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1,2 R | = 2 1% 3 = 1
2EH REZ EZXET REHK
(e R K F R LA ASTHRI, RLFEGAGRLAEESERT, TAEARESRLE BRARL TR K
BEF P T 5106425 27 MR T BR L F IR T EEX AR, S 510405)

W E R FE(Praxelis clematidea) R FHH X FEA KNG L HE 2 — B Xt L Hiey £
WEREN KL EFRAESZAERTERM, RABIETEFARTBREENR(ANE
FRA~5F) M LEHRD LB EWENE  EEBE AR BB AR R E
WRA R RMEE it NP, FRFXN, GLHFEALAAERAL, BREENRME
TEANT AR BAEAEBRHALCELERK, 2% EZREENTAIAR, B 24
CEREL L EUAEDEDER A BEETIE; LERE Zolk EEBAMITAL
AEEENETFEERR, ELBEAEIBERLEZN I, BR2ENEEE B R LE M E N
EH T SRR P ILHE L L E (AWCD) R AW R B ERIR AR £ UK £
S 2 4 B 9% B Melntosh 45 8k (U) (¥ 8 A8 $(S) B3 T %, Pielou 3 4 E e H(E) N B
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Impacts of Praxelis clematidea invasion on soil nutrient and microbiological characteristics.
QUAN Guo-ming'*, DAI Ting-ting', ZHANG Jia-en'* | XU Jia-lin' ('Institute of Tropical and
Subtropical Ecology, South China Agricultural University/Key Laboratory of Agro-Environment in
the Tropics, Ministry of Agriculture/ Guangdong Engineering Research Center for Modern Eco-agri-
culture and Circular Agriculture, Guangzhou 510642, China; >Department of Urban Construction
Engineering , Guangzhou City Polytechnic, Guangzhou 510405, China).

Abstract: Praxelis clematidea is one of the nastiest invasive exotic weeds in southern China and
poses lots of serious threats to biodiversity, agricultural production and ecological security of
native ecosystems. In order to explore impacts of P. clematidea invasion (with an invasion period
of 4 to 5 years) on soil ecosystem, we investigated the changes of soil chemical and microbiologi-
cal properties, including soil nutrient, soil microbial biomass, soil enzyme activity, and metabo-
lic activity, carbon substrate utilization and function diversity of soil microbial community from
invaded and native sites in Hainan Island using field plot experiments. The results showed that
compared with the native bush sites, the contents of soil organic matter, total nitrogen, alkaline
nitrogen and available potassium were significantly decreased while the content of total potassium
was significantly increased in the P. clematidea invasion sites. However, there was no significant
difference in the contents of total phosphorus and available phosphorus between the invaded and
native sites. Soil microbial biomass carbon, nitrogen, and phosphorus, as well as the activities of
soil urease, protease, invertase and hydrogen peroxidase in the invaded sites were significantly
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lower than those in the native bush sites, while the activity of soil cellulase was significantly in-
creased by the P. clematidea invasion. Functional diversity of soil microbial community, calcula-
ted from the average well color development ( AWCD) of 31 carbon sources in a Biolog Eco-
Plate, was significantly decreased by the P. clematidea invasion. Compared with the native bush
sites, AWCD, microbial utilization efficiency of carbohydrates, carboxylic acids, McIntosh index
(U), and richness index (S) of soil microbial community were significantly decreased, while
Pielou index (E) was significantly increased in the P. clematidea invasion sites. There was no
significant difference in Shannon’s index (H) and Simpson’s dominance index (D,) between
the invaded and native sites. Our results suggested that P. clematidea invasion could consume
enormous soil nutrients and cause soil degradation in the invaded region.

Key words: Praxelis clematidea; exotic plant invasion; soil nutrient; soil microbial community.

