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A comparison of photosynthetic characteristics between Spartina alterniflora and

Phragmites australis under different CO, concentrations

LIANG Xia,ZHANG Li-Quan " ,ZHAO Guang-Qi  ( State Key Laboratory of Estuarine and Coastal Research, East China Normal University ,
Shanghai 200062, China) . Acta Ecologica Sinica ,2006,26(3) :842 ~ 848,

Abstract: The effects of different CO, concentrations on the growth and development of invasive plants have been studied
intensively, but less scientific interest has been focused on the invasive plant Spartina alterniflora, which has spread rapidly in
recent years in the coastal ecosystems of China. In this study, the photosynthetic characteristics under different CO, concentrations
for Spartina alterniflora and for an indigenous plant Phragmites australis at the saltmarsh of Chongming Dongtan, Shanghai were
measured and compared during the 2004 growing seasen. The photosynthetic indices were determined using a LI-6400 portable
photosynthesis and accessories CO, control system ( Li-cor,Inc. USA) . The main experimental results are summarized below: (1)
With the increase of control CO, concentration, the photosynthetic index of net photosynthetic rate and dark respiration rate in
Phragmites australis and Spartina alterniflora were raising and falling respectively; (2) Spartina alterniflora had a different

photosynthetic/respiration-CO, concentration response mechanism, compared with the indigenous plant Phragmites australis , where

Spartina alterniflora had a significantly higher apparent carboxylation efficiency ( CE) and respiration rate ( R), which in turn P
were more sensitive to CO, influences; (3) The photosynthetic indexes net photosynthetic rate (P, ), leaf stomatal conductance
(G,) and transpiration rate ( T,) of Spartina alterniflora had more photosynthetic physiological acclimations than Phragmites r
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australis under the 400zmol/mol CO, concentration; however, Spartina alterniflora showed a stress response under the 1000gmol/
mol CO, concentration. These results could be helpful in explaining the physiological and ecological mechanisms of Spartina
alterniflora with respect to its growth rate, productivity and strong competitive ability ,
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Chongming Dongtan

B HKE (Spartina alterniflora) RBARFRKERNEEAELREY, REZWNAERLANBETE
B, i TEBEEBNEENIA DX ECAEFSMOBAEBSHHEHERT mEM AR, R EN
FEAHTFARAUEETHERBRDY , ZRERKILT OB E20 S B0 LB %M g |, 51t
KREC L Y HAEY P % ( Phragmites australis) 713G =8 BB ( Scirpus mariqueter) P EERY 8, H 5 XM
FHEYERTRANEKESY,

SNEABEY—REBEE M ARREMNEBROBREMBEEE , AAEYEENERTE, S5 Y
FEMBAERRENERIIEABREYBDBAKANRESE, Co, MYEHYASIERNEERERER
T 1,5 R B E MR 1L AE (Rubisco) M X B R Y, T LB B R R B, i< FLR AL 64 1k ¥ 4 B F 4
RENTREHRTHROGYE . COME R MAEHNRBRAEYKCEHEAY ., BEYHERR, K
ENABERAE, AREYIAE CO, REFARMEARNLNESENELEEEZR. XMTESR H I X
HOBRIMARYEBRAZ — HATRERAXEEARAE ., EH, R EFRERE DB MR R, U
ABEYMEERES Y ERBEAIRRNSR ,EEGH Co, REURBN AL T, BIRNENSHE R 2 H
i RLALE], AR E AR ¥ A FERITHRIIARR B K IR ¥ 9 &4 6 N 7EJHE . '

1 #EEFE
1.1 PN

EHHREFELETRUAMISLERFEPXEREM, A1 F E121°50" ~ 122°05', N31°25' ~ 31°38'
FCRAE 1), SRR ERTEEESE, BREE, NESH, 15 H B8 2138 h, KALEFEN
4300 ~ 4600 M)/m’ , SE S| 15.3 C,. HMA N 7~8 A A FHRIB 26.8~26.9 C, B AN1~2AH,H
FHREFE3.0~3.9 Co EFELHTEN 320d £H,FFHETNER 1022 mm, HBEF 2%, HH K
A EHERERRTESREER RS RN S BFURMER B A, SHRMME R B CO, IREAL
5 Bl N 222 ~ 417 umol/mol , ¥ 2 ¥ I 361 pxmol/mol

