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RE AR FRDER LR, P57 BIRSEHE B AL BN SR S A Y) KOK L (Spartina anglica) FEASYERIR FUREAER (Y&
MR LS B REIR N . SEH 3L 6 FhoRlEsb sl . B — WK TEBE (D) (B — Bk e (X) IR HEME (DX) BRIk 50 8k
(XD) IRBIRZEHE B (DXD) FEIR AT HEBE (XDX) o 45K DX AHARAE T, JORE R R M U AR K IR IR & 5
FERERURZ , H &R T X.DXD 1 XDX K038 ZFRUR AR Z B K I BE KT XDX 403876 DX 1 D b3 T 3 B A& R R
AYE MTAYEMSAYESBER THEAHE, XRUWENERIRBMEY , KOREF R L EGE MR BUK ZE 5, B —
IR , LA R B B BIR P AR T OOR B AR K B S AR AR R TR BUK SO R I 25 7 7] RE R 5 3 E JOK FE A Y
HRMERRH,

R IR s JOKE ; BARTEIR s A KB AR Wi 7 e

Plant growth, reproduction and biomass allocation in response of clonal plant

Spartina anglica to alternative irrigation of fresh and saline water

LI Hongli'*, ZHI Yingbiao®, LEI Guangchun', ZHAO Lei*, AN Shuging”* , DENG Zifa>, ZHOU Changfang’
1 College of Natural Conservation, Beijing Forestry University, Beijing 100083, China
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Abstract; Results of the greenhouse experiment showed that fresh and saline water alternation irrigation had significant
effects on morphological traits, clonal characteristics, biomass accumulation and biomass allocation patterns of Spartina
anglica coming from the Xinyang Harbor in Jiangsu Province, China. Six irrigation treatments were set up in our
experiments including single irrigation with freshwater (D) or salt water(X) , single alternating irrigation with freshwater
and saltwater (DX and XD) and double alternating irrigation ( DXD and XDX). With the DX treatment, plant height,
number of leaves and the length of roots reached the maximal value. Meanwhile, the number of ramets was significantly
higher than those of X, DXD and XDX treatments (P < 0.05); the number of buds and total rhizome length were
significantly higher than those of XDX treatment (P < 0.05). Roots biomass, below-ground biomass and total biomass
under DX and D treatments were both significantly higher than those of other treatments (P < 0.05). The results showed
that S. anglica populations grew better with the DX treatment, which did good to sustain and regenerate the population. Not
only X treatment but also excessive alternative irrigation of fresh and saline water worked against the growth and biomass
accumulation of Spartina anglica. The results indicated that the frequent change in fresh and saline water for S. anglica

vegetation area would explain the decline of its populations over its range.

Key Words: alternate irrigation of fresh and saline water; Spartina anglica; dieback; plant growth and reproduction

characteristics ; biomass accumulation and allocation
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FKOKE (Spartina anglica Hubbard) J& T Z4F 4 5e BEAEY) , REAEIE N = 45 S0 ME W I ERVB AR 5%, KRR
fiTRERERE" . RET 1963 F£3| A, Z5 &R BIEPEERHE R T HEMEE . 20 40 90 4R U
R A IR L A R B (40°53'N) &) ARA R AL (21°30° N) , WS Y B2 36 000 hm® )| K
I E W AR A B LR R R — B X R A SR T EE MR . SR 20 42 90 4E
RUVE, RESI MR EH BT =ERN ARTEE . B, UETLHHGF (33°42'N) J3&K (31°56/
N) AKHIITIRIG (28°24'N) A /NERSM , B 36 ARSI 50 hm” , A ik 2818 ke %) s B A R BN
WEAL, A KRB RAER , £ R A S Ak,