1B R 5 ( Praxelis clematidea) J2& %5 FHE % J& 19—
AEAERIAARY), IR R S5, 20 4D 80 AF R E IR
TERWE R, T 90 AL AZRIT =M N HLIX (=
THAESE,2002) 5 HHH— H R IN A BEH- 71 (Agera-
tum houstonianum ) , L 3] 1995 4 A 1E XA € 44
(Corlett et al.,1995; Veldkamp,1999) . HH7, iR
BAERE O 2 AR AR T AR R4E
Pl AT X (£ EESE,2006) PR R A K
LR A VEEIE AR )R X BB SR BRI
RECH AT BH AR B8 55 il R bl A 3 25
A5 I I R R BRI R v B £ i 7 5
Mo R R ZF R T E R A AR KO e
UMY Z AR S R 4 (SRR A, 2008)
2013 AELIK AR R F0 23 5 B B PR R o
BREEBEAI A B R s S ANk AR 2 5% (56
— ) 7 A rh E AR AR A B =) 7

TENAZ A S WP ST S SMRAE P B A2
AL — B AR R, Bk
IR CE RN SE LIS R 16 SN Y YN (- A
(R 55, 2008 ), AF AR 1Y A 207 9 | AR A PR
5 oF BREE B IR A A R 5 (R A 25, 2007 5 B 25 25
55,2014) B Ry as 1L 2 R S PG SELRE ) (22
G755 20115 BN 55, 2014) |, DL KA (1 S RE A
FHA (R EEAE,2010) 5 0IEAE HT (22016 L5, 2007
Sy WIS, 2010) A4 BH B AR 1 B2 A PR
TEEFA AR R B — HUSI e 5, A PR sk
AN B {5 b A B b 3 A R R D 2 Yy ek s
YRk I B XTREE T 7 i - e At
Jo7 55 HE A R R 7 A RIS 1Y) B 2 B R 5 T M A 2
RGN IZ AL IR 25 HE 5 ) 1 52 i 3] B R
FENARFIRE Y J5 L4 e 5 B V5 182 (Wardle et al.
2004) , WNHEETH 2 ( Flaveria bidentis ) ANz i & 4% 55

TIEAV 2R S A S A MRS =
(KK FR 4, 2010 0 % ,2012) , 2% H %5 ( Mikania
micrantha ) TE B A o AT 38 i o403 o AR 4 10 4
FROTIEIR LA AL Wy T B 4540 5 DR, B v I
JEJTHER K- SE A 2 3 B B AR AR KR & S A
F(Li et al.,2006,2007) , KL, SMRAE AR L
BAERRGM RS AR RN B A G, 5 A
AL BB AR, SR, 24 Mk, R R AR+
By | BRI VR T D) RE R 5 e S50 5 T i 2
H AT R B TAE B = AR SCR FHEF M
T5 i AR R AR e SR Ay e | R
AW 5 A MR TR DR 2 TR Y AL
B TR BT AAR X R 3 3 AR S R G AR
A, BN SR AP SRR HE & AR
P LUF BRI . 1) IR B AR RR A 42 5 - 5%
37K 52) R AR RE S 4L = - S st A W VA )
[EEZE2 e

1 ARMREHARTGE

L1 XA

5T DAL T8 R 4 D5 BRI B i A VR B B A
(18°64" N,109°83" E) , J& #iF 2 R foe, Bt 2
EIN R SRy & = O NN A U R Ao S
i 20.7~24.5 C,1 PSR 19.1 °C, &4F A IRZY
1900~2000 h, H M 70 31K 45% , 4FF K 1
1800~2300 mm, HFFEXHIE N Ged (b, 13 hy ik
LI, NF TR,
1.2 B E R

