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FEE AR VLR FR I 1 s W U bl 96 1 i 2 N7 RF b B R AE K 5 (Spartina alterniflora) BEHE (SAP) | Fa g BAE K B0 R i 2
(SAFT) 2003 4F HAEK B2 R AL (SAF03) 1989 4F B AL AKFRLE JE AL (SAF89) , X B ALK KL (B F R if K 4l v B Kt AT T WF 5
SERERW] . (1) MR F 7= A 3 25 5 (P< 0.01) , K/MIUT g SAP > SAFO3 > SAFL > SAF89, Flt 7™ & 5 A bk 45 92 % |
K HRAPTHURIE . (2) 4 H 4 SAP SAFI SAFO3 Fil SAFS9 T 1E K % 48 8 4 b T 4 40 B A 673.7.2328. 7 .5948. 8,
3990. 4 Hi/m? , M TARTER I N 0.5% 3.9% 6.9% 1 15. 8% , EAEAFEH 25 W B3 (P< 0.01), (3) 7 H 1 SAP SAFI,
SAF03 FI SAF89 S/ ¥ #4514 72.5.0.0 ¥k/m’, SAP 5 SAFI Fh 18 & K 1 % 5 T SAFO3 5 SAF89(P< 0.01), (4)FZ+
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Seed characteristics and seedling growth of Spartina alterniflora on coastal

wetland of North Jiangsu
XU Weiwei' ,WANG Guoxiang' ,LIU Jin’e""" ,CHEN Zhengyong' , WANG Gang’

1 Jiangsu Key Laboratory of Environmental Change and Ecological Construction, School of Geography Science, Nanjing Normal University, Nanjing
210046 , China
2 College of Environmental Science, Anhui Normal University ; Wuhu 241003 , China

Abstract: Spartina alterniflora is a worldwide discussed exotic species. It was introduced into coastal wetland of North
Jiangsu in 1982, and has been expanding quickly, influencing the local ecosystem biodiversity and economic activities. In
this study, landward sampling sites along an intertidal zone in Xingyanggang(S. alterniflora patch(SAP), S. alterniflora
flat infra—edge (SAFT) , S. alterniflora flat 2003 (SAF03) , S. alterniflora flat 1989 (SAF89) ) were arranged and (1) the
S. alterniflora seed characteristics were investigated; (2) transient soil seed bank and seed preservation were measured;
(3) the contribution of sexual reproduction in S. alterniflora population sustainability and expansion were discussed; (4)
the seedling growth strategies choice in different habitat during the expansion of S. alterniflora were explored. Six 1 m x 1
m sampling plots were selected randomly to measure the seed characteristics including fruiting culms, seed weight, seed
production, spike length and seeds per spike in November 2009 in the four sampling sites. And four soil samples of 25 cm
x 25 c¢cm x 6 cm were collected from the sampling sites in April 2010, and then all the seeds in soil samples were collected ,
to assess transient seed bank and seed preservation in soil. Three 50 cm X 50 cm permanent plots were set in the four
sampling sites for observation of seed germination rate, seedling survival rate and seedling growth on 9 April, 28 May, 14

June and 21 July, meanwhile vertical distribution of relative light intensity within S. alterniflora plots were investigated.
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Statistical analyses were performed under SPSS11. 5 to determine the interaction between seeds, seedlings and
environmental factors. The results showed that: (1) the seed production was significantly different ( P< 0.01) among
sampling sites on the order as SAP 126333.3+1687. 4 no. /m’> SAF03 86385.2+4263.2 no./m’> SAFI 58999. 1+
1653.3 no. /m’> SAF89 25259. 1+1822.6 no. /m’, which is positively correlated with the setting rate, longer spike length
and seed number per spike. (2) By April, the transient soil seed bank was significantly different ( P< 0.01) among
sampling sites as 673.7 /m” at SAP, 2328.7 /m” at SAFI, 5948.8 /m’ at SAFO3 and 3990.4 /m’ at SAF89 , respectively;
and the seed preservation rates was 0.5% at SAP, 3.9% at SAFI, 6.9% at SAFO3 and 15.8% at SAF89, respectively.
(3) By April, the seed germination rate at SAP and SAFI were significantly higher than those at the SAFO3 and SAF89
(P<0.01) ; the seedling number was 288.0 /m’ at SAP, 1085.3 /m’ at SAFI, 538.7/m’at SAF03 and 312. 0/m’ at
SAF89, which decreased as 72 /m’ at SAP, 5 /m” at SAFI, 0 at SAFO3 and O at SAF89 by July, respectively; height of
seedling in SAFI was significantly different (P< 0.05) with other sampling sites as SAFI > SAP > SAFO3 > SAF89 by
June. (4) The relative intensity near the ground was 46. 1% at SAP, 36.0% at SAFI, 10.4% at SAF03, 3.9% at SAF89
by May, but it was 26.3% at SAP, 32.5% at SAFI, 16.4% at SAFO3, 0.9% at SAF89 by June. The water content of
topsoil and light attenuation within populations affected seedling growth vitally. The results from this study indicated that the
seed propagation played more important role in the continuation and spreading of this invasive plant at habitat with higher