fEESNEA/NEFRIOKE MG LKL (Spartina alterniflora Loisel. ) 3% 1R F R 18 , (HJ& FER I Ny R ER 1
TR, B EE TAR R L A RERE EEMRAMTEEERS . M3 E Bosham #1551
TR EFM R ZRIAS R RN OKRE IR 22 TRIR T FBHK Z LSRR R, S5 F
BTEH LT BAMRME . EEBS LA E KT R B R TEE R b TP _E T 7K W i e K
T3 EMRFRIE R SZ IR , P B AL TS 1B o XT38 B S5 76 74 Ui =/ IR LB BB R B i ZEB 2
BN KB T T 50RAS, LR BN, BET 5 |2 4B AL, 6 Fe, AL BB S BIINARE" . 13%K
T2 T 8 BE MR, (5 B AR R B IR ICE AR 4 I RE ) B R IR A BB IEOKR B R IR G 5, 1
HEEEYY, REBIREERE RS, B E S EKREENFER T,

J T RGEF IOREFBEAE S B AR RV, B & T TR RS AR AEYF LF B
VIHR IR M REEE D T i TAEN (3L T £8 B AR e B RRIR S B 7E AOK B B AR 288 i 78 VR R B 4RI
R, ASGHAT T BRI VEB AL X KR FETE S Fike A K R A Y B R 50 Bk R AR sE , 44t
FOKRFFEE AR TR 5 RIR K Z B 6 R, LA o 2 15 3 B 55 0 KOR B R BE B AR 2R WL 4R
&, F A REE R KR EE R EERXWARS 2 LR 4AE—E WIS KR
1 #R5H=*

1.1 PR KRR

KKFERRARKER (Spartina) WZEAMEY), KRS TRERERE, WERMKRE (S. maritima
(Curtis) Fernald. ) FIE EKEL (S. alterniflora Loisel. ) [ A SRZe3cF 2 S2ib 48T 2006 44 AR E
TLHE ERIRE R B R OB X A AOKRELRE L (120° 34.6' E, 33° 37.8' N) . HAR#AL T EVLIRA
R IRG VT M (32°34'—34°28'N,119°48'—120°56 E) . MR 2 HLH I B B 22 s IR 4B DTRL b3 3h h %
RE EREFHE , MR B 18 m B AT 40 4 AR - (1) (R Our) , A7 T RSO 2/ N AL, &
YRR BINEE S EIKRE; (2) Je-HviR-6 W, /NS S AL 27 25 AL, W T AR P PR e 28
Ah, FERBEIKE; (3) EEAIRYME, X AL 2 KW & WAL, MEEAEY) £ B R (Suaeda salsa) FI
FORFEEE; (4) B, RIS AL LA L, 1a 2975 2 R KAWL, M) R 75 %5 ( Phragmites communis) | B %
(Scirpus triqueter) Fhok B a2
1.2 Fik:

2006 £ 4 H 6 H ,fFEJORFEARKK , EHPGFR LW AOKREIRE, LRI BRERERE, BHET
R KA DR IR 4 (32°10737"N, 118°41757") , 2006 45 A 9 H , 4 KOKE FaR 7 i 37 i S R 2 Ak
FHNAERE EE(6 £0.5) em A4 W50k, FAE T4 58 /433118 40.35.30em MAEKAE, N TLSE A 25
em 5 BE BT, LR YD : HARFREL 1:1 MR AR, ZERISELL 15% N T K M E , ABLHLEF SR AOR B £8
HHEAE, EHEXXDN WG HTHER, B 6 Bk, BEORET, BAOLR,