BIF DX AR A R E AR N | 32 A 465 1 A
( Microcos paniculata) . K75 ( Clerodendrum cyrtophyl-
lum) | H K AL (Urena lobata) ¥ M5 ( Ficus hispi-
da) NS (Ficus hirta) 83 ( Smilax china) fF)H
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% ( Cardiospermum halicacabum ) F1/N ¥ 4 V0 ( Ly-
godium scandens ) 55 FH W), #E AR I\ 15 BE £ 80 ~ 160
em, 31 100% ., 2009 AT RIF AR R 78 B/ 0E
AN FHFERCHAGIE ( Hevea brasiliensis ) FFEFEl | £
A R 7, R ATHE 2.5 mx3.0 m, 7E B ARERAE
b R RAEFEAR N ARG B 1) 15 5 = 2 6] B2
JEFPAL S, BRI CEAR 2 20 em, BT 1 FR, Fh
FE AR ISy P ), TR 7 P %) 40 AR DX 0 it FH A
HLAE, TR /D AR A, SR 5 [l 3R 42 /s Bk 1) £
e, RN Z LA Z IR it
NEAEAR AR R, P AR el i A BT HLAS
PR, (B R R AR S H LR 2 7R
i, 5% 95% ~ 100% , # 5 60 ~ 120 cm, A {24 R
4~54FE TR 4000 m*, TEAFZE X PR RO
TR AR BRI E 2 J5FE b, B 5L AR X RN
KRN HRIX 2 Z5RE b 30 AR %, Hp iR AR
HiRY TS XX —3, 2013 455 HAE Bk 2 26
FEHLASBEHLIE S, 5 AFE/METT (2 mx2 m) , Hrf
NAR XN /INEE 7 B HEFEAS I &)y i o o ol 1
FURRIMR IE AL T IF AL 1R 300, X BE DX A 3 R N Ah T8
FRAERI B NE T Z IR 2 40 m, % S B
KH S SBAZBUNME T AR X Rl 0~ 20 em
(2221, R HHER A 150 J5 F 4 2 BGE
W AERE, Ko tHEETENAR
WA B sh A R WF S 3 1 mm B, FHF 3
I3 ARSI 3T 5 55— FE R AR
T =4 CUKAR, 1 JNIBUE & 25 CHEFR 7 d J5 I
I A YRR A B S RUE Y DI RE 2
1.3 f8bnllE 7k

1.3.1 EHERAME RS S R +E
(2000) I AE J5 vk . He b A BILE & R FH o % TR
PR (AN ) s 4 20 R LG E AU
S ECR F NaOH WS-SR BA L L (7 28 o &
K FH NaOH 5 filt- JCHA G BT 5 SUA00 R0 1R FH el e
PHioE SR S B R AT 0.05 mol - L' HC1+0.025
mol + L' (1/2 H,S0,) IZ#2- 8Pt Hb 27 5 3 w5
FrESRH NH,OAc =2 42- K IEE

1.3.2  HAEEHEENE  DREER FH R -k SR AN
Fota i (BRI 2 ,2006) , BEGEPELL 24 h )5 1 g
B R NH,-N e 8RR 5 238 iR el = L
Bk (RN, 1986) , BEIGELL 24 h J5 1 g T34
BURY NH,-N 22 550K 7 s BE W il | 2F 48 &= gk
3,5- R BIKAG IR a7k (OGHATT, 1986 ; Bk N 55

2006) , HorP REREEG TELL 24 h 5 1 g B3 LAY A
EWEZ R ARG TELL 72 h J5 10 g 135
A I A A W 2 S BRI 5 i AR T U R R TR
PRV RE T (RANTH, 1986) , Bild 1% 4 LA 20 min 5 1 g
I FERY 0.02 mol + L RS BRI Z THECE R .

1.3.3  HHERUEY AR A BRI E R
YRR RS IS 4K 55 (2006 ) I A2 T ik,
R E S LT A EEE, R A
K,Cr,0,-H,S0, Ak IR & BE N E A Y R )
HRSMAEYEYREAR, BRFN 0.5 mol - L
K,SO, ; RSB T ik E + A Y Y
W, =2 4EFR 0.5 mol - L' NaHCO, ,

1.3.4 TIERUEVREE IR ZHEENE SRRk
BRI 55 (2006 ) B 1 IFAEG#E . 7E 200 mL = ff1fi
HfilA 100 mL 0.85% NaCl %W, &5 T K I %
(121 °C,20 min) ; FREL 10 g B 145 AT H
A G NaCl W P, B, P87 20 min (25 °C, 160
remin’')  EEEEGEERS TIES LH 0.85%
NaCl I B 107 4% BE Y 3 BT, TR BT
PN R BRI RN 2 Biolog-ECO M b, 4 4L
150 uL,25 CH:HE , &:bE 24 h JHEEFAMYAE 590 nm Ab
7 A FLI A

