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JE TH AT LI B2 M R RS [/ T AR 22 57 10 CO, R
BB TR 3 M 48 W (Aegiceras corniculatumy | [ B £
(Avicennia marina) B4 K & . 1 AR (Bruguiera-
gymnorrhiza) FIE L8 (Rhizophora apiculata) i 56
BYEHIEAE CO, e B InsRt= , Sk I, iR
FEAME F 1 R VIR A CO, MR 38 Jin 4 1k g 5 B
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¥ ( Thalassia hemprichii ). % M 2 ( Syringodium
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B3 (Zostera marina L) 26 -ERIR W i 80 &
RILE T, & 88 FE Rl (Zostreraceae) 8 XL J& (Zostera ) ,
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PEXF BRI B R e T RE T AR T
1.5 BIESH
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2 HiR

2.1 TREBEAF

SCHG I A5 S HR A I N T AR IR 1 B
IR FIER FE PR R AR P 3B 0 17,9 (C I 32,
K pH Fl CO, ¥#RZ A3 I T B 1 pCO, WZE A
ThHE (P <C0.05) . BAE (TA) By 2L AW 2 (P>
0.05),

F1 TRMESERAFEETOSWL(FHEHREE)

Table 1 Changes in environmental factors under different CO; levels during the experiment (mean+SD)

78 SEEG2H Treatments
Environmental factors 380X107° 750 X107° 1 900X107¢ 633>X107%~1 900X 107¢

%gfirsgizgzéz&ioncentmtion/x1076 495,63+82.80 870.71+157.31 1 965.20+393.52 613~1817
hFEE Salinity 3241 3241 3241 3241

¥ FE Temperature/°C 17.90£0.05 17.90£0.05 17.90£0.05 17.80£0.05
pH 8.4340.06 8.3440.05 8.2040.11 8.156~8.44
BB Total alkalinity/mmol « L7} 2.4540.09 2.4140.09 2.4440.06 1.96~2.47
pCO;/patm 1.62+0.29 2.1940.38 3.4740.55 1.40~4.13
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[y
2. 34 KIE

FEPRIT 7 EfREY AT L (@) AT - BECO2
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1.11 mm | shoot-1 / ddl (L& 1(b)~(c)) - #525G4H
R T EREN LS R R —20 RECO2 3K
WS 2 TTEA 220 BT AE1 900X10d6
IHAETERAME(S. 0 mm) 2 S T4 (P<<0. 05)
(WA 1(d))

. sboo ™

"Od A [0FPO[ SPOOVOIN

INZCNOdO d3INO0IOC.ININ

380 750 1900 F
TS ALk E COL concentration/x 10-6

(CBUB R SEGE TR A RS B2 BV E T RER R 8] 25 B3 (P<0. 05)  FFRIRCO2 SRR E (L5240 4H » BICO2 S ARk BE AR Ja it A 5B Z 40
i 380X10-6Ff=% 1 900X10-60 [N[H - Data are means +:S.D. of means. Different letters above error bars indicate significant differences among the
treatments (P << 0. 05). F represents the fluctuating group of which the CO2 concentration changes over time from 380X 10-6 to 1 900X 10-6. The

amebelow )

A A [FEICO2kE B EAE PRI AR (a) SR FR(D )  ZETTEE R (C) 2 TTE (D)L
Fig.l Changes in (a) leaf elongation rate (b) leaf area per shoot (c) internode elongation rate and
(d) internode diameter of Z. marina plants under different CO2 concentrations

8 FEAE IR TSI ENR 2 - AR TT#=
PA N TR SR v £ ] 1 B2 A e Y R A N ST )~ <

p=d co2

L= REEZS (+ =0. 05), S PH{E B
3. 6,2.3%15 4 mgDW / shoot-1 | d-1

( + )

Table 2 Changes in productivities of Z, marina plants under different CO2 levels during the experiment (Mean—+-SD)

SEI64H Treatments

A1 Produciviy 380X10.6  750X10-6  1900X10-6 633X10-6~1900X10-6 P
;%jéi?;@fnf; \S\',?,r?iﬂiot_l 4L 3701088 3651072 3.82.-1.36 3.22.+-0.45 050 069
ﬁ?;i?;@?nféogﬁ?ug&ot_l 4y 2211050 2281053 2331025 2221037 009 097
i g Totalproductivity 4981129 5651130 5.93+-1.72 4.911-092 087 047

/mg DW « shoot-1 ¢ d-1
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2. A% LEEaR R RICO2RE BRI K42 e B 542
BT H AR RS (ENESFTR - GRE a8 A BB HHEECO2 YR T S T

T R [EICORFENHEMRIF (R a IH42Eb 3 B3 T°1 900 X 10d6i HAFIR A {4 725 5 1380 X

FHEZAREIS N2 R L] R (P&O0.05) - (5 10d6f1 750X10d65:4441(P<0. 05)(1LA 2)

= co2 +
Table 3 Changes in photosynthetic pigmentcontents of Z. marina plants under different
CO2 levels during the experiment Mean--SD

HEdmE 86 2H Treatments
“ F
PhotosyntheticYigment 380X10-6 750X10-6 1900X10-6 633X10-6~1900X10-6 P