SRR AREESH REEN —REBTREANN . PR P MRS MBS OH), R
R R T 2m, WK W Y (B , TC 8 AR 2 40 5 v o DG b 24 304 R0 80 O O g ¥ =k 0 B o 7 % ( Seirpus
trigueter ) , RIBERA T 2~ 29 m; BEHF L LB A HEH KRNFE—ME 28 m U £, WINEBAF
— 3 ¥ (Imperata cylindrica) W% ( Suaeda glausa ) BEMT B E ( Carex scabrifolia ) FIAT 5 B ( Juncus setchuensis ) 3¢
PR BEE. B 1995 FATSIFEAREUR, ERKXERGERMERNT B, TEHRAESER KL
HMERAZEE =BT, AEREARR EEXESFRAB HEEER TRIINES S,

1.2 REMEE IR

1.2.1 #idke SBLEEHARLARERWTHKRERFRABEMSERRRATE PROMEEN
RIS, WA FEVIER S~ 10 KA RFHARESR - HMHE WEEKHTRETE | FRIHE
0B 30

1.2.2 JeAEM-CO, MEMMME 200446 ATH,EFTLFHPRK,ERFNRMAR CO, WE KT
THTNEE CO, IREW LM E . iR LI-6400 £1 15 2BLED LR 1T A sh¥EH, St E co, EE T
LI-6400 SN CO, SR (WAL CO, /MNBIMR) 1 R4 I B B SR 5 CO, TR UK 2F (Scrubber) 3 58 AL, M T iR FE
L1-6400 ¥ B HI#F L HI 7E 33C £ 0.5C, EAFNAF RHE S H & & F (PPFD, 2000, 1500, 1000500200 .
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Fig.1 The location of Chongming Dongtan Nature Reserve, Shanghai, and the Landsat-TM satellite image of July, 2004
E ¥ N.MN.MS.S A% 4 R, AKES THREMN NN M SEETFZB I N, MN, Ms and S represent the four transects with increasing

intensity of human disturbance %

100,50 . 20pmol/(m’ « 5)) M A [ % kb % €O, ¥ & (C,, 50,100, 150,200, 300,400, 600 800 1000, 1200, 1500
pmol/mol) M B M- H ¥ A B (P, ,pmol/ (m’+s)) o W& Mt EHELEA CO, HEL BB EWEHR

5 30min, GEHPRIE AL CO, YIS P4 7952, B 5 BROSE IE A A0 T8 M M0 0 A6 0, B— R FERAL |
COo, EREHRBEFRENE S min,
1.2.3 EEMR/ERIR CO, IREM M I E RPEEFEMERSER EXSEXRRFSHE CO, WE R %

T, L1-6400 & #5308 A 15 FISE 1 (Li-cor, Tne. USA) 3% &5 X 1 97 i) WS P IR 2 (R, pmol/ (m” +5) )3T 3d
SR, BER S R, B E B R 4 Smin. K T By LA ES R A RHEM M A, I I E SRR A EEE
SC, g R S I AR ] — A L AR A MR R R o B AT IR

1.2.4 A MBI LEKE S 4544 A K2 H I 10:00 ~ 13:00°, R IEFRE L

A5 PR R E M, A5 B 9T i 5 [R) 1 BT SRS BB R SR 49 13:00 ~ 16:00, FE IR E £ L E €O, ¥ (400.1000 i
pemol/mol ) 4 1 T T 5 48 bR B0 28 0 A B SR KBS ( T, mmol/ (m’ + ) ) FIME H SFLRBE (6, , mol/ (m’+5)) o WE
H ] 6 BB 2B 4k 2 200 ~ 1650pumol/ (m® +s) , KSR 40 ~ 44°C , KSIBHE X 22.34% ~26.48% o PR RTAE Bk X 1% sf