1.4 Hdlasrbr

Biolog-ECO R4 1) S AR B3 € A5 16 P 2 L B
074842 (average well color development, AWCD) 3
Ko AWCD=Y (C.-R)/n, 3. C, % i fLIE
590 nm FIWEIGIE , R J % BEFL A WOGIE , n A B5 77 3%
R VR £ B . Biolog-ECO S A A4 B VR B M 31,
C,-R<OMFLFEIFE Hic A 0( Garland, 1996) , A&
WS RERERT SR 72 h (5 AT + e A eI T
REZAEMES AT, Hor Shannon $5 %% McIntosh 8 01
Pielou $4J4] FEFE BRI 58 % (2010) [y 4087 5 15,
Simpson HE3EE F8 HCR FHHA 10E 55 (2009) 1977 %,
F 5 BE R BCR F Rateliff 25 (2006) 1959,

FITA 52 5 2088 ¥ 7E Microsoft Excel | 58 i Ab
P38 & SPSS 17.0 #4777 22 43 B (one-way ANO-
VA) , IR M AEA ¢ K555 (independent samples-¢
test) ﬂ:ﬁi‘ tlﬁﬁ o

2 ERESH

2.1 fRRFAAGR LTI
fRRFEAAZAEDS B TR TR (£ 1),
TEAEIRI T, AR IX B A LT R & ik
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Table 1 Effect of Praxelis clematidea invasion on soil nutrients
+ 4 EERiING £ e el Tl A 2L B R
(g-kg™) (g-kg™h) (g-kg™) (g-kg™) (mg - kg™") (mg - kg™") (mg - kg™")
R EEALR X 25.29+1.29 1.22+0.19 0.27+0.02 34.67+2.09 " * 64.10£2.69 2.53+0.33 64.53+0.37
TR KT BB X 57.08+2.26* *  2.68+0.19** 0.29+0.01 19.26+0.92 150.96+2.14**  2.50+0.22 120.13£2.09 * *
BAE R T IEL AR UELR (n=5) [ « FrR 257 W3 (P<0.05) , * * FIRZ 7R ¥ (P<0.01) , T,
*F2 BEREANEXTEEFENZIE
Table 2 Effect of Praxelis clematidea invasion on soil enzyme activities
+- 4 JUR g =l TG £ 4k Z il i S AL Al
(pg-g'-24h7") (mg-g'-24h7") (mg-g'-24h") (mg-10g"'-72h") (mL-g'-20min")
R EEAR X 277.23+19.11 0.50+0.05 5.88+0.11 2.49+0.09 * * 0.67+0.01
TEAR A IR X 468.22+7.78* * 1.87+0.02* * 14.59+0.40 * * 0.50+0.03 0.84+0.03* *

TR, 25 X R X B AR 55.69% F1 54.48% ;2
ALK+ S AR RN, 2R A H
AR X A3 o bl 2 LT, SRR EE
HHIRIE 80.01% , X T HHEHA SR, RRFEAR
DX %) S A R R OB 5 it 40 i) IR R R XY
42.46%F1 53.72% , 2= 50 35, {HL P AL 3L IXC 1Y) £ 38
AR B i 25 AR,

2.2 B AR A B T ) 5 )

1 2 Al BRCR B AR T - SR |
TR il RN 2o 4R Ak S0 TR 4 B R R T 40.79% |
73.26% .59.70% 11 20.24% , 7% 4% i & . 3L 4k
REEETEN L A AN FRIX T 3.98 15, 2257
DISUYATE Y o
2.3 RRE AN e A A B i

SR HE A AR 5 B S AR W A T
(%3), SHERIXBXAEL, R EARX )+
BMEY E YRR RS R R 46.94% 47.35%
H156.30% , 22 5 3593k ik 25 SO I 7K F-

