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Abstract: The control and eradication of the exotic and invasive plant Spartina. alterniflora at the Chongming Dongtan
Nature Reserve, Shanghai is an important and necessary measure for biodiversity conservation management. A demonstration
project was established at the Nature Reserve in 2007, and an integrated treatment technique of cutting plus waterlogging
was conducted to investigate effective measures for controlling this invasive plant. The results showed that although the

treatment of waterlogging alone could significantly reduce the density and leaf area index ( LAI) of S. alterniflora at the
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early stage of growth, there were no significant differences in the biomass between the waterlogging treatment after 100 days,
and the control. Thus, waterlogging treatment alone could not effectively and quickly control or eradicate S. alterniflora. It
was observed , however, that cutting aboveground part of S. alterniflora at the key stage of growth (i. e. the blooming period
in July) combined with waterlogging could effectively control and eradicate this plant. There was no regrowth of the
emergent part of S. alterniflora after the cutting, and both the aboveground and belowground parts of S. alterniflora were
killed, and the plants began to decompose at the end of the growing season (in October). Therefore, an integrated
technique of cutting at the key stage of its growth combined with waterlogging for about 3 months has been shown to be a
realistic and effective technique for controlling and managing the invasion of S. alterniflora in the Nature Reserve. The
results of the demonstration project could provide a useful and effective approach to controlling and managing the large scale

invasion of S. alterniflora in the estuarine and coastal areas of eastern China.

Key Words: Spartina alterniflora ;biological invasion; cutting plus waterlogging; demonstration plot; Chongming Dongtan

HAEAKE (Spartina alterniflora) RIBARFPEKRER, IR TR WK TR, B— AR W H B 245
gAY . EARKERRKE, RABIRH RN R R R (R RERER . BT ALE BR
TLTB T , EAEK AR SR 7 M LA X R 4 5, 2R B0 IRV T I R UL B, TR o5 8 A i
ERIESE, EXNSEBMAE R RE A T P EMAS SHRAE R . SR ENBARERESR
Goit B 15 , B Y SN IEAEBURCR B P B A L S0 (BLAR) 7 3% L ik AR B Bia ik 1
Yy e 3 ZAE Y E SO R TERRIUCR B , S AR KRR SEATIRER DAE S22 K L K
Fe REESE , AT 8 A IS, PR E R IRBOE B 1R A, R LIARSCHMR Y B Y. e hl ik EZRAL
FREFARKEEARE, EYRRITETEI ARG, &R —RAR, i AR BT AFE B HE
INTEIRIIE . SHE07 I FIA Il J7 ik b LU , BT B — IR S R BT 4t , XA WU Fp 2R B RN /)
P St B R s — R B R TR o AR, 7E SR BN AR JE I B4 1H 6 LU ¥ A1 4R AR5 B9 Willipa ¥
¥ \JLE) Lindisfarne NNR 31 X | ¥ F 0 1 85 7 T J& 3. & FIH 74 22 45 HuAR OF @ T 58 K 55 W 38 B3y ¥ BF
I, REWRETFRT AP XE B BRI R RS R AR R SR BT, R, B
FO TR A A AR TEAL B M AE R I — I RIRCR , WA RA KA R . B, BRE
FREEBEEIINABIEHE B K E R S S YR

EREZARARERE SR ARRP X EERERRE, W R EIESERBAY SRR XX, BE
FEERNEASEYER. B 1995 FAEZWRMERAREAKRELR , ZAE Y B R E R RE S E,
%2005 47, HAMAE R B W INFIE BB 25% U 1" SAEASRI SR YR AR K B A s W AR
RFP R Y LR AT A BEMESCRBLER" . AP RVIARMEE L2 HERR e S B ER
YRR T B X F 5 KA AT REAR " I B R AR E R Wy B S, U ISR ROA B EAE K
B E AR RSOR , R EER B RTHEE BRI R AR E R PLE, AR KIG B YA RMEY 2+
P R SOR STEMBLB MR , Mg K ORTE BB A K EY BHRIEA R R,

