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Effects of elevated CO, concentration on the photosynthetic physiological

characteristics of Gracilaria lemaneiformis grown under different light levels
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1 Jiangsu marine resources development research institute, Huaihai Institute of Technology, Lianyungang 222005, China

2 Marine biology institute, Shantou University, Shantou 515063, China

Abstract: To obtain the adaptive capacity of macroalgae to light-change environment in future elevated CO, condition, we
selected the economic red macroalga Gracilaria lemaneiformis as the experimental material to study the co-effects of light and
CO, on the growth rate, respiration rate, net photosynthetic rate, chlorophyll fluorescence parameters and the contents of
photosynthetic pigments. Two CO, levels and two light intensities were set in this study. The different CO, concentrations
treatments were set as (1) actual atmospheric CO, concentration: average of the pCO,was about 390 wl/L; and (2) High
CO, level: pCO,concentration was about 1000 wL/L. Target pCO,in this study was achieved by bubbling pre-mixed air-CO,
mixtures from the plant growth CO, chamber, which controls the CO, level with a variation of less than 3%. The different
light levels were attained with cool white fluorescent tubes (300 wmol m™ s, HL; and 100umol m™ s™", LL). The

culture medium was renewed every two days using filtrated seawater and about 64 and 8 pwmol/L concentrations of nitrate
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and phosphate were added, respectively. The culturing densities of G. lemaneiformis were controlled exactly to maintain the
pH in the medium changed less than 0.05. Our results showed that the significant interactions of CO, and light were found in
the photosynthetic performance and relative growth rate of G. lemaneiformis. elevated CO, concentration had no significant
effect on the relative growth rate of G. lemaneiformis, but light played different roles when the thalli was cultured in different
CO, levels. In atmospherical CO, condition, no difference was found between high and low light treatments ; while the higher
growth rate was found in the high light treatment when the thalli was cultured under high CO, level. CO, stimulated the
respiration rate of G. lemaneiformis cultured under high light level, but no effect was found in that under low light condition.
For net photosynthetic rate, CO, showed the negative effects when the thalli grown in low light level, while no effects was
found in that under high light condition. The relative electron transport rates of G. lemaneiformis were not changed under
different CO, levels, but significant inhibition was found when it was measured under high light. The lowest concentrations
of Chl a and phycoerythrin were found in the thalli cultured under high CO, and high light condition together. From the
results we get above, we can get the conclusion that increased availability of pCO, down-regulated CO, concentration
mechanism (CCM) , which together with the increased seawater acidity led to higher sensitivity to excessive or stressful light

intensity, leading to doubled edged effects of G. lemaneiformis. We should fully consider the co-effects of other

environmental factors with CO, when estimated the effects of CO, on the macroalgae.

Key Words: Gracilaria lemaneiformis; CO,; light; growth; photosynthesis

KA CO, MR BE M Tl A FT A9 280 wL/L Jil
B BUAE Y 390/ L, I H Bt E Tl i & )&, AR
BRI, 22 5P R CO, M EEAR S TPCC T
B (ATFL) (4 450, £E A i 20 oK #% 3k %) 800—
1000pL/L by bR 36 1 R 24 70% 1 i P S — A
E R AL, CO, M A KK 1 pH A T BE 0.
3—0.4, BORE X FE AR S R Gu s i K s
DA 1 R, X RS CO, T A S 3 1
PERRAL K 22 e A A8 8 1 W 38, 1T T 5 o T i TR ) 5
M), VR R T B 2 AN B A, (H S50 i T 98 6 I, 3
IKARIEIRE S K AR Ak, I ELIX b R Ak A FH b v 5
@R AETRN R, 4 K R I 2 R R T 2
BN Y 5 oR ™ KR CO, e B TR AR v K Y
CO, VR BEAR R I, w] LI BRI 2 AR IR, X
Tl R A A 114 67 T A5 AT C.O, ¥4 T2 86 1 ) 1 T 807
[ st VR P T 4, O EL7E R[] B 3R 58 (R 1A Bl b 3%
BRI ZEA RN