2.4 BERFARX H A YIREE DIRE Z R
Al

2 AN BRI A SR MRV 1 S AL ARk
R (AWCD) Bl 15 B i IE) 9 ZE 4 I SR AR f i 34—
B AERAI) 24 h N AWCD 28404/ 24 ~72 h &
Jal BTt SRS R ek 18 Tt v (B o HER DAKT R IX

x3 BREAEXTEMEVEDVENEIE(mg - kg™)
Table 3 Effect of Praxelis clematidea invasion on soil mi-
crobial biomass

44 [EER7] [EERY] (G|
BRRFEARX 479.97+18.16  21.38+0.48 10.64+0.41
TEA MRS I [X 904.62+7.05* *  40.61+2.79*  24.35+2.60*

(1) AWCD FEBA KB BN & TR R AR X,
Hrr 72 h 40 AWCD B 4535174 0.60 F10.39, 25 57
BE(ERL),

2 AN B BRIX A A MRV i U5 R RRAIE 1) 2
R 4 iR, 5 HEA AR IR DA Er M3 B B
NAZBERS I i 35 A K Ak B 9 28 R IR i TR
(IR 2, FLRR I 43 A 5] 38.9% Al 41.9% ; B AW
I8 R IR BRI A R AR A TR (0
RN B IX Z [ ()22 AR R B S AR T
i 2 e 5 1 1) FH 3 D) i 2 35 T B R AR R X, JHC S
&Ik 25.0%

TR B AR XS+ R PRI 1) 2 RE AR 0™
HEEBEEW(ES), 5EEEARNTBIXH L, /&
RUR AR 35 AR T R W BE VR 19 Melntosh
FEEL(U) FIF 3 AR E(S) , 1B Pielou ¥5] BEHE 4L
(E) B2 T, 1 Shannon 830 (H) Simpson i35S
FEEL (D) PIANTEAR I 22 S B AR K 1 2K

1.8
Ll —EBREARK
[ e AAREE

12t
Si1or
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0.6
04+
02+

0

0 24 48 72 9 120 144 168 192 216
EHEEE (h)

E1 BRENEW TIEMEYEEHREFN A EHIER

T EBI N

Fig.1 Average well color development (AWCD) of carbon

substrate utilization for soil microbial community under

Praxelis clematidea invasion
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x4 BREENEXTEGEYESEHRIET RAFHERRN (0D, )

Table 4 Effect of Praxelis clematidea invasion on carbon substrate utilization characteristics of soil microbial community

( 0D590 )

44 AWCD WKL A P2 R REWH SRS [ES JHek
R FEAZ X 0.39+0.04 0.47£0.02 0.36+0.01 0.50+0.03 0.49+0.02 0.21£0.02 0.40+0.02 "
TEAR T IR X 0.60+0.03 * 0.77+0.01 **  0.62+0.02**  0.52+0.02 0.530.01 0.2420.02 0.32+0.02

AWCD FILEH AR LR R PR o AR 2 72 h S5, T IR

x5 BEEANENTEMEYEESHFEEHNZMN
Table 5 Effect of Praxelis clematidea invasion on diversity
indexes of carbon substrate utilization for soil microbial
community

B BRFEARZX AN IRIX
Shannon 84X (H) 2.81+0.04 2.86+0.02
Melntosh F§%%( U) 2.83+0.06 4.98+0.29 "
FEEEFEH(S) 13.00+0.00 18.001.15*
Simpson EFEFEEL(D,) 0.93+0.01 0.93+0.01
Pielou ¥J5J FEFREL(E) 1.13+0.02* 1.04+0.01
RIS & I 3

