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BE N TIRE SRR ARFEY) T ALK (Spartina Alterniflora) FEAN R 7 MZE TR R A R 2SS E &, AR
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YRR PR B 25 = 5 B 2 MR 72 5 2P MAR PR A B =5 5 B (P=0. 021<0. 05 ) B2 =5 , 5™ W1y A AR ) A o 4 T 7 59
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The diversity of invasive plant Spartina Alterniflora rhizosphere bacteria in a tidal

salt marshes at Chongming Dongtan in the Yangtze River estuary

ZHANG Zhengya, DING Chengli, XIAO Ming"
College of Life and Environment Sciences, Shanghai Normal University, Shanghai 200234 , China

Abstract ; The invasive species of Spartina alterniflora, as an ‘ ecosystem engineer’ was introduced into many places in
China, now, had rapidly and widely invaded into the Chongming Dongtan wetland since 1990s. Microorganisms are
important components of wetland ecosystems, performing a range of vital ecosystem functions. But, we have not known how
microorganisms have an influence on the invasion of Spartina alterniflora in Chongming Dongtan. In order to study the
bacterial diversity and abundance in rhizosphere of invasive plants Spartina Alterniflora growing in different tidelands of
Chongming Dongtan Wetlands for different seasons, we selected 10 samples collection points, which distributed on the tidal
zones with plant and the blare flat zone without plant in Chongming Dongtan wetlands. The tidal zones contain low-tide
zone, mid-tide zone and high-tide zone. Total DNA was extracted from soil samples, and 16S rRNA gene-based PCR was
performed. A comparative study of diversity of microorganisms in rhizosphere soils of invasive exotic species ( Spartina
alterniflora ) and two native species ( Phragmites australis and Scirpus mariqueter ) was conducted by denaturing gradient
gel electrophoresis( DGGE) of these PCR products, representing microorganisms in rhizosphere soils. . Results showed that
diversity and abundance of bacterial community were different in the rhizosphere of Spartina alterniflora, Phragmites

australis and Scirpus mariqueter in the low-tide zone, mid-tide zone and high-tide zone in Chongming Dongtan wetlands. .

E&WH : LIGTRZEDH (11440502300) ; LT HE Z= 3 SAHMQETIUH (117787 ) 5 LIgIBf Ry — B AHE 0 H (SK201111)
Y Fs A #A:2011-09-20; 1&iT B #A:2012-05-17
# WIRAER Corresponding author. E-mail ; xiaom88 @ shnu. edu. cn

http ://www. ecologica. cn



21 34 PRI A5 SRR M AN [R5 417 AR ALK FOAR PR B 9 2 e 6637

We found that, in summer, rhizosphere bacterial communities in mid-tide zone had higher abundance than those in low-tide
zone and high-tide zone (P = 0.021 < 0.05). A higher diversity of bacteria in the rhizosphere soils of these plants was
observed in summer than in other seasons. The average diversity index of bacterial community was calculated and was found
to be the highest in mid-tide zone ( H = 4.20). The abundance and diversity of bacterial community in invasive species
Spartina alterniflora rhizosphere were significantly higher than in the local plants P. australis and S. mariqueter in mid-tide
zone , and the abundance and diversity of S. mariqueter rhizosphere bacteria in summer slightly higher than in other seasons.
Also the abundance and diversity of S. alterniflora rhizosphere bacteria were significantly higher in tidal soils than those in
the mudflat soils. Overall, these results indicated the tides had a strong influence on the abundance and diversity of the
plants rhizosphere bacteria. And the exotic species Spartina alterniflora had a favorable influence on soil microbial
community in wetland. We reasoned that high diversity and abundance bacteria in rhizosphere maybe were an important for
the invasion of Spartina alterniflora. A higher diversity of bacteria in the rhizosphere soils of these plants observed in
summer revealed that the summer is more beneficial for bacteria living in vicinity of plant roots. The fact that the flourishing
Spartina rhizosphere was associated with large bacteria assemblage suggested that the high diversity and abundance of

microorganisms might be identified as one of the important factors of Spartina invasion mechanisms.

Key Words: Spartina alterniflora; denaturing gradient gel electrophoresis; diversity; invasion; wetland

H ALK (Spartina alterniflora) , RAFI KL & 205 A AW, IR T 2 R VT AT 2 AN S5 P9 BV 38 B AR 0
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PR T R AN TR RE ) TEAS ] 0 A R SRR 20 TR HAT 1] S PR R B A 2 2 A R AR TR W 5 | T XA 3 4
BB A A A THER TR VS SR VA AT A B R T VR M A 2 R G R R R A 1 A
43, T R A M9 Rt A T % A 5Vt 9 Bl W A 45 0 DL SRR AR D) R
B YA T R AR IR R B VR RN TR B P A S e VT iR R R ) S AR A
AHRHIFFEIE D
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Fig.1 Location of the Chongming Dongtan nature reserve and the sampling sites along gradients of plants distribution and the
different tides
FE 15 BF Ry 6 bare flat, SM A =82 BE R Scirpus mariqueter ,S1 N HAEKE Spartina alterniflora FeHIRA T 1 =W BERL Scirpus mariquete,S2
S4 .86 NHAEKEL Spartina alterniflora,P1 P2 N5 25 Phragmites australis ,S3 S5 N H. ALK Spartina alterniflora e IRA Y2 P, australis £

BB HEVE 5 AN A2 T IPAS B AR K FE AR AR 28 2R 40 0 52 M B S 98040 | 1 EL XY TR RIS AR
) - S YD A R R R L,

1 #HEFZE

1.1 HERR AR

SRS FRILT R R R K i 5, G A (121°45'E,31°30'N) 7R M I Mo A % 10 AR 24
42751, 39hm’ , AR EE R 15.3°C,7 A A1 8 il femi h 27.5°C 1 AR ARIRE R 2.9°C, BFFE(
ST 55 B AR T T T 1) B 2R, X BB 4 T AR B A KRR 2 FhAC Hu A5 M R e HAT B AR
R BT I AR A DX, T = B B O S B OK R SE e BRI 2%

