W SEP R I AN, b AT I PR R 33 e v R 3B B A (IR 2-1).

213 THHBRESHKEF

200558 HAEMFGT DX A Fc I8 SR ARFRE X (R IE DX bR, 70 S AEAN R RE DX A4 S RSl
AR/ A8 mx8m, A A EE 2K T-10m, SEIRASEIAE A 38 T EEACHH [R] o 375 o i A
YA, AR CEAR3em) Wt M e BEALES IR ERO-15em )2 (1 HAE, REAFE R 16 MR &
N A BCEREIN B DGR, ZERa . MR AR Lz Y%, B TR OEET, o
Bt (B S 6 S 1 2mm i o R 05 5 1 AR D = SR T AR I E . 495008, &
TAORAT: 9 T IR E R S5 b, 2920g, -T0°CORAF: S5 A1 T rl i gR L/l
YIRREIIHT, 29508, TR T4 CURFET ORI, IFAE2JA A S i BRI R NE «

214 THBMEEHE
2141 TIEBUEMRBNE

TIEpH HIRIL (WTW pH 340) W52, TIREMAA/K LT 2.5 OFtibt); IR P
MBS IRBENE ;. HIERECRHILGE BRE . TS E NS Z H2M KCL CHREL: 4)
B, s M iL(Zellwegger Analytical, Milwaukee, WI)ll 52 ; 33 4G R0t K FH AR B DU
Lkl e (Olsen & Sommers, 1982) 5 384 BURIH S HI K AE I BEVEI s 385 /K Al
FE [R5 7K S P R FH 0 ) A Rk FE PR 7 7

2.1.4.2 TIRGHEYREEABASAEINER (PLFAS) S 4T

IR YRR 2R 0 MR R IR (PLFAs: phospholipids fatty acids) 7K, PLFAs
HIHEBOL FER 73 M7 77745 F Frostegard (1993) FliKourtev (2002) . #AE L . F20mlf0.2M
(K OH H R 5 T R4 g (A8 0 - A N 21 50ml ) 250k b, IRE2), fE37°C RiE 1h (R
B, HEH MR, RS 10miniR A 1K) . IIA3m] LOMMIESRRIE W FlpHAE, 7843 #%4). In10ml
IEE e, 1EPLFASH BT HIMIF, 1000rpm .0 15mini, # 2 IE ClefE BT 3R v, NS
TR CRWO 8 R BE o K PLEASHMRAE ImIf1:1 (v/v) BIE Ot 3% T LB, /EGC-MS
T

GC-MSHECR F 152 55 [ Agilent689ONA!, Fuh 4> A BNHEFERE . A e B4 FE LS KIE S
TR LS s 76 T IR A N PAT 2B IR 7R RV S bR FE IR KO AEAS . AR P T AL,
170°CHE4s, 5°C/minft42260°C, 1fi/540°C/minfHiZ2310°C , 4iFF90s; VLA E250°C Kl
Rl E300°C: BN AARml/min). RBHCTN A T(30ml/min); A1 HIH10.00 psi(1psi=6.895kPa);
BEFER I, HEFEIRIATEE100:1. PLFAsH S K H] £ E MIDIA ] (MIDI, Newark, Delaware, USA)JT
B S T 4 40 TR T IR R 20 %6 52 1) Sherlock MIS4.5 & 48 (Sherlock Microbial Identification
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System).

2143 TWIEFTIEMEDRENDH

TR ER . R EEBE SRR R ORI BT R SRR R A K
BRI ARG TR, AARTE AU F Ashby T RUIG FR AR B BEvE S 97, PO E0ENE . AL B . 205
A G T TN LT Y 28 00 8 R P e KR VB0 (MPN) R 8 GRORAIT 43I, 2003). BERIFEX A5
ANFEL) IERE S, B DR RN, SN ERRRERLE

215 HIESW

R AR ) T I TR SR 2k L K 0.5 %6 1R I T R P 2R S AR RN - T 22 /3 AT (One-way
ANOVA ), 4R 5 1E 3 i 43 43 ¥ (Principal components analysis) £l ] 51 43 #1 73 #T (Discriminant
analysis). T3EFR7> PR BE 7% LI AE YR B Se VR R 177 224087 (Fisher’s LSD test), %)
P 2L A A 70 BT (Pearson 2-tailed test) o T %idhs 73 £ R ] #c#1-SPSS12.0 (SPSS Inc.,
Chicago, Illinois, USA).

22 # B
221 ARNEXBEMEE IS

TEEENZ X AR =T, SRR BE PR 55 BN 67.2%, 7 BAKE ) J2 1 55 B
95.6%, &HALRIRE (IAR2-1); fEREENR AR 2, LR PRI 48 05 )2 020.3%,
dT LAY 2 R TG FE30.7%, FPRERAAT . AR X, HERBREER A &, HARY =
RGN 1.4%, JRAZFREPPEZEFRZYN AR, LEXFZEEIKRSEESEANRKX . BEANZ
XARANZ XA W22 5, BN EEARX S BRI SRR X ALY, YR
K, BRRK, SHARNRS, WA RIRREEAK B R RN . X N )
“Jy T & ( Digitaria chinensis Hornem). 4 72 & (Setaria plicata Lam.) . #1#J%H (Sinopteris albofusca
Ching). =T (Rubus aculeatiflorus Hagata). # (Artemisiaannua L.). ¥f3##3 (Helictotrichon
delavayi Henri.). X#& (Clinopodium confine Hance). Z#Z§¥%5 (Stellaria chinensis Regel). 1|7+

(Chenopodium ambrosioides L.).
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e2-1. AFPIE IR DX R A RO DL

Table 2-1. Plant growth status in the four sampling sites

PR e YA 5 PR % & Density /N
Site t jg Coverage of native Coverage of (No. of Palnt height
yp plants (%) A. adenophora (%) plants/m?) (m)
BEEAEX 3.1 67.2 21.6 1.16
Heavily invaded area
I R 45.8 203 13.2 0.37
Newly invaded area
RANRIX
I Non-invaded area 1.3 0.1 0.14 0.2
A FEA) X

v 52.5 0 32.5% 0.22%*

Native plant area

DK IV PR B R 4R M AR (1804 . These two figures represented the density and height of native
plants.

222 ARANEXRIEBUIMRHESR

LI T AT R, EEEANR X I AR AR R, s
B EE S TILERX (£2-2), b+ S AE M AR & R0 5 h32.5 meke ' F139.3
mgkg', 73 B AR AR O R BR300 RI2. 145, R X B R K23 45 R L.44%; (A
TS R EM T RN ARAMZIX . GHIAE X AR BB A, S8
GREBRENEXER BEZER, HEEGI. B, B RS TRENZX. &
MNZ XA NI AR AR O & B TR ANRIX, (H L HEpH, ALK,
BRSO, RV RS YA X AT L 2 . B KR () R K R AR AR X ) 2

AT
223 FRAAMRELBEEMRESHNESR

TR T 0.5%W HIEM D R TR AT 324, b 248 g IR AR AR AN RN [ BRI Hh A
w7 (WE2-1 . ERGr D AT 3 M 85 R SR, ARPAS[FNAZ B Bty T 1) 2
TAEYIREE SAFAE ] B 225, KRB A RIRERE (K2-3), b, BN X AR ARZIX
A A, B IR E IR 22 s T EE RN X RS R ) X S A E
22 N

T AN SR E 2RI S W e e W R AF A DG RR (AR L-1), BRI ] DUAR 4 e s T 107 12
(22 5 LIRS R R 3R 22 o S5 R IWT, ARPRE X 3R E M AN R D e 2Bt A7 A
FrER (WE2-2), HEFEENEFLT 18R R (Actinomycetes) FIILEH (Fungi) %5,
H L IETEAAN R (Aerobe) FIRAANE (Anaerobe) i 58 25 PE =5 N AR o J5 188 iy 28 g 25 4
e FHEFEENREERS T HEMEREE (VAM) B8, HhEEAR X A
MECR B B S (R IRN2. 505 . SRR 2 NIRRT IR R A SR (SO,™-reducer) Fl 435 J5/E
W) (Protists) 75 FEWAH W& o ECTR /40 TR LU Ze 58 2R 22 AR ORI Iy B, AH
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Gram(-)/Gram(+)F# 58 25 22 N A2 58 B2 38 0y T B o
224 FRANREAHEFLRMEVLABHNER

SRR, EEEANMZX IEINE . AR EE . WEAEERE SRS, R A
R DR Y R (12248 3.6F5 AT 144, ARAAZDO W R EE (1)5. 845 8.8 MI3.34%, & My
WIS N R (1. 745« 260511905 (%2-3). BENR XA S A X e ¥ T E
JENAZ X RIARNAZ X s 2 MR A7) DXCORH P8 AR DX T30 T B 1 5 BRI AR N R R AR X . 4
FPAN TR NAZ I BORE DX P S A A0 A1 B A7 0 2 e, B AR EIAMR DO M A X L &
MNIZIX L B NAR DRI AR X, AH AT YR o) il B B AT 3 22 5

225 TEHRWEMAEFEBRTUS TRBEUERTMEKER

TR AE LR R A R R AR R, R R
AR LS E IR, R B R TR 2K e O IR T RS R R AR A S g
BACYE PR Z [0 W] REAFAE TN AE SRR, W H S E & AR B S S B Jo kAT 1 ARG
rire GURERW], HARANE . SRR S B SR S R R VIR AL, B R T
HAEMMKIR 0 SR EVRER S (R2-4) o WAFEIABED a6 0EE , 38 A A [ U
AN E S I EpHAF A B2 SO, BRI AU AR AR BB AR,
TR AE S 2 B 3 IEAT DG . SOA A RO AR AR BRI A R 2 A
BEGAIRNE, LFYE R S P E ) B T AN B
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2-1. BEZEEFE A NZ BB AEY) U R 2 B W ZE 7 (Means £ SD). Sum 3 = 16:1w7¢ + 15:0i 20H;
Sum 5 = 18:2w6,9c + 18:0a. *, 7F 5%/KV L ZER B, ** 7E 1%/K T [ 27 535 (Fisher’s LSD test).
Fig. 2-1. Presence and proportion of major PLFAs of the soil collected from the four sites. (Means + SD). Sum 3 =

16:1w7c + 15:0i 20H; Sum 5 = 18:206,9¢ + 18:0a. *, P<<0.05; ** P<<0.01 (Fisher’s LSD test).
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Pl 2-2. HEEVE AR NR B B3 AN R R B (A) IR (R LL R (B) I 25 5% (Means+SD)
ANRNE FRERIRTEAE 5% /K 2 5+ 3% (Fisher’s LSD test).
Fig. 2-2. (A) The class of fatty acids and (B) changes in the main ratio indexes of fatty acids in the four sites.
(Means+SD). Different letters represent significant differences from Fisher’s LSD at 0.05 level following ANOVA.

O % A% Heavily Invaded AFEE AR Newly Invaded @ K AfZ Non-invaded O 4HiAH %) Native Plant

10 5}

A o B o
8
6 @g 4
o o

4 Po

2
2

) o
0 L ]
& A i ‘. ET:] u] _|_
-2 4 A Y
A o o q Fy &
4 o ®« o
] 2 o o
o
§ o
o
8 4
-12 -8 -4 0 4 2 12 -8 -6 -4 -2 u] 2 4 6
PC1 DF1

B 2-3. RPN RN B BRSBTS ) SR B BT (A)FIEI) 234 (B). A8 7R 5 13(0,0).
Fig. 2-3. Plots of soil microbial community structure from four sites by the principal components and discriminant

analyses. PC indicates, a principle component; DF indicates, a discriminant function. Cross signs indicate the (0,0) point.
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F2-2. BRI A TR

Table 2-2. Effects of Ageratina adenophora invasion on soil chemical and physical properties

A3 5 pHE HHg ke M gkg! A Rmgkg! AR mgke! Mg kg B ¥ img kg Mg kg THER B mg kg TIKE% EE]“I/EJ H;ﬂ?di%
Soil property pH value Organic C Total N NO;™-N NH,"-N Total P Available P Total K Available K Water content aé;;a:itymg
E}x.)\1§ 58+04b 62.7+7.7a  4.7+%0.4a 32.5+4.8a 39.3+3.2a 0.6+0.07a 4.7%0.3a 3.61+0.4b 39.6+2.8a 24.6+t2.1a 18.4+1.8a
Heavily invaded
%E)\@: 6.0x0.1b 51.4%£49b 4.5x+04a 13.7£1.0b 21.3%1.8¢ 0.6+0.03a 2.2%0.1b 42+0.3a 21.7x1.1b 23.1x24a 16.8x1.0a
Newly invaded
ﬂi]\{z 6.6+0.3a 478+3.4bc  4.210.6b 9.1+0.9¢ 18.7+2.7¢ 0.610.02a 1.440.08¢c 4.110.5a 19.44+3.0c 249+ 1.6a 17.24+1.3a
Non-invaded
“HHiY) 6.4+0.5a 43.1+4.5c  44%04b 14.4+2.1b 28.1+£3.1b 0.61+0.05a 2.2+0.2b 3.8+0.3ab 18.1£2.9¢c 253+1.1a 17.7£1.5a

Native plants

W GRTHUE N IR, [ —F A A B RER IR AES% KT 22 5+ 3% (Fisher’s LSD test). Note: Values are mean= SD. Different letters in the same column indicate that means are
significantly different at P<0.05 (Fisher’s LSD test).
F 2-3. FEEFE NN HIERAEY AT R SRR (AT D
Table 2-3. Effects of Ageratina adenophora invasion on the quantity of cultivable soil microbe groups(CFU/g)