WE CO, W E ME R R AR . A& 10 A, 8K E &R &L 10min,
1.2.5 HELMN BERNBMEERESTEIT N, R LT E FHERRERE IR0 B 7E 2
YR ERHTHESP S, f#H Excel fl SPSS BT R IT LB ML E .
2 #REGW
2.1 HRAEEST CO, WRIE KW

MAFEEHBES (PPFD) AR CO, WEEMET YNNGt ERXBHFE (B 2,8 3). AEA
MAFEEREAGT,  EEKEMSENSEEER(P,)HEE Co, IENKMEN K, B Co, KE
{EH M P 400pmol/mol B, P, HI L AR EE T EL EEKRENKN FREAETVE, EARBN A
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1000pmol/(m’ ) B , M G EREZEHAT WM/ THE; 5230 ~— PPFD-1000 = PPFD-800

T 725 % {5 22 % BB 48 59 500umol/ (m’ - s) , €O, ¥k FE K F g o T PPED-G00 - PREDS0
400pmol/mol Ff R —EW P ERHI HEKMBT 8§ 140

MARRIHA DI LB S5 % CO HERMER  § no

WRT (C, <200umol/mol) AKER P, (T RIFE B o

2.50 ~ 10.00umol/(m’+s) , R L W BF B0 P, RA MM & ol o . .,

0 200 400 600 800 1000 1200 1400 1600
—¥EhH, Wi COL3E Cs (umol COy/mol)

0 E e i S A= Vv
MEEKRESHS BRI RBTHT, TULER B2 REGHE TS ERER TR E T CO,(C, )W R
Wjﬁﬁ% ﬁ'ﬁ%f'ﬁmx“f Coz m)ﬁ EKJ HWMﬁ% Michaelis- Fig. 2  Response of photosynthetic rate of Spartina alterniflora to CO,

Menten 75 ", concentrations under different light intensities
P, = %%m“m_ R g ;::‘; i :gg:ggg —4— PPFD-600
Aty REMBMRE(CE), P BE—ERE § 0|
T co, BEMAMMMEMB ARG EAEE, C RO, £ BOr
it R REEREE, FRnmanssuEn £
1o ® 20 00 Tio 600 ®00 1000 1200 1300 1600
MR 1AM, EERES A ER CO, YR R I HRH1E * i CO,3 /& Cs (hmol COz/mol)

SHHMBEA R HERTIM A, HAENSHER @ ARAR T ERXE S E CO,( ¢, )Wk KR
*&E% Eﬁ"o EE*%%%M%%&%E% %';f-j% % » Fig.3 Response of photosynthetic rate of Phragmites australis to CO,
T 3% WL B K % & 46 FH o W |b 75 354K concentration under different light intensity

1 FRKXBFAESERBEERN CO, W BN A SN

Table 1 The characteristics parameters for responses of net photosynthetic rate to the CO; concentrations under different light intensities

UES AETEBEE RWBRUBE ¢ FEWRE RN AR K VPO 3 2R R, HMEEH 2
Species PDF (pmol/(n® +s) (pmol/(m® = s) P, (umol/(m?+s)) (pmol/ (m*+s)) (n=10)
EEXE 500 0.112 10,031 15,11 £ 4.77 1,74+ 0.49 0.981
Spartina 600 0.146 £ 0.012 16.08 +2.65 2..62+0.28 0.949
alterniflora 800 0.153 £ 0.056 18.59 £ 8.70 3.1120.9 0.966
1000 0.317+0.080 26.68 +11.76 7.47+1.20 0.921
PE 500 0.068+0.024" " 25.89+1.69" " 4.59+1.79" " 0.975
Phragmites 600 0.071:0.012" * 37.87x1.77"" 4,94z ,12"" 0.993
australis 800 0.089 +0.018™ * 51,76 £3.20" 6.38+1.74™ " 0.990
#* % TR p <0.01 means p<0.01
2.2 REIE O 2 Xt Cco, mﬁmﬂﬂﬂz -~ 450 ~a— B LK E Spartina altemiflora
2 ~=— ¥ Phragmites australis
EARR CO, MBHFMT , WBRELKESFEWRE &
Q
MEEER), REREH (B4 AR CO, RETHEL &
= 2
KER RBARTHE, BFMHEYH RRAL AR o
LA, X COo, REMT 400pumol/mol Bf , A E S H § ‘
& 050 . \ n