JIFAIE ST AL AL T WO T, W7 A R AR AR B W S, 10 AEA (B 1) BRSO 0y, R 3
AAT, T EALKFLR S 25 A K AR AR % 4R iR LU — &, FH AR 10em 1 B f4 BEHLIUCRE , BURE VR FE
30cm, BEHIAR R BHE T 1558 1 — 4 8 SRR B b ol ol e AR Y, 2k R BB I T Ak A % TR A S 3 B
0y s VKGR H3% B SE I %, —IMRAFAE 4°C , — A7 T -20°C 3 3k - BB Ab 1k o 3 RAG I O 9k B4 4
B, FA TS 90 = FEAR R SRR PR EAT IR A5 IR BAE KB =25 R0 — 4% e RO AR s T 398 ML & = 73 il
(21.122.9)g/kg . (9.5+1.7) g/kg . (24.3+2.0) ¢/ ke ; AHLA T & 5000 (1.24+0.17) ¢/ke, (1.02+0.08 ) ¢/
kg, (0.920.07)g/kg; B & (71.0+2.2) mg/kg, (59.0+2.5) mg/kg, (170+0.4 ) mg/kg" ',

1.2 HRBRIMER 5> B 4 5714k

W 4 CARAFIRE S AT A3 B 155 I 10 g INA 90 mL TR K FP A BE, 16 37 “CHEIRFES] 20 min, JRJ5 L
RAW 1 mL A 9 mL FCRZK s R WA, ACRHER BE S 107°, 7€ LB 85385 L ilb4T 37 CHE#E 3—5d,
L
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1.3 -5 DNA $2H

(1) FRHL0.5 g R HE (A ZRT AR T 10 mL B.08 5, iMA 1. 37 mLDNA 4250 (100 mmol/1 Tris-
HC1,100 mmol/L EDTA ,200 mmol/L #H24K,0.5 mol/L NaCl, 1% CTAB, pH {& 8. 0) F14E (1 K ( Merck, 10
mg/mL) ,37 CIHIRIRYS 30min, B2 HHER 10min; (2) A 220 wLSDS(20% ) ,1RAIJ5 65 °C /K 2 h, £k 20
min | FHEA) 1R (3) B EIEER,9000 g B5.0 10 min K FIHREER 25 0B O, T UK ERCE 30 min, T
JE SDS,4 CE.0 10 min; (4) FIEWEHAHR B0, A SRR 25:24:1 B92R 1 -50 05 -5 G EEIR 57,1000 g 25
£ 15 min; (5) LVEWIMA GG 24:1 A 05-5 R AT, B0 15 min, FIEWINA 0. 1 /KL 3 mol/L ZFR%N
(pH E 5.2) F10. 6 IRFRTA YN R PEIR A5 -20 Cid 1t ; (6) ¥4 (5) B AEIR IR A, 10000 g 4 °C 5.0 20
min, 3% FIE ; UOTEFH 75% P62 ¥k, BARIET A 30—50 pL (9 TE & ik, —20 CIRFEEH ;
1.4 & DNA 4lifk

+ 355 DNA AYEEEHU 1 DNA %2 PTG 77 & ( TaKaRa Agarose Gel DNA Purification Kit Ver.2.0) , %
HEAdE P UL F A7 a4k, A5 20 AY A DNA FH 1. 5% g BRI v TR AG I
1.5 16S rDNA [ V3 A A5 [X 44

DAL B DNA it , 7 PCR ¥ ( Mastercycler / Mastercycler gradient, eppendorf) #E4 744 | % 40 B
i85 1) F338-GC Al R518 (_EifE E TABRA G , ¥ 8 #Y 7 BaoR 2902 200—300 bp, PCR WK% :11.5
wL dd water( 2= RNA i JCHE 7K ) ,0.25 pL 5141 F10.25 wL 5182, 12.5 wL 2xTaq MasterMix ( TaKaRa) , #4%
0.5 pL;PCR S 554 FAEMEIRE 94°C |5 min; ZBMEIRE 94°C ,30 s;iB KR 559C ,30 s; ZEHIREE 72°C 1
min ; ZFEMRIEE 72°C 10 min;34 MEH,
1.6 DGGE 437

PCR P WI7EHR FE 8 % (1) 58 TR M IO Wi B Jie b W Uk , FLrp IR MR 2l 50% —80% , HLTK R ] DGGE &4t
(C.B.S. Scientific Company , Calif. ) , L3k 4 1xTris-acetate-EDTA Z& Wi, 7£ 100 V,60°C FHLJK 17 h, HLIK
S TR RR R Y €A
1.7 BdESHr

YN R U 25 A 2 REEFE KN]SR A Shannon-Weaver 540 K 75 | Shannon-Weaver 850 F 15 .

H = - PilogPi
i=1

A, H FIR Shannon-Weaver $5 %5 S Fn Bt 450 H s P 25 i MR BINEREE, MUY 20
TEECE T =AY 2 R PR S AR S s ] 43 A1 R AR B B #6847, DGGE 3 i il Quantity One 4. 64 KA ( Bio-
Rad) , Ir 3 SEE0 50K F SPSS 17. 0 B8O 20 il TAG 5
2 HRESW
2.1 N[AR M AR FERE SR PR AN e AR

AR P R DI %) 10 A0 BEAE SCRAE ) Fi A - S ot 1) A0 R o S 0 % 3 B A G 7, S0 A AR
PRANER -5 LR 1 R G5R WoRTE 3 FI AN 7 10 vh iy ) AE W AR s 200 o7 = 88 o 0300 o R s Y 1Y
o 7 A0 s AR PR 40 B B R T (P =0. 021<0. 05) 53 H 4735 AT 1 MR B 40 3 = 8 v
ARCIAE FOCRERY , =g i BB A AR AR A T2 W AR B i A 9 2 8 B S (2 AE 7 i AR B 25
JE v T s B T A R R A AR PR AN TR R S A BOR R T 10 A 12 H i i A )
AR PR B8 SCMSARR T v i ely , WA DG ME TR T4 1 = 3 88 L v ve 0 2 ) 8 vy, X ] B -5 W0 47 90 e A 2=
T AR Bl AR 1 1 3% 8l BB A O &R 78 3 ) O AR B AL K FEAR PR T 45 & B 38 B 45 6. 38 %
10°cfug™ , 8 T F S5 BRAN TR F = =5 5 BALK BOR A 19 TEX A Z R HE A AR T B AE K ROAR L 5 HA
PR A A e
2.2 (R FFEYIARPRANE F AR