SEHGILTE 6 FRFEALIR , 435 R B — IR K IR B — UK D IR ZK BK SRR K IR K S B HE IR IR
IR IRAK PR HE JFKIR K JRK B , KRR 4B 5y : D X DX XD .DXD 1 XDX, Hr D F X B — 3%
AEFE , i ARSI (B RE S LAMROK G, JE B RSB BUK R . DX A XD #3247 1 IS4, DX b3 5E 4
1t 3 NHIRAKWRE , J5 ety 3 N H BIBUK IR ; XD Ab3E5e 4t 3 A BUK B, J5 54 3 A MROK DR,
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DXD Fi XDX ¥j285t 2 R GErE X 54 , DXD WYRT 2 > H AOK DR, 38 2 1 A i BUK R, &5 2 4>
H U iR K D s XDX ARG 2 A R EUK IR, 58 2 DA B AL R IRK IR, 85 2 M A BUKRE. &
b S NERE, ERAERE R AT, XK RN HE R, & RTIRALE, & 3d YK 1 IR, B st
TR 2d 37K 1R, BREEIK LABGE H3%RE | om e, BT RN —M& B RK, BUK I AN THEK, K
MHEIK 24 ARG B R — SO ER AR T — R B oROK , R G BT AN LK 3R BE g 15%0,
1.3 $8FINE

RIALFRREE T 6 1 H ,F 2006 4 11 A T4, ¥R EE R ER SR, LR, B EER 1
M B EILER S A, FEE N AR TEEIERSSH (e G R EE HEARRK) | kR
IESH (G MREC B RRZH AR Z TR ARZLRK) AYESH (L LAY E RAEYE R
EhYE W TAEYEMBEYR) TR EYESIC. W& URER PR M, o R E 5%
7 : i LI-3000A ZIM- AR & 6 Jr 5a ke RAN R AL AR M R iy i T AR, T 2 J5 B M, B B
SE TN  BEMLBCAR R 2 6 A, FIE b - RO B R B R O ME . MBS B OR B 7 il B AR
FIRRARZE 3 #43,80 CHETHIRE , BUS AW EH.
1.4 Sitatr

BryE@ ot SPSS (Version 15.0) #4727 (One-way ANOVA) #:56H 25 % B #F M, 3% Duncan £
H BT IIR RS (P= 0.05 83 P= 0.01),fE3:T 25 WG AT # € $dE & 2R IES 0
2 ZR5H5m
2.1 AFEBERE BT mEHEY SOKRERIES 2R

JERIRSS R E A FOR B AR R BORAR KRR B (P < 0.05) , X i AR At i JE BRI A
BEZW (P > 0.05), DX AL T BtEMAR = , 8 35.3 om, B2 & T D Al XDX FEBALH, 5 H E#
WG ERABZE(P > 0.05) ;DX A3 T MM 8Kk 2%, B & T X,DXD & XDX JEBALHE T #H F
¥, 5HEAEERABEP > 0.05) ;DX A FREK, BESHT X, XD X XDX ( P < 0.05), 5HEL
HERABE(GRL) . KU DX STBEBARF T IOKEM AR S 3.

*1 TEFARXBEBEXTHAKRERESER"
Table 1 Morphological characteristics of Spartina anglica under different salt-fresh water treatments

ab3E 73 M-I AR R P oE LSS
Treatments Culm height/cm Leaf area/cm’ Leaf thickness/mm Leaf number Root length/cm
X 30.7 £1.2 abe 4.4+0.3a 0.45 £0.02a 11.7 +1.3¢ 35.7 +3.0 be
D 29.5+2.3 be 4.6 +0.3a 0.44 +0.03a 19.7 +3.2 ab 50.4+5.7 a
DX 35.3 £2.3a 4.1+0.2a 0.43 +0.04a 24.0+2.8a 53.0+4.6 a
XD 29.9 +1.6 abe 4.8+0.3a 0.44 £0.02a 20.1+3.5 ab 30.9+2.9¢
DXD 33.6+1.4 ab 4.0+0.1a 0.42 +0.03a 16.1+1.9 be 45.4 +6.3 ab
XDX 25.3+1.3 ¢ 4.2 +0.2a 0.47 +0.02a 10.0+0.9 ¢ 31.8 4.8 be

« RHEARR W T RN AL B 22 A B2 (P > 0.05)