3.1 R FAARXT SRS 5

- 5 SRy R W A R R R R 3R ORI, A X
Y AE A Y R e A S RGN Y
YIBE, “ Y- IEAB RGN RBHEN 5 4h
e AR B VIAH G, ¥ 22 A1 Sk d il 3 i3 8 A=
BEi) 352 R R G 0 A B AE KSR Sy, i
il HERE B A K BT R A . T
3% (Lythrum salicaria ) N8 58 7536 ( Typha lati-
Solia) BETE 5, TIRAUA LTS 5 A N 0 fL 3 R 1 3
TN EBYAER E AN FE L (Fickbohm et al. ,2006) .
KL ( Ambrosia artemisiifolia ) A A= 75 e % B i ok 35
FIEAETIEERIKS | R AL AR e e
Tt DL NG AR R AR R A R Y B A AR R
BENNE 35 ETH(Qin e al.,2014) o SR, AAFFE N
R AR R AN FEA A PLT 2 A R A H
ROHRAEFROr & i R AL, 5 BRI E 58 4 A Al E
FIEX [ it (1989) ARICAF (2014) BEFELE R, b
IR B, I K —K: ¥ A€ ( Solidago canadensis) N7
W5 FHCEEA LT AR R | A
I E R, R BT T R, S AR 1Y OE A K
(TRICAF,2014) o i = BRI 3~5 AFAE RG22
(Ageratina adenophora ) 16 A AT B BE o 72 v A= R
R AR RO AR ) TR B R
S AEI T EAY 0.31% .2.21% F11.20% , & W+
SENE I R BRI A HARE Y B AR KR E (B
A, 1989) o ABIFTEIN R R FEAE A PR B E Ak

IR ) — A AR FAS B R EOR BT A
B (RIFHREE,2008) , Kt 1Y Fh 1 28 KIEAL 7 3%
ZA T AR A B S P R A i S R
HECE 2 R, TR U B — kA A TR
T i A b T, WSO AR R B Y R AR 2 A
BRYA KRB T, 5 10 3 A {5 Y 3808 i
R B 5 A0 v (R B AR I8 IR AL TR B IR
S, RER XS 75 ) e SR G HEHE %, O AR AT
TIWEFEE = . S350 AR EF AP LSS (R R AT
Hili 5 AR A P8 R 23 AL Hh AR 78 R &8,
HOE L Y 0 SRR ] U A T Y 7 43D TR
Vo I REE IR ) 2 (2 i A ML Ak, R
Ban SR S i ) LI N TR G w5130 S N
5% % ( Dassonville et al., 2008 ), Drenovsky 5
(2007) WFFELFE 1, ST #40 LU 355 ( Aegilops tri-
uncialis ) AR EINM B, b A R BE BRI
W Hotth ER AR AR ) 1.9 £ B
TR R B8 5N P K &Rk, A 8
MRIX TSR 4 N ATPE P S i TR

- S BRI TR ) AR RN B ) i % A
KAr i), & 1 s h B BRI A BN 2 —, 2
5 g Fp b SO FAE WAk Ak 7 5 ALY
OXE CE IR G  RE R AL RS | PRI TR S DA
K (T3 SBMFEE,2009) o A SRS M AR YA E T
PR BB, REAE Sz I 1 58 1 255 5 N8 07 17 0 F 1 3¢
FROTEEAL R HERR o BE | Tl MR A S IR B e
TIEA S RGN RERIE K AR P Ik R S
5 RIERR WAL R 2T 4R R B LR
PRERBEVIAH O, 2 S0 A S0l DU 44 A 0 i 1 38 v R AR
8 3k S A A A X A 0 1 B AR (OGS
17,1986 ; WEBLAL 45 ,2006)  HIERZEYEY B+
HEPARUNT 5x10° pm® AP B RS 5 3
AT A B FELIBT A TR JN - S8 5 o )47 B A
it B, & A HETE PR IR O 0 A R (R 4K AR
2006) . AWTELIR BN, 5 LEREAMAL, R
TN IXER T TSR AR WG BT Ah, TR |
AT | RGN A SR P DL R AR )



2888

ERERE OEIE FE 1M

AWk R B B TR, b SRR
it i S A U 1 B AR ) T S BLITE
BRI BB A o3 A, MRS VR T REAH) T 0
B ZR IR0 B J e 5 T SEERUE W A  R  BR I 3R T
NAR DX A S5 A S 0 58 B sl 557 , - ST PR 5% 40 P 4
D H A LT A R 0 1 R A R TR R
B AS T I (R R A | I P SR Y D PR LA AT 2
A T T IR TR
3.2 (RERFEARKN I YRER D REZ FEVERY
Al