12 filf 72008 4F3 F 43 5% B 2R WE3 i O 32 00 AR B 240 T 1 12 1 ' 38 O e - SR At 7 1 34 2 B L AR )
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F1 RESEWREREAREEL (x10°CFUg-1( T 1))
Table 1 The abundance of all the samples( x10°cfug™ dry soil )

FE 1 Sample sites 2008- 03 2008-07 2008- 10 2008- 12
6 ( BF) 0.43+0.19 1.00+0.39 1.8+0.75 1.68+0.43
1 =22 HE(SM) 0.75+0.47 1.63%0.65 0.82+0.16 1.54+0.76
TF+H.(S1) 1.54£0.35 1.05+0.47 1.18+0.38 1.87+0.81
HAEKH(S2) 6.38+0.57 2.49+0.93 0.93+0.54 1.61+0.51
FEEE(PL) 4.08+1.31 3.67+1.38 1.08+0.16 0.87+0. 16
P+ (S3) 3.44+1.28 3.10+0.99 1.06+0.16 0.75+0.47
HAEKH (S4) 5.67+1.51 0.56+0.33 3.03+1.24 0.61+0.06
FHE(P2) 3.72+0.87 0.97+0.82 5.94+0.61 1.47+0.69
P+ H (S5) 3.63+0.92 2.22+0.98 1.20+0.43 0.81+0.27
HAEKE(S6) 0.79+0.22 1.14+0.33 0.57+0.22 1.03+0.49
257 45 -
3H H
40 -
20+ ] 35k
] 3.0 -
15}
250
20
a 10} I
15+
H= | I
20 L 1.0 |
5 05
S 05
< Yok W HARRE Iak Yok WERERER  HARRE VAl
§ Mudflat  S. mariquete S. alterniflora P.australis Mudflat S mariquete S. alterniflora  P.australis
<
=} - p—
E 4.0 10 T 12m
<
g 35+ I 6
- | |
= 3.0 F sL
Bl 1
4
20 F l
3 —
15} W
- I
1.0 | 2
0.5 | -
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Yok WAERER HADKH VAl Je WY AR IGE
Mudflat  S. mariquete S. alterniflora P.australis Mudflat S. mariquete S. alterniflora  P.australis

2 AR AMBEMAEY IR R RS E

Fig.2 The abundance of the bacteria of plants rhizosphere and mudflat in different months

FRBR A0 TR -3 5 B BAAROK RS P =5 >0 — AR BE R >, DU 2 0] P=0.125>0. 050, 22 A B3 Ui
Y AERKIEERZE, 76 3 H O RIRIEEA A B R A KK, 2008 45 7 F 4545 P AR s 200 B8 119 °F- 1
T B SR S P S T ALK RS M, DUF Z A (P=0.028<0.050) 223 ¥ T = sk KA
PRI R A AR O, A K R RS R A B 2 g — AR B B A PR e A 30 em ARHIE A /K SR, 1 HAE K 2
A 2 5 2T Sl A S A AR B A A R s3], S 280 3% 20 D R AR I i b RS AR 0 3 B A
JIT AR B 40 P 35 = 5 B fes o i BAROK BRI S 5 R R AR PR A R Y E AL, XY
B W EA KA R E , 2008 4F 10 H O RIYIAR BRI B ) V35 42 & B . ALK B> 236> I =i i >
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S, PUEZIEI(P=0.865>0.050) 255 A, HALKF O] IR RE A4 K T — 0 BE 5OR 2 =5 TR LG Al
%, HACKF AR SE RS T IRR I, BLAh, YR R R A i 1 LR A B Y T, X nT AR R A
B DAY A 22 W VR T fEAE M B AR 2, e T A TR 4R v ORI SR . 2008 4F 12 A
FE AR PR 2 B () T3 = 6 B BARK RS TR — AR BE S P35 >0, DO Z ] (P=0. 023<0. 050) Z 5 W%, &
PEKFCAT DUORFE AR AR T — AR BE B R A 35 AR A 28, B ALK B AD (B s 4 L3 i, e Ah Dl
AN & SRS, LR E A B R LT X R R XA AN S i 1 4 A
g T RERESRY TR,
2.3 ZRMEHBHIARBRZH TR DGGE 43#r
2.3.1 DGGE $88C &bt

it 16SrDNA 1 V3 A ZE[X PCR-DGGE 45 i) DGGE $8 803504 (1 3) , 45 B FK W T A [E 245 A [a) i
VAR PR TR0 T & T 2 AR TR], AT HABA 43,7 A4 DGGE 88 Fig Wonm S EmEEE, 7 A
IEA TR ZEB B R RS TE DL AE AR 7 A X AR PR 40 5 i AR K, [T 6 I T 221 i AR 1 Xof
ZRMENR A YRR PR A0 TR R BOR . TR BAE K B (S3 M S4) AP b1 B B S - MR,
17 A (EZ) FE AR & EAE 12 A (4238) WK B A &S 2, WERE i, 3 58 4E
Yt b EA TR L,

- ) P x5 e -, ) -, Y
BF SM S1 S2 P1 S3 S4 P2 S5 S6 BFSM S1S2P1S3 S4P2 S5 S6 BF SM S1 82 P1 S3 S4 P2 S5 S6 BFSMS1S2P18S3 S4P2 S5 S6
"B i " 5 { 1 > 3 9 ]

B

BRERE

B3 PCR-DGGE ##iREEMREMAHEREDBHEINE T S
Fig.3 DGGE profiles of PCR-amplified 16S rDNA fragments using primers 341f ( GC-clamp) and 518r for rhizosphere soils of Mar- 08,
Jul-08, Oct-08 and Dec-08
FE 55 BE ML bare flat, SM A =45 B 5 ( Scirpus mariqueter ) ,S1 9 HAEKEL Spartina alterniflora ForIRAAG 1 =M BEEE Scirpus mariquete
S2.84 .86 N H £ K B Spartina alterniflora, P1 P2 3 7 %5 Phragmites australis,S3 S5 9 H. 36 K 5 Spartina alterniflora Fo /IR A 753 P.

australis.