1 ##5FEE
1.1 XN

ERERARMERERE BRRY AT LRSI 5 AR (31°25" ~31°38'N,121°50” ~122°05'E) , R
WEBREMESRP R Z — AT EAMR RS ERBERARL T B, RE RIS ROTHF S, SHARM
BT 1992 SEFI AP ERTIR A F) ,2001 42 IEFIA D g% E IR i 20 207 [ br B 2R 1 4 5%, 2005
FERNEREBRRIX,

SR MR TIRBKELERE , ¥ 3 4 10 S 150 ~ 300 m, H i) AU T Xl 40 v | b (G . B
1995 4ESZHARMEN LEI R EAEK T LR , BLAEK 5 32 B BU7E o i (0 18 ¥ R B 7 26 (Phiragmiites australis )
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250000 m* (BRI BBERTEHM, HXIBRMERL 3. 60 m, HELK B HRARE , PR
PORPERERRE R AR AR ERE T . AN HRE 4 MEBE X, G—HFXERN S0 m x
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Fig. 1 The experimental design for the demonstration project

HA 1 SRR S AR, 5 C+ W2 SR B R— KT S, 5N W the area 1 is the treatment of cutting

Spartina alterniflora at blooming period plus waterlogging, denoted C + W ; the area 2 is the treatment of waterlogging alone, denoted W

FER S ARTEARHLZ AT, T 2007 472 B#EAT R OB R A HIRE AR IAE . 2007 4F3 H, HIBRHH A EIE
KE E—EERIMEEY, FARREFEATHER. 7152 SHX DA REZ Ry aR 21 EE,
EHER IR, LK. TIRMR A 2 4m # 1m, 72 FIRSMUB SR E KR, HT IR MG 5K (B
1), BEESFBUG , NEKWE KA BN, SCitK B AL B, B S AR5 2K A2 1% 50 S i 16 B SR b K, K oz
PRIFTE30 ~50 cm, HERXNERAKRFEERZHENN, T7 A2 ~9 HFFHNE 1 SHERAEEKRER M B
gr, REHEPERMABYFTE(E L PE C+ W), T2 SHRALIEXE, RERPAERPHEEKRE
MFE(E L HE W) WBeE, 1 S5 2 SHXNRARERIFEE 30 ~50 cm,

1.3 f8inlilE

2007 4F 2 A BARIAZELE Lik 4 SR P FIREILIERE S M A/P N2 m x 2 m B9RETT, AN ER T
TRA BARKE R AEMARRAR R R A B A T AEYE, e HES/KE pH E . AILB R
TIEB TR,

AT UG 2007 4F 3 B & 11 AARZEY, EHANE + KT (C + W) K 1 SHXFH—
IKALRT (W) B9 2 SHRXA LUK 4 SHXNEXTREK (CK) , 2 RIFEHLEREE RN 2 m x2 m BHT7, B4k
BB S AEE, AT RNAVEERIEERENRCR . 4057 2007 4F 4  (Ok#E4ALEE 30d) \5 B Ok #AE
50d) .6 H (Jk#4b# 100d) \9 A (UK #EALEE 190d) 1 10 AR (K HEALHE 210d) , BF SN RE FIC SR A AL BRAE T
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% REAE T P AR KB AR B I AR 2 (LAD) AR R AR R R . 6 A BT E & 48 AR ERFE 9
Mo A BT YR R A AL BT T REALIMER 5 AR EAEK R, W RICRHETEL TR A 5E,
9 AR E GEEAKERER M EAEYE RSB T PREVIMEL 5 SRR T, WRIERIEF WAL
SRR /MER 10 BRI E SFE K ERE R LAEYE (0 v ZTEMBETE) A T4
Y& (BERATE) JHESLCERTT PREYUHE S HRELKE, WEICREF VAL SREN LT /MR

M EAEYIERNERBAF RPN 0.5 m x 0.5 mo ARAELREN, BAKEM T EYE FRETTEM
BT 0 ~40cm, Pt FAEYEEBER/PDR0.25 mx 0.25 mx 0.4 m, T YRR LK E , Hi
THETE SOCH T ZIEEHHRE, MERISHCRA LPSOTM BZ T I E . +3 pH (H A EALE R (i
SR A A RE S RE 5 T3S K BRI 4 38R ] DALTA_T WET 3t Il €
1.4 FdEatr