UEED 11.584-0.99 N 10.731-1.32 B

Chlorophyll a/mg + cm-2 9.37+:2.48 9.41 1143 172 023
252D

Chlorophyll b/mg + cm-2 4784103 4244113 5.29-+- 1.05 4.62+0.80 067 059
S S 13941238  13.33-+-359 16.521-2.68 13.34+-1.84 107 040

Total chlorophyll/mg + cm-2
KR MR

Carotenoid/mg * cm-2 2.12+0.30 1.91+0.54 2.30+0.25 2.19+0.33 0.75 0.54
2 A [FECO2MKE B FE I 4x 2Ka S [FEICO2 ik il it kit A LIS IR
SESHgEEbe s (L Fig.3 Change in POD activity of Z. marina plants under
Fig2 Changeintheratioofchlorophyl B diferentCOzconcentrations

andchlorophy B bcontentofZ . mBrinB
plantsunderdiferentCOzconcentrations

2.5 PODEJJMIH AMRES &
iy FEAEARPODIE JJ YA LA 3= - [FECOL
SARIRE G I FERRPODIE /1 2 B Se g hnfE s b EviEa
A H-TF-750X10d60 A B A (B (25.9 U/mL), 2%
= T R AR AR B SR G 4H (P <<0. 05) ' 73 Bl X Y
DNEIGHAY2. A2 2% - EEREPRAE M S B
AL E AR~ - BECO2S AR R N Al R r] AT
W8 2 IR Errayas J1+5-1 900X10-6Hf A
B ARE(35.3%) & TR AR E (b6 4
(P<O0. 05), 2 XA ELIGH AL 6% E AR [ECOvk T B tE kA ME S BTk
Fig.4 ChangeinsolublesugarYroYortionofZ . mBrinB
YlantsunderdiferentCOzconcentrations
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IR KA ITTRE S B 4 s AE N L/K A0 (L]
5) - B CO2 AWK IN AEARZE TR U &
FHE BUZRWIE R IY#EEA 1 900 X 10-6 A S 5 A (H
(0. 54 mm2), &= TR NI E AL aGH (P<
0. 05), 73 Al @ 2X PA- 3L 96 2HAY L. 7 RO 1. 55 ( UL
(a)) ° FECO2 /ARG AN TR 5 A D) =
Tt E I g RHIRESS -1 900 X 10-6f A F e A
{E(0. 53 mm2) 7 & & T X IR (P<<0. 05), &\
2. 1 (ILEI6(b))

(LEEELH 2 20 fk S e 5, 4538 - 1 Parenchyma 2 Leaf vein
3Centralvascularbundle4Airway0)
S IR V) (F) FIZE T UIE (G ) R E
Figd5 Thepicturesofleaftransverseairway (left)and
internodetransverseairway (right) ofZ . marina plants

K &1 [F]CO2 k& B FEAE AR 2 T U < i A ()
7 A i =GB TR (b)HY 2L
Figdé Changesin (a)internodetransverseairwayarea
and (b) leaftransverseairwayareaofZ . marina

plantsunderdiferentCOzconcentrations
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Effect of Elevated Atmospheric Concentration of CO. on Growth of Zostera marina

ZHANG Yu, XU Jun-Ge, LIU Yu-Xin, ZHOU Yue-Yao, LIU Xin, HE Xing, ZHANG Pei-Dong
(The Key Laboratory of Mariculture(Ocean University of China), Ministry of Education, Qingdao 266003, China)

Abstract: To analyze the growth response and physiological adaptation of eelgrass (Zostera marina) to
elevated atmospheric concentration of carbon dioxide (CO;), the effects of four different concentrations
of elevated atmospheric CO, (380X 107%, the control, current CO, concentration), 750X 107° (corre-
sponding to CO, concentration at the end of the 21 century), 1 900X 107 (corresponding to CO; concen-
tration at the end of the 23 century) and changing concentrations from 380X 107° to 1 900X 10~ gradu-
ally on the survival, growth, photosynthetic pigment content, POD activity, soluble sugar proportion
and transverse airway area of leaves and internodes of eelgrass were examined under laboratory condi-
tions in a period of 30 days. The results showed that no significant difference in survival (>>98%), pro-
ductivity and photosynthetic pigment content was observed among different CO, concentrations; howev-
er the elevated concentration of CO; significantly increased the leaf elongation rate and internode diame-
ter. The maximum leaf elongation rate and internode diameter were obtained at 1 900 X 107°, which
were 1.4 times and 1. 1 times higher than that of control. The ratio of Chla / Chl 4, soluble sugar pro-
portion and transverse airway area of leaves and internodes of eelgrass gradually increased with the ele-
vation of CO, concentration, and maximized at 1 900 X 107°. Our findings suggested that elevated at-
mospheric concentration of CO, may promote the growth, photosynthesis, metabolism and gaseous ex-
change of Z. marina, and such promotion is more obvious with the elevation of CO, concentration,

Key words: Zostera marina ; CO, concentration; survival rate; growth; leaf elongation rate; soluble

sugar; alrway area
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