2.3.2 DGGE $588UAii% Shannon-Weaver( H) $8 850 #r

DGGE &3 ] Quantity One 4. 64 73 H7 44 ( BIO-RAD) #4743 #T , Shannon-Weaver 15 £UE: IR AL B REE £
FEVERI AR, P 4 29R BonARPrAn i 2T 7 H (B 3) kB i, X AR 1 76 Z Z R YR B 240 T b 28
B2  MRPRANG I Z R Y A KR B AR, B R ANTE W AR AL T 7, WA A KR, BAEK
FAERRA TR A RARIR SR N X T REAR 1 1 R AR X P e . MR L IR A0 TR A0 (181 4) AT rh i)
I S3 Fl S4 MY ZREVESR B /s e, EAEK RUEAR ZAE PR AR 2R T 4. 00, B8 17 S1 MR AU (HAEKRD) I 2 4F
PEFR B, PTREHT T S1 MR SUBSIEEMERGE , W)L IR MEAE TR K o PS4 W AR B 40 T 22 R PR 45 X000t
(B 4)  FEERPR AR Z e S BARK AR PRI 22 5 .2 (P>0. 05) , B ALK =5 P 25 AR BR 40 1 1 4 2 A 1
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PRBCR o T = I R AR PRAAER (P=0. 015<0. 05) , W] 7 MR AN E ALK RAR PR A o8 2 BEVESR BOR & T
A MDY, E AR AT LU, 825 [ R BEUR L o5 A I A 38, Ve — M s 2 T ) 2 R L i IR
T o WA L0 (1&] 4) 33X A 4 AT 97 20200 B 22 RV SO Ik 3, mh il 91 325 20 B 22 e P48 OB
(H=4.20) , P il B9 2B i T O AR I A B9, DG REAIRG 39 21 38 4 =2 18] B9 22 S v A .38 (P =0. 163>
0.05),
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i FER R 1 BAE K Y 6 AR Z IR RS AL SR A 3 1, 3R I T A K FEAR PR 2k W i %
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3 itig
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i 212 R 2 I R R A2 3 I T K BB IR A A KK T e P e X —
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LAY BE K G54 ( Centaurea maculosa) H1 AR 5316 6 2L B AR Brois JRUA 16 35 A AL B W) Jo )L AR B3 ( catechin )
fEHE T EMALR . Vogelsang %5 Nl iz i 5 [ i g 30 50t Al DT ARAE 4 (9 AR BILIRI 9 BIF 5, R AR A
REEAIR T MAVBE T AR ( Arbuscular mycorrhiza, AM) B9 =F & B, T HI ] T 48 AM AOAS R ) A 1 SEBR T APk A
MR S AR SCRIFSE T AN IR RS AR B 40 B 1) =F &8 B AN 2R 3R B T AR B AR K B0 AR B 48 77 22
A B AR IS 4 T AR PR I Y 2 B T R R, IR RIS A2 AL )
ARG A P A 3, 78 ISR I AR T 558 B VR T AR E T AR T 3% 4 s, AR 52
RMENE A 9 R AR YR B ACAK A AR S 0 (R T I0)) X AR B A SR A 20 71 = 8 B8 7 A 1 3G sz
+ BB AL AN TR WL R R A GBI E Y X AR AR S A — B, AR AR K B B
BRI TGRS,

T 5 Aok AR A B9 A TR L SRR AR A W B S A AR AL B AN T - AR W i AR
FHUR L SISkt 3 sk e A S R ST AR MR ) 5 A K A R 3 A P A A R T
B A K IR B A A AAR ) AR 55 [P e it 1) 79 o AT ) 20 25 B 86 22 (Awena babata ) FIK 2
ARAEZZ (Bromus hordeaceus) 3B B T A Az 433 vh & A B 9 1 2RO HC 3 0 35 i 338 b il 1k
VR S I — 4%, PTA RS  2 Th DA E T ATTR AR T o ARSI N 8 ) = BEAth 2K 422
( Cetaurea melitensis ) 5 T FEFEYIF Nassella pulchra LR AT A M+ 3 B AT Nassella pulchra [& 7€ ) Dy
TS B EAN IS A A, TR B FR S T R T Y B A OC R AT B R AR i R 2R A I AR R R 2
— B ARSI R T AR R H A K B AR A TR AR PR AR W eV Ak SR I R A R W RE RS 18
TIEFR I FEOTIEIN  NTSE I | AR ALK B, TERKAC R AR B ALK BTSSR R A A, T AR 43 A M i
PIHEATET ], AR AR EAEK L T LU YR EE FIE i 1T AR BRI Y 5 5 B, 0 i 2 R A
FE R AR T SRR ER IR ) ] 09 55 G OC FR NI i B AE R AR U AR K JF i AR R
PN Hb

TR AR AR DL S AR BT RE A2 B I AR B A SE e W BE pH {E L BK R AP S
AW PPAEE IR WICRE T R A HUACE B U] A MR 3 S S W R kB A BT | A
R T M B AW TR, XS 2004 ARG T AR ML M A AT 45 SR AR — B0, SR
WEH T AEKFEANRZ LR A8 RGBS IE I8 N, 38 3 — RSP, JE RS E 1) R G AR B 1 S AL T
Wz EAEY) AR AR AL, B R AR S R G R E AR e . IR PR IR )y E AR AR, o T+
ARSI AMAS REC B TREIRET  EY R bR TR YRR 2R Bk
PR

ASOGHMEVE Ry A AR A B0 RSS2 SR B TR AR R AR B IR A 1Y o e R 2 AR s T
JGIE , SR FERK A 2= G - B 1 2 B B v b i ) XS AR B i A= 0, D DR T R A e T A
Wt 5 1 B DGR e T XA M A K . FZ Haichar @ i 882 R RE AT T A
[ A 06 B A T - WA 0 HAR ZR A= M s i, k8 T AR B G 2B ) O s 254 (] I B S 1T AR TeAR ) AR K
FA) - 33 20 TR ) RN A R A, A AR - AR W S e A Y Y T ELAS [RIAR A 6T Y
SEMAL AN A