FEHKER R 5 BIRFFFE 1.75 ~ 2.20pmol/ (m’ +5) il 3.21 "50 100 150 200 300 400 600 800 1000 1200 1500
~3.47pmol/(m’ +s) , Y H X —FR{E 5, R shFF LA P A%, CO2 iR Cr (umol/mol)
HEMEEXKENEREERSTHE,H5Z Co, KES B4 BEPEULEEXHASIE CO, WEE(C,) MW

2| 1200pmol/mol B, R PR R B BRI AN A Fig.4 Response of dark respiration ( DR) of Spartina alterniflora and

Phragmites australis to CO, concentration
0.14pmol/(m’ *s) ,

2.3 EEREAERR CO, EFKM THRSEALAHER SLEEARMERLR
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2.3.1 EHROEBWE FEWE CO, BN 400umol/mol \JEIBAE AL K 200 ~ 865umol/ (m’ - s) S T X725 2%
B 64 E R AT E (B 5a) 0 FFEAME R 10min 2, P, H — B/ HE{E (4.88umol/(m’ +s) ) B, B )G F

BT T RE , X4 3R HE B 75 663 ~ 865umol/(m®+s) B, P, B KA HALH 0.831pmol/(m’+s) . R CO, ¥ H I
B84 400 ~ 1624pmol/ (m” +s) & T, EEKRE %t A3 R (H Sh) R 5 REN M —-BRBLEE, HE 4
I B 1 3R TR b T, 4O R 4 1522pmol/(m” +s) B P, A 3% 10.48pmol/(m’*s) o

RT#— S BREERE A E CO, R BE AW 57 HLA , 31 10004mol/molCO, \572 ~ 1165pmol/(m’ *s)
FBEMT M5B EHTIE (B 5c), EFK CO, E TEIEKER P, WIHATTF 1k whF B F ke, K ﬁ
15min G TRE , REF7E 804.67 ~ 1076pmol/(m” *s) . BN ELE P, WEKAMIENR 71.3%, HEEH P, |
B =K T R &4 400pmol/mol CO, ¥k BE At I HU{E
232 SIASESEBERNLE EAXESHENSILSEMABERRESGY O, KERRFHTR
AR, B 6a.6b.6c FHERT LR CO, REMARRMTAESEARXRERILEE(6,) &S
BEER(T, )AL, BE 6a.6b A 51,400pmol /mol CO, E T A EM ¢, M T, WHRI N BEMRMET M, IR
A3k 73.86% 1 66.01% ,[F — CO, YRE T HIEKER ¢, M T, WAK LA, EWE LR 558N T 0.019
mol/(m’ *s) F1 1,815mmol/(m’ s), & IFHE CO, ¥ E /5 (1000pmol/mol) LXK E ¢, M T, BEERK R K F
(B 6c) , AR RN IR FH7U” BRI LR, 24 3 A WA 10min 5,50 51 K R AME 0.035mol/ (m’ ) 7
5.50mmol/(m’ *s) i) 80.0% 1 76.3% .

Bt RFRILSE AEERSHEY S B RN EE FRMAHEXE (P <0.0D)#TTHH, EREH:
400ymol/molCO, YR FET , I FEY) G, 5 T, MM XM, HRERE() 373X 0.99 #1 0.86, FHE K :
HAEFHZ Co, WERMMAMERK(F >0.70), MK K BETRESFBEEKRE P Ak, Hin ‘
CO, ¥ & 1000umol/mol 5 , BLIEKE €, . T, BIHHXHEWES (r* = 0.26) , ILATHY CO, ¥ BT B N B E LK