2.2 AFRBIRSE BT e Y JORE ) TERERFAE

JRIR ST HEWRAL RS OK B ) FE B 2P MR ZERIARRZ B RA BE (P < 0.05 ), TXf KOk
FRHRCRZFH LR EL W (P > 0.05), DX BT HEEHRS , 23 % T X, DXD il XDX 43, i 5 H
EAEZERA BE ;DX BT MR B E R T XDX A3, M5 H B4R 2R BE R ZHRRRZEL K
LAD 43R i, B /T XDX (P < 0.05) , SHELBEEZRIFARE (K2). KU DX BB &
A R IOKF B E e B S AR K, B A TR SE BT
2.3 AIRBERSEHE BT ST JOR T A R

JRIR ST HE WAL B SOR B [ % L W) B AR RIEAR IR B3 (P < 0.05) o X Tt LAY &, A DX 4b
B YRR, B35 T D,XD, DXD 4b3H, HiXSuab 3 B 2 & T XDX 4b¥ . D #1 DX MR &R
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YR Y BISE BE S THEARE, B XDX LbFE T MR R AV B RAK; DX A T RRZE
YRR, B3 F T DXD Al XDX 4bH(P < 0.05),, SHEAMERNARE; DX ALHE B LY BIET
BERT D AH, HALH 8 255 T HE AR, L XDX 3855 NS A BB AR(E 1) . 45U XD 528
WA L B IA R T IOREAEYBIR R,

F2 FERKLETHAKRERTEESFE
Table 2 Clonal characteristics of Spartina anglica under different salt-fresh water treatments

1 FERERL R HARZESK HARZET 5K HURZE S
Treatments Number of ramets Number of buds Number of rhizomes  Number of rhizome nods Total length of rhizome/cm
X 3.3+0.5b 2.4+0.3 ab 2.1+0.5 ab 7.0+£1.7 a 9.6+2.9 ab
D 5.7+1.3 ab 2.4+0.9 ab 3.1+0.5a 10.1+1.4 a 15.9+3.5a
DX 6.7+0.8 a 4.1+1.0a 2.9+0.4 ab 9.7+1.9 a 15.7+3.0 a
XD 5.1+0.8 abc 3.1+0.7 ab 2.3+0.4 ab 7.4+0.8 a 10.8 0.7 ab
DXD 4.3+0.5 be 3.7+0.2 a 2.3+0.5 ab 9.0+1.6 a 14.5+3.5 ab
XDX 3.1+0.3b 1.7 £0.3b 1.6 £0.3 b 6.7+1.1a 6.1+1.0b

* RHEAHF W F R AL B 2 A B E (P > 0.05)

w
=

OX @D BDX OXD B DXD B XDX

N
[}
T

g
=
T

(9
T

o
W
T

Ay k23 Biomass parameters/g
=
T

AR MR A i HRRZE A i T A i AR

Above-ground biomass ~ Roots biomass Rhizomes biomass ~ Below-ground biomass ~ Total biomass

S

Bl AERMRZELETHAKENENERR
Fig. 1 Biomass accumulation pattern of Spartina anglica under different salt-fresh water treatments

Al — 8 FR A i) PR AL B Rl 22 5 B (P < 0.05 )

2.4 AR HEMAR T se Y JOK B B A )8 4 i

7 [ SR AT A W TR AL BN JOR B (3t b AR W A0 IE b T AR R e AR AR B O R 22 53 B
(P < 0.05) (HRMARZAEYR/TATTREZ W, L XD A3 EAEY R EE ST D AE, 5HELH
ERANBE T AEYRASTAREY RS D IR, B35 T X X XD A8, M5HELAEEFAR
#F(£3).