L5 FRTIR  BAEK R AARSE W AR MEIR L UK, BAEK U 1 R Y A 25 2R G, (o038 ) oy - S il A i 3
T BG5S ATEE  L AR E PRE S A BAE KRR G RIAETE VLR B AR S AR R Y EAE K B
Az Rkt A W S A 2 A TRDSOR T T AR RR B AR OK SR PR G ) 1 R R T RS
FERBE I NAR ) — DB B, 5 Hh  BFFEAN [R] 2215 R 7 B9 AR B i A W 0 =5 6 BE A 244 ml L2
FARYFEACKRIR IR BNE . A SO AR FN B A K B R EAG B AL T SC 0048 , M B AR PR
WA 5 AR FAEEAE IR S TSR R iR BEARAE S R G L TS H M E,

http ; //www. ecologica. cn



21 34 PRI A5 SRR M AN [R5 417 AR ALK FOAR PR B 9 2 e 6645

References :

[1]
[2]

[3]
[4]

[7]

[8]

[9]

[10]

[11]

[12]

[13]
[14]

[15]
[16]

[17]

[18]
[19]

[20]
[21]

[22]

[23]
[24]

[25]

[26]

[27]

(28]
[29]

[30]

Simenstad C A, Thom R M. Spartina alterniflora ( smooth cordgrass) as an invasive halophyte in Pacific Northwest estuaries. Hortus Northwest,
1995, (6):9-12, 38-40.

Jones C G, Lawton J H, Shachak M. Organisms as ecosystem engineers. Oikos, 1994, 69(3) :373-386.

Chung C H. Thirty years of ecological engineering with Spartina plantations in China. Ecological Engineering, 1993, 2(3) :261-289.

Mitsch W J, Lefeuvre J C, Bouchard V. Ecological engineering applied to river and wetland restoration. Ecological Engineering, 2002, 18(5) .
529-541.

Weishar L L, Teal ] M, Hinkle R. Designing large-scale wetland restoration for Delaware Bay. Ecological Engineering, 2005, 25(3) :231-239.
Chung C H, Zhuo R Z, Xu G W. Creation of Spartina plantations for reclaiming Dongtai, China, tidal flats and offshore sands. Ecological
Engineering, 2004, 23(3) :135-150.

Daehler C C, Strong D R. Status, prediction and prevention of introduced cordgrass Spartina spp. invasions in pacific estuaries, USA. Biological
Conservation, 1996, 78(1/2) :51-58.

MaZ ], Gan X J, Cai Y T, Chen J K, Li B. Effects of exotic Spartina alterniflora on the habitat patch associations of breeding saltmarsh birds at
Chongming Dongtan in the Yangize River estuary, China. Biological Invasions, 2011, 13(7) :1673-1686.

Nie M, Wang M, Li B. Effects of salt marsh invasion by Spartina alterniflora on sulfate-reducing bacteria in the Yangize River estuary, China.
Ecological Engineering, 2009, 35(12) ;1804-1808.

Zhou H X, LiuJ E, Qin P. Effects of an alien species ( Spartina alterniflora) on soil microorganism diversity in salt marshes, Jiangsu coastal inter-
tidal ecosystem. Acta Ecologica Sinica, 2005, 25(9) :2304-2311.

Kuske C R, Ticknor L. O, Miller M E, Dunbar ] M, Davis J A, Barns S M, Belnap J. Comparison of soil bacterial communities in rhizospheres of
three plant species and the interspaces in an arid grassland. Applied and Environmental Microbiology, 2002, 68(4) :1854-1863.

Costa R, Gotz M, Mrotzek N, Lottmann J, Berg G, Smalla K. Effects of site and plant species on rhizosphere community structure as revealed by
molecular analysis of microbial guilds. FEMS Microbiology Ecology, 2006, 56(2) :236-249.

Chen J K. The Research of Shanghai Jiuduansha Wetland Nature Reserve. Beijing:Science Press, 2003 :151-169.

Liang S J, Xia H S, Xiang X. Study on mechanism of depredating organic pollutant in construct wet. Environmental Science and Management,
2010, 35(10) :104-109.

Barbier E B, Acreman M, Knowler D. Economic Valuation of Wetlands. Ramsar Convention Bureau. Gland:Switzer 1and, 1997.

Chen Z Y, Li B, Chen J K. Some growth characteristics and relative competitive ability of invasive Spartina alterniflora and native Scirpus
mariqueter. Biodiversity Science, 2005, 13(2) :130-136.

Chen Z Y, Li B, Zhong Y, Chen J K. Local competitive effects of introduced Spartina alterniflora on Scirpus mariqueter at Dongtan of Chongming
Island, the Yangtze River estuary and their potential ecological consequences. Hydrobiologia, 2004, 528 (1/3) :99-106.

Institute of Soil Science, Chinese Academy of Sciences. Soil Physical and Chemical Analysis. Shanghai Science and Technology Press, 1978.
Yang L, Zhu Z L, Bian X, Xiao M. Rhizosphere soil bioactivity and correlations with physico-chemical property in Dongtan Marsh of Chongming.
Journal of Shanghai Normal University ; Natural Sciences, 2011, 40(4) :416-420.

Shannon C E, Weaver W. The Mathematical Theory of Communication. Urbana: University of Illinois Press, 1963.

Kudoh H, Whigham D F. A genetic analysis of hydrologically dispersed seeds of Hibiscus moscheutos ( Malvaceae). American Journal of Botany,
2001, 88(4) :588-593.

Zhang Y W, Huang S J, Zhao X N, Liu F, Zhao J] M. New record of an invasive species-Sagittaria graminea, in Yalu River Estuary Wetland.
Journal of Wuhan Botanical Research, 2010, 28(5) :631-633.

Baldwin A H. Restoring complex vegetation in urban settings: the case of tidal freshwater marshes. Urban Ecosystems, 2004, 7(2) :125-137.
Haynes R R, Hellquist C B. Sagittaria // Flora of North America Editorial Committee, eds. Magnoliophyta : Alismatidae, Arecidae, Commelinidae
(in part) , and Zin-giberidae. VO1. 22 of Flora of North America:North of Mexico. New York, Oxford University Press, 2000.11-23.