AU R A T R I I, B ARGV R T Y
TN B HE AR 1% HHEITTHR T 29 10% BRI 9%
A7 07, KA COL 38 N 55 R Y g 58 ) B 592 5 7 U A
YIAH ELEL D R 5 A BRAR (b o 72 e Ho A 3R 55 A
FRIZEERON T TR R A A
W, HBle A, VR, SRR P R AR
dn T ) EE 2 JEORRL AR TR Y R A S A

RUEFRIIFRIA . JEAFRAE IR IH X B A K A3,
HAEA o3 A R B2 A 52 IR R i A2 Ak, #5232 1Dl
SRS BB AL AR ST AR R R o, Tt
1ol BT PR SE TR YR A8 X e 25 A AR AR Y
SR PR CO, e B MTRDG 3 A B 25 5 2800, h
RAIEAEE R FRIH R TE A BEIE S HF

1 #MREFZE

1.1 MRS

Je 5= (2007 bR BUA T AR ALK T R R
FRIA X, 15 B =W 5 1EE B 1 X EAT 3758, 2B H
R R & R LR E AN AN I =g i
FEBEAR BT AL 3em A4 1 /NBE, #E 20 °C LB 100
pwmol m™* s 1300 wmol m™* s~ 52— 2 W5,
PR PR B A AT 505

SEER BT L 4 S AN TE] CO, FDG IR AR HE, CO,
BNz R EAKE (LG, CO, M EE N 390 pl/L) A
& /KF-(HC, CO,#EE R 1000 /L) ; Gl e 2
SAEFR A XA A A A TR BE I 16 (HL, 300
pwmol m™ > s™") I (LL, 100 wmol m™ > s™") PH~EA
BE ., OXFESLIRAT 4 ASAb L 4354 LC-HL, LC-LL,
HC-HL fil HC-LL, # CO,/K it CO, /Y5 546
IRBL(EIURAE  HP1000C-D ) |, T %38 % /Nl a8
(R JE 455 37 A9 47150 3088 6 AN [) J2 0018 v e o 4 o L

http ; //www.ecologica.cn



24 1) A 55 KR CO, WA R A KO0 T IR A A BRI 1 2 7295

FEBEN 20 °C,JERE AR 12 h 212 h, SEEH T IR
15K R KA RIRIF K (FRESN 30) IR — & 2 1Y
N, P(64umol/L NO; ,8umol/L ) PO ) , 45 P KA 7K
—UIFIRER, B R KT A A KR CO, W BE 1Y
25 SEAT A B AR RETE 0.1 o/L B KR I
ORI — ELAL AR AR 2 1 pH T, I 4R A
[Fi) Ak B[] 1) ik PR &k 2R 48 ) B (pHL B ) A8 fb /I F
0.05,pH ZBALAFLLILIE 1)  BEANAb 3 3 N E A 4b
B2 ARG T AT AR B AR A A

821 = XK Bk
1 #ukis
8.0
7.8
T 76
74 +
72 F
LC-HL LC-LL HC-HL HC-LL

1 A[E CO,REMARENZBELAE TR MIELEF MR pH
EEERIENELER

Fig.1 The pH changes of Gracilaria lemaneiformis cultured in
different CO, levels and different light intensities before and

after the renewal of the medium
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Table 1

light intensities

Photosynthetic parameters derived from figure 5 of Gracilaria lemaneiformis cultured in different CO, levels and different

JERER R
Light use efficiency

R X 38 T

Maximum relative electron transport rate

4b s A RIRL/ (pmol T m™ s7")
Treatment Light saturation point
LC-HL 1734.62+319.74 a
LC-LL 1090.70+118.43 b
HC-HL 1398.55+101.22 a
HC-LL 1077.67+126.77 b

0.14+0.03 a 156.70+15.73 a
0.10+0.01 a 102.48+1.65 b
0.11+0.01 a 123.67+19.40 ab
0.10+0.02 a 112.86+9.48 b

LC-HL: CO, % HR -6 LC-LL: CO, X MR- HC-HL: CO, & -%); HC-LL: CO,Jn&E -k
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