B %k Al SPSS Fl EXCEL SF#EAT4E 0 #T . BT 05 22 7087 ( One-way ANOVA) i) E/NE
FM2 5 (LSD) MEEHITZ R BEMK K . [/ Origin Excel 1 Photoshop 84 #EATLHE
2 BRESH
2.1 AEHBARAELSR

MFE1TUE N, B R R, 1.2.3 f14 SHEXNEEREREEE RS EEYERMT
EYRAFAEBEZF(P>0.05), WNEEKRELTREN, EYEEZLETAEBL TR, SHXNE
FEAREI T YR G BEYRE 97.6% \97.6% \98.2% F1 97.9% . AJRIIBARMITH, B3 SHX T
BRI S 1.2 SHXAEF, HHRER N RS KE pH H B SRAEZHX WAL EEE
5o B, LM AS, RIERHN 1.2.3 S 4 SHEXZEFESN RA G UE -3 AFERE
EFo

F1 THAMEHRFRASER
Table 1 The results of background survey for the demonstration plot

15 H Item 1 B4EX Area 1 2 BEX Area 2 3 B4EX Area 3 4 BREX Area 4
HIEHKEHE Height (cm) 23.4+5.2 26.1+6.32 21.7 +4.32 26.4 +5.5

B KB R (#k/m? ) Density (ind/m?) 284 +194° 383 £132° 289 +157° 200 +42°
FAEKEH A Aboveground biomass (g/m?) 37.74 £6.91° 38.95 £ 6. 962 28.47 £5.43° 34.45 £ 5,982

B 7642 4T A ) & Blowground biomass (g/m?) 1520.34 £428%  1584.57457°  1528.24 +308° 1581. 5 £ 402°

+ A /KB Soil moisture (% ) 59.4 +2.2 59.1+1.42 58.6 +2.1* 57.9x2.4*

+ 3% pH Soil pH 7.44 £0.32* 7.78 £0.51* 7.62 £0.29* 7.56 £0.35

T HE IR JE A Soil redox potential (mV ) 24.3 £4.6° 26.3 +3.8% 36.7 £4.3° 33.6+3.7

+ 458 5 %8 Soil conductance (ms/m) 795 + 582 770 £ 412 862 792 803 + 752

AEIFRBFERTE.05 KFEEFREFE The different letters indicate significant differences at P <0.05 level

2.2 FAERDAIE S K fr R T A B i AR OK B AR R YRR

B2 B T AR R R A IERINE + KA (C + W) BRI B — KA (W) AL B B E
FERFERIRR, Kb A 3 A EREEE AERER,B 57 AGHAESNE 1 SHK,C R 9 AHKR
YRR, D N AR R FRI 11 AR ke

ATEREHER ST SR 4 AR S A4y OK¥EALEL 30d 71 50d) , HAERINE] + KAZIETT (C + W) FLE—K AL
T (W) 4B X A AR AR E SX R (CK) L BEZER(P>0.05), 6 A4, C+ W AHERX AT
KRERHRBERZERTXR(CK) (P<0.05), RW,7E 7 AH(EAKREZER) SFHANE 1 SHEXNEHE
KERM EEDE,C+ W KNI KEH B30 AIHAE (& 2B.C M1 D), iy W ARBIRE K A B AEKE
HRER TR, BHEZRHABE(P>0.05) (E34),

XA, C + W ANEAT W ARSHTE 4 ~6 A4 B3 R8T B KR 9 - T AR 4 £ (LAT) FIAE AR 55
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B2 ke ARG EE R E R
Fig. 2 The effects of control treatments on the growth of Spartina alterniflora at the demonstration plot during different period
AXN3H;BHTH;CHI9AH;DN11 A A inMarch; B in July; C in September and D in November

E(P<0.05)(EI3BRMC), 7 HLUG,C+W HKANEEKEN MY THER, BABYEHERTR
(10 B, K #E4LEE 210d) , W ARBIRE X A AR K RFE R LAL AR 735 Lb it AR 45. 9% F126. 5% (151 3B
MC)o

KA TAN G 6 H A (K#EALTE 100d) T RERI, C + W ARERAN W AREARE X Py EAE K EAE AR BT 4L
W BE LTI, 205 A iR 150% 71 50% (P <0.05) , M- 385351 T34 #f 265% 71 139% (P <0.05) , i 45
WA SR L HZRIFABE (P >0.05) (3R2) .