Zhang Y W, Huang S J, Zhao X N, Zhao J M. Effects of tide on distribution of invasive species Sagittaria graminea in Yalu River Estuary wetland.
Journal of Eastern Liaoning University ; Natural Science, 2011, 18(1) :39-44.

Cao Q M, Zhen K Z, Chen G, Chen G Z. A review of studies on microbiology of mangrove ecosystems. Ecology and Environment, 2008, 17(2) .
839-845.

Kourtev P S, Ehrenfeld ] G, Higgelom M. Exotic plant species alter the microbial community structure and function in the soil. Ecology, 2002, 83
(11) :3152-3166.

Callaway R M, Thelen G C, Rodriguez A, Holben W E. Soil biota and exotic plant invasion. Nature, 2004, 427 (6976) :731-733.

van der Heijden M G A, Klironomos J N, Ursic M, Moutoglis P, Streitwolf-Engel R, Boller T, Wiemken A, Sanders I R. Mycorrhizal fungal
diversity determines plant biodiversity, ecosystem variability and productivity. Nature, 1998, 396 (6706) :69-72.

Marler M J, Zabinski C A, Callaway R M. Mycorrhizae indirectly enhance competitive effects of an invasive forb on a native bunchgrass. Ecology,

http ; //www. ecologica. cn



6646 A E = 32 &

1999, 80(4) :1180-1186.

[31] Li W H, Zhang C B, Jiang H B, Xin G R, Yang Z Y. Changes in soil microbial community associated with invasion of the exotic weed, Mikania
micrantha H. B. K. Plant and Soil, 2006, 281(1/2) :309-324.

[32] Smalla K, Wieland G, Buchner A, Zock A, Parzy J, Kaiser S, Roskot N, Heuer H, Berg G. Bulk and rhizosphere soil bacterial communities
studied by denaturing gradient gel electrophoresis; plant-dependent enrichment and seasonal shifis revealed. Applied and Environmental
Microbiology, 2001, 67(10) :4742-4751.

[33] Kowalchuk G A, Buma D S, de Boer W, Klinkhamer P G L, van Veen J A. Effects of above-ground plant species composition and diversity on the
diversity of soil-borne microorganisms. Antonie Van Leeuwenhoek, 2002, 81(1/4) :509-520.

[34] Costa R, Gtz M, Mrotzek N, Lottmann J, Berg G, Smalla K. Effects of site and plant species on rhizosphere community structure as revealed by
molecular analysis of microbial guilds. FEMS Microbiology Ecology, 2006, 56(2) :236-249.

[35] Callaway R M, Thelen G C, Rodriguez A, Holben W E. Soil biota and exotic plant invasion. Nature, 2004, 427(6976) ;731-733.

[36] Roberts K J, Anderson R C. Effect of garlic mustard [ Alliaria petiolata ( Beib. Cavara and Grande) ] extracts on plants and arbuscular mycorrhizal
(AM) fungi. The American Midland Naturalist, 2001, 146(1) ;:146-152.

[37] Bais H P, Vepachedu R, Gilroy S, Callaway R M, Vivanco J] M. Allelopathy and exotic plant invasion: from molecules and genes to species
interactions. Science, 2003, 301(5638) :1377-1380.

[38] Vogelsang K M, Bever ] D, Griswold M, Schultz P A. The Use of Mycorrhizal Fungi in Erosion Control Applications. Final Report for Caltrans.
Sacramento ; California Department of Transportation Contract No. 65A0070. 2004 ;150-150.

[39] Nie M, Wang M, Li B. Effects of salt marsh invasion by Spartina alterniflora on sulfate-reducing bacteria in the Yangtze River estuary, China.
Ecological Engineering, 2009, 35(12) ;1804-1808.

[40] Wolfe B E, Klironoms J N. Breaking new ground ;soil communites and exotic plant invasion. BioScience, 2005, 55(6) ;:477-493.

[41] Reinhart K O, Callaway R M. Soil biota and invasive plants. New Phytologist, 2006, 170(3) ;445-457.

[42] YuX]J, YuD, LuZ]J, MaKP. A new mechanism of invader success: exotic plant inhibits natural vegetation restoration by changing soil microbe
community. Chinese Science Bulletin, 2005, 50(11) .1105-1112.

[43] Hawkes C 'V, Wren [ F, Herman D J, Firestone M K. Plant invasion alters nitrogen cycling by modifying the soil nitrifying community. Ecology
Letters, 2005, 8(9) :976-985.

[44] Callaway R M, Mahall B E, Wicks C, Pankey J, Zabinski C. Soil fungi and the effects of an invasive forb on grasses:neighbor identity matters.
Ecology, 2003, 84(1) :129-135.

[45] Haichar F Z, Marol C, Berge O, Rangel-Castro J I, Prosser J I, Balesdent J, Heulin T, Achouak W. Plant host habitat and root exudates shape
soil bacterial community structure. The ISME Journal, 2008, 2(12) .1221-1230.

[46] Li H P. The Study on Physico-Chemical Factors and Extracellular Enzyme of the Sediments in the East Chongming Tidal Flat Wetland [ D].
Baoding; Hebei University, 2004.

SE Lk

[10]  JHUTER, X4k, B0, ShRF ALK RIXSELVA 1A ) 2 RE R —— DUV R ). 43824, 2005, 25(9) :2304-2311.

[13] BRxIE. Ll JLB i A RO XA B 224 Ut Bhf Rk, 2003:151-169.

[14]  BEEE, HRAE, k. ANTRHXTAHLS Qe Rt DS, SRR 598, 2010, 35(10) :104-109.

[16] Brrp 3, 2o, BREIE. HALKE S5 MR 1A REMERAXTSERRE 1. AR ZHEM:, 2005, 13(2) :130-136.

(18] *hEFHFpER I HHERSAT. LA LI, LEREEAR AR, 1978.

[19] HAB%, REE, TH, B, SUIRMADARER AV iE v 5 5 AL R R A PERTGY. e R A= 2440 L ARBE2ME, 2011, 40(4) ;@
416-420.