SRAHALAT T (<10%) AR (<10%) L YE o R H (< 10°)

e A 41 (<107 FLH (<10 LR (x10%) A [ S (< 10°) S RN ‘
o . . . . Denitrifying Ammonia oxidizing Cellulose-decomposing
Soil microorganism Bacterium Fungus Actinomycetes Azotobacteria . . .
bacteria bacteria bacteria
EEZ\& 7.3+ 1.46b 14.6+2.34a 1.2+0.37¢ 39.6+7.08a 2.6+0.72d 10.2+1.63a 4.6+1.52a
Heavily invaded
%ﬁ.j\& 15.14+3.58a 6.5+1.47b 2.84+0.23a 10.941.34b 4.1+042¢ 7.4+1.33b 4.1+1.62a
Newly invaded
*.)\& 1.2£0.09¢ 2.5+0.42¢ 1.74+0.36b 45+1.71c 7.1£0.81b 3.1+0.55¢ 3.5+1.28a
Non-invaded
N f
i‘.ﬂﬁﬁ% 124+1.63a 8.5+1.62b 1.4+0.33¢ 15.3+3.43b 14.4+2.48a 5.3%1.64b 3.8+1.06a
Native plant

e BHREUE NV EERMEZE, [R—H) R AE FRER R AR 5% /K- 22 7 B 2% (Fisher’s LSD test). Note: Values are mean = SD. Different letters in the same column indicate that
means are significantly different at P<0.05 (Fisher’s LSD test).
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R2-4. LIEBCEY AT IR IR S IR IR A A DG AR AL

Table 2-4. Correlation coefficient between cultivable soil microbe groups and soil physical and chemical factors

T A LB e EENEEN R s T
Soil properities  Bacterium Fungus Actinomycetes Azotobacteria DNB AOB CDB
pH {H -0.326 -0.695%* -0.012 -0.593%** 0.387 -0.633%* 0.063
pH value
ﬁm.@% 0.136 0.744** -0.233 0.677** -0.196 0.504* -0.146
Organic C
A
-0.107 0.316 -0.200 0.401 0.281 0.376 0.227
Total N
NO-N -0.155 0.703 -0.414 0.881 -0.519 0.634 0.131
S
2
I%H:*?\I 0.347 0.872%* -0.193 0.814** -0.781%** 0.720** 0.007
AR -0.392 0.464* -0.524%* 0.392 0.053 0.480* 0.076
Total P
ﬁ./)&@% -0.150 0.863** -0.380 0.860** -0.282 0.778** -0.058
Available P
=¥
A 0.290 0.328 0.311 0.288 -0.371 0.052 0.308
Total K
JE./)&W -0.025 0.814** -0.096 0.883** -0.660** 0.738** 0.096
Available K
KR
-0.082 0.217 -0.156 0.374 0.173 0.347 0.342
Water content
FH [ 457 7K
Water holding -0.510* 0.100 -0.369 0.303 -0.120 0.398 -0.164
capacity

PearsonfH G oM AT, *F1** 43 I RTE0.05H10.0 LK EAHC B2 (XUUESE) . DNB: RAESLAIE; AOB: S 040TH;
CDB: #|4E/)fi# 18 . Pearson correlation analysis. * and ** indicate the correlation is significant at 0.05 and 0.01 level (2-tailed).

DNB: Denitrifying bacteria; AOB: Ammonia oxidizing bacteria; CDB: Cellulose-decomposing bacteria.
AY A
2.3 Wit

AWIIERY], REEFE LM SR T LI h AR gk, $em T R0 Rk
THAS R &R FINGE s T H A AR ROE . A w8 . IR YRR 1A
AR IR T RN, BT BRI LT RPN ROEAEL, T AR
(R RR AR AL T KRR LR, AR SRR (EADP AN LR 2R SN R
R R AR AW SR, AT R AT D EROROR Y 1 - B R
9y, IXRTRER HF SRR M A A, DRI RN A LS 2P X R P v 1 B A [
RE A S AR . KR53 b BAT s AR B e B A by 1Y
s L AETR AN, S AR T DL EEOSOR T ) R R SRR AR R M B
IR, WA IETR g BRI KCOT IR N A R S B R R R, (H
TR AN A ) S S R R AN TR, DAL TR O3 IR 48 i m] R SR 2P 2 AR
SeF AT, BATRAE R B R eI

Bt T AEZS R GUH R SR BB IR RN, R 2 90N UG FE A T AR R
NAZ X IR 2R NSRS FERE M (Callaway et al., 2004). Zh Kk NAZFEY ] DLk
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BB R AR AR AR M i BRI RE V% (Reinhart & Callaway, 2006). — 7 M RAIR
RN —ASF IS S, ARG B A N RES U & (Marler et al., 1999), 1] T3 GUEYIRE
B LRI R SR AR, X AR R R AR R IR E R (Andre et al.,
2000) ; 37, AR AAZ R AT DL R AR 2R i) AR A B R N I, S
HEWIREE X R 5 I)BE (Bais et al., 2004; Reinhart & Callaway, 2006). H1%%3 (Centaurea diffusa
L) {ERE P T2 AN, faF M, e R A DURE B AT P0G S P R A ) Joa 8- s
Wbk (8-hydroxyquinoline) , 7|2 T3 A= W% (1424 (Callaway et al., 2004; Vivanco et al., 2004)
Z 7T (Alliaria petiolata (Beib. Cavara and Grande)) & i AR LR AR 255 B Y), X BHPK
Z RS AR AA  (glucosinolate) ZRABTHE AN L35, JREAE L3P AR, FECHEE
TR (R S A - 33 AR P AR S PR B8R () sk, e 8 S B B ) R E VR 1R K. (Vaughn &
Berhow, 1999; Roberts & Anderson, 2001) .

AW FUR L TR/ A T LG A B S P 2 R AT ETF, A, Gram(-)/Gram(+)Bfi 56 =
PEENAR G BN B o BB/ A0 R EL AR R A A 2 AT WL UK T S IR K R AIE(Bardgett et al.,
1996; Frostegard & Baéth, 1996), 1M G(-)/G(+) bk 24\ by & T I T FEFE 5 1R 1E(Borga et al.,1994;
Kourtev et al., 2003). X—45 R 5 IATFR I HIME G5 K02 — 801, PRI T HIEGEREE
A ISR MR I S5 10 . T IEEUR BT 22 AR T PR, A SREYIIR R T
—MEEE SRR DI BE(Marler et al., 1999). AHFFTIN N AMRILY) 5 N2 TR MR LR 45 5 T2 it A
&, S FHYRAIREZ ) LS IR, BNAR Ji(Callaway et al., 2004; Richardson et al., 2000,
Reynolds et al., 2003). #PRIEDN T IEMAY)— Lo B D e 2RI 2de, mTRe (et 1 g bt A
WAEY W) AL, AR )AL T R ) 47 (Hawkes et al., 2005; van der Heijden et al.,
1998)0 AR ANAZ MY T BEATAE mr R V8 FRARH@R AT, AN KB (Myrica faya Ait.)A] LA
o5 BRI RS AR, B S AR IR EUKCHIRI VA (Vitousek, 1987; Vitousek & Wlaker,
1989). AHGEH, ERFEFEEANMZX . HAMER . 2 80 R EBE A D m T ARARIX,
X TS A 58 2 AP AE U S E ) M B = R o e Al RIS, 10 223k — 20 1
RN H A SRR S HIEAE R HAE, Rl SRR TE . DhReid ek
RER AR SRR FT IR, IR T A B 3R E ) E ) B 3E (Klironomos, 2002;
Wolfe & Klironoms, 2005; Reinhart & Callaway, 2006) , 0] G2 HIEATENNIRSRIEM AT
BT R T P T B

CLA ¢ T A0 SRAE A0 N AR b - 458 5% 4353 o) FEOAE 9 32 AR vh A LU A R A 5 2 i ) 1
BAE. OHE GESEMHAZED B M HIEA YUK A (Sl 8 4%, 2005;  BREN
£, 2005). HBTFTAC A0 AFAERIIN . 1D BOA AT 5SE 0 —Fikg Ja) (Saggar et al., 1999; Windham
& Lathrop, 1999; Windham & Ehrenfeld, 2003 ), iX 1] B8 & K A AN [6] ) NAR AL ) B A AN R R 2B 400 27
FEIE R, a0 AR 2R N R0 TR 7 B AN R . EARREIP R, RN
RBFER R T LIEANR. AR EAR. AR S E, R SRR EE
RO, FEAC TR AR, RIS S M AR S R BRI AR K RO R, BRI Ak
W) I 15 52 Wi e NAZ M - 3 T A0 A AN A TR PP A AP SR 3 i) H AR AR S R i LR SR
(Windham, 2001; Levine et al., 2003).
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I AE YR AN KA I NMR A T A H (Wolfe & Klironoms, 2005; Reinhart & Callaway,
2006). MR IS AR N A M A SB M RER, BIOA T ) S IR EY) 2 TR 2 K
SOE R ATE AR OGRS A R () A KRR R (R SR, A8 S R SRAS T A (Yu et al.,
2005). T3 NEIR BLTTHS RE AR A A KR U ()P A4 Bl (Huenneke et al., 1990; Myster, 1993); 1
P Ah KBl E A NE IR AT S M AR AR S R T JEC E kb, PRR 38 ) s R T AR A
NZHYH (Grubb,1994) o FEFE AN PSR T B3R MREE, Sde T 3BT,
1M SR AEPINE g ) 53 A SR 6 B 28 22 I — 2 N AR AR St ITDA, SR ZR 220 N
TR TR ANGE N N ), 8RR LN ILEIR R B . ATTURBLER
FEENZ R T L IRE YV S5 M RN o5 o A LD RE SR AR, T DRk S A e
(A AT DL IR 3852 0 R MR A R SE 0 &R, SRR E SR 2P 2 I 5a 9ok X453
RERG A0 R AT A B2 AR BNV, 3 okiRad, HEB b ) I SO R A5 B S, (H 2 [m] %
XA 7 A R IR AR AT e EER 2 2R B A R I TP IR R 8 A ST A R T IR ABIESTE, R )
X PIRAE Y DRI (IR LB . H AR 20R . 2 AN S B REAE .

2.4 45

MR AP 2 NAR S AN TR R BRI AR 10 S A A e R - S BEALE J5  ERA
KIERZEPE LN AL T N IR E IR 54, Rt 1 R A AR R . &AL
AR AN AR A R AR B I RERE s I, R T IR AR AR AR,
R S i, BRAR T R EpH IEGEY) S R B RS (AR A Ly SR P R ) AR AT
K. GURRY], REPELANGM ST E NG, W RS S AR e, e e
T 5 H GRS DA S I 3R R A B RESR AR, S 1 IR A T R T SR
GrK s U IR E I R I NRY IR ARG I Ry . AFEADON
PR G R PG PRSI, 0 HOW LI AR (0 SRR A M A LR R S i
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=T FEFZREDRPRSMENFILLEE R
2}

fE L — R AT T RPN RN TSR E YRR R 3555 0 5, AN s LR
PEZARBS A BT 5, B AE IR 2P SR B IR A R T e, IR AR 7R IL 3
[pea7/EVNEL/IN B

KT A AR RE N, BN AMITFUN SO NAS[F] ) A JE R T A R st (Ao
45, 2001), b, KEHERHE UL (Natural Enemy Hypothesis) #%) V2 [ 51 H SR Ut HHANRAE I N
1R, FEH NARFED) R DN 2 R g NS R ke T D b R R, AT 4% T Hors e 16 3
4rff 34 (Ehrenfeld et al., 2001; Wolfe, 2002; Levine et al., 2003). A A A i i fr) - 45899 J5 g4 %5
WA A R —865y, ORI, JFRBOIOIR 2 (1 SZE0IESE G2/ BRI 1) 514, 1999;
Callaway et al., 2004; Bl 855, 2005; FREETSE, 2005). AFRAZHY) AT LLIE AR 2R 50 W) 5 4%
T A7 A3 NAR L ST A VR 5 R AN DR, BT AT B S SRS S04+ 3, A 253 st e T 4b
M NAZ S B A IE SR 3 (Klironomos, 2002; Kourtev et al., 2002; Wolfe et al.,
2005; Li et al., 2006, {HAZIXM HIEGAED)IE R A i@ H AT IEA G, HIRGUZED T REds 1k
TR SR, N T R EWFRS I (Hawkes et al., 2005); SR AR FEY 5 N H 435804
ETER T AR ETH (Marler et al., 1999; Roberts & Anderson, 2001); A fefE NI IR Bk
A= P IR IR i P 4 A PRk T - 5 L R PR AR A

W 2R 25 AR B SR R A i i S5 R AN D e TR R LR 1 L3 R A ) 22 LR T N
o JAE LIRSS ARSI ORI 58 P R DA )AL N AR AR DA T A 20, At T B ey L
oo HED I A A FEAR B 538 b AT 2 AR S E RS U T, AR T L R (AR
AT e HAR AT TSR B I S K SR AR — o AR RN R P 2 AR B SO A T 2R
PRSI SR RSB ST, SRR A R 2P MR IR P I, O =R
AR ACHE A ER KT

3.1 M55 %
311 KEFZIRRLIENE

2006 4F 5 H A{E 2= P TR P8 VT H LS A Ah dkm &b 1 1L Hi AP (N 24°42'14.27-15.5", E:
102°52'48.6"-48.9" ) Sk W ] VR AT PR T SR A2 2R3 A P 28 o ZIX 380844 1993-2016m, J& ¥
PR SR, TR, LHERARON A, LR . KRR ARAEL0GELL L, Hh
FERZEPE LR T 5 A R REEFEO0% L I, SRR R R . PR R AR, B