topsoil water content and lower light attenuation.

Key Words: exotic species; population expansion; relative light intensity; soil seed bank

HAEKE (Spartina alterniflora ) &—Fh 7= S PN KPR B2 0 240 A S AAE Y, F 1979 AE L E 5] A TR
FE VO L X, S sk AT B IR SRR A Rt o, oA Y T b A A AR G A R b R R T A
WA T E RS, VLI B AEK e 1982 AR5 A1) 78 1990 4576 45 T pid K BURE I | 2 ) 1 FX
PRI, A SR AR, B RTTTINEE B A K SR VA A AL TR VE T8 U

AR B B A PG S T B 2 A 2, 2 A B AR AR R UK ZE S W AR 6
TR BhE Jr sAEFP D SR (9 ST/, B TR 2518 00 AR — 80 FhF 72 R R4l i A Ko %t 2R 8%
143 ;B S 5 e R 43 A1 R DGR PR 3R | AR RE AR -8 K8 W A e g LA K Rl 3 Ve B2 it 32 1, 4 HC B ¢
SRIGE RS 5P IKAE ST . HAB KRR RIE 8 I B IR IS, & BEH P e 49 5K 4 1 A i B AR K
e U S R RE RS A 3 R Vil DD Y BRI AL 2 — . ARSI A R DR | R o AR R M A
TR S A A, Y TR A 5 e b R YR B B T AR A AN ], AR 2 | I 3 T o )0 20 e o g ) 4
PR HOK A O i TR IR B TR A R T H AR K BR8] R S A AR R

AR S 3ok X0 E A K F R R B AR e A A S R A 5T 8 B T AR OK B S A Y A
EJ AR DR AN [+ ) s ol B HE 0 bR S22 S 4™ B BTk, oAy By 1 B A K B A 3 A8 i — 2D ik LA K&
A RE PR T B B ARTE AR 2% R IR A S R G RE, 0T WA 5 HAE KRR S0 A S
FH RGBSR
1 HARMXREHRRAE
1.1 WFFE XA

ST XA TV I0 A8 SR TR WU (32°34'— 34°28'N, 119°48'— 120°56'E ) , 1% X J&: Tl 47 F1 L 4 H 1r)
T T, SR S OB AR R L R S | 2 KUBAT |, DU 2Ry AR 2SR 13,8 °C, H DR B 116
x4.183— 121x4.183 kJ/em® SRR 1023, 8 mm, B FREAKE P & TRk i K IEA oK R
IR K HE TR PEL A TET B 7— 12 b, I 1. 27— 4. 61 m, BIFFE ORI 7 s 02 32 30 N ZS 40 5 /0 1 ) e Yt
P BR 25 B ST 38 0 W AT A T 1 1), P T 1) B AR R e L ELAEOK B (S, alterniflora ) P | ER HLB3Z ( Suaeda
salsa)) W X FH BE 5L (Scirpus triqueter ) %% B (Aeluropus littoralis ) . F 3 ( Imperata cylindrical ) | ¥ % ( Phragmites
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45 GPS/GIS Bdli R AR A% , X VLR ERIWOHT 1 Hs W IR M B A6 OK gy sk sh A AT 2248 B AR R ) A
JfA 2003 4, FARTERFLY KBTS R . FERTTE S ME N 9 Ve B 1 AT MR S
K AR X N EAT A 7K APERR S (1989 AF KB JRAL ) | i 5 VA A RR AP 2 FE 0], 142 BB B0aT 1 X AR [A]
KB FBRAEAEK E R E XA FF) T 4 ADEFANIINGT |, 4301 28 BOKELBEER (S, alterniflora patch) |JF
PEHR )RR 28 K HEME R 31 %% (S, alterniflora flat infra-edge) ,2003 SF K FLE JEAL (S alterniflora flat 2003 ) 1989
AR FEJRAL (S, alterniflora flat 1889) , X HH £ FE 143l SAP SAFT SAF03 F1 SAF89 X (F 1), M 2009
AR 11 AT S S I A AR, T A 2 A Geit X2 A PR BT AR SC 48 5, T 2010 4F 4 A BRI R 4
A~ 25 em x 25 em W EIEFETT IZHGERIZ 3 6 em , B /K Pt W HEOR 550 FFAE SRR HLEE ST 3 1 50 emx
50 em A AMLINFE DT, DU F FHACKE [ e JF R g FIE, T4 H9 H 5 28 H .6 A 14 HFI7 A 21 HERERC
SRR N B AEK BL AP BEFR R S AR VB S K AR b . ZATAF ShaS Wi 2 BICHE 73 AR 4 1 I A K s [) e b -
Wi A I L HL NI R R Y AR K RS2 AR 1 5 JE M A BRI A8 25 S K, e A BE B B 2 A 5 AR R TR AL
TR ELA i et | 38 2ok 38 s DA O FHAS [R) SRR 2 B 10 A X 53— To M 43 BE AR R S 2E 1, A SR A ik e 4278
e A IRAE M SN BT A B bk S IR EAE T AR e 5%

