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Photosynthetic responses to Solar UV radiation of Gracilaria lemaneiformis

cultured under different temperatures and CO, concentrations
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Abstract: The marine red macroalga Gracilaria lemaneiformis (Bory) Weber-van Bosse ( Gigartinales, Rhodophyta) is an
economically important species for cultivation in China. The cultivation of this species has been extensively spread which
could be found in both northern and southern parts of China. This species could support as food resources for both human
beings and aquaculture, and could also be commonly used in agar industry and biofuel production. The growth condition of
G. lemaneiformis in natural environment varied frequently (especially the temperature, light intensity and quality, pCO,) ,
which would potentially affect the physiology and photosynthetic production. Though the physiological and ecological effects
induced by these environmental variations have been extensively concerned and studied, multi-factor coupling effects to
marine macroalgae are still less documented up to now. To study the physiological responses of G. lemaneiformis to multiple
stressors of ocean acidification, rising temperature and Ultraviolet (UV) radiation, the thalli of G. lemaneiformis cultured
under different temperature (20 “C as control, and high temperature group where it was increased by 4 °C to 24 C) and
different CO, concentrations ( ambient atmosphere CO, concentration, 390 pL/L, and elevated CO, concentration set at
1000 wL/L which expected attain in the end of this century according to IPCC report of A1F1 scenario) for two weeks, and

then the algae were treated with three levels of radiations ( Photosynthetically active radiation, PAR, 400—700 nm;
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Photosynthetically active radiation+Ultraviolet A, PA, 320—700 nm; Photosynthetically active radiation+Ultraviolet A +
Ultraviolet B, PAB, 280—700 nm ) respectively, in the short-period. The photosynthetic pigments and chlorophyll
fluorescene characteristics of the thalli of G. lemaneiformis were determined. The results showed that ocean acidification,
rising temperature and UV irradiance alone did not affect the concentrations of chlorophyll a and carotenoid of G.
lemaneiformis, and also no interactive effects were found among the treatments. Elevated CO, in culture generally did not
have a significant effect on the value of maximum relative electron transport rates (rETR,, ). Temperature had no effect on
the photosynthetic light-use efficiencies for thalli of G. lemaneiformis. However, exposure to UV radiation strong reduced the
values of light-use efficiencies. Moreover, exposure of UV radiation significantly lowered the effective quantum yield in both
G. lemaneiformis thalli grown 20 and 24 °C, with the inhibition rate being more pronounced in the algae grown under high
CO, condition together with increased temperature than the algae grown at control conditions (‘ambient CO, concentration
and 20 °C ). Combine effects of ocean acidification and rising temperature enhanced the sensitivity of G. lemaneiformis to UV
radiation, which could be reflected by the increased damage rate (k) , decreased repair rate (r), and finally decreased
ratio of repair to damage (r/k) in the thalli grown at high CO, concentration together with increased temperature. Taken
together, we proposed that under the background of global change, intensified UV radiation (ozone hole continue exist) ,
increased surface seawater temperature and enhanced ocean CO, absorption (ocean acidification) will synergistically exert
negative effects on photosynthetic performance of G. lemaneiformis, and could thereby potentially decrease the yield and

affect the aquaculture of this species.

Key Words: temperature; CO,; UV radiation; Gracilaria lemaneiformis; Photosynthesis
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1.1 AR