£2 FHEMXIES5KERET(C+ W) MA—KERAT (W) DENEZRERSE RN
Table 2 Effects of cutting at blooming period plus waterlogging and waterlogging alone on the morphological characteristics of Spartina
alternifiora

A7 Morphological characteristics C+W w CK
¥ (F5) Node number (No. ) 1528 9+1° 5x1°
F5& Node length (cm) 9.10 +1.31* 8.21+£1.57* 6.89+1.19*°
¥ Leaves length (cm) 40.43 +7.06° 39.38 +7.49* 48.22 +9.89*
%% Leaves width (cm) 2.10 £0.57® 2.03 +£0.18® 0.85+0.13b

AEIFRBFERTE.05 KFEEFREFE The different letters indicate significant differences at P <0.05 level

2.3 RTEHEHIN BEARCKEAYE S

TEEAEKRE AL FRIREAR 2 A4, m7EHHA C + W A W FIX IR X (CK) WEARKRER SAYE S
7 1567.08.,1623.52 ¢/m’ #11616.01 g/m’, WIS ZHFER N EAKE M Y BN T EYEAGAZEE
F(P>0.05) , B KELEYEBFEEPEM TS, FHEXANBRKRERTEYEI NS SEYER
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97.6% 97.6% f197.9% (F1,E 4),

HRELATHREEKI 6 Afr,C+ W A3,
WX X N B KR E R B AW E 7578 1277. 52,
1360. 85 g/m” 1 1406. 1 g/m’ ,BS{5TF 2 By MLy
25X ZBAEYEAFAEREER(P>0.05),
BEE, 3T AR RO RN B ER 46 VR R € WY AR
BHRREATEAAREREREK, AW, 5SHEXH
HBAEKE M PAEYE S REYERN ST.2% F L, C+W
ALFRFN W AL A YR G SRR 72. 3%
72.8% . WEIKHMEBERIN T BACKERNM HAEYE,
R BEREAR T BAERE R T A& (P <0.05) (B
4),

BYMEERBRYPIN 10 A4, C+ W AHEHEXH
I EAEKRE T E A A, A Y2 e 45 R R s - Fish
TESEYEE RS T IFFRIEE, T W AT
RX A EAKRE R B A RN 554 3161.2 g/m* Al
4037.4 g/m’, Kbyt FAEYE S BEYE DN

240 - A BC+W OwW BcCK
200

— —_
[=3 [N}
< [=}

Hight (cm)

b
o]
(=}

40

AR R EL LAL

500 - ¢ b
400 |- ¢

300 + a

68.7% f146.5% (E 4) . Stit, b EFSICA1EREE
B A BB B R B AR B BB K B3 T AR 4, LU
FRAFEWEK, WAEKEKDE BEREKT TIEK
ERSAEYE, T EACKE RN LAY R, Rk
T BAEKE R T AR (P <0.05) (K 4), A # Month
2.4 RERALENT BAEK A M A B R R

ARG 10 A4, WABAMBREN oo
HEARESETEEREBENEYER LS BEWEIN e 3 Efers of cutting at blooming period plus waterlogging and
3.0% (Bl 4) . A, NE3HLUEHR, BRI M4ER 9 waterlogging alone on the growth of Spartina alerniflora ( Error bars
Hﬁ},w ﬁt}iﬁé&ﬂgﬁw*ﬁ m%g%{jﬁﬁ%ﬁ‘ /J\ represent * SE; n = 5; the different letters indicate significant
MBS R 25 (P >0.05)  BAHFN G oo =P <005 lovel)
TXH(P<0.05), KRB 10 A, W AHEEX
WEALKREREF T AMEEF MEE SR EEES  BEEE PR BERTXR(P <0.05), K&
AEFRFER T HALKELE R AT ], T B B R T 4558,

200

2% B (B} /m?) Density (ind/m?)