[22] SRESC, BOMEH, B4, XML, BEER. BEA0T MR HNL AR A — R 280G, SBUHEY 25T, 2010, 28(5) :631-633.

[25]) SREDC, HHER, B, BB, %X RARTL LR A SRR I 28 A OS2, TR A B4l . FLARBRERR, 2011, 18(1) :39-44.

[26] EHE, MER, BRIK, BREZR. ZOWMAESRGMAEY AT . RASFREE, 2008, 17(2) :839-845.

[46] ZEBMG. SR MERIREN O BAL R 7 S MUAMEG A BIEST [ D], fR5E . LI, 2004,

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.32,No.21 November,2012( Semimonthly )
CONTENTS

Widespread of anaerobic ammonia oxidation bacteria in an eutrophic freshwater lake wetland and its impact on nitrogen cycle —«--------
................................................................................. WANG Shbmyun7 7ZHU Guibing, QU Dongmei, et al (6591)
Responds of soil enzfyme activities of degraded coastal saline wetlands to irrigation with treated paper mill effluent — --+eeeeeeeeeeeeeenes
....................................................................................... XIA Mengjing, MIAO Ying, LU Zhaohua, et al (6599)
Wetland ecosystem health assessment of the Tumen River downstream — ---«-------- ZHU Weihong,GUO Yanli,SUN Peng,et al (6609)
An index of biological integrity : developing the methodology for assessing the health of the Baiyangdian wetland -----ecoeeeeeeeeneennnes
................................................................................................ CHEN Zhan’ LIN BO’ SHANG He,et al (6619)

MODIS-based analysis of wetland area responses to hydrological processes in the Dongting Lake ««++cceceeeeeeeeeieneneiiiiiii..
.......................................................................................... LIANG Jie, CAI Qing, GUO Shenglian, et al (6628)
The diversity of invasive plant Spartina Alterniflora rhizosphere bacteria in a tidal salt marshes at Chongming Dongtan in the Yangtze
RIVET @STUALY ++vveereeessrnmnnnnsnereeeees s ottt ZHANG Zhengya, DING Chengli, XIAO Ming (6636)
Analyzing the azimuth distribution of tree ring 8 C in subtropical regions of eastern China using the harmonic analysis ++++«sssseeeesses
....................................................................................... ZHAO Xingyun, LI Baohui, WANG Jian, et al (6647)
In the process of grassland degradation the spatial pattern and spatial association of dominant species ««+«+eteeerreeereeeeiieeiiieii.e.
......................................................................................................... GAO Fuyuan, ZHAO Chengzhang (6661)
Activities of soil oxidordeuctase and their response to seasonal freeze-thaw in the subalpine/alpine forests of western Sichuan = «--------

.......................................................................................... TAN Bo, WU Fuzhong, YANG Wanqin, et al (6670)

Simulating the effects of forestry classified management on forest biomass in Xiao Xing'an Mountains ««-«+eseeeeeeereeeniieaiii...

.................................................................................... DENG Huawei, BU Rencang, LIU Xiaomei, et al (6679)
The simulation of three-dimensional canopy net photosynthetic rate of apple tree ««-eseeeerermiarerii
........................................................................ GAO Zhaoquan,ZHAO Chenxia, ZHANG Xianchuan, et al (6688)
The effect of Phomopsis B3 and organic fertilizer used together during continuous cropping of strawberry ( Fragaria ananassa Duch)
.................................................................................... HAO Yumin, DAI Chuanchao, DAI Zhidong, et al (6695)
Temporal and spatial variations of DOC, DON and their function group characteristics in larch plantations and possible relations
with other physical-chemical properties —«-eeessesereemeeieaiieiiin. SU Dongxue , WANG Wenjie,QIU Ling,et al (6705)

Comparisons of quantitative characteristics and spatial distribution patterns of Eremosparton songoricum populations in an artificial
sand fixed area and a natural bare sand area in the Gurbantunggut Desert, Northwestern China «-«-eeeeeeereeeeneeeiniiiiiiie.

.................................................................................... ZHANG Yongkuan, TAO Ye’ LIU Huiliang, et al (6715)
Comparison study on macroinvertebrate assemblage of riffles and pools:a case study of Dong River in Kaixian County of Chongging,
CRETIA ++ v oeerermenenenenenaenensenensaeaensentneneeseteneneeeneaeneneenenensens WANG Qiang, YUAN Xingzhong, LIU Hong (6726)
Nekton community structure and its relationship with main environmental variables in Lidao artificial reef zones of Rongcheng ---------
.................................................................................... WU Zhongxin,ZHANG Lei,ZHANG Xiumei, et al (6737)
Zooplankton diversity and its variation in the Northern Yellow Sea in the autumn and winter of 1959, 1982 and 2009  -«--evceeeeeeeees
................................................................................. YANG Qing, WANG Zhenliang, FAN Jingfeng, et al (674—7)

Building ecological security pattern based on land use:a case study of Ordos, Northern China «-«-e+seseeeeeeeeemieiiiiii,
............................................................................................. MENG Jijun,ZHU Likai, YANG Qianet al (6755)
Additive partition of species diversity across multiple spatial scales in community culturally protected forests and non-culturally
protected fOrests «««««««vverrmrmmrmmmiui GAO Hong, CHEN Shengbin, OUYANG Zhiyun (6767)
Environmental perception of farmers of different livelihood strategies: a case of Gannan Plateau ««+«+eeeeeeeeeeens ZHAO Xueyan (6776)
Application and compaﬁson of two prediction models for groundwater dynamics ...............................................................

.................................................................................... ZHANG Xia, LI Zhanbin,ZHANG Zhenwen, et al (6788)

Pollination success of Phaius delavayi in Huanglong Valley, Sichuan «-+-ceceeeeees HUANG Baogiang, KOU Yong, AN Dejun (6795)
Mechanism of nitrification inhibitor on nitrogen-transformation bacteria in vegetable soil = +eseseereeeereereeinniniiiiiiiiin,
................................................................................. YANG Yang, MENG Denglong, QIN Hongling, et al (6803)
Archaea diversity in water of two typical brackish lakes in Xinjiang = ---e-eeeeeeeeee DENG Lijuan, LOU Kai, ZENG Jun, et al (6811)
Abundance and biomass of heterotrophic flagellates in Baiyangdian Lake, as well as their relationship with environmental factors ------
.................................................................................... ZHAO Yujuan, LI Fengchao,ZHANG Qiang,et al (6819)
Effects of bisphenol A on the toxicity and life history of the rotifer Brachionus calyciflorus —-«-seeseeeesereeeemenmiaiiiii.