S R T 2012 4F 5 7 22 HRE T AEAMIRERREHITEX CRER T 2 h B ESHE  JFELR
EHOERAIE AN SR RN 20 °C, YEMEHREF A 100 wmol m™2s™ SR R EI (L) -1 (D) = 12 h:12 h, I FHHEK g 46
TFIX Y ARIEK
1.2 LSk
1.2.1  CO, M BEHa I KB 35 45
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AR, EHEINA 500 miL 3338 K AL K (R 28) , I A 100 wmol L™ NOS FI 10 pmol L™' PO} B I35 53 B2 Ay
FEBR&, i R R A AIE R CO,(Low CO,, LC:390 wL/L, /KX CO, %) FIF CO,( High CO,, HC:1000 pL/L, # 3
IPCC BERITILN ) 2100 42K, CO, AT AR BNV JE) RAREL 2 4> CO, B . IEH CO, il 1 B 30l A 72 AR I & b2 SRR,
1= CO, M CO, K554, W = Shas K 54l CO, TR G /5 R I(HP1000G-D , I AE5 ) o T E 2 20 C (X HR41) F1 24 C
(SZUH | TR IR S8 21K IR BE B W A, BOHTE 2100 4R 38 )28 /K LRI 2032 8 1—4 °C 1) B e %o BE 20 JE A
LR 4 C) EFR R R LI R, IR HIAE 300 mL/min, YEIREREBEE N 100 wmol m™ s JGREH LiD=12 h:12 h, %
REHIEFRIK K IBE L R RREE A CO, b, BARZ AT 553 2 A S5 HEF 75056
1.2.2 pHilE
R E] B RHK BT AE 35 S5 A A pH i ( Mettler Toledo DL15 Titrator, Sweden ) , pH 318 F i ] NBS( National Bureau of
Standards ) 8% IEVEH#EA TR IE , 8 (R 35 S 9 [E) 7K 1Y) pH (EZS AR IR /N T 0.05,
1.2.3 SRS AL
PR FR S BORTR CO, MRS T B SR E T 15 mL A 348 b IR R 15 7% 3E , Bl 20°C -IE# CO,(LC) \20°C -/ CO,
(HC) \24°C-1EH CO,(LC) 1 24°C-5& CO,(HC) 4 Nb3, BANEH N MR SN A T LN 3 FidEif b3, (1) PAR &3
(400—700 nm) ,# Ultraphan395 &A% (UV Opak, Digefra, i [EI 52 JE 2o AR ™) 28 T A 9240, 7T LUK UV-A (Ultraviolet A, 320—
400 nm) X UVB( Ultraviolet B,280—315 nm ) 37 BE A6 3EFR; (2) PA 4bBE(320—700 nm) , ¥ Folex320 ¥ 1% ( Montagefolie , No.
10155099 , Folex , 74 [ fifii 3 75 4= 7= ) 40, 28 F A Je 45 41, AT 38 B UV-B I By, AT AT LL3R4S PA B2 B (3) PAB Ab ¥ (280—700
nm) ¥ Ultraphan 295 JEH#R ( UVOpak , Digefra , f5 £ 58 Jg 22 A= 7= ) G2 F 4 JL45 4 2T LSRR 2 3 B AR 5T . B R A
PR 3AEE , FRS AR A TOGIE R A RS A5 LT ARUR FHOGE | IF e 8% SR U S AR ok AR e o, S25 i
RABE A ILOG PAR AYSRIE R 87 W/m®(Z°4 20 °C E5FE5RA 100 wmol m™ s A (AR FDGIE(E ) , UV-A YR N 24.5 W/
m?, UV-B B3R 1.44 W/m® | FRETEHE] 9 138 min,
1.2.4 MEEISCSHIN T
AT SR AL BRI A R S Ak 35 AR P B A T AR AT K bR il 964 ( XE-PAM, Walz, 78 ) T i s HC PR S ma i i 2k 22
HRCAZERCR (Yield) o PLaGmp; 4 (RLC) i 8 AN GomAh & (156,226,337 ,533,781,1077,1593,2130 pmol m™s™") [
Skt , B EsR AR B E M 10 s,
AHXT HL T4 35 3 % (rETR) 851 DL T I AR HE
tETR = Yield x 0.5 x PFD
o, Yield £R MRS 1A ROEI 3R, 0.5 IRFE RS TR E T 5 B8 50% , PFD R Y6466 58 BE ((wmol m™
s
PR G 17 AR LA A AT IS 2
y=1ETR,, X (1-e " ™) [, = 1ETR,, /
o,y RE ETR, « RFEHH G ETR,, AREE AR B F 3%, o [RRIERERHACR 1 A F MR
UVR B (r) A543 38 (k) 4 Origin7.0 #4 F 4w S Bt o 15 306 T2 58038 ( Yield) {4 BN R — JTTHE 3L
TG .
y =a+bxXexp(—cXt)
AW T AR E W r 5k,
y=r/(r+k) +k/ (r+k) <exp(=(k+r) xt)*
FHXT FHILG A Yield, PAR PA J PAB REAEAL2E30E Yield AOMHIR B 0T .
Inhp = (P =Poan)/Prysa* 100%
Inh,, = (Pyu—Ppy) /Py * 100%
Inhp, = (Pyiu=Poas)/Pru* 100%
A, Inh,,, . Inh,, & Inh,,, 2878 BT PAR (PA & PAB138 min J5#HXT T Py, (W11E Yield {E) FIFIHI 2, Py« Poy B Py 7R
PAR .PA } PAB T 138 min J5AY Yield &,
125 @ENE
FRIBUER ST A S A BER  IF A 5 mL FEE 4 °C VKAE P R 4R I, R IBGR A 43 60 B2 10 e 4 sk B i) % {E ( DUSOO,
Beckman , Fullerton, California, USA) , M4t a fiTBE S Wellburn! ' JETHE N ERMITE SR Parsons' " .
1.2.6 Hdngeitoath
AR AL HE 2 [8] 1) (@ 3 PE B one-way ANOVA ( Turkey ) TEZE T HTH 1 Origin 7.0 THEAT /04T, IR BE | CO, ¥R J3 B4 i Ak #[A]
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HIAZ H RN AT 2 3-way ANOVA TEGEH 3 SPSS16.0 T #4740 0T (W B3E/KFH P=0.05) .
2 GRE54H
2.1 AH4EFHLEETHEES T
TREESR 20 °C K 24 CHF, IEH CO,(