B3 HAERAE + KALRT(C+ W) FBE—AK AT (W) 403

=3 HRMNIE SR GEREF0E— KGR FLEXN B LR E RSN
Table3 [Effects of cutting at blooming period plus waterlogging and waterlogging alone on the reproduction characteristics of Spartina
alternifiora

R 9 A September 10 A October
Reproduction characteristics w CcK w CcK
16735 AL Inflorescence node (node) 12 32 1112 12 22 11+1*
L5 %R Fruiting (% ) 12 £22 65 +13° 34112 67 +16°
/NEEEL/ FEFF Spikelets number/ Inflorescence( No. /Inflorescence ) 8 +6° 7 +£4* 8 +4*° 8 +4*

AEIFRBFERTE.05 KFEEFREFE The different letters indicate significant differences at P <0.05 level

3 iggie
HEPEKTERE NS, B 2K SR EYS KRS ER B SIS, & B YA GRS miE Y
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HERKET. BT LEK, EYWRE O, EREK, B 4500 -

CK

FASARTARES, RS EAna S ERERAEEn 00| 8 BT e

HPE R AEREE R RE D, WX T sy B [0 T Sloerond X
WA, BNV LB B SRR § 50|

YRR T 75, B BB CO, BRI 2 2% w o »
SERATRE T TR, A AEE T b S £

WY 4B ) K L1 ( Rhizophora. mangle ) \ A ( Bruguiera 509 H § § § o
gymnorrhiza) S S LT REAK IR ST R BB , WL 5E o L L
IR, M R SR R A T A1 Month

B AK B R R TR A T AR AT e s (W) i
IV EEREN, EBKAEAKFZG T, BIEKRE SE BN A B

HEELSZEHE , TGRSR R KT HEN  Fig 4  Effects of outting at blooming period plus waterlogging and
B A A B A K R BT ST R0, I M K Bk waterlogging alone on the biomass of Spartina alterniflora
WREAMEASHRREZE RS RAETKRELEYEY

MR, IR E R EUPE A T %70 ™, Montemayor %5 ABF5T R , 18 K BB YY) Spartina pectinata 7] 1|
7R S i 57 /K R R B O PR IR 58 , L S A R AR RO T R A T M B T

B, RAR— KA AE(W) TR — SR E W EAKENERNERH, A RKERFER
KEBT XN EAKREN FHMEYE S BEYERILVEVER TR, WREAH B HKHESL, TR
AT R, XRPEAARR KB Y B R BA BER KGN K BE ) , IR S — i K I B oAR
AR A SO I AR,

DI R, B — AR B, B RSB SE R TNE], AMER A BT AR KT, TR
RFHAKER" . ZERWEHBIRRE , EEKB(S ~8 B4) WEI TR, A KAER IR
% FEAEHI (7 A6 MY T AR B R MBI S, 9 B AR X B ) Bishop 78 35 [ 4258
WM Willapa Y5 BB STt B , N B LA K 25 1 B A 1B B A S AE BRI JG (6 ~8 BAY) P 0 MATRBSE
KRB YRS RRE  FEE BAKEIEA K ,6 ~8 A B KRENAE KB B E KN
AEFHAEAS , 3L ER 2 B R AN BE B A A 820 , MG X B T % R S 4 AR K BBV R B 8 A AL R
BERMRGEF LR, AT, R A —B BN B 6 R B AR s Ak a1

ABFER A T AE SR AL TR TR R BEOR , E BB A K H B, N B B ALK 3 85, [F
B EC A — KPR K . B EALKREAMER K T RA b L3S R AR I aE R , i Bt
Bt T ER A Y R RE Bl S 0 M YPTER 5 , TE TGRS AR K, 7ERXFMREIN R T, AT BIHE R
K BEME o BHFEAERKZRE 10 54 (B + KAETTAREE 2 ~3 N AG) WSS BEEER
A, e X P EAR K B BRI T 3R E SR T IR R B 2 , A E R BB R R B R E AR .
T HLAE 2 4R ER BRI A IR SE AL B K N B KR E O A B4, H3i THE BB, iR TAES
KA AT R BEARSEI T PR A B E B K ER H I,

AR ST R B AEEARNF + 7KL T8 R B AR R — T B AR AR PR A TR AR I8
HEEARERERBAR, TS X IGEE PG AR EY BERARGR B MBS E, F, #E17K A
VAT R B SR R SE B VR B AR K B TR SEME)E , T 7RI B R TF O IR EREIREL B A
MY, BT ZERTEAEA C + W R EAKE TROEM b, EATMREEA RN AESKE
W, AT 9 A AR M B AR R X R A B AR K B AR IR BRI RAE
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