R E, EEBMPCEZERRE SRR Imm 2, SE106 B4, BH2y100g, B TR IERT,
SLRP AR SE G 5 G 2mm i, 4 CLRAE T

3.12 TIRMAF RIS BIEFMALMEE Rk
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R R AE 10g IMAZEA 90ml T RK I =AM (NI T, #EKR Y 20min,
SRIGHEAT 57 10 s RYIFRE . WRIUFRREAR 100pl, 75 NA BRI BIRAi il s, BERREIE 5 Ik
FA, T 28°C MR 2d SR MRVE L RAG DL, JTFARPE it AT e, JF Rk 24h R —
R ARG, PRV B TR, ERIBATB I e K 20 2 280 0 40 v el Vi AT/
BEAR BRI E AR R b 2 G R R 5 AR 20 T BT A T 2 TR A BER E0T 202 281 41 1 )
I, AR I 1 A0 TR A B0l A0 TR LA T

3.1.3 MBMARIBERGER (PLFAs) ¥

21T 1) % 58 K 218 MIDI A+ (MIDI, Newark, Delaware, USA) JT & ({15141 51 41 it fig
TR 7 %5 58 A 4: (Sherlock MIS4.5 (Microbial Identification System). 4 B ¥ i H 17 R SR B0 B
R

3.1.3.1 $EFE SRR F

TSBAR:FR3E: 30gfi & 1k KW ¥ (Tryptic soy broth, TSB)+15 gfiflf+1L/K (TSBITF
Fisher/A &)

AR AN 45g+ B 150ml+/K 150ml

A 6N bR 325ml+F i 275ml

FEGRF: 1F %% 200ml+ 5L RUT 3 2% 200ml

PEEARA . AN 10.8g+7K 900ml,

DL 3R AR A (B I th 25 [ MIDI A w] (MIDIL, Newark, Delaware, USA) #4it

(http://www.midi-inc.com)

3.1.3.2 BRBAERHGIREN

1) MERFRAAT: TSBA “PAUEFRHE, PURIgs, IR 28+1°C, BRI [H] 24+42h;

2) 3REE: HEPAPREL 3-5 31 (4 40mg WD MHEVEEAN /T TRE B EE 51
W G fEMIRE X ICN 2 3 X))

3) BAk: A 1.0+0.1mL 24K, Fr 8T, PR 5-10sec, A 95-100°C (17K 4 Smin,
FIA ), Y35 5-10sec, FF/KHF 25min, FHiAH;

4) WA FFEMA 2.040. 1mL FEALIAGH, #1855, #% 5-10sec, 80+1°C /K 10min,
I B 2l B KoK ve #0250

5) FI: A 1.2520.1mL PEERGAA], 8T, WA IEH 10min, FTIFE &, FIH
T RS W B BRI RE AR IR S K AR A

6) FEAPEER: A 3.0£0.2mL YEEAH], 7R, WRAVESIER Smin, FTFE S, FIH
T-H R 2 2/3 AR LA MU T4 (0 SO SR A4 N, TSRS -

3.1.3.3 BRAGER RG4S

AU R GER T2 JE [ Agilent 6890NZY, (U454 F B HEAER B A1 SR AN L kIR
B AR A s o3 B B I 5% IR MIDT 22 ] T A 1) 35k 3 240 T 240 I 17 1 3 7 65 2 4 v F
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Sherlock MIS4.5 (Microbial Identification System) F1 LGS4.5 (Library Generation Software). {E
OGS T AT M IR DT IR BV S AR FE IR R AR A B R T AR il 170°CHlgth,
5°C/minJF£260°C , 1 J540°C/minFHRE Z310°C , 4EFF90S; VAL IR EE250°C « K 2535 300°C
FANEAAQmY/min). RSN E S (30ml/min); FEFTE10.00 psi(1psi=6.895kPa); HEFEIul, iF
FEA L EE100:1.

3.14 EBMHEN LIERIEENTERIER

3141 i EmMENKEERR

FEBUAHN B A 05 16 43 25 B I ARFABRAR, K FE BT A0 R 7E NA B3R EvR A0S 20 5l A\ S0mINA
ERFRMrh, 180r/min, 28°C NH%55% 12h JG15 BIFEHIRIM, &R E/EI K 590nm T OD {24 0.4-0.5.
PR IR Eh A 8 AR B A AR LAl ARG 28905 17 (Fusarium oxysporum), J& %0
BT 5 AiE (Ralstonia solanacearum), 75 R B B, B AN . 35 004G 2500 B R R 2
HH S0 Bl 0 e S P I AR, SR B T A R AR TE I TR (FRIR AR RN, 1997, HLIGH,
2004) .

3142 MBEMEEREFMITRERNE

75 PDA ~PHUH RECEDEA T (D=Tmm) , WS HTH RIEIR Spl TU8480 1, SEXihek
JHCE 4 AN S R 0 B L 22 8 (0=Tmm) , TSP AL B 0 I, BEALBRE S 5 IR
28°CHEFR, Ao xR P ARUm U S B Pl TSR R CUlIEIAE, 2003; L 0efedk, 2005) .

3.14.3 WEHEERIEEMIE

WRCEBCF Al BT 7RI 0. Tml 29299 A NA PR E, JECE 30min, ApaRIi T4 BX ML 4
ANEARN Tom JELACT, 70 AIWER Sul FEPUAN R FRBGE TIRACR b, REABBEE R 5 I, 28°CHIgR
A8h JEMEREH, THAAMRE AR (KIERYPNEE, 2003; ZHeHE5E, 2005) .

3.1.5 WER B IHmIERERNE

R EIRYEEAN T BT O e BB AR I JEAS CEARO. 45um) BR2E AR N A4 .
Mg Ik 4.

3.1.6 Zita#r

DA T S AR 7 1) 95 s v 40 B 2 1A 58l 23 B K H B BRL 707 2293 B (One-way ANOVA:
Fisher’s LSD test), BT H &A% A SPSS12.0 (SPSS Inc., Chicago, Illinois, USA).

32 ZERE G
321 MEMNBESERE
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r R AP R e A 2 A7 18 3 o=

SRR N 1 P O AN TR ) 0 1 2 R SRS SR RE VRO

M 10 342 250% **ﬁhﬂn;ﬁ

ARAF 327 MRANTE, IRAEANRIEZS

AN BRI A i D344 T

25 Bk (3R 3-1). LWNENRITIREE, 25 PRUCEAN 0 2F AOFT i AR R, s 1 7 S48
s e A S ZE AT (Bacillus subtilis). EUORZEFEFT R (Bacillus megaterium). e ¥ 254
¥F 1 (Bacillus amyloliquefaciens). M4k 2F 41 FT 1% (Bacillus licheniformis). iz 4> 2F f T 14 (Bacillus
thuringiensis). %/ 2F 94T B (Bacillus pumilus) A% 54K i & (Pseudomonas putida), k%L

PR A PO R R e %, I e

B R 55.6%.

R 3-1. BEERFE MR AR 2y B RSN R A K R T AL

Table 3-1. Groups and characteristics of dominant bacteria isolated from A. adenophora rhizosphere soil

syl BARE  FLBE AdeRE HEeRE LAMEE T ot B TEASFHT
Microbe groups Strains Lactose Inositol Mannitol Sorbitol Dulcitol Gram(+)/(-)  Characteristics
B ARAS T,
it S T . ) ] ) ] . . KA,
(B. subtilis) %, WL
BARTEOGPE,
ERZE AT T 5 B . _ ) B . KAt, hs%
(B. megaterium) WLUIR, Ak
VEARIN
BIRA G,
RGBS ALT B . . . . . . MR, K
(B. amyloliquefaciens) HE, 23,
BIATIR
WAAEY, 3,
A ZF A B 3 N B _ . B . B, AbE,
(B. licheniformis) AN,
AR
T
e AR , _ i _ , N
(B. thuringiensis) fg: @D:;L
GE D
AT | i . . : : R
(B. pumilus) Sk
AL
[ EAREE, H
?fﬁﬁﬂﬁ I : : - . - - Je, K

R I AN R R % UGB 347E 0.8 LL_L. Note: Similarity index of PLFAs identification for all bacteria strains

is above 0.8.

322 MBFRAENZSHERESH

FF3% E MIDI 23 7] LGS4.5 (Library Generation Software) 4K {40645 5 1) 25 #RAL 341 14 1) g
JWTRRIEAT SR 3 M, 13 31 R G €] ( Dendrogram) Jf-#E4T
Distance) ) KN R BRI PSR 2108 RINZUT . 24 A=6 I}, 25 BRANR 43I 5 AN KIIREE, A A 1)
AMBAE R — 28R AHAS ST R 2> 2 AN 2RRE, P BS-2 1 BS-8

WX BB, [A)ET— 1358, BS-1. BS-3. BS-4. BS-5. BS-6. BS-7 1 BS-9
TAVERY AT R /DN AT R e R, g T

SR 3-1) o 40 TR 8] R R B #E 25 (Buclidian

—ANRRE

—AN IR, R REUR
AR

TR R 1T M TR R SR A I TR (K38 & e e 2 57 (R3-2). 1) Pl
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K BoaHERS, A48, BEXRFMFERD, G148 20 MARGRK S EE: 7
T2l B LA D52 4 15:0 ANTEISO. 15:0 ISOF117:0 ANTEISO, J&RFfEdE i, HEEA
KZES; MABRIRET & LA/ N ZE AT w ok, H79.3%, Thad F AN, N54.7%.

WK EG R 2 (Euclidian Distance)
=6
[}
CASE o o 4
Label HMNum + + +

E5—6& T

BS—3 —

EFP—1 |

BA-G —

BS-5 — 1

Ba—d !

BS—T —
1

|
3]
)
¥
[}
|
|
|
|
|
|
|
|
[}
|
|

Ea—1
Es—2
Es—1
BEs—4 I
BA—2
EM-—1 =
EM—1 —+
BM-3 —

BM-5
BEM-—2 -
ET-=
BET—-1 _ 1
BL-2
BL—1 |
BL—3
Es—=
ES—& _ 1 |
FP-1

B 3-1. KPR M BR g b 25 R K e I T (W IR 0T R 5 25 20 A
Fig. 3-1. Cluster analysis for 25 strains of identified dominant rhizosphere bacteria of A. adenophora based on fatty acids
BS: MEHZFAFTE, BM: EORZFAFTHE, BA: MRUER ZFATE, BL: MAZFATE, BT: 5@ fATw,
BP: RL/NZFAIFTIE, PP: SBILBRCPEE. 1. 20 3. MBS S .
BS: B. subtilis; BM: B. megaterium; BA: B. amyloliquefaciens; BL: B. licheniformis; BT: B. thuringiensis); BP: B.

pumilus; PP: P. putida. 1,2,3...stands for strain No.
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R3-2. BT R LS ) 32 EE R R 1 LA

Table 3-2. Fatty acids characteristics of identified dominant rhizosphere bacteria of A. adenophora

TR B (%)

IR PRINRTRN Average percentage of plentiful fatty acids (%)
Fatty acids Average kinds of fatty acids
15:0 ANTEISO 15:0 ISO 17:0 ANTEISO
Tl 2 AT T8
(B. subtilis) 20 38.81 23.95 13.86
el

Ej{%?’aﬂ': 14 33.52 42.81 2.15
(B. megaterium)
MAE I LT 19 34.59 30.25 9.30

(B. amyloliquefaciens) ’ ’ ’
o

Mo AT 16 30.28 28.67 10.38
(B. licheniformis)
d}xﬁg%@ﬂ Iﬂ 24 13.82 39.60 1.31
(B. thuringiensis)

R IERAT 15 34.40 40.88 3.01

(B. pumilus)
ST LA L
- Eﬁ(%ﬂ@ 19 29.64 23.82 15.28
(P. putida)

3.2.3 MBMEMBEMHEFREMEHENFRIER

FRAE DL AL B I SR 4 L, N 5 RIS R IR IR, S 2R A AT I 2 #F (BS-5, BS-8). Bk
LEHUAF 1B (BM-1). fRER A 1A (BA-1). MU AR 1 8 (BL-3). a4
FFE 18k (BT-1). B/NFHIATEE 1 ¥k (BP-1) FUE AN 1k (PP-1) ST R s it
REM 2 .

