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A comparison of photosynthetic characteristics between an invasive plant

Spartina alterniflora and an indigenous plant Phragmites australis

ZHAO Guang—Qi , ZHANG Li-Quan” , LIANG Xia (State Key Laboratory of Estuarine and Coastal Research, East China
Normal University, Shanghai 200062,(}'hz'na). Acta Ecologica Sinica,2005,25(7):1604~1611.

Abstract: As a consequence of rapid globalization, greatly increased emphasis is being placed on research into the ecology of
invasive plants. Since Spartina alterniflora was introduced into Chongming Dongtan in 1995, it has gradually occupied a large
area of the Phragmites australis zone, and has became a threat to the intertidal vegetation. . In this study, the photosynthetic
characteristics of an invasive plant, Spartina alterniflora, and an indigenous plant, Phragmites australis, were measured
during the growing season of 2004 by a Li-6400 Portable Photosynthesis (LI-COR inc, USA.) at Chongming Dongtan Nature
Reserve, Shanghai, between 31°25' ~31°38'N and 121°50' ~122°05'E. The results showed that: (1) Compared with the local
plant Phragmites australis, the invasive plant Spartina alterniflora had a significantly higher apparent quantum yield (AQY)
carboxylation efficiency (CE) and maximum net photosynthetic rate (Pnm.); (2) In the early growing season, the curves of
net photosynthetic rate (Pn), leaf stomatal conductance (Gs) and transpiration rate (T'r) of Spartina alterniflora during mid-
day displayed a “single-peak” pattern, which was generally consistent with the changes in light intensity and temperature. In
contrast, Phragmites australis showed a distinct “noon-break” phenomenon after reaching the peak, which was not consistent
with the changes in light intensity and temperature; (3) The net photosynthetic rate (Pn), leaf stomatal conductance (Gs) and
transpiration rate (T7) of Spartina alterniflora were higher than those of Phragmites australis during the measurement period.
In particular, Spartina alterniflora had a stronger photosynthetic capability above PAR 1 600 umol/(m? « s); (4) These two
plants had their own distinctive photosynthetic characteristics at different stages of the growing season. The average Pn for
these two plants reached the maximum value in September, while the average Gs and Tr were the highest in May. In general,

the photosynthetic parameters of Spartina alterniflora measured in May and September were signitficantly higher than those of
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Phragmites australis, while Phragmites australis exceeded Spartina alterniflora later in the growing season (November). The

results from this study have important ecological implications in terms of the fast growth rate, high productivity and a strong

competitive ability of the invasive plant Spartina alterniflora, which could provide a sound basis for formulating effective

control measures on this species.

Key words :invasive plant; Spartina alterniflora; Phragmites australis; photosynthetic characteristics; Chongming Dongtan

HH

APy Fp R = 4
SRERF IR -
H 1K B (Spartina alterniflora) RBRERKERBH EL
HIEKE ,BRET 534 7
14 7L 0 X 89 52 B B L B I0 M L B O 55 b 3G A
B (Scirpus mariqueter ) FE V& -
JERA P AT 6B A
EREEFEXMNHHEE

He

Y

1979 4 M\ €

HE

1 HMEE5R
1.1 BFxH

AR EREELBTEZURMES R RERT XMIREH, {77
K&, BMRE, YE2H.
AR 7~8 A, A EHRE 26.8~26.9 C, e HAN1~2 H#H AT

30 #T

155 b5 FF
5 T A (R A LB 9

0 1

T

E 5| 2t

E[Maulﬁ]

ik
15 150

= E

ARNE R 2B E
R,

BERMY B EXAREYIE R T A
T B ) R e o K B 5
E R 2R AR, EIERE AR

Y RE TR, L B Y6 & St B E
Fr
ERE:
FHEASHESTENARFAZ R AL RERERK
EMBEIMHEXNR, EFERREMATEHZH TN ELEKREMSERLE

BOAKEMHORENENRRARYILE , LU E K E A6k

BRI, L
B RGREN RS E
R 77 4 v B BR F A R B R AE Y

[IHIEI

«= Wa

= B CER o v A T B

1 5K B B8 S % 3 o7 M R i T 1R
XTHAEKENOR FEET

A A

CFEZBIBRBE R XEH, AREYE SR RIES, SIEE MY R4
S S BR T, XTA
fth 4%
A EAEY, R RN

*

i

ALK PR R R A
] e RUORT 35 52 O AR O LT T K 5 A R
AR ATIRSE, MBS
2 BLRLE AR B

AR H BB 4L 2138 h, KFHE B & A 4300~4600 MJ « m™,
LIS B 3.0~3.9 C. &4

KEEAREREMER
FHLX L JE BT MR KR B AR E A
THAKEC B E T EMBHEY S XE (Phragmites australis) .18 — R B
3 S
200,