®3 TRBKRLETHAKRENEMESER
Table 3 Biomass allocation of Spartina anglica under different salt-fresh water treatments
H: 43 Biomass allocation/%

4b B

Treatments Ho LR HOF AW YR R R
Above-ground Below-ground Roots Rhizomes
X 48.6 £2.9 ab 51.4+2.9b 38.4+4.1b 12.9+3.1a
D 38.3+4.4b 61.7+4.4 a 51.6+3.2 a 10.0+2.9 a
DX 43.7+1.2 ab 56.3 1.2 ab 46.1£2.7 ab 10.2 2.8 a
XD 49.4£2.9a 50.6 2.9 b 38.4+3.1b 12.2+1.9a
DXD 44.9+1.2 ab 55.1+1.3 ab 47.2+1.7 ab 7.9+1.7a
XDX 42.9+2.1 ab 57.1+2.1 ab 45.6 £2.6 ab 11.5+2.0 a

* RHEAHF W F R AL B 2 A B E (P > 0.05)
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Bt
i
b

30 &

3 itig

WP LTRSS R AR B IR St A AR A AT b B K 402 B R AR IR 20 A B M 2%
HMEERZ™ MR EFEEYMHEETHEERDER"  EREEICIEEE, 5 REEREX
JE MG B O B Bl ok T HAPR M X . ZEEEARBERENRBAESRAE D, EEKREFEEL4T
MR B, ST 0B (Juncus roemerianus ) F B 43047 T8 WA 58, 222 R B4R K B X 6 BE 1938 7 1 5 1) 2%
B R BEAEE Xl R I, EELE T E AR S AR R HE R4, [RIE R BRI Na* BT IR,
HMEMER, AT EEE, BRERKBNEERERERDIFETHEK, EIHEKE LMK E (Spartina
maritima Curtis) #5745 X 77 i B9 R FI4RE ) o BARK BT £ BE (038 B P LB, BB R B AR E S0 8
35%o B LT A B A R T B AR B4 BT ER B B N 19.2%0 ™) HRFEWOK BHET , B I
HERMEYERRBER TROKEBAMS T X EERRE N TEME R AL, KR E
THFE—E M BE BRI N AR IER A 0 I BRSNS b A B AR R AT R MACK 43 I, 11 25 B 1 PR SS
B IR BB R, MR AR B IR T RAL R FOOKRE M B ALK E RO ERRER, AT £ &
BB HE it Ehh VBHEY Atriplex portulacoides A2 IRIE ™ o {HRE B A ER /KTt S48 finx 26
VAR R R AR

A LI LSRR, DX LB ZM T RKRE MR A AR KRB R ERRZ, BE ST X,
DXD 1 XDX 4b3# , iR ZEHCRARARZ BK DL D b3 T i, B & T XDX b3, i 5 HEA#EZ R IR
BENTH EAYE REEYE RRZEYE BT EYEMBAEYEWEDX D TE, BEGTHE
AbFE 5 X IR B AORFELE DX B 0L T R BEAF, R FRBE M 4eds 37, B2 9 7E DX b3 & 4T,
FORFE TR E AR AR 8 PP R RE B BN, XHFE Z R AV ER BA A T ROREMBENAK, 1
DX RbBEAM T, KPR AW BB T D 43, £, & F TIRAM TR ARKEER™, BENTH
— X Qb 3 AR R i AR R A R IR AR T 50, RMATE R R A A T OK B4R IE
WA, AR AT AR R AT NS S AR , AT R 20 H 18 3 s, 37 IR AR K A AR SAL A
X RATE—E IFERE B T ORI A K S KA B R, X 5EKRERMPIESREMU . XD 4
¥ DXD F1 XDX b3, K # a2, FE F N FORELE N b4 A5E , PR NI T AR 2 Na* B, &
SR BR A AT Y MR AR A ) BB 3, AT & B B AL & R 8 o AL S5 R, R A B s 7%
NTTHCAE R Bl 38 WL , (B A Ak SRR BEdE B, 3k 266 J 1) 00 SRS 7 0 fie 5 T2 4y JBK IR FE B, Ry A5
IEWARK, X EY) B TG B, R BRI W e ik, NTTEFE T BB &, 5 /M AT BRAR Sh H B A F 1)
HRER, AR T IOREMBER AR, XTEEERE F A RMUIRE , AR EERIEY X THRERE
) S A SR W (Trade-off) , 7E D AL T, JOREFM BRI T AV B MRAEY RS REES T X A
M5 HEAEEFARE, KW ERKEEFET, TREEEERNAERKET , MHEY BT ERKEE
SR, XA BT EAK BRSSP X7 Bt TR I A7 7E— R I K 1 BT