8 TR F5 M AT P TRTAA I AR ™= 40X P9 Al Tt T 1) 400 B 23 00 2 45 SR L3R 3-3 o BT BRTRAORT Y i
JE O FBAEAEAN R R PEFE BRI, A ZEARAT i BL-3 BT A4KT 35 00l 2503 A1 PRI B8 e de M1, A
46.3%, ARG S 2 AT BT BS-5 AR ™ 00T 78 5t il 2503 AT IR TR 22 B, A 85.5%. Rl 2 AR AT
BS-5 Flp 25 4 2F HUFF B BT-1 0 25 0 2803 o1 IS DA FH 3 v TR e bk, AR ik 4wy
KA HN 85.5%1 83.8%; 1M EL K ZEAIFT B BM-1 FE SR F 0 1 PP-1 6 35 A4 w1 IO RS HUiE ] 2
s T HE R, HACE S A RN 82.3% X TR Al M AR GRS =)
M, BB Gkl 2 AT A BS-8) AMEAE B Z A0, e ARHR A ™ M) 40 2
SE TR, HrhHACF AR BL-3 AU ) LG R A A N B I R R R,
23.9%. HSK BS-5 Fl BS-8 BRI ZEAUAF IR, AR e AT TIR B AAS A I = 00 0) 35 i 05 1T 5 A
PRI TR B 2R AR A AT S0 22 5, XU B[R] — 4 A1 PRI RS B A FH 5 DR R R AS Rl i i 22 5
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R 3-3. WA R S AR 0o v Aol A 5 T S B I 5 (%)

Table 3-3. Inhibitory effects of dominant bacteria and their metabolic products on soil-borne diseases(%)

F ARG H A
FEPUE R Fusarium oxysporum Ralstonia solanacearum
Antagonistic bacteria Bk Rl r=y L0 ARt =4
Bacteria Metabolic products Bacteria Metabolic products
o e
*'5+H:¥EHE| BS-5 78.5+6.2Ab 85.5+4.9Aa 51.2£6.6Db 74.1£5.6Ba
B. subtilis BS-5
e e
R 72 AT 11 BS-8 70.2+5.6Ba 75.1+7.3Ba 58.6+6.4Ca 58.5+8.3Da
B. subtilis BS-8
Ej{ﬂ:%@ﬂ%‘ BM-1 67.6+4.3Ba 65.9+8.4Ca 74.7£5.6Ab 82.7+5.6Aa
B. megaterium BM-1
N e
MY 2E AT B BA-1 53.245.7Ca 56.3410.5Da 70.3+3.5ABb 77.3+4.4Ba
B. amyloliquefaciens BA-1
i’@,i\{ﬂi?@ﬂ[g} BL-3 46.3+4.2Db 70.2+8.2BCa 66.2£6.0Bb 75.5+7.2Ba
B. licheniformis BL-3
T -
% Aé.%ﬁaﬂ: BT-1 75.5+6.8Ab 83.8+7.6Aa 61.0+10.8BCa 65.4+4.6Ca
B. thuringiensis BT-1
FL/N2EAURT TR BP-1 50.7+5.6CDa 51.2+43Da 50.6+7.3Db 58.0+6.1Da
B. pumilus BP-1
TSR FU T PP-
i ﬁ@z%ﬂ@ PP-1 67.1£5.4Ba 72.7£10.3Ba 70.2+6.2ABb 82.3+8.5Aa
P. putida PP-1

T BUHR A EME AR EZE . K T BRI AN RIS HUAN GO0 /) — 0 Jot B A R A LA NS P BER R A — S5 Bl A (K AN ) TR
S CRARFIRU 4D 090 S5 VT PR 400 4 B o AN [ P B R AB IAE 5% /K-F £ 225+ 22 (Fisher’s LSD test). Note: Means = SD.
Different capitals indicate significant difference among antagonistic bacteria strains; and different small letters indicate significant
differences among antagonistic bacteria and its metabolic products. Different letters in the same column indicate that means are

significantly different at P<0.05 (Fisher’s LSD test).
AY ‘
3.3 itit

FERTTAIWTFE, AT TR ISR 258 2 e S AR M 3 IR K, e gt 7 5
TIETR I HAOC R A, MR s T SR, YO IR R A A T RE
AT ERZEPFE LN o AWFTUANIE TR 2P MR LA AN R HE PUIEREMI S, RIS 2R 2R B
FAEF 5 I RA RS I R RAEIDERE, T el 58 2508 22 FoA 1 e 1 398000 s BT 1= L) e
MR T LIRS

TP ERE RS, A AT MY, A B RR, A RN
UM LD R DARAR R T 1 B EE T B, ARBR A L AR AR B IR AL (o — BB e CEAS
J§AE, 20055 FEPFRAE, 200600 RS ZERAT R 95 o 2R AT B AR TR 2T IR R/ 2R AT
AN P B o B T RN s [ S v S 4P R S L TR IR s i P 0 oA i s Ji v
A, TR A A AR SR AR IR AR O 2%, 2004; REHOIEE, 20065 XI5, 2006).
AWIFORIL, FEZEEE AR B A0 R U AT B S PO AL, o HLIACH ™ M iR stk seAn
GRS, BEHIPURP TR AT R R AR L3N 1 (1 S BN RERR B 1
Pyeh T 54 AR Z A AR OB G R BUEA R Y AR B 0 Sl E e v BAT AR e (K
MREBR & IS DU B R AR N AR A )k 38 s i A Pt it 1 5 1, =R 22 19 HON!
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JIE R E MR AR AT AOMR B 0 BTV

AP R NAZ A E TR 0% F AR B 45 7 Tz e o T > A ), X2 2 B0 KA )
MNZ N E RN (Kourtev et al., 2002; Reinhart & Callaway, 2006). 2825762 A\12 2048 T 4%
WADREE ARG $em T LRy, I AR AT B 2 2 i 5O - 3 A ) v 45 R AN Dy ke s
IR e AHIFITRM]: SR MR LI h B o0 & IS AT BRI R T, b B SR
AR ZE R B . R ZF AR TR AN 2 T AT s e VDI 2 33 SR e ) AR BT TR, ) 2 A
53 DR R TS T B AT AR R R R, B T R L AR SRR TR R ), X T R SR PR A AR
Z RN FAZ P RN, 2 R E W BT B W X B S A R R B E R,
P R A 5 S A A 5 b A T R o A 23 SRR 0 R A T B TS0 SR A E )
ERTAE AN, AR 3R TR VR (X, 2006) 5 2EZEPE 25 N1 Hh 3 b T At 4
WA 5% 53 K P8 (Yu et al., 2005) 5 DR34BT 1 10 K A7 AE T RE S R R 22—

NAZ R I HR R 3 A 5 3B A P O R v A% R TR ER, DU I P2 AR 2R ) Bl 33t
YIRE¥% (Bais ; 2004 ; De Deyn, 2004) . HIF58 A AT Rl h AR AR R IR L8, TR 70 s ) H
AR TIERER, T AR F K (Kong et al., 2004); FRATIA K IX AT §E A& K4 AR A
YICR T AR, AR REYUE A R RS . ARSI A 2 AR BTE A
AP T7 5, AR AR ) IE BEAN 1 25 PR v O R B0 | S PR N R (Wolfe & Klironoms,
2005; Marler ET AL., 1999; Kourtev et al, 2003). 5 #7773 B =0 0] GE Il 1 AR b - i i IR 7 42K
PSR AR A B SO E R, B S RS 2R3 22 TR AR R R PR s 0 1T ) 0 ] B AR
T2 TR AR AR 3 58 28R = AR R 2 & 5 (R TGMIAE, 20060 Tl MO AR R, 20 i4)
P, 0 HIEREYAT s A I T A, T RE SRR R SRR AR A A R R R
HRORZ AT, WS ZE P A 1 il Sh AR

3.4 4t

i

AHEFAE DAL IWFFUIERS E, AR IR B IR E A VI i, TR 2 L aA 4
PRRAE, B L3200t 53005 s R A A A P R R S =5 B 2 R B, S i oA iR A
SKAE)NAZ 1) S E 0 E RS T2 S BFUUE S T 2 28 B AR PR A AT I B AT H bt
PEREFI AN I, WA IX T e L RES 1R 8E 5905 Ji bRy S5 X J AT
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r R AP R e A 2 A7 18 3 SEDU R BRI LR PO IR LR ST ) S

FNE XEFZREANIRREDEEESHHZE

FEFRAT TR T AR5 A5 2R 2 NAR DA T - SB A p  e R 25 40 o 74 B ) BE R AR
AN BEA R R I A 3 7 A B S PR R A o AR AR R AT DGR AR SR i) s, vk
WAL R E Y DR A AR AV JRIRR, e R W REVS (Kourtev et al., 2002; Wolfe and
Klironoms, 2005; Reinhart and Callaway, 2006). 8 2535 4 tH 1] B8 2 I AR 2R 3 W W) N ZE ks 1ok
U IR E IR o AT ISR AR RN R R & TR, JRIE IR
HER I ARAL, 72— MR LR, 1520 22 B A N A50SS5 . AT H 5
TEARBR 2RV 2 U8 IR M RE I I P BRI A, AR I TPl AR I AR B, X2 220R
PRI Sy AT V- o IX M5 45 AR by 52000 22 R 2 IR0 3B 0 A A SR A Y 2 3224
R FIE P B T B A0 e 4R

A1 5 A%
411 EXFZIRAMEHRRBENHF

2006 4 5 JIAE 2 F A BT 23 B AROML R 27 I LR SB35 22 bk, TS ZK g e ik HL B 1y 2
NZEMARAN Y, e BT ERAEM . A 100g 22 EMRAMZE, AIER L& T
IR, ARG FBTR 1 —2em B, RJG 70N 1L JEW & B 1K 24he J2e 3 2t
JEAGIS PEAFAKEI, PR KB A LB (0. 450 m) 38, DL BEE . BREEREER 100%,
HCES 7> 73 IR RE B 10% M1 1%, XHRONJCIE L8 7K GREED 0%) , B 4CUKFIATRAE, 1
TR A TR SR

412 TIEMEYRIIESE

SREEVE R NAR 3R] 2.1.1, FEL 500g JRNTCHE R EEHT (10x10x6em) 5 43l
BN 100ml [ 100%« 10% .« 1% F1 0% K25 AR R 2L, iCE 28 CE B =M 1597,
JeHE 12he MAMCHEIER 5 K. HIERIK O ERA AN TR0 AN R IA, B 1 R &
(Rrx N B AR RE 3 B K i AR R FE ) 3 RE N, 2 JE SR PLFA e Hop
VIRER AR 22 EARBAR BRI L IERE R, 3 RS I E I AR Y RIS S5

ELA3 20 % 8 (R 2R PR AR PR L A4 8 8 BRI 3.1.1. 45K 10ml 1 100% . 10% 1% 0
%6 BV LA AR ZE AR A B NA 55989, #6047 1ml, O 180r/min #8)K, 28°C FH53¢
12h J5 RSN Y6 VAR S 590nm e 4l B 55579 OD {i. OD {HL 19 K /N R IR 4 i 4
2/, ANEEEL S K.

41.3 BUESH
ZFE R I IR 2L L BRI T RE S A VR I IR 1R (Klamera & Béath, 2004; Leckie,

2005) , AEGLAED G DT R B L UK T 1 % BRI R IEAT 04T, SeAE RN 75 225341 (One-way
ANOVA ), 4R 5 1E 3 i 43 43 M1 (Principal components analysis) £l ] 51 43 #T1 73 #T (Discriminant
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analysis)o 1T AHTFTT H A B0 58 22 22RO L3RR DIREVE (52 m0,  TALEAS X AN T
Ak ST 5 o 15 I PR 5 1) 22 S A L ABE 0 AT o AN [ AL B R - S A0 34 T S LA 7 M ond g Dt T 41 7 6
I 7 M K F LK1~ 5 22081 (One-way ANOVA: Fisher’s LSD test) . BT £ 40 #1345 °% FH K
f£SPSS12.0 (SPSS Inc., Chicago, Illinois, USA ).

42 ER59H
A2 1 EEF=BRAN T IEFEYEEN Y

TRERT 1%0 IR EYIERIA 17 B, LR ER 10Me 16:0 A1) 16 Fit IR IR 7558 =55
SRR IR FE AL PR HAFAE B2 78 . (IR 4-1)0 B o B R AR ), IS8 22
WRABREBAL BN 5 2 J e, WA R AR, LB R AR 1 AR v iy 1) o
NS (I 1A I B) o JRZRAE BRI B R 5 3 ), BEie i kE
Ak, HBEAE R LR IR AR A B B (L 1C 1 DD o HARERE I A R R MURI 25
RSB A R SOTE], (HEEAORT, ZRP 22 2R HR SR RO TR AR R AR
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Table 4-1. Effects of A. adenophora root and aerial parts leachates on soil microbial PLFAs

£

"
=

PEER PGB IR LD REE S5 S

PLFAs Control(H,0) 1%RLT 10%RLT 100%RLT 1%ALT 10%ALT 100%ALT

14:0” 1.448+0.292 1.352+0.301 1.434+0.157 2.214+0.096 1.035+0.154 1.942+0.099 1.768+0.095
15:0i" 4.754+0.414 4.424+0.550 4.338+0.391 3.356+0.291 3.984+0.287 4.404+0.478 3.884+0.171
15:0a"" 2.638+0.297 3.604+0.416 3.180+0.248 1.906+0.116 1.934+0.251 1.354+0.233 1.882+0.483
Sum 3" 4.028+0.411 5.844+0.869 4.144+0.158 3.072+0.311 4.751+0.504 5.102+0.472 5.072+0.381
16:1 o5¢" 2.808+1.112 2.158+0.327 2.492+0.387 3.401+0.379 3.108+0.294 2.724+0.219 2.955+0.182
16:0° 17.602+1.227 16.792+1.010 17.594+£1.173 14.710+0.652 18.571+0.864 17.624+0.760 15.537+1.067
10Me 16:0 1.405+0.104 1.652+0.151 1.508+0.124 1.4374+0.213 1.571+0.142 1.382+0.225 1.648+0.204
17:0i" 3.113+0.137 3.087+0.150 3.820+0.311 3.762+0.056 3.813+0.206 2.982+0.167 3.417+0.182
17:0a" 2.1384+0.156 2.264+0.170 2.364+0.205 1.766+0.112 1.508+0.142 2.448+0.318 2.380+0.132
17:0cy™" 5.290+0.457 5.791£0.625 5.363+0.382 4.522+0.761 7.940+0.334 6.647+0.403 5.416+0.528
Sum 5 8.395+0.581 12.513+1.120 7.241£0.521 9.007+0.635 10.13440.827 7.735+0.651 10.760+0.705
18:1w9¢™” 6.392+0.357 7.097+0.508 4.906+0.162 3.901+0.176 5.505+0.477 4.926+0.601 4.792+0.325
18:1007" 6.071+0.524 7.575+0.316 6.239+0.604 5.680+0.481 5.838+0.377 5.712+0.356 6.546+0.416
18:0° 1.776+0.376 2.462+0.184 2.654+0.306 1.484+0.194 2.182+0.166 2.838+0.152 2.275+0.136
19:0cy 08¢ 2.866+0.583 2.542+0.291 2.668+0.339 2.020+0.179 1.113+0.086 1.227+0.072 1.195+0.052
20:416,9,12,15¢" 1.510+0.132 1.878+0.274 1.532+0.139 1.360+0.222 1.942+0.141 1.510+0.426 1.670+0.172
20:0 2.391+0.105 2.884+0.143 2.652+0.152 2.391+0.130 2.280+0.146 2.344+0.108 2.196+0.127

e BUER R PIE EhaifEZE . RLT: AR EHR RBIEH: ALT: AR EZEHR S *, P<0.05; ** P<<0.01; *** P<C0.001 (Fisher’s LSD test). Note: Values are means+SD. Sum