xR1 R
Table 1 Descriptions of sampling sites

FEORFEREH R KRR R A% 2003 4oKEUERAL 1989 AR FUE AL

ifiling sites Mj:il‘?llat S. alterniflora S. a.ltemiﬂom S. alterniflora S. alterniflora
patch flat infra-edge flat 2003 flat 1989

iﬁﬁjsm No. Mudflat SAP SAFI SAF03 SAF89

S HELHE B

EDﬁlflrffEffm the seawall /km 9.0 8.9 8.3 7.7 6.3

=72 Elevation/m 1.7 1.8 1.8 1.9 1.9

KR Vegetation height /cm - 127.0 179.0 143.7 135.9

B RE Culm density/ (Fk/m?) - 357.3 309.3 314.7 149.3

L1 Salinity/ % 0.9 0.7 0.8 1.7 2.0

pH 8.9 8.9 9.0 8.6 8.5

7Kt Soil Water content/% 33.4 28.6 27.1 43.0 34.2

1.2.2 AR A SRR E

BEALLERE 7 h e By BE B 5 S0 A B DN S ik v A IS 3 A i K, A A TR 3 e
A 2 55 1 AR R 6 D E R, 2009 4F 11 A R AEHFEHLIER 6 4~ 1 mx1 m #EJ5 4552 bk
o AR THEOR PR IR T A B SE A4S oy I SE 0 = M TR, ¥ 6 ~EKE, B
SR = HA TR S AR P B TRV BT 3R T X 100%
1.2.3  JGREER EE IE E oA

TEPRIF B RS AT BEAE W] — B[] Bt DA 1T 2 1) 1 3B 10 em FH ZDS- 10 B f8 B8 I g — SOl IR B
LB H AR K BRI S 0o, 3 IREE A
1.3 HdmlE S5abm

K SPSS 11.5 BfF SR PEFL K 3 U7 227041 (One-Way ANOVA ) #4722 5 W E TEAG 50
2 #R
2.1 HARKFR M ZIEARE

FEHE SAP 25 SR RE LR 5 35 w5 T HAWRE L ( P<0.05) ,SAP 55 SAFT AR AR R 4 KO 38 v T HoAh 2
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FEHD (P<0.05) , BREEFP TR P SAP SAFT 5 SAFO3 Y2 5 T SAF89 , T-ki B K P i SAFI &5 SAF03 i 3
T SAP 5 SAF89( P<0.05) , il 1 /= F AE 4 FE b 5] A5 W i 35 22 5 (P<0.01) , K/NIFF K SAP > SAFO3 >
SAFI > SAF89 ,SAP BT 7= 13 Wl & SAFO3 SAFI 11 SAF89 ) 1.4 2. 1.5.0 1%, 455 K FEFEHL SAF89 44 1k
BHFHE S M T HH (£ 2)

x2 ERRENAEEESHCFHELARMES)
Table 2 Sexual production parameters of S. alterniflora (mean+SD,n=6)