HETH FERKREEDEEEN ZAR, &8 T HEEX P RIRER, LR EEHEER 3a &
FRIRE T 48—52em™ AMEAOK HANREE B0 R AR LB W B, AR K A B B H AR B, TR R4 R
A LA HOO T ROR BRI RE ELEE B IR JBK 3SR FRER , 11 35 b _b KOR B4 X SR AL TR 5 T 3GH FMEE,
FEFN T , 5 3 AOR BB A B 30 BE AP 4l TARE  PEEL T XORE B RIAWT AR, Wi T Hg
AR, NS K%, B2, RBUK BRI R F A BB RBRKEMF EAZRHERZ —.
B : SO S Y SRR W5 195 H 7155 A Alex van der Meer 821, Rt 05

References:

[ 1] ChungC H. Brief history of Spartina anglica and research work abroad. Journal of Nanjing University ( Research Advances in Spartina, Special
issue) , 1985 1-30.
[2] AnSQ, GuBH, ZhouCF, WangZ S, Deng Z ¥, Zhi Y B, Li HL, Chen L, Yu D H, Liu Y H. Spartina invasion in China: implications for

http ://www. ecologica. cn



7

LM A IR ST AR Y RO B A K AN A Yy ik Sy FE R M 1749

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
(18]

[19]

[20]

[21]

[22]
(23]

[24]

[25]

[26]

[27]

invasive species management and future research. Weed Research, 2007, 47 . 183-191.

Li X P, Tang G G, Wang D S, Xu H Q. Studies on the community characteristics, the distribution and succession patterns of wetland vegetation
in Jiangsu Province. Journal of Nanjing Forestry University, 1998, 22 (1) . 47-52.

Sheng Y M, Zeng H, Wang H, Liu Y M, Chen Z Y. Characteristics of halophyte and associated soil a long aggradational muddy coasts in Jiangsu
Province. Acta Ecologica Sinica, 2005, 25(1) :1-6.

Kriwoken L K, Hedge P. Exotic species and estuaries: managing Spartina anglica in Tasmania, Australia. Ocean Coast Management, 2000, 43 .
573-584.

Comnick J, Standwerth A, Fisher P J. A preliminary study of fungal endophyte diversity in a stable and declining bed of Spartina anglica Hubbard.
Mycologist, 2005, 19 24-29.

Webb E C, Mendelssohn I A. Factors affecting vegetation dieback of an oligohaline marsh in coastal Louisiana: Field manipulation of salinity and
submergence. American Journal of Botany, 1996, 83(11) ; 1429-1434.

Webb E C, Mendelssohn I A, Wilsey B J. Causes for vegetation dieback in a Louisiana salt marsh: a bioassay approach. Aquatic Botany, 1995,
51 281-289.

McKee K L, Mendelssohn I A, Maternes M D. Acute salt marsh dieback in the Mississippi River deltaic plain: a drought-induced phenomenon?
Global Ecology and Biogeography, 2004, 13: 65-73.

Browna C E, Pezeshki S R, DeLaune R D. The effects of salinity and soil drying on nutrient uptake and growth of Spartina alterniflora in a
simulated tidal system. Environmental and Experimental Botany, 2006, 58 140-148.

LiHL, AnS Q, Zhi Y B, Yan C, Zhao L, Zhou C F, Deng Z F, Su W, Liu Y H. Protogynous, pollen limitation and low seed production
reasoned for the dieback of Spartina anglica in coastal China. Plant Science, 2008, 174 ; 209-309.