3=16:107c + 15:0i 20H; Sum 5 = 18:26,9¢ + 18:0a. RLT, Root leachates treatments; ALT, Aerial parts leachates treatments.
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B 4-1. SRR AR AR ZE R ARV B - S A R v 1) 2 B 3 AT AR 3l 3
(AYF(B) AR FEAR R BRI B(RLT) AL BE () - BE AW RER AR AL (C) A (DY AAN IR EEZEHRIRIB(ALT)AL
R LR AR AR . A X RIRIBUR(0,0).
Fig. 4-1. Plots of newly invaded soil samples cultivated by Ageratina adenophora leachates and heavily invaded
samples. Plots (A) and (B) are for different concentrations of root leachates treatments (RLT); (C) and (D) for different

concentrations of aerial parts leachates treatments (ALT). Cross signs indicate the (0,0) point.
422 REF=ZRERAEE KB

BRI RN E T 5253 AR AR N ZE R PO E 70 B SEE I 8 Mk Za P AR P A dm i A Ik
sy (3% 4-2) , AU AR AN ZE R PR L AR AT AN R 40 B A e dE A R ANAR TR, (HAR 2 25 e
ET AR R, HEEHE R SEBOR B e Bt G 0. JLrp, 10096 5K 257 AR AR R BN
R 2R AT A BA-1 R/ ZEAAF IR BP-1 RO REAEHT Bk, 2092 X IR 3.7 f8 AT 2.8 15 100
96 BRI 2 ZRMHR SEBON AR TR 28 FUFT IR BA-1 R85 < 2R FAT 18 BT-1 fRGe b4 T B, 73 )2
XTI 4.7 A5 2.6 7.
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Table 4-2. Effects of Ageratina adenophora leachates on growth of isolated dominant bacterium (OD)

EHENEEEVS ARG 2R SR
Antagonistic bacteria
0% 1% 10% 100% 0% 1% 10% 100%
o e J _
*”fiﬁﬁisg > 0.24£0.03a 0.38£0.07b 0.41£0.04b 0.64£0.06d 0.241+0.02a 0.371+0.05b 0.52£0.03¢c 0.58£0.07cd
*Eiii%m@s]ss-g 0.27%0.04bc 0.3340.03d 0.57%0.06f 0.62%0.06f 0.18+0.03a 0.23+0.02b 0.2940.04cd 0.41£0.04¢
Ej@g@ﬁ BM-1 0.35+0.06a 0.40+0.05ab 0.47£0.02bc 0.88+0.13¢ 0.35+0.07a 0.42+0.06ab 0.47+0.07bc 0.68+0.08d
B. megaterium BM-1
Yoz M\ S e
ﬁg{’t*ﬁjgﬁﬂ BA-1 0.19£0.03a 0.37£0.03¢c 0.45£0.04c 0.70£0.05d 0.17+0.01a 0.29+0.03b 0.37+0.06¢ 0.80+0.05¢
B. amyloliquefaciens BA-1
—- i
f@?bﬂﬁﬂ BL-3 0.28+0.05a 0.30£0.03a 0.53£0.09¢ 0.61£0.07¢c 0.28+0.03a 0.46+0.08b 0.50£0.05bc 0.621+0.06d
B. licheniformis BL-3
dj\zﬁ.ﬂ:?.@ﬂﬁl BT-1 0.20%£0.01a 0.31%0.04b 0.4440.05¢d 0.51%0.09de 0.22+0.02a 0.37+0.06bc 0.4240.04c 0.5740.08¢
B. thuringiensis BT-1
%Eéj\ifiﬁ[]ili-l 0.33+0.04a 0.43£0.04b 0.58+0.06d 0.91+0.16f 0.31+0.04a 0.47+0.05bc 0.52+0.06¢cd 0.671+0.09¢
ST o T pp_
“%{E‘ufé]fﬁp ! 0.26+0.03b 0.35£0.06¢ 0.421£0.04c 0.51£0.07d 0.16+0.02a 0.23+0.05b 0.38£0.03¢c 0.41£0.05¢

B BRI S hRUER . AFNG FRER IR A AT 8 AE 5%/KF- I % 7 .3 (Fisher’s LSD test). Note: Means + SE. Different letters in the same row indicate that

means are significantly different at P<<0. 05 (Fisher’s LSD test).
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4.3 it

AP ER 2P AR A SRR AT 5 AR LIRS, A8 @R B 7=
PEEIFAN NS TSR A IR (KI5, A DR 2P MR IR ZE R SR W0 A A B N
A3 2 M 3 e, TR K AR R A, BB R AR L R3S K E e 4k
) FE AR FES, (HZEMRARIBIAE FIBOR /N TR o S AR WY SR8 P 22 mT R il 25 b v )
AR AR I S IR, BN AEE IR R R B A B A IR AR o 1 () NI E 156 29
FRAMZEHR SO B B E ) 8 PRERZEPE ZARBRUES A B A K, A BUR R A ZE R
WAL L Z A HE T ANB ARG, HLBERE IR SR B (V8 e A I o R8P 22RO 2R
PR E AT B ], TR I — TR ESREN, RS
KER AR TR 55— TR BRI, RSG5 ALY T, i 1 AR B
A E KRB o, PRI AR AT R BA-1 A RKKIE A E T o, AT RERZ
DR Ay AR5 2 SRAT B0 R 8 I 22 R SRR ) A A T AR UK

Y CEAER RS r= i 2 Bl e dt N L3, O HIRMAE RIS E R, WS
TIRAEAE ARG KRR, TR AR IX R RURE (1) D) BE(Zak et al., 2003; Johnson et
al., 2004). ARV NRZ B ES RGNS, HIHI et T REYE s, AL I %
FEA S LI P X & (Ehrenfeld et al., 2001; Vranjic et al., 2000) . #MRAAZ A% 1- 18
M HAAE Y 5w e A 8 12 K8 (Igbal et al., 2004; Yu et al., 2003; Lawrence & Samways, 2003):
(WMWY . EREYE 58T 0 HIEMAEIR AL REYE th T4y S 1Y)
PR E AR, SEIEHCED RS A (Saggar etal. 1999) o QMR R WY .
ANTRIRE IR 28 53 W) ) B FAR 22 A AN R], B A E D R R PR BE AR AN [R], - DR AR A A AR 3%
HEW) 5 SRR R0 S s N, AT e IR 25 A BE (Kourtev et al. 2002)
(3) I A B A A AT S T SRR AR, A E AR S KR S T TR B s e - S R AR
ZHEME . () FEPIH LB RIS o APRAE IR SRR L350 3 Wbk 4 ] DA SO - Sl A e v 4
] (Yu et al,, 2005) o (5) HHAARFEY)S RS IR KHN T3 EN P RER I AL 5 . Ak, NRIED)
Refg il ok 5 NAR M I R R BRI, a0 Phy R0 SRAESE, b O T SRR AR VR I A5 4
FxffE(Duda et al., 2003).

ARk, MARIERAE FH B A0 FERR R AR AR LR (I FE, ROPHER G U (Novel Weapons
Hypothesis) (Callaway & Aschehoug, 2000; Bais et al., 2003) &4 T — ML, FE2FTHER
WAL AR T2 S BOMKIE Y N R I 2R 3% (Abdul-Wahab & Rice, 1967; El-Ghareeb, 1991;
Vaughn & Berhow, 1999; Ridenour & Callaway, 2001 ) . #4711k Ji& 1} H (Allelopathy) Hi Molisch 7E 1937
St SO TR ED) A o W A A A O R AR AR B, X R
A HAEHAREAF RGN I, Vivanco 55 (2004) TIHRIE T 554554 P Hb T 358 5 2B i LN
(CR IO AT 2P0 ALY QA W 25w e | SR 71 WANY i 01 S S N o6 IR Y A Y =R (s
SERA1J71%, Bais 25(2003) N R A4 R b 73 549 3 T (-)- LA 3, IERINEY) s 5E LI
RSB HE YR R M KR v P A, HLWOIE AR 0 i P it R B m i de ik . K Callaway  Fil
Aschehoug (2000)2R4E0K) J7¥2%, Prati A1 Bossdorf (20044l T ANA2 AL AR R 24527+ (Alliaria
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petiolata B.) [FALBAER], fEAEREY) 5 0 W AEZE ) Geum laciniatum M. FIRKHH ) G. urbanum L.,
45 ORI KM AE N A HO A 0 (R0 S 25 A0, 7 R B ] e A= e o157 A 06 W 25 110
VER S 0 b PR NAS R A0 PR L ) A A B A T il 2 (R FH o AELE S T RAE A0t 12
TAEPIRER AL A E T D, ST R B ot Ly 3B A= P v PR BB 28 0 IR N B A A1 A A2 )
MNAZHLH 7> B2

NAZ R I HR R 3 ) 5 3B A P O R v AR M R TR, DU I PR 2 ) Bl 33
YIEE7% (Bais et al., 2004; De Deyn et al., 2004), (LB A AUE L H ARG NIRBE 1L 224
Jot, I EDA AR BT DO TR 2 AR A 2 e i o AU ) T SRR . BRI, RIS
T b e B ) ) U e A A I A AR SRR R REAIAEE (FLEEAE, 1998) o EEFAMSC
PR, R A T HE N ARG R B AIE R . ISR AR o A R BR AR B8 ¥ 4 0 i DU 4% 0
#%& (Inderjit & Callaway, 2003) , T Z1FA AR FE P — AN AESE 7, A3 Y
A IBAE BT B S ORISR BE I LA ST, A LU EDMUFNEEAf (FLEEAE, 1998) o fHDX I TR
A IBAE @ A b RS AR 20 W BRI 9700 IR A 24 F BT 9 H 38 32 R R R AR B350 29 148
FIFEHGE, XRFEE R TERE A, HAPE AR I3 2] B RO SRR R Y, B
TEAC AR T e B EAsE LA G — s, BRIk @A E - ot b, R as & AR
AR AR 2 SOFRELT BARRRE 75 v ol BAG AR R 2L,

4.4 it

SREEPE AT DUE AR AR 0 ) s R ) e R R, RN I R R T AR
TIERE YRR R 32 2R AR AT REAAT ], (EAR 2R 20 WA AR 0 WU 5 Bk A A PR A . AN
FUUESEEE 25 MR AR RARBAN ZE R B AL B N 148 2 AN 3 JJm, LI E e
KRR EAA, XTI REM 5 T G B . — 5 DR E SRR, RS S R AR AT
i BNTR s Tyl SRR, SRR S AT R T, TR B A R 1 K B
AT FEE RANRANRR -3 A ) S5 ) e (AR 2P 2200 L IR E e i T P 1t 17 4k dls
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FHE ANRETIEMEMBRENEEFZAKEYEY =
=g Al

AR AEA) AT A3 N3 I E I, SOk, AR TSR E R I A S o
XN R 5P 584 2 RBHER . AT FCIESE AR IR 5 T35
YRR Y], — T ANSRN R AEYIE L SRR R SO AR R B e Y, e R TRy, R
TP, b T AL IR B I HRPTERE, HEMIAE B SRS S0 57— J7 A KA i ik 4
AN IR E PR, A TR S IR ) 2 IR A i K Py S T RSP A AR AR O
AR, REMA RN AR ACFIR ISR, AT 5 R3S T i F) (Yu et al., 2005; Hawkes et al.,
2005) o Ffig A (2005) K ILAR Y INE K—Fi s {E (Solidago canadensis L.) 15 T 1-3pH,
BT R FEMAPURE, JEUCO XM AR AT e AT A TP AR . k% (Mikania
micrantha H.B.K) ANZHSCE T HEERUEYIRIE 25/ FIThRE, JFE8m T 1IER5r, XM BIRAST
AR X HAEKAT J)(Li et al,, 2006). PRI, A7 573 S T AMRIY) A D ) 385 E )
I R 5 (K lironomos, 2002; Kourtev et al., 2002). AR AZAEY) 55 N A=l S bl A= ik o 1 B
YRR ZR AW AR NAZ T AV 28 R S8 NAZE R — AN T 27 [ (Wolfe & Klironoms, 2005). 4k
KA NAZ 51 L3 BV 2 REPE RN ZS RGILRE A28 (Kourtev et al., 2002; Kourtev et al., 2003;
van der Heijden et al., 1998), TMXF AR v] G F TR RAE 75 5 a2 5a 4 e,
M IR AN SRA P 3 5 5Kk (Hawkes et al., 2005; Ehrenfeld et al., 2001; Levine et al., 2003). A tt,
WFFENAR M I E DI RETE XS AR AR AR 5 S B 55 4 52 s TR R AR N2
{8 we=: £ GG et Lo V1IN | W/ S I ER 8