FEHL Sampling sites

AHEISE T EORFLREH R KA % 2003 4F K F K AR 4L 1989 4Ff# %2 AL 4b
Sexual production parameters S. alterniflora S. alterniflora S. alternifloraflat (2003 ) S. alternifloraflat(1889)
patch (SAP) flat infra-edge ( SAFI) (SAF03) (SAF89)
LESAEPR Fruiting culm /% 74.6+6.8 a 56.9+10.3 b 59.3+8.9 b 60.7+7.2 b
FHK Mean spike length /cm 36.0+5.4 a 38.8+5.7 a 28.5+5.1b 24.5£5.3b
AN FAL Seeds per spike 473.8+83.4 a 335.2+58.1b 462.8%77.3 a 225.5+110.7 ¢
THRE Seed weight /(g/1000 Fi) 5.8+0.4 b 6.80.4 a 7.2+1.3a 5.2+1.1b
FhF =4 Seed production /(Hi /m2)  126333.3+1687.4 a 58999. 1£1653.3 ¢ 86385.2+4263.2 b 25259.1+1822.6 d
AN[E ) E R R Ab B ) 22 5 B4 (P<0. 05)
2.2 HAOKFE R PR o~ 7000 120
W £ —
2010 44 H SAP SAFI SAFO3 Fl SAF89 H. b KFL = o0l .

= | X
FLH A+ M 1 B (Transient soil seed bank) 73 5l Jfy £ 5000¢ 1 2

k5 g
673.7.2328.7.5948.8 3990. 4 Ki/m’ , FiPURE IR g %) o &

. . % 3000}
M EFES (P<0.01) , SFHFr=iite, 214 A sAp, g " i
N N = I 15
SAFI SAF03 Fil SAFS9 4% Hf Hi A T 15 47 3% 43 31 K 2 1000 :
0.5% 3.9% .6.9% M 15.8% ,BiFiFE LRI A &2 = o 0
SAP SAFI SAF03 SAF89

5(P<0.05) ,F HRMH B g m fhib e e (B 1), Sampling sites

2.3 TLAEAR SRl AR RS A A AL E1 ERKSEELENMTERMTRES
TLAEKERF W] & RAE SAP 55 SAFL B2 [y 1 Transient soil seed bank and seed preservation rate of

5(P>0.05) ,7E SAFO3 5 SAFS9 [HJtL Jo ik & 25 53 (P> S. alternifiora

0.05) ,{H SAP 5 SAFI FlF i & W 3 & T SAF03 5

SAF89(P<0.01) ,SAFI 4b#f & fw &  (HIFARIEH] 50% (F£3),

#3 HERAEMFHEERMIEEEEER (FHHRMERE)
Table 3  Seed germination rate and Seedling survival rate of S. alterniflora (mean=SD,n=3)

FEHL Sampling sites

SAP SAFI SAF03 SAF89
T8 & % Seed germination rate/% 42.8+4.2° 46.6+5.6" 9.6+3.4" 7.8+2.7"
SRR Seedling survival rate/% 25.0£2.4% 0.5+0.2" 00" 00"

w AN[E) TR R AL PR R] 25 57 B (P<0. 05)

SAP b 4 H 3] 6 H LA ER L %A Ak (03] 7 A Ees SR TR (B 2) , R 72 #f/m®, BERHE
HERS , SAFT AbS2AE i ACE 22 Rt s 4 P8 i 363 1085 #k/m® % 7 AN 5 #/m’, SAFO3 il
SAF89 SA: B AR 5 SAFT AT, [A]— B IS0 A B 4kt 8¢ SAFT 2> Jf H 2] 7 H B S8 A AR 0,
7 H A ARG R SAP Abd i (£ 2) , i85 25% , 5 HAWRE HAA R B 35 25 5 (P<0.01) .

1.4 HACKRSIA TR A RHIE SRR O IR i AR fb

6 H 14 H A bk A AE SAFT Abds s (181 3) 5 HAMZH A 12 2% 25 5 (P<0.05) o A AFE bk i A

KA T 344 SAFI>SAP>SAF03>SAF89,, 7 H 21 H SAP 5 SAFI SZAEH k= 40510 10,1 em F124.2 cm,

http ; //www. ecologica. cn
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25 ¢
O
& 1400 £ 0f
= 1200 02010-04-09 =
% 1000 2010-05-28 = 5r
% s00 & 2010-06-14 30l
€ 600 0 2010-07-21
o 400 il 5t
= i 5 (1
g 0 H [ Ny 5 = 0 %
SAP SAFI SAFO3 SAF89 SAP SAFI SAFO3 SAF89
Sampling sites Sampling sites
B2 EBEXELEHHTL B3 EKRENEEHIE

Fig.2 Seedling numbers change of S. alterniflora ramets Fig.3 Morphological parameters of S. alterniflora