ZhiY B, LiHL, An S Q, Zhao L, Zhou C F, Deng Z F. Inter-specific competition: Spartina alterniflora is replacing Spartina anglica in coastal
China. Estuarine Coastal and Shelf Science, 2007, 74 437-448.

An S Q, Li HB, Guan B H, Zhou C F, Wang Z S, Deng Z ¥, Zhi Y B, Liu Y H, Xu C, Fang S B, Jiang J H, Li H L. China’s natural
wetlands: past problems, current status, and future challenges. Ambio, 2007, 36(4) : 335-342.

LiHL, Zhi Y B, Zhao L, An S Q, Deng Z F, Zhou C F, Gu S P. Eco-physiological responses of the declining population Spartina anglica to N
and P fertilizer addition. Acta Ecologica Sinica, 2007, 27(7) : 3216-3224.

Zhao L, Zhi Y B, LiHL, An S Q, Deng Z F, Zhou C F. Effects of initial clone number on morphological plasticity and biomass allocation of the
invasive Spartina anglica. Journal of Plant Ecology, 2007, 31(4) :607-612.

Pennings S C, Grant M B, Bertness M D. Plant zonation in low-latitude salt marshes: disentangling the roles of flooding, salinity and competition.
Journal of Ecology, 2005, 93:159-167.

Silvestri S, Defina A, Marani M. Tidal regime, salinity and salt marsh plant zonation. Estuarine, Coastal and Shelf Science, 2005, 62 : 119-130.
Chambers R M, Mozdzer T J, Ambrose J C. Effects of salinity and sulfide on the distribution of Phragmites australis and Spartina alterniflora in a
tidal salt-marsh. Aquatic Botany,1998, 62 161-169.

Huckle J M, Potter J] A, Marrs R H. Influence of environmental factors on the growth and interactions between salt marsh plants; effects of salinity,
sediment and waterlogging. Journal of Ecology, 2000, 88 : 492-505.

Pennings S C, Grant M B, Bertness M D. Plant zonation in low-latitude salt marshes: disentangling the roles of flooding, salinity and competition.
Journal of Ecology, 2005, 93: 159-167.

Chen Y, Zheng H L, Xiao Q, Huang W B, Zhu Z. Effects of Salinity on Oxidative and Antioxidative System of Spartina alterniflora. Journal of
Xiamen University ( Natural Science) , 2005, 44(4) :576-579.

Adams J B, Bate, G C. Ecological implications of tolerance of salinity and inundation by Spartina maritima. Aquatic Botany, 1995, 52.:183-191.
Lewis M A, Weber D E. Effects of substrate salinity on early seeding survival and growth of Scirpus robustus Pursh and Spartina alterniflora Loisel.
Ecotoxicology, 2002, 11 19-26.

Hester M W, Mendelssohn I A, Mckee K L. Species and population variation to salinity stress in Panicum hemitomon, Spartina patens, and
Spartina alterniflora; morphological and physiological constraints. Environmental and Experimental Botany, 2001, 46 277-297.

Nieva F J J, Castellanos E M, Figueroa M E, Gil F. Gas exchange and chlorophyll fluorescence of C3 and C4 salt marsh species. Photosynthetica,
1999, 36: 397-406.

Chen L, Deng Z F, An S Q, Zhao C J, Zhou C F, Zhi Y B. Alternate irrigation of fresh and salt water restrains clonal growth and reproduction of
Spartina alterniflora. Jounal of Plant Ecology, 2007, 31(4) :645-651.

Bradley P M, Morris J T. Relative importance of ion exclusion, secretion and accumulation in Spartina alterniflora Loisel. Journal of Experimental

Botany, 1991, 42. 1525-1532.

http ://www. ecologica. cn



1750 B Ox ¥ R 30 %

[28] Maricle B R, Cobos D R, Campbell C S. Biophysical and morphological leaf adaptations to drought and salinity in salt marsh grasses.
Environmental and Experimental Botany, 2007, 60 (3) : 458-467.