BISCWFGURM], RPN MR ER G, U8 T 3R ME R, fenl2sdin 75+
IR A UV DG I R 3 A B D R i, ey 1 s PR mT R T A 9% 23 K
5 IXEEAR AT QIR TR A SEP A AN R A, (kRS RN R K ?
ARG AR 2P 2 - 3D - A I AR SR R DI KL, WIIUR 2P R T 1 3
Tl A R T 0 2R 2R 2 S R ) PR S i, L5 RO T RN B 2R A 0 B Bon o
(self-reinforcing) AUfK) IR EVIAHLHIAT EZAEH], XA R (1 1385 M) AR AL
AT A AR

5.1 ¥l 5H=*
5.1.1 IEM LIRS EMEETE

IR N IX T, REAR X R RNR X R A A A KX A R A
BREFLTEEARX . BEAMRX . RNR RS EK X, 4R BURE X A3 52 [7]2.1.2.
WE 58 X AL T = B R W VE E R K A 4km A0 ) 1L 48 HB A (N2 24°42'14.27-15.5", E:
102°52'48.6"-48.9"), HLRi& I RAMRACHR T, #34K1993-2016m, J& WAHT = Jsi 2= < fige, T2
T, SHHRHZRI0HPRANE, 10H FHRKESH Fah R, F¥5E16.5C, F¥%
MV E952mm. HIERA LI, + RS, A . HA M A . MR R - g
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NETHED, HRLSkm? (2kmx2.5km) . S5 A K I H I 510 A o ) 1 5 Hb i o
EEFEOM . HHOUAS [ )58 2P AR OB B, AT I XIS I RSB 2 AU e, A7 (X 2
REF AR YIC R E A, AT XA 5 A P03 1) DR L P JE R A 1 AR e
X3

REPRZFFZEEANRX BEANMZX . RAR KA ALY BRI R85 Rk
VT Ko R LSRR E AR 0 22 A 20 R RAT i T R AT, IXEANETEE . FATTH)
WHITH R R IR P M AED 0 22 57 5 e DR R 2P AR K ST IRE I R K

5.1.2 #hF

R AT FE DK P 2t = AR AR R I AN 28, RATTIE 8 T 7E R 90 X AR WL IR RR 22 5 (Lolium
perenne L.), fil*% (Eupatorium fortunei Tuccz) FIE4E 18 (Medicago sativa L.) 1E 4 fEAEAEY),
AR T =R, BE R RARARIEARY), 2R 5EHEY, A0 H A SR
FAHY) . RPN R AR AMIPTIX, BERL RS ERE NI QISR R
M F AR o

5.1.3 IREZFH W

HREFLHE AR X B, BEAR X . SRR X EHER S k) 2E K X+ 3E540.5em
75 22 BRAH AR AR AT 538 28 25 B AR R SR DR 23 Bt 1l 3 (AR DX (R I B bR vE L2 —%5) 0 4333
PR R H R X 8, BRI RARX IR M) A K X -8 &
FEREA K =K (BER—IR, 121.1°C, 20min) o K& 3R AR K L3 BIRA— 2 Bl
(HRPEEA4: 1), R T HEEAME . TSR A1T>17x22em(fFx F HiEx FER)R IR,
FFh 7 FH 6% X IR A W G, FEFh TR ARSI IL Iy I S6 N B &, 43 Al 24T 1458 (3
JENRIX A3, BREAR X LI RN X IS A AKX E2) KRR KR DA
R B — PR 2R 22 5 5 — AR IR A P, 56=4x2x (4+3) , HNEHEYIA6IR
. MFIERN30d)5 F) R ebk/B CR—RRE I ok, TREFIRI 3RS BRI R
PETCR 7K — AR FE TR 20 % A o (ESIR I R, A (0 RS A% K, B e A
NG Hes IR AR FAE27£5.3°C, FI430W E JRANEAT #h 786 I

5.1.4 #ZITIGUIK

R ARG, POBRRRERR, AdRKPYE T, T80 C LT 4 18 5 I 2 4=
o WA PE I PR o I e A E, TR RS S A AR A (%), R R PR L AR
PRIASE SRR R R LR L4 1. AR (Myers & Bazely, 2003):

S S
PR AR (%)= - —— x100%
O R L
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5.1.5 HEESHT

B 43 W R WA 7 5 22930 F1 (Two-way ANOVAs), 73BT 13RI ANUK B 6P = A=
FAAIXF O A SE 52 . BT AR 4 SPSS12.0 (SPSS Inc., Chicago, Illinois, USA ).
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Fig. 5-1. Comparison of the effect of soil biota on the biomass of Ageratina adenophora and three native plant species in

soils from the four sites (Means &= SD).

IR YRR P 2N 3 o 2 AR ) A AR (0 F K LE AL B 4 SR LIS 5-1 AN 51
LS NAR I S Gl AR Xk 2 AR A o i R M 2 M e RS, KR A B PR A
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AP T 23%, A3 E T 93%, FEALE RIS T 73%, MEREEZAREE T 1%, B%
AT b B AR )RR T 55 2R 2 R MU A ) 1 5 ) 5 F P NAR HAEARL, R R i B AN B R N
M. HURAH R, 25 b A X 58 2R B 2 R 0 i P8 ) S b v T A, KR A A
BEBEY RS T 8%, M =dem T 15%, HIAEHmHdm 1 10%, MEZEREZRE T 53%. 4
ORI X - A E BRI T 3 R R AR, B TR A AR K

51 AR CREBERIFEMKE ) 58 2595 22 R 2 g ) A (R 52
Table 5-1. Summary of ANOVA of effects of soil origin (heavily invaded, newly invaded, non-invaded and native plant),

sterilization (sterile vs non-sterile) and plant biomass.

¥4 Plant Source of variation d.f. MS F
S1 3 4.077 14.856 ***
BRAE S2 1 16.217 59.089 ***
S1XS2 3 4.428 16.135 **+

S1 3 0.161 NS
s S2 1 26.344 43.438 ***

S1XS2 3 1.301 NS
S1 3 3.868 18.417 **+*
fif 2% S2 1 49.776 236.989 ***
S1X8S2 3 4.476 21.309 ***

S1 3 0.620 NS
YAk S2 1 58.853 125.971 ***
S1XS2 3 5.626 12.043 **+

Error 72

VE: 7 S1: H8ERIE; S2: K ALHE. Note: S1, Soil origin; S2, Sterilization. * , P<<0.05;
#% P<0.01; *** P<0.001.

522 NEit T BWEMHEZF=5ENZSHIRE

T AR R L 3 R R T e (Y LA AT A R LKL 5-2 R 520 DU
[ A - S A R T R B v TR VE DB, S, EERE AR b IR AR MR TR g
ZEFE AN A o B3, 5 TR R N S R AR A A R 26%, SR S IR I B
29%, SEAEE R RAITHE R 31%. HEEFE AR LA A [F)— b 2 R S5 AN R AR 4
TR, AHREORTF, 5 RN AR b S A AR X 5 2R A A R S A E R s TR
JEE AR HURT > A A A= K DX - S A v o 5 1 b SR D TR ) 5% 2R R 2 R I 348 1) 48
SAE BN, 5 R BRI SR 2R AR SR B = 3%, SR LR RPN 4 & 2%, SEIEEAE
TRPPINR T 10%.0 F08 A - S0 A eV L 2 11 - S B T o 0 25 2 R 38 11
SEMF- 25 H 24%
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Fig. 5-2. Effect of soil biota on Ageratina adenophora relative dominance index (RDI) grown with three native plant

5.3 it

species in soils from the four sites (Means & SD).

FERTT IR R 3 JRATPEAN T TR 255 SN 3R 20 A SRl E it v (e

T, AEIIOETTH BRI IR AR 22 50 5 e AT DA SR PR 2 A K SE 4 IR SRR
U S AAGRKNE TR R0 T IR E MR R E AR S E S I
Wi, IR ZETE SN SR T AR R A T AR A, A TR A
SEAHE ). T NAR I SRR A RS S MR A R SR iR P AN S M e TR RS, Bl
R, 2% i S AR 0) 2R 2P 2 AR o P2 D) S 25 M et T B ) AR DX SRR )
RERANE T 3 MG ARG, EERE T8 2 iR K DUPAS RIS UR L B G A R v A
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TEREEFE A LR, BN AR A IR 4R R RS B AR L B W, L
L SRR A ARV SR 5 B AR LS R (K M1 3 i Y 24%0 45 SRR IR 2P I AR
TR R e i TR PR A RS S

52, AFPRT CEEERIEAUKRD W25 22 M) 55 5 (1 52 0
Table 5-2. Summary of ANOVA of effects of soil origin (heavily invaded, newly invaded, non-invaded and native plant),

sterilization (sterile vs non-sterile) and their interaction on Ageratina adenophora relative dominance index (RDI).

F47) Plant Source of variation d.f. MS F
S1 3 0.017 16.446 ***
RIEPE M ys SRR S2 1 0.008 8.289 **x*
S1XS2 3 0.004 NS
S1 3 0.009 8.672 **
BRI vs il 2% S2 1 0.017 16.776 ***
S1XS2 3 0.005 7.389 *
S1 3 0.001 NS
AR v B 1S S2 1 0.006 5.826 **
S1XS2 3 0.002 2.898 *
Error 72

W B S Rk S2: KK AR . Note: S1, Soil origin; S2, Sterilization. * , P<<0.05; ** P<<0.01;
* ok x P<7(0.001.

VFZ TSR] I E DR SR D N A SR, By TR E RS N E S R S8
AR ETERRE K e A SRR AR LB AR AR B, HamH
DIREZ BN MR NAZ B 5E W, JF I S Wi 52 Wi sl 538 Ah R A I N R 3E R (Wolfe &
Klironoms, 2005; Reinhart & Callaway, 2006; Callaway et al., 2004) ., 225522 N2 0048 7 H 385Uk
YRR, AT R P MO 2R 2 A K S P A e R . AR — A S i, =+
[ R, TR UE Y EOR AT 2 RS B TP s TR AR AR, IR AR
K i(Klironoms, 2002). 2EZEPEEFE AR HUGHE ALK §79K, TERCRIEIEDE, nTRES AR HL 3%
TR ROBAFAE B VIR R s T TR 45 RO IX— A5 AR it 14 ) SCkF .

PR M)A, S 22 AR 0] D3 BRI RE 2 10 S 3%, AR A K
BRI AEY) K (Myrica faya)ilid [ &L AE R, 7T LU 5 N 12 |- 3%
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Abstract Exotic plant invasion may alter under-
ground microbial communities, and invasion-
induced changes of soil biota may also affect the
interaction between invasive plants and resident
native species. Increasing evidence suggests that
feedback of soil biota to invasive and native
plants leads to successful exotic plant invasion. To
examine this possible underlying invasion mech-
anism, soil microbial communities were studied
where Ageratina adenophora was invading a
native forest community. The plant-soil biota
feedback experiments were designed to assess the
effect of invasion-induced changes of soil biota on
plant growth, and interactions between A. ade-
nophora and three native plant species. Soil
analysis showed that nitrate nitrogen (NO3-N),
ammonium nitrogen (NHj3-N), and available P
and K content were significantly higher in a
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heavily invaded site than in a newly invaded site.
The structure of the soil microbial community
was clearly different in all four sites. Ageratina
adenophora invasion strongly increased the abun-
dance of soil VAM (vesicular-arbuscular mycor-
rhizal fungi) and the fungi/bacteria ratio. A
greenhouse experiment indicated that the soil
biota in the heavily invaded site had a greater
inhibitory effect on native plant species than on
A. adenophora and that soil biota in the native
plant site inhibited the growth of native plant
species, but not of A. adenophora. Soil biota in all
four sites increased A. adenophora relative dom-
inance compared with each of the three native
plant species and soil biota in the heavily invaded
site had greater beneficial effects on A. adeno-
phora relative dominance index (20% higher on
average) than soil biota in the non-invaded site.
Our results suggest that A. adenophora is more
positively affected by the soil community associ-
ated with native communities than are resident
natives, and once the invader becomes estab-
lished it further alters the soil community in a way
that favors itself and inhibits natives, helping to
promote the invasion. Soil biota alteration after
A. adenophora establishment may be an impor-
tant part of its invasion process to facilitate itself
and inhibit native plants.

Keywords Ageratina adenophora -
Feedback of soil biota - Exotic plant invasion -
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Facilitation - Mutualisms - Underground invasion
mechanism

Introduction

Rapid expansion of invasive plants in agricultural
and natural ecosystems is threatening biodiver-
sity, productivity, and ecosystem health through-
out the world. Understanding the strategies used
by invasive plant for rapid proliferation is one of
the most important problems in ecology, because
successful invasion by particular species is not
mechanistically uniform (Mack et al. 2000).
Because plant-soil biota interactions affect inva-
sion success and can mediate the effects of
invasive plants on ecosystems, increasing atten-
tion is being devoted to below-ground invasion
mechanisms.