2500 | a - AFREY par | 140 0.045 - 1690 i
a - SH.9% Gs :
2100 —— WA HE Pn 12,0 - 5.0 -
100 0035 & - AmEE T ,
1700 <4 4.0 3
8.0 [ .
1300 60 0.025 430 g
900 40 . 420 i
500 20 0.015 |- 410 ;
3 100 * Yo 0.005 o P
2500 140 ' = 0.045 :
2 2100 120 & o i
g 100 3 g 0035 £
. = 0. A
5 1700 80 g : ’
ay 1300 60 &£ = 0.025
ﬁ 900 40 # é
®
ﬂ 500 20 4!1 mb 0.015
' 100 o = =
g; A T 0003 ;
25004 ¢ 14.0 0045
2100 12.0
1700 10.0 0.035
8.0
1300 60 0.025
900 '
4.0 0.015
500 20 ;
100 ! L ! ! ! Lo 0.005 v
0 6 15 25 35 45 55 0 6 15 25 35 45 55 ]
WE R R ) Time (min) 5z { g i W) Time (min) '
BS FEGMEEXRE (b, )N EEETL M6 MPEGRMEEKED,)KLEESHEMAFHEL
Fig.5 Changes in the net photosynthetic rate of Phragmites australis (a) Fig.6 Changes in the leaf stomatal conductance( G, ) and transpiration rate

and Spartina alterniflora (b,c) ,(T,) of Phragmites australia (a) and Spartina alterniflora(b,c)
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BEP MG MEBEHETF(>0.75),
3 g

AR CO, MEFMTHYMESMMFERRABNLYSHMR EHXTRPELEEENASWIRES, X
BHXIFE CO, WEMMMEYAES-FRIEANEMIERFESF Y, ERATHRTREFEELET,
TP L 40 0 0 e S R R O R 43 BB CO, IR EAM T, BEBEENE, AR LBE
SREX S ERN A EEFT R, R CO, IREXEFRERMNTRBELETEER, BT
HEKREMAEMS , BALZEHES/FR-Co, MEHHARETESRECHRER FHRAZER, i, Hip
LA B RERTR/BESERGEYN Co, MENBMBEBREEXRY ., EERRELAT.E
TERFE TR BU M B LU P 35 R BUREY CO, M RIZE AL AL B0 M v D& B IR IR 3 R AP IAE O T E R i,
SR MR CO, YRIE M BRI Z0 400pmol/mol £H ,ERKRE T HIT A S H BN EHBHRIHE
THRBHYEEEAESENSE. AREKAGTEAKERLAAHNBERMUESHEFECERET
PERNREERENEZ —.

SR B RIIA RN~ EEERRR LA X 2R5E A T 5058 4918 B A o X R0 B A
HAEEHARAL R WA EFERANEN LR, Bk, Ry, IE K E 7 CO, BRIt
HEAHHABRAEFT T RPOASZAHRMNIE, AHRANHEEKRENEMH T EETEZLRR
CO, MEAMTHAABHRTHE, UHEIHENABEMELERR  BRNMED AT ELRGN
CO,- R aMtE, ARBERXREEKAE, A NIE, ESNBRM AR SEHERALRKRE,

4 it

B 97 38 L 4 S B TR B (2004 4F 6 A MR RE F R A OLRBEHRE .Co, R E), ¥ BRI\ ARMA R
MEESARMEIEKRELERR CO, KERGTHAGHEHITHR. MRERKA . TEXRESEY
HA-CO, WAL BEIF IR -CO, WM HLHIARF, BA A Y B CO, ¥R BE W38 hn , v O & 38 S8 34 , % I IR 3R 3R T
{B7E 400pmol/molCO, REM MY XM B BB EMELER 2 CO, IRE KT 400umol/mol A , ML ¥ ¥ H & &
REKEE BPRERERSE, BEAKEN P, MRYIBTHE, Y X —MEN, MUK P, FEH
ZRAETE EHAKEMEEENARE, ANEMERER, EHREMNRWRUMEERR Co, KE
KUETHHAEBHE AL, XE5AEEY AR CO, HE &4 (350pmol/molCO, ) T M & KL RAHM .
MY 64 1 A B I E % B, 400pmol/molCO, W H M4 TEAK EMNAWMCER G EE S FEMEE
BR)BEIH L FERABRIM, A ELE 1000pmol/mol CO, ¥R B &K FHRI H X EFER FHE o,
Vi BE 8 # Y6 A A B R B o

References:

[ 1] Daehler C C, Strong D R. Status, prediction and prevention of introduced cordgrass Spartina spp. invasions in Pacific estuaries, USA. Biol. Conserv.,
1996, 78:51 ~ 38.