RIEZ LS W

- 7 A K
1% 7 E,

KA,

= A

&

34

A K]

{8
EZRAEREHEF
R ERZ—.
SR
LB, AR

Sy

pit-

K L ) BE 4 LI AR B — 1
SFEMRETE
::ﬁ‘é

HE A SE AR

= 121°50' ~122°05'E, 31°25'~31°38'N 28], SR ME
SRR 320d A

AL EFHENE 1022 mm, HXHRE 82%.
S ) 7 P O 0 . B AR B A T B R B — AR T U 8 8 - o R T GRS R A B I OB BB R T 2 m,
HKBENAK, RESHEY S PEELN LERS MBI NG R E R EE (Scipus trigeter) H , BB T 2~2. 9 m; &

L1 FA

WA b

1.2 RABH

1.2.1 ik EHE L SHARM EBL
E KB — B AE BRI E R E

e HA

i 3 <8 B I9E AR V% B 53 X B Y £
1.2.2 XA WENE BTEBEHRCO, ELHET (4 350umol/mol) i 1

=W, oF iR

MY L, T RHBUFESE

EESWIRCS

B P17 B 3

1000.500.,200,100.50,20umol/ (m?
BAERZLBH RS TR 10:00~11:00 & ¥ FH 4 o 3#

5 min,
1.2.3 X4G
7347

(Li-cor, Inc.

(m

1E)

HahAFEEFE. B -BE2.8m bl b, WHIMERAE
B (Carex Scabrifolia) T B (Juncus setchuensis) FRBREEE ., B 1995 £

EH L M TR ABE ZRENR BAERWUAM EHEXKESFE

B

HERNE  EREAGEENER T YIS
% . A XN BT 2 AL

{EH IR 10:.00~15:00,
«5)). % B & X (Tr, mmol/(m?
5=, R

FHZmmER TR AER, B S/ERA
WAL IBETHABRHXREZGT EAKESHEXEGE
: 4 XF A 91 v 06 & 3 & (Pn, pmol/ (m’
es)) . KEEBEMBIH (PAR, pmol/(m?
min, A T BFILINER R A RN HEYIRIZ MR, F

H

R AEKRE R R M FH R

= PRI AR AE

LI-6400 REEHMSFEEHE 33C£0.5C., A
csHTFNMEMREEHE, AT RER/LDS
7. MERFLE 3d, B 10 gk

1/ H 2324k

AR B B ”
U

¢+ sH VKRBT, COERIRHETT 3d E
e 45 R BRI B X, 8 KT 2 AR ] — R e _E R A BRI A

¥ (Umperate cylindrica) W% (Suaeda glausa) KMt &
EN 5| # B AR KR LASK , B 6K 5 3% 72 AR P €
B ZREEN MRS

TR IR XT R . AT AL 2R B 10 R

T T8 1 AR RN A, 8 10min ) 1

J'EAJﬁﬂl’] R AE . DGR E

J L1

IR, ELEWE 3 K, B 10 £

-6400 411 2BLED %

w6 & A R 5 & % B (PPFD, 2000,1500,
NG BB U B0 B R T, KR D e B i 2k B T SE
F € , B 6] 8 06 58 18 3% B3R R 2E B 5]
EYpig ik, HRLEEYERFIEHTX
KRS I E R A TR
L1-6400 {5 % X )6 -6 1 A Bl 7€ {X

e s)). M HFSFFE (Gs,mol/
10 L, BRI EHIERE 10

H]