............................................................................................. LU Zhenghe, ZHAO Baokun, YANG Jiaxin (6828)

Effect of incubation temperature on behavior and metabolism in the Chinese cornsnake, Elaphe bimaculata — +++--+veeeeeeeeereieaeennnes

............................................................................................. CAO Mengjie, ZHU Si, CAI Ruoru, et al (6836)
Functional and numerical responses of Mallada besalis feeding on Corcyra cephalonica eggs ««+«+«+xteeeereeneiecneiiiniiiii..
................................................................................. LI Shuiquan, HUANG Shoushan, HAN Shichou, et al (6842)
Stability analysis of mutualistic-parasitic coupled system «-e+eeeereeeeieeeeiiiiiain. GAO Lei, YANG Yan, HE Junzhou, et al (6848)
Effect of ultra-micro powder qgiweibaishusan on the intestinal microbiota and enzyme activities in mice — =+eseeerrerereeneieeiiiieii .
................................................................................................ TAN Zhoujin, WU Hai,LIU Fulin, et al (6856)

Review and Monograph
The effects of nitrogen deposition on forest carbon sequestration .a TEVIEW ++cetteesonennetnntanseuseaeetstussussossenscsostsscassessesssanssasens

Effect of enhanced CO, level on the physiology and ecology of phytoplankton —««s««-seeesueeesursiiiiiiniiiii i
................................................................................. ZHAO Xuhui, KONG Fanxiang, XIE Weiwei, et al (6880)
Transboundary protected areas as a means to biodiversity conservation —«-e--e-eeeeeeeeees SHI Longyu, LI Du, CHEN Lei, et al (6892)
Scientific Note
The energy storage and its distribution in 11-year-old chinese fir plantations in Huitong and Zhuting ««-ecoceeeeeeeereeeaiiiiin.
................................................................................. KANG Wenxing, XIONG Zhengxiang, HE Jienan,et al (6901)
Spatial pattern of sexual plants and vegetative plants of Stipa krylovii population in alpine degraded grassland — -«-eveeeeeeeereeeenenne.

................................................................................. REN Heng, ZHAO Chengzhang, GAO Fuyuan, et al (6909)



(AR R EAE S A2 T

(EFFR)2013 FMEITHRE

BRG], QT T 1981 4, F2 2 RIE A A0

SR QUBERHIFSCR | 5 0G0 BE S e B AE 252y
BT FHARAN G B BN TR RIS ST e s 2 A 4155

K JETT 0] WYL F5 LR M SO s WF ST T 41 5 AR

TN TELIRI N

(A2 M2 H ), K 16 FFAR 300 1T, [ PN EHr 90 Jo/ M, 4E 2 Hr 2160 JC,

IR %A .82-7, EAMIE & AR5 . M670
FrvfET]E- . ISSN 1000-0933

CN 11-2031/Q

A [E A5 LR Ry T P T I, ] B4 S A A AR S WG R A BRI A e A AL TR
TEAEITI

I HE . 100085 Jb R X XUEH 18 5 H

E-mail. shengtaixuebao@ rcees. ac. cn

WEMEMRE flaty

£ 5 % B
(SHENGTAI XUEBAO)
(CEAF 1981 4E 3 A AT

EE
I

(010)62941099 ; 62843362

www. ecologica. cn

HITHE XIKE B ¥

ACTA ECOLOGICA SINICA

('Semimonthly, Started in 1981)

324 20l (2012411 A7) Vol. 32 No.21 (November, 2012)

B (RS A Edited by Editorial board of

ik - 0RO E XL i 18 5 ACTA ECOLOGICA SINICA

EHBI&%H’—-” :100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085 , China

L35 : (010) 62941099 Tel. (01062941099

www. ecologica. cn logi

. Www. ecologica. cn

shengtaixuebao@ rcees. ac. cn . .
+ B OO Shengtaixuebao@ rcees. ac. cn
+ & i E R AR S Editor-in-chief FENG Zong-Wei

fo ML A2 A Supervised by China Association for Science and Technology
B PEAESEES P Y &
2R 2S5 e ASTA 23,0 Sponsored by Ecological Society of China

rh R B AR IR 0

Hutik AL BT IE X AU K 18 & Research Center for Eco-environmental Sciences, CAS

M I 4 i . 100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
H MR 4+ 4 & I3 it Published by Science Press

Mkl . b R AR AL 16 5 Add ;16 Donghuangchenggen North Street

HE B 2wt . 1RO0717 Beijing 100717, China
En 1 s N2 Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & K & Beijing 100083 , China

A

itk AR BEIRARILE 16 5 Distributed by Science Press :?’ :=

Hﬂ[ﬁiﬂ[fﬁﬁ% :100717 Add:16 Donghuangchenggen North o

::E‘ﬁ 31(910)6fé34563 Street , Beijing 100717 , China T =

-mail ; journal @ cspg. net Tel. (010) 64034563 o V-

) e Eir'la(i]- 'ol)lrnal@ cspg. net 8 _2
ESh & T HhEEERE A S B Y she e - =—°

Hih- :“34?— 399 ,fé%‘ﬁ Domestic All Local Post Offices in China > 8

H AN [=} '

HBEL 56D - 100044 Foreign China International Book Trading (7] o
532 E *@Iﬁf‘ﬁﬁ - Corporation 2 E
i W OIE » T 8013 Add:P. 0. Box 399 Beijing 100044 , China = o
ISSN 1000-0933 4= = =
e —— ERSIMAF LT EREERS 82-7 ESEITRS M670 Efr 70.00 T

CN 11-2031/Q



	01.pdf
	2012-21fm.pdf
	z21ml.pdf

	stxb201109201385.pdf
	02.pdf
	y21ml-2.pdf
	21fd.pdf