K PR S A9 L S i 1) T SRR s, AR AN [R) s B RAS [ R b o i B A A e K (& 4 FELS)
5 J1 SAP SAFI SAFO3 F1 SAF89 A Hh ift Hi 11 AH X ' A5 BE 4351 h 46. 1% 36.0% \10.4% F13.9% , FEOLM
9o FEE SR ) PR 2R R A K ke | B T B AT A A A Y L A K A AR IR B R L 7 3 43
26.3% 32.5% 16.4% F10.9% , \NIHE] R Bi SAFO3 A My b 1A AH X' BR 560 B 386 v 0, 30 5 S R a3, - H
A8 K BEREVR R BRI B B AERR I RN AE 20 em F] 50 em Ab | A ARE HiU7E I DX BERT A FH 58 S RE 4 1) e 1
FHERR ARG RRBR 243 th it R K (B 5)

120 - —o0—SAP —o—-SAFI —a—SAF03 —=—SAF89 120 - —0—SAP ———SAFI —a—SAF03 —=—SAF389
X X
E\ } 1004
= ‘@
§ § 80r
E E
._‘S) % 60
2 © 4
B 8
E g 2
O L L L L L O I I I L L L 1 1 L L
60 50 40 30 20 10 0 110 100 90 80 70 60 50 40 30 20 10 O
Plant height/cm Plant height/cm
4 ERREHAMNEEBEEESHG H28H) B 5 ERKEHEMEBEEEESH(T H21H)
Fig. 4 Vertical distribution of relative light intensity of S. Fig. 5 Vertical distribution of relative light intensity of S.
alterniflora (28 May) alterniflora (21 July)

3 Wit E%it

AR RE T A ] AR RS/ N 7 b S5 i A AS [R) B B B AR e v S A2, T i AN TRDR 7 B B 4
TR SRR R R I O TR B 1 B U 2R P AR AT R 1Y, DRI Ay e A T 8 A )
AR FhF AR LI 20 B T — AR A R R B RN RS 31 SAP 7E 2009 4F 7 4
T RERR R, B i i (3R 1, 3R 2) TR S B ARG D0, 3400 TG 1 S50 1) 9 503 I mT RE 23 S A )
M TE 4 ) Il JE R 75 B A 5 AR, s A 2 BB 5 B R R AR AR ), R /D 08 R A 5878 1Y
AJRE, T IR BN R AR B IR R R, H AR RO AR ke AR W B R AR R R R
WA R Z . T38h, se bR A BIGE B B, TR 4 /e RERR T ) e s 2 R e 40

TR R AR AR T L R A L S P A AT R T B ST b ST AR R A e A
AR I 1t b P i A RS SR ) il , e FE AR A A T T 52 B AR TR I BB 31 52 o /T
VD FPREI R I TLAR , FhF PRI T4 R BRI S2 g0 3 i A0 vk ™) | T A P05 (e P o 2 SR e 1 15
R OCHE 0 TR AT S EE AN F AR IREEAR 22 AR, R R T WA K B ) A M A 512 0 3
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FRLAEL, R, SR FHAET A1 3% S BR R A A 1) 7 U TG, b I HBCR A B 40 853 P i I B 40 257 . 2010 4F 4
4 FEHb B A K B0 8T 1 S8R PE R/ NITUF B SAP<SAFI<SAF89 <SAF03 , Hifli {547 28 32 9 1 AF Hby 25 Vi ik
VLR BA AU FR 1 Lo /D |33k 32 B RS2 K R bl 2 1 SR KU A 5 g T 4 2

T 17 0 & R4l A A I PR (1438 17 BE 2 5 MR IR A A1 ) SR PR R 2 — | K SR 7 R (R I
FE KA SGHE R AR R AR A R AR EL T X R A A M, A AR AR, HAE K
Tl DA BSCAIOE 75  R IR 52 57 JA% Xo e Vg I 0 A0 199 325 o7 2 LR A B 2 SRl | Lo AT 5 ML AN R R
) -3 SO 7 R )2 B2 BIANIR DGR, RIS Fh P e g ok, Sh AR AR B FP 7 AT DA I R RIS 2k
R I E Y BB TR F AR 2R IR T RN K 3 2 454 R 251, 38 KA i & AAE TG LR, e A1
TGN, i T A8 A2 6 RR sl SRS A5 R g 22 78 S i 38 e 6 B AR K SR S v RO B ST R I, 7R 8
T RV BE R AR R A A TS REAE AR A7 2 R B A B X 3 R 4 35 I M X6 B A AN B o e
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