VFZWTERI | SRAR Y 1 B 0 A= 5, RS
A AR IR RO AR R VR S X R AL
it AL R A A AT RE ORI E MR
5 YA A B b TR U P AR G
T A BT A TE A PR AR L ST i AR
(Niu et al.,2007;Si et al. ,2013;Qin et al.,2014; %
Wz 4 ,2015) , A155 F ] Biolog-ECO f#°F-#r 4%
AR R B AAR DX A SR R 7 i B DA AR AIE
DL TIRE AR AT I I, 2 IR Al B A A W
1%+ e E MBI I AWCD B KL & P RR IR 2
B IR AR R ] 238 LA K 4 e G A= W) R V% 18 Mclntosh 358
B B8 %, Shannon 45 %L, Simpson {ff # & 5
22 AN 2, Pielou ¥745) B 48 #0008 2% LTt
AWCD 2R VI RE VR D RE 2 FE M 1 — > 24545
RS 52 e - 3B G0 A e v XoF B — Bl 58 1 A1) T i J32 A
AEARACIHE P (4 5 45 ,2015) 5 17 Biolog-ECO 13
ARG 31 PR AT AR G B RE A1 A 1] 23 B K Ak S
P2 (10 M) JRIRZE (T Fl) (EAAEIRIE (6 Fh) RS
P2k (4 Fi) (2 (2 Fl) FIHESE (2 Bl ) 6 R0,
WAL BT LA Wi no i R AR Eh g
5 (Insam,1997) , iRInE5 R E W, R E AR T3
TR WA A A M R U AR 2 R
8%, IO R IR A A AL F R 2 DL D e 2 e 4
B, XELSRBRA AR AR THESI AR X L3R Y)
b2 R N R T ME LA AR Ak s ISR i
RS (MR TE,2010) , BEE BRREEHEARFRED K,
FER XS 1388 TR 0 3R Y ST AN W, 7 — g I
BN AR XY T e R

HPRAEI AR LIS R GE R LA S 3=
Y AR RS2 0 RO0E, PR S2 R ) R 2 R IR IR IOR
W FIHA: 7 T DAV 3 i LA AR I A 22 R A
R 2 B N TR e S b 3 R Ry (R AR
45,2005 ; Weidenhamer et al.,2010) , 1fij Bi{d [5] —

FINRAG ), HEAAR DX A= B 28 10 5 AR A ) R
(AN [F] 2 T B 2 1 0 38 A 2S00 e A 8 Ak, N EL
K EL (Spartina alterniflora ) AAZ: A 2 5 L 11 214
AR 3 A LT 4 i A A
Yratik B DL B A SRS P 2R T R, e
B CIRFE AR 55, 2008 ) 5 T A= 1 ¥R VL] 3 3
8 LA K B ) J 2 i Y Bk A LR S
BASE, AMRX MR, AEVEV R Et
(Cheng et al.,2006;Liao et al.,2007) ., %54, #M KA
P AR AR KT A R EAR IX
FROPIEI 22 50 . QRS SE M LAG ( Wedelia trilobata )
ENRHIIREAR T A AR S 1
T e ABLAE AR 7 A B ) v I 40 0 4l 35 4t v
BEANLST AR S A & B AR X
- 45 W] R A SR W T AR R K (A R s A
2013) . PRI, R FEARBIIN ARG
TR AT RE S H AR KRS 22—, BIVRE AR AR AT 19
SRR W A 385 R W JBOK Bl 2 B A PR R
KRR AR R 1 B ) A Vs R A= B Y AR
BE R o R AR I Ty AR IR T
IR A MR D BE 2 RE kB AL - IR HE R
T FHEY AR ALR

B OB BA#HEE &S T K F (Georgia Southern Universi-
ty) REAAAR AT 538 LH B2,

S 3k

fifl - H. 2000. IR =RR) . At gl At

Wi 5, 2EE, % £, % 2007. RSN —B 5
TRV A SRS, PUAbARR BRIk, 22(2) : 24—
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