Negative soil biota feedback is common in
natural ecological systems and maintains plant
diversity (Augspurger and Kelly 1984; van der
Putten et al. 1993; Mills and Bever, 1998; Packer
and Clay 2000); positive soil feedback may
facilitate plant invasion leading to a reduction
inplant diversity (Vitousek et al. 1987; Callaway
et al. 2001; Klironomos 2002). The interactions
between plants and the soil microbial community
can therefore explain the relative abundance of
plant species within a community (De Deyn et al.
2004), and the interactions between plants and
associated soil biota can result in dynamic feed-
back. The direction of soil biota feedback can be
positive, neutral, or negative, and depends on the
balance between negative effects of accumulating
soilborne pathogens, herbivores, and parasites
(Brown and Gange 1989; van der Putten 2001;
Packer and Clay 2002) and the positive effects of
accumulating mycorrhizal fungi, nitrogen-fixing
bacteria, and other beneficial soil organisms
(Allen and Allen 1984; Garbaye 1994; Horiuchi
et al. 2005). These feedbacks occur when plants
change the components of the soil microbial
community and affect plant establishment,
growth, competition, and community succession
(Westover and Bever 2001; Reynolds et al. 2003).

Plant invaders have been known to change soil
microbial communities (Kourtev et al. 2002, 2003;
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Li et al. 2006) and soil nutritional cycling
(Kourtev et al. 1998), and plant-soil biota inter-
actions have been found to differ in native and
non-native ranges (Duda et al. 2003; Callaway
et al. 2004a). Reinhart et al. (2003) found that
black cherry (Prunus serotina Ehrh) was nega-
tively affected by soil pathogens (Pythium spp.) in
its native range, but was facilitated by soil biota in
its non-native range. A switch from negative to
positive plant-soil feedback occurred when Cen-
taurea maculosa L. moved from its native range to
an exotic range. Sterilization of soils collected
from the native range of C. maculosa caused an
average 166% increase in its total biomass
whereas sterilization of soils collected from its
non-native range only increased its growth by an
average of 24% (Callaway et al. 2004b). Results
from other studies also provide support for an
underground invasion view that invasive plants
suffer fewer negative effects and experience more
beneficial mutualism in their exotic ranges than in
their native ranges (Beckstead and Parker 2003;
Knevel et al. 2004; Reinhart et al. 2005). As a
result, positive plant-soil feedback, thought to
arise from the accumulation of beneficial soil
microbe groups, has been proposed as an impor-
tant factor contributing to plant invasiveness
(Callaway et al. 2004b; Reinhart and Callaway
2004).

Previous studies on feedback loops between
soil biota and invasive plants were based on the
invasive and native range sources of the microbes
(Callaway et al. 2001, 2004a; Hierro et al. 2005).
Invasive plants may alter soil biota in a new
habitat in ways which lead to either positive or
negative plant-soil biota feedback effects, how-
ever. There have been few studies of whether
changes of soil microbial communities after inva-
sive plant establishment affect the interactions
between invader and native plants, and the
answer to this question could improve our
understanding of the below-ground mechanisms
of plant invasion. There is, therefore, an urgent
need to measure soil biota alteration caused by
invasive plants and the feedback of modified soil
biota to invasive and native plants.

Ageratina adenophora Sprengel (Synonym:
Eupatorium adenophora) (Asteraceae), originally
found in Mexico and Costa Rica, is a notorious
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worldwide invasive weed (Qiang 1998). It has
invaded many countries and regions, where it has
threatened the health and biodiversity of native
forests, rangelands, and farmlands. First intro-
duced to Yunnan Province in China in the
nineteen-forties, it has intensively colonized
southwest China and is spreading rapidly east-
ward and northward (Sun et al. 2004). An
extremely rapidly growing perennial shrub, A.
adenophora survives and proliferates under harsh
conditions. When it invades a new habitat it can
cause degeneration of native plant communities
in the new habitat into an A. adenophora mono-
culture (Wang 2005). Previous studies have
mainly addressed questions about the biological
characteristics and allelopathy of A. adenophora
to explain its successful invasion (Yang et al.
2006) and little is known about the effects of A.
adenophora invasion on soil microbial communi-
ties. It is logical to hypothesize that A. adeno-
phora alters soil microbial communities to benefit
itself and inhibit the growth of native plant
species; this would explain the different growth,
dominance, and spread of A. adenophora and
native plants.

The objective of this research work was to
deteprmine:

1. the types of effect A. adenophora has on soil
microbial communities and characteristics;
and

2. the mechanisms, directions, and intensity of
feedback of modified soil biota to A. adeno-
phora and to native plants.

Our objectives were to explore the soil micro-
biological mechanism behind A. adenophora
invasion, and whether short-term or long-term
dominance of a site by A. adenophora creates soil
conditions which favor itself and suppress native
plant species.

Materials and methods
Study area
The study area was located in the evergreen,

broad-leaved-deciduous mixed forests in the
southwest of Yunnan Province, China

(N:24°42714.27-15.5” E:102°52’48.6"-48.9”), with
average elevation 2,000 m (1993-2016 m). The
mean annual precipitation and temperature in the
area are 952 mm and 16.5°C, respectively, and the
area is characterized by a subtropical hot and arid
valley climate with pronounced wet and dry
seasons. The area is composed of mixed forests
dominated by Machilus pingii L., Cyclobalanopsis
plaucoides L., Lithocarpus dealbatus L., Alnus
cremastogyne L. and Broussonetia papyrifera L.
The reasons we chose this area for our study
were:

1. the area has experienced substantial turnover
of communities which were once dominated
by native plant communities and has been
dominated by A. adenophora in the past
30 years; and

2. the expansion of A. adenophora in the area
has obviously started from center to fringe
with different displacement intensity.

Soil samples

Four sites were selected in the study area and
classified by A. adenophora cover (Table 1). Site 1
was dominated by A. adenophora, Site 11 was
dominated by a mixture of A. adenophora and
native plants, Site III was non-invaded by A.
adenophora and some native plant species were
present, and Site IV was dominated by native
plant species. The difference between the non-
invaded site and native site was the coverage by
native plant species—the non-invaded site was
bare ground mostly lacking both native and non-
native vegetation whereas in the native plant site
native plant species dominated and non-native
plant vegetation was absent. A. adenophora cover
was more than 60% in the heavily invaded site
and between 10 and 30% in the newly invaded
site. The density and height of A. adenophora in
the heavily invaded site were much higher than in
the newly invaded site. We named the soil
samples after A. adenophora invasion intensity,
because we wanted to show differences between
soil from the three invaded sites and the site
occupied by native plant species. The four kinds
of soil sample are hereafter referred to as heavily
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Table 1 Description of the four sampling sites in the forest of Yunnan Province, China (N: 24°4214.2"-15.5", E:

102°52’48.6"-48.9”) in August 2005

Site Name Cover of native plants (%) Cover of A. adenophora (%) Density (individuals m™) Height (m)
1 Heavily invaded 3.1 67.2 21.6 1.16

I Newly invaded 45.8 20.3 13.2 0.37

III  Non-invaded 13 0 0 0

IV Native plant 52.5 0 0 0

Note: Cover is estimated by the proportion of pin touches of plants. The data were for A. adenophora density and height

invaded, newly invaded, non-invaded, and native
plant.

The non-invaded and newly invaded sites were
adjacent to each other, with the heavily invaded
and native plant sites approximately 2 km away.
The four sites had similar physiognomy, topogra-
phy, and soil type and there was little or no
evidence of disturbance by livestock or humans.
The primary native plant species in these sites
were Setaria plicata Lam., Digitaria chinensis
Hornem, FEupatorium fortunei Tuccz, Stellaria
chinensis Regel, Lolium perenne L., Rubus acule-
atiflorus Hagata, Medicago sativa L., Artemisia
annua L., Clinopodium confine Hance, and Che-
nopodium ambrosioides L.

Soil samples were collected in August 2005.
Five composite soil samples were taken from each
site. Each sample was composed of 16 soil cores
of 3.5 cm diameter and 10 cm depth. Samples
were collected randomly from 8 m x 8 m plots.
The soils were sieved (2 mm mesh), transferred to
plastic bags, and immediately cooled for trans-
portation to the laboratory. Each sample was split
into two subsamples. One, for general chemical
analysis, was stored at 4°C. The other, for soil
microbial community measurement (profiles of
phospholipid fatty acids were used), was freeze
dried and stored at —-80°C for later analysis of
fatty acids.

Soil characteristics

pH, soil organic carbon, total N, available nitrate
nitrogen (NO3-N) and ammonium nitrogen
(NH;-N), total P, available P, total K, and
available K were measured for all the soil
samples. pH was measured by use of a glass
electrode (WTW pH 340), soil organic carbon was
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determined by the potassium dichromate method,
and total N was quantified by use of the Kjeldahl
method. Soil mineral N was extracted with
2 mol L' KCI, and concentrations of NO™-3N
and NHZ-N in the KCl extracts were determined
by use of a Lachat Quick Chem II flow-injection
analyzer (Zellwegger Analytical, Milwaukee, W1,
USA). Total P and available P were quantified
using the colorimetric Mo-blue-method (Olsen
and Sommers 1982). Total K was determined
after digestion with hydrofluoric—perchloric acid,
and available K was extracted with 1 mol L™
ammonium acetate; both were determined by use
of the burnt-luminosity method (Bao 2000). Soil
water content and water-holding capacity were
measured by weight loss after drying overnight at
105°C and air drying, respectively.

Microbial community structure

The structure of microbial communities in soil
samples were studied by analysis of profiles of
phospholipid fatty acids (PLFA). The method
was adapted from White et al. (1979) and Frost-
egard et al. (1993a). The procedure was based on
extraction of ‘‘signature’ lipid biomarkers from
the cell membrane and wall of microorganisms,
and lipids in the concentrated extract were
separated on silicic acid columns. The polar lipids
were then subjected to saponification and meth-
ylation by the MIDI procedure (MIDI, Newark,
Delaware, USA). Individual fatty acid methyl
esters were identified and quantified by use of
theMIDI Sherlock microbial identification sys-
tem. Results for individual fatty acids were
expressed as a percentage of the total amount of
fatty acids found in a given sample. A total of 76
PLFAs were identified in the different soil sam-
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ples and fatty acids present in proportions >0.5%
were used in the analyses. Some fatty acids listed
in Table 2 were found in large amounts in specific
groups of microorganisms and therefore had
diagnostic meaning.

Greenhouse experiment

The greenhouse experiment was conducted to test
the effect of soil biota from four sites on the
growth of A. adenophora and three native plant
species. Soil collected from the four sites de-
scribed above was sieved using a 0.5-cm mesh to
remove roots and stones, sealed in polypropylene
bags, and then transported to a greenhouse in
Yunnan Agricultural University. One half of the
soils were autoclaved three times for 20 min at
121.1°C on three successive days to kill microbes.
Sterilized or non-sterilized soil was mixed then
with sand (4:1, w/w) to fill pots 17 x 17 x 22 cm’
(L x D x H) with soil containing 20% (w/w)
moisture.

Ageratina adenophora seeds were collected in
the experimental field and seeds of Lolium
perenne L., Eupatorium fortunei Tuccz, and
Medicago sativa L. (species are indicated hereaf-
ter solely with generic names) were purchased.
The latter three species were chosen because they
were common species in the grassland surround-
ing the original field site and were representatives
of three groups (forb, L. perenne; feverfew, E.
fortunei; leguminous, M. sativa). Before sowing,
the seeds were surface-sterilized with 6% sodium
hypochlorite to avoid microbial contamination of
the inoculated substrates. Seeds were planted
evenly in pots and watered. Fifty-six treatment
combinations were designed: four kinds of soil
origin (heavily invaded, newly invaded, non-
invaded and native plant), sterilized or non-
sterilized, and monoculture (A. adenophora, L.
perenne, E. fortunei and M. sativa) or mixtures
(two-species mixtures: A. adenophora and L.
perenne, A. adenophora and E. fortunei and A.
adenophora and M. sativa).

The seedlings were thinned to six plants per
pot (six individuals per species in the monocul-
tures and three individuals per species in the
mixtures) 30 days after the sowing. The density
was determined according to the original field

investigation. Pots were watered every two days
with sterilized water until water-holding capacity
was reached. All tools and materials coming into
contact with non-sterile soil were sterilized to
minimize the risk of cross contamination.
Throughout the plant growing period greenhouse
temperatures were maintained at 27 + 5.3°C and
supplementary light was supplied by 430 W high-
pressure sodium bulbs. Plants were harvested
after 16 weeks of growth and plant materials were
washed with tap water, dried at 80°C for 72 h, and
weighed. In pots with mixed species the two plant
species were separated and A. adenophora dom-
inance was estimated by using the relative dom-
inance index (RDI) proposed by Myers and
Bazely (2003):

A.adenophorabiomass
Total biomass of twospecies
x 100%

A.adenophoraRDI =

Statistical analysis

All data were analyzed using SPSS for Windows
(SPSS, 10.0). The data were analyzed using both
multivariate (to detect patterns) and univariate
(to detect significant differences between individ-
ual variables) methods. Statistical significance was
defined as P < 0.05, unless otherwise noted in the
text.

Soil chemical and physical properties and the
individual microbial variables (PLFAs with pro-
portions >0.5%) were studied using one-way
ANOVA with different sites as a single factor.
For PLFAs two multivariate techniques were
used to analyze the data. First, principal compo-
nents (PC) analysis was applied separately to
PLFA proportions, including all the variables in
each case. Stepwise discriminant analysis (DA)
was also used as a supplement to PCA. Two-way
ANOVA was used to analyze the effect of factors
(soil origin, sterilization, and their interaction) on
plant growth and competition and the effects of
soil origin (heavily invaded, newly invaded, non-
invaded, and native plant), sterilization (sterile
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and non-sterile) and their interaction on plant
biomass and A. adenophora RDI were summa-
rized.