[29] Redondo-gomez S, Mateos-naranjo E, Davy A J, Femandez-Munoz F, Castellanos E, Luque T, Figueroa M E. Growth and Photosynthetic
Responses to Salinity of the Salt-marsh Shrub Atriplex portulacoides. Annals of Botany, 2007, 100: 555-563.

[30] McHugh J M, Dighton J. Influence of Mycorrhizal Inoculation, Inundation Period, Salinity, and Phosphorus Availability on the Growth of Two Salt
Marsh Grasses, Spartina alterniflora Lois. and Spartina cynosuroides (L. ) Roth. , in Nursery Systems. Restoration Ecology, 2004, 12(4) : 533-
545.

[31] WangZ W, Zhu T C, Zang C L. Influences of flooding disturbance on the distribution Patterns of three grass populations on the songnen steppe,
northeastern China. Acta Agrestia Sinica, 2004, 12(1) : 3-7.

[32] WangZ W, Zhu Y C. Effect of flooding disturbance on aboveground biomass of Leymus chinensis grassland — A preliminary study. Chinese Journal
of Applied Ecology, 2003,14 (12): 2162-2166.

[33] GuanX Y, Yang P L, Lu Y. Laboratory experiment on the redistribution of soil salinity under saline and fresh water alternate irrigation.
Transactions of the Case, 2007, 23(5) :88-102.

[34] Chen Z Y, Li B, Chen J K. Effects of Salt Stress and Elevation of Tideland on the Growth of Introduced Spartina alterniflora at Dongtan of
Chongming,the Yangtze River Estuary. Journal of Yangze University ( Natural Science) , 2005, 2(2) ; 6-10.

[35] Xiao Q, Zheng H L, Chen Y, Huang W B, Zhu Z. Effects of salinity on the growth and praline, soluble sugar and protein contents of Spartina
alterniflora. Chinese Journal of Ecology, 2005, 24(4) :373-376.

[36] 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, 23 135-150.

SEHk:

[ 1] AhsAR. FORBER 2 R HSMIFTEARSL. IR R 22 ORBEWI T IR L 4E) , 1985 1-30.

(3] ZEMdE, RE, FEk, HEMR. TR YRR A ARE R AT B AL, B R 2A244), 1998, 22(1) : 47-52.

(4] kB, G4, £, XN0KM, BRFE. LIRS R Bl MEER A il B H RIS O RRAE. A= 25240, 2005, 25(1) : 1-6.

[15] B%, BHH, B, ZWE, BAK, FKITF. P FBEMREON KK B R AU M K AR Y o L. R AR 282440, 2007,31
(4): 607-612.

(211  BRER, AW, Bk, AT, RIR. SREXNEIRFEAAMPTAM RGN, BEIIREEHR (RPN , 2005, 44(4) : 576-579.

[26] BRdk, XBA%, W, RERE, K7, BHN. BRK 5 Heve il i il B IR B0 SE e A 1 0 B, MW A 452 4, 2007, 31(4):
645-651.

[31] EIESCBUER, kK. AW THAMABOEE R =FOREFEE A R IR, B4, 2004, 12(1) .3-7.

[32] FEIESCHUIEM. 2003. KW THX FER G FAEY RSB RRIEI. R4S, 14(12) :2162-2166.

[33] &6, Bk, B JRPOKSTEMM T DR FO A E N SCIRBTSE. ARl TRE2A4E, 2007, 23(5) :88-102.

[34]  BReb 2500 BRAESE. I O S B ARME 30 35 B (B HY 25 R X SRR B AR R B AR IR, VLR 2244 ( HARBE IR ) , 2005, 2
(2):6-10.

[35] Wk, MUEE, BRI, MU, RIR BN E KA K RN AR, WTE R E O B A R, AR, 2005, 24(4):

373-376.

http ://www. ecologica. cn



	07a70.pdf
	07a71.pdf
	07a72.pdf
	07a73.pdf
	07a74.pdf
	07a75.pdf
	07a76.pdf