o B AT

17



1606 ¥ & % 25 %

W SE . XTI W E I 2 B | B 3 2 2 St KK PRl s 18 B /Y

1.2.4 HEERAZHHSTBE 2004 F5.9M11 APa, ERAREFEMABHENBERXRI, N 9:30~16:30, 8 %

HEXKEMPEENSGLESER BERE HRFSIASESEER. HFEARFTRHET, ZWE%EVW&MML%#M*EQ%@

(B A RIEBEAT LB

1.2.5 BESH BUNBWEEREH#GTR TN REFE EHHEEGERE FMNE—NEREE 2HREDEHHER

AT H ZA . B Excel f1 SPSS 3k 4 #E 4780 3 AL B 40t M2 B

2 ZREGW

2.1 XA YERXEIE B 6 B _
EABEL2B HFEINATHARESEEMN LMK XRY X, @XM EERESHFERNLRSRET . THNS-K

W B R AE A B A U 2R R FRGE R T

ae+l«P,,
a'I—l—Pmax

AF,a HEEEBHRNWMMEZNBFRR, ERBETRAEFRRAQY) ;I HNEH MRS #E BT E (pmol/(m*

$)) ; Pusx I — 5B CO, Y& E T & HEE MR KME (umol/(m? + s)) ;Rs M i B FE IR 2 #8 (pmol/ (m? « s))

— B'CO'Pmaxﬂ
. ﬁ'cﬂ_l_Pmaxﬂ

R, HNEEEX CO, IEMMNTMBERE, ERBT CO, KR E (CE);Co KK CO, HE (pmolCO;/mol) ;
P omaco 2 LR 3R AL AN CO, ¥R BE T H96 A & #E (umol/ (m? » ), Brig (il i 2k S B{ES T & 1.
MEZIADER BERESEENRAMNSEAERAUREEZNEZR EEKENRRE FHR RULYE BERPHE
R RAL FRAEENRN CO, ETHARGRBHBTHE,
Tl ARG e B8 h £k B B BUE

Table 1 The parameters for the simulated curve of Pn and PAR

Pn = Rd

P

7P 24 Species a B Prax Pmaxo HRRE r?
H LK E Spartina alterniflora 0.1084:0. 079 20.214+1.29 18.52141. 85 18.574:0. 96 0. 968
P g Phragmites australis 0.07840.028** 18.36+1.32** 12.224+1.29** 12.2610.89*" 0. 981
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Fig.1 Changes in the net photosynthetic rate (Pn) of Spartina alterniflora and Phragmites australis
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Fig. 2 Changes in the PAR and the air temperature during measurement
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Table 2 Photosynthetic indexes of Spartina alterniflora and Phragmites australis in different seasons

e

- At EHKH AE THKE mE
Time Photosynthetic Spartina alterniflora Phragmites australis Spartina alterniflora Phragmites australis
in dexes SEH{H Average value £ K1l Maxine value
5 H May Pn 13.1940.40 " 7.6310. 22 18.28+0. 35 8.42:40.42
Gs 0.134+£0.01** (. 0940. 00 0.28+0. 01 0.1440. 00
Tr 2.79x0.26" 1. 6810. 02 6.191+0.19 3.13x0. 07
PAR 762.051+60. 23 1605+50. 61 1504 1+62.17
9 B Sept. Pn 16.43+0.41* " 14. 29+0. 65 30.8+L0. 30 21. 651+0. 45
Gs 0.0210.00" " 0.01+40. 00 0.0210.00 0. 04+0. 00
Tr 1.93+£0.03*~ 0.57+0. 48 2.85+t0.14 4.64+40.42
PAR 10954+24. 43 1819137. 19 1774475. 50
11 H Dec. Pn 6. 70+0.86** 7.95+0.20 11.4040.41 12.5640. 36
Gs 0.031x0.00" " 0.0240. 00 0.01x0.00 0.0340. 00
Tr 1.32+0.12*" 1.43x0.02 1.081+0.04 1. 3840. 07
PAR 6741-45. 50 1241 +£24.59 604 £ 38. 40

FHEHERMBEZ N6 NEEWNITE S FE All values in Table 2 are the means and standard deviation based on six replicates;

x x  p<0.001
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Fig. 3 Changes in the leaf stomatal conductance(Gs) of Spartina alterniflora and Phragmites australis
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Fig. 4 Changes in the transpiration rate(7Tr) of Spartina alterniflora and Phragmites australis
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