Results
Soil chemical and physical properties

All soil chemical characteristics except total P
varied substantially in the four soils (Table 3).
Soil pH decreased as A. adenophora invasion
intensity increased and was lower in invaded sites
(heavily invaded and newly invaded) than in non-
invaded and native plant sites. Both organic C
content and total N content increased in invaded
sites, and total K content was lowest in the
heavily invaded site. NO3-N, NHz-N, available P
and available K concentrations were significantly
(P < 0.01) higher in the heavily invaded site; the
NO3-N concentration was 2.3 times that in the
native plant site. Soil water content and water-
holding capacity in the four sites did not differ.

PLFA profiles of soil samples

Thirty-two individual PLFAs were present in the
four sites in proportions >0.5% and all of the soil
samples studied were dominated by bacterial
fatty acids. One-way ANOVA for the individual
PLFA variables tested showed that abundances of
24 PLFAs were significantly different in the four

soils studied (Fig. 1). These PLFAs were mainly
saturated, unsaturated, methyl-branched, and
cyclopropane fatty acids. PLFA profiles were
used to indicate the presence of different groups
of soil microorganism. Diagnostic fatty acids
(Table 2) were used to classify different microbe
groups, and the ratios of fungal to bacterial
(fungi/bact.) and gram(-) to gram(+) bacterial
content (gram(-)/gram(+)) were calculated (Fig-
s. 2A and 2B).

Ageratina adenophora invasion resulted in
reduced actinomycete and fungal communities
in the heavily invaded site compared with the
non-invaded site (Fig. 2A) but aerobic and
anaerobic bacteria increased linearly with A.
adenophora invasion intensity. A. adenophora
invasion strongly increased the abundance of
VAM (vesicular-arbuscular mycorrhizal fungi),
which was 1.5 times higher in the heavily
invaded site than in the non-invaded site. The
content of sulfate-reducers was not influenced by
A. adenophora invasion and protist content was
no different among the four sites studied. The
fungi/bacteria ratio, an indicator of soil organic
matter (Bardgett et al. 1996; Frostegard and
Baath 1996), increased linearly with A. adeno-
phora invasion intensity (Fig. 2B). In contrast,
the gram(-)/gram(+) ratio, which decreased lin-
early with A. adenophora invasion intensity,
might indicate a shift of the soil from oligo-
trophic to copiotrophic conditions (Borga et al.
1994; Kourtev et al. 2003).

Table 3 Chemical and physical properties of soil collected from the four sites in the forest of Yunnan Province, China

(N:24°42"14.2"-15.5", E:102°52’48.6"-48.9”) in August 2005

Soil properities Unit Heavily invaded Newly invaded Non-invaded Native plant
pH 1 5.8 £ 0.4b 6.0 = 0.1b 6.6 + 0.3a 6.4 + 0.5a
Organic C g kg™ 62.7 = 7.7a 51.4 = 4.9b 47.8 + 3.4bc 43.1 = 4.5¢
Total N g kg! 4.7 + 0.4a 4.5 + 0.4a 4.2 + 0.6b 44 + 0.4b
NO3-N mg kg 325 +4.8a 13.7 + 1.0b 9.14 + 0.9¢c 1444 + 2.1b
NH;-N mg kg! 393 +32a 213 + 1.8¢ 18.7 + 2.7¢c 28.1 + 3.1b
Total P g kg 0.6 = 0.07a 0.6 = 0.03a 0.6 = 0.02a 0.6 = 0.05a
Available P mg kg! 4.7 + 0.3a 22 +0.1b 1.4 + 0.08c 22 +0.2b
Total K g kg™ 3.6 £ 0.4b 42 +0.3a 4.1 £ 0.5a 3.8 £ 0.3ab
Available K mg kg! 39.6 + 2.8a 21.7 + 1.1b 19.4 + 3.0c 18.1 £ 2.9¢
Water content % 24.6 = 2.1a 23.1 =+ 2.4a 249 + 1.6a 253 = 1.1a
Water-holding capacity % 184 + 1.8a 16.8 = 1.0a 172 + 1.3a 17.7 £ 1.5a

Values are means + SD. Different letters indicate significant differences between means within a row in Fisher’s LSD test at

the 0.05 level after ANOVA
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Fig. 1 Presence and proportion of major phospholipid
fatty acids (PLFAs) in soil collected from the four sites in
the forest of Yunnan Province, China (N:24°42'14.2"-
15.5”, E:102°52°48.6"-48.9”) in August 2005 (means + SD).
Sum 3 = 16:1w7c + 15:0i 20H; Sum 5 = 18:2w6,9¢ + 18:0a.
* P < 0.05; **, P <0.01

PC analysis of the fatty acid data clearly
separated the four sampling sites on the basis of
variation of the data (Fig. 3A, PCl = 46.4%,
PC2 = 20.3%). Stepwise DA analysis of PLFA
profiles further separated all four kinds of soil and
confirmed PC analysis (Fig. 3B, DF1 = 71.5%,
DF2 = 22.3%).

Soil biota experiment

In this experiment the effects of soil microorgan-
isms on the growth of A. adenophora and three
native plant species that coexist with A. adeno-
phora were compared. In pots with soil from the
heavily invaded site, sterilization improved the

@ Springer

biomass of L. perenne by 23%, of E. fortunei by
93%, of M. sativa by 73%, and of A. adenophora
by 11% (Fig. 4). Results were similar for soil from
the newly invaded site but the effect was less. In
pots with soil from the non-invaded site, sterili-
zation improved the biomass of L. perenne by
8%, of E. fortunei by 15%, of M. sativa by 10%,
and of A. adenophora by 53%, so soil biota in the
native plant site inhibited growth of native plant
species but promoted growth of A. adenophora.

The effect of soil biota on the A. adenophora
relative dominance index (RDI) was the same for
all four sites. Soil biota in the four sites increased A.
adenophora RDI compared with values for the
three native plant species (Fig. 5). In the heavily
invaded site soil biota improved A. adenophora
RDI by 26% when grown with L. perenne, 29%
when grown with E. fortunei, and 31 % when grown
with M. sativa. Soil biota in the non-invaded site
increased A. adenophora RDI by 3% when grown
with L. perenne, 2% when grown with E. fortuneli,
and 10% when grown with M. sativa. Overall, the
factors soil origin and sterilization had significant
effects on the performance of A. adenophora and
the native plant species. The effect of soil origin on
total biomass of L. perenne and M. sativa in
monoculture and on A. adenophora RDI in the
mixture of A. adenophora and M. sativa was not
observed, however. Interactive effects of soil origin
and sterilization on L. perenne monoculture and on
the A. adenophora and L. perenne mixture were
also not significant (Table 4).

Discussion

These results clearly indicate that soil character-
istics and soil biota changed after A. adenophora
invasion. Especially noticeable was the increase in
available nutrients (N, P, and K) and soil mutu-
alists (VAM and fungi). Soil biota from the
heavily invaded site had a stronger inhibitory
effect on the growth of native plant species than
on that of A. adenophora and enhanced the
abilityA. adenophora to compete in a mixed
community. Soil biota in the heavily invaded site
had greater beneficial effects on A. adenophora
RDI (20% higher on average) than soil biota in
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ratio indexes of fatty acids in the four sites in the forest of
Yunnan Province, China (N:24°42'14.2”"-15.5”, E:102°52’
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cant differences in Fisher’s LSD test at the 0.05 level after
ANOVA
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the non-invaded site. The alteration of soil increase in available nutrients was not observed in

microbial communities caused by A. adenophora
invasion facilitated A. adenophora growth and
competition and inhibited native plant species.
Ageratina adenophora growth and proliferation
caused great loss of soil nutrition in the heavily
invaded site. Despite this reduction, plant-avail-
able soil nutrients were still present in high
abundance in the heavily invaded site. Because
the invasion-induced soil biota changes could be
translated into altered soil nutrition budgets (Ko-
urtev et al. 1998; Hawkes et al. 2005), we argue that
the long-term dominance by A. adenophora and its
resulting soil biota changes are likely to be
responsible for the increase of available N, P, and
K in the heavily invaded site, although a direct
relationship between altered soil biota and an

this study. Soil biota in the heavily invaded site had
astronger inhibitory effect on native plants than on
A. adenophora whereas soil biota from the non-
invaded site had stronger inhibitory effects on A.
adenophora growth than on that of native plants.
This opposite effect might be attributed to the shift
of soil biota caused by A. adenophora invasion. In
the native-plant site the native plants experienced
negative effects of the soil biota whereas A.
adenophora did not. For the native plants, host-
specific soil patterns probably accumulated in their
soils; the soil biota legacy left by native plants had
no negative effect on A. adenophora.

Interactions between A. adenophora and the
soil biota from different sites were more compli-
cated than predicted by the enemy release
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Fig. 4 Comparison of the effect of soil biota on the
biomass of Ageratina adenophora and three native plant
species in soil from the four sites (means + SD)

hypothesis (Mitchell and Power 2003; Dewalt
et al. 2004). For example, A. adenophora seemed
to experience inhibitory soil biota in the non-
invaded and invaded sites. But the positive effect
of soil biota on A. adenophora relative dominance
in the four sites suggests that soil biota in this area
enhanced A. adenophora competitive ability that
may lead to its displacement of native plant
species and rapid proliferation. Possible relation-
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Fig. 5 Effect of soil biota on the relative dominance index
(RDI) of A. adenophora grown with three native plant
species in soils from the four sites (means + SD)

ships among exotic plant invasion, soil biota
alteration, and soil biota feedback to invasive
and native plants needs further study and more
discussion (Wolfe and Klironoms 2005; Reinhart
and Callaway 2006). Here, a reciprocal triangle
relationship is proposed on the basis of these
results. The invasive plants altered soil microbial
communities in invaded habitat, but the modified
soil biota and their resulting effects on plant—soil
interaction processes facilitated exotic plants and
inhibited native plants; in this way the exotic
plants received below-ground benefits in consol-
idating their territory.

The net effect of the soil microbial communi-
ties on plant growth, and not the isolated effect of



Plant Soil (2007) 294:73-85

83

Table 4 Summary of ANOVA of the effects on plant
biomass and on A. adenophora relative dominance index
(RDI) of soil origin (heavily invaded, newly invaded, non-
invaded, and native plant), sterilization (sterile or non-
sterile), and their interaction

0.002 2.898*

Plant Effect d.f. MS F
A. adenophora S1 3 4.077 14.856%**
S2 1 16.217 59.089%**
S1x82 3 4.428 16.135%#*
L. perenne S1 3 0.161 NS
S2 1 26.344 43.438%**
S1x8S2 3 1.301 NS
E. fortunei S1 3 3.868 18.417***
S2 1 49.776 236.989%%*%*
S1x82 3 4.476 21.309%#*
M. sativa S1 3 0.620 NS
S2 1 58.853 125.971%%*
S1x8S2 3 5.626 12.043%#*
Error 72
A.adenophora and L. S1 3 0.017 16.446%**
perenne S2 1 0.008 8.289%**
S1x8S2 3 0.004 NS
A.adenophora S1 3 0.009 8.672%*
and E. fortunei S2 1 0.017 16.776%**
S1x82 3 0.005 7.389*
A.adenophora S1 3 0.001 NS
and M. sativa S2 1 0.006 5.826%*
3
7

2

Note: S1, soil origin; S2, sterilization. *, P < 0.05; **,
P < 0.01; *** P < 0.001

specific microbial groups, was measured in this
study. Different soil biota feedback to A. adeno-
phora and native plants observed in this study
might, however, be attributed to plant-specific
mycorrhizal fungi (because of their having differ-
ent effects on A. adenophora and native plants),
nitrogen-fixing bacteria, and other beneficial soil
organisms. Our results partly support the view
that soil mutualists are important in successful
invasion (Richardson et al. 2000; Roberts and
Anderson, 2001; Marler et al. 1999), because
mycorrhizal fungi were most abundant in the
heavily invaded site. Because the identity of the
mycorrhizal fungi species and, more importantly,
their ecological function, were unknown, further
studies are needed.

Previous studies have indicated that biogeo-
graphical variation of soil biota between inva-
sive and native ranges and their feedback to

plants are important to the invasiveness of
exotic plants(Reinhart and Callaway 2004; Haw-
kes et al. 2005). This study found that invasion-
induced soil biota changes facilitated the re-
invasion and dominance of A. adenophora and
might be used to suppress the establishment of
native plants in the invaded area, which adds
new understanding to exotic plant invasion. We
believe the ability to manipulate soil organisms
to their own advantage in the invaders’ adopted
habitat is also important to successful invasion
by exotic plants. In other words, the invasion-
induced changes of soil biota are an important
aspect of the invasiveness of exotic plants which
are used by invaders to favor themselves.

In summary, our study indicated that invasion
by A. adenophora altered soil chemistry and soil
biota in the invaded sites and created conditions
that favor A. adenophora and inhibit native
plant species. We coupled the soil biota modi-
fication after invasive plant establishment with
the interaction between the invader and native
residents and the results suggested that the
invasion-induced changes of soil biota may be
a below-ground self-reinforced invasion mecha-
nism used by A. adenophora in new habitat to
facilitate itself and suppress native plants.
Although the plant-soil biota feedback experi-
ments used in this study are regarded as an ideal
method for assessing plant—soil biota interactions
(Bever et al. 1997; Bever 2002, 2003), they do
not preclude the importance of other factors, for
example soil nutrition and litter dynamics and
the production of allelopathic compounds (Vau-
ghn and Berhow 1999; Callaway and Aschehoug
2000; Suding et al. 2004; Vivanco et al. 2004)
which can also affect plant-soil biota
interactions.
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