[2] Ayres D, Smith D, Zaremba K, et al. Distribution of exotic cordgrasses ( Spartina sp.) in the tidal marshes of San Francisco Bay. In: Ecological Society
of America Annual Meeting Abstracts. Tucson, AZ, 2002.

[3] SunSC, Zhu X B, Lu C Q. Function assessment and ecological controls on alien species cordgrass. Chinese Journal of Fcology, 2004, 23(3): 93 ~ 98.

[4] ChenZY, Li B, ChenJ K. Ecological consequences and management of Spartina spp. invasions in coastal ecosystems. Biodiversity Science, 2004, 12
(2):280 ~ 289.

[5] PengSL, Xiang Y C. The invasion of exotic plants and effects of ecosystems. Acta Feologica Sinica, 1999, 19(4) ;560 ~ 568.

[6] YanGY, Yang W Q, Wang K Y, e al. Woody plants reépond to interactions between elevated CO, and increased temperature. Acta Phytoecologica
Sinica, 2003, 27(3):304 ~ 310.

[7] Ward J K, Strain B R. Elevated CO, studies: past, present and future. Tree Physiol., 1999, 19:211 ~ 220.


http://www.cqvip.com

pooo http://www.cqvip.co%’;

848 £ F % 26 %

[8] SimsD A, Cheng W, Luo Y, et al. Photosynthetic acclimation to elevated CO; in a sunflower canopy. J. Exp. Bot., 1999, 50:645 ~ 653.

[9] Zhao G Q, Zhang L Q, Liang X. A comparison of photosynthetic characteristics between an invasive plant Spartina alterniflora and an indigenous plant
Phragmites australis. Acta Ecologica Sinica, 2005, 25(7) :1604 ~ 1611,

[10] Thomley J H M. Mathematical models in plant physiology. Beijing: Academic Press, 1983,

[11] Xu D Y. Advances in the research on the impacts of atmospheric CO, enrichment and climate change on forests. World Forestry Research, 1994, 2:26 ~
32.

{12] Ward J K, Strain B R, Elevated COQ, studies: past, present and future. Tree Physiol., 1999, 19:211 ~ 220,

(13] Cure J D, Acock B. Crop response to carbon dioxide doubling: A literature survey. Agr. Forest. Meteorol., 1986, 38:127 ~ 145

[14) Loloyd J, Farquhar G D. The CO, dependence of photosynthesis, plant growth responses to elevated CO, : concentrations and their interactions with soil
nutrient status, I. General principles and forest ecosystem. Functional Ecology, 1996, 10:4 ~32.

[15] WuY Q, HuYJ. Researches on photosynthetic characteristics of exotic plants Wedelia irilobata , Pharbitis nil and Ipomoea cairica . Acta Ecologica Sinica,
2004, 24(10):2334 ~ 2339.

#8300k

[3] PBERBR BEH. ARBPAENESHRITN BN, £H¥RE,2004,23(3):93~ 98,

(4] BRHX, M BEERX. RERMEYABRKNESFRATHEMNK . L4924 ,2004,12(2) :280 ~ 289.

[5] oM, 0ER. MYARBARREMNESREMBN . £5¥IR,1999,19(4) :560 ~ 568.

(6] B&R. I, EFE%E. AKEW CO, ¥ B FiB E 7w B0 51 B bz . 484 4 5 5441 ,2003,27(3) : 304 ~ 310,
[9] B, HARRBRE AESAGHEYERKRENCERELE. £B¥M.2005,25(7):1064 ~ 1611.

[11] #%WR. KK COo, MEAMKFEEMMRAN B MBI ITHER . R AL ,19%4,(2) .26 ~ 32,

(15] REWR.BFEE. SAREYEXEHG HESMAMERHAE ST, £5%HR,2004,24(10) :2334 ~ 2335,



http://www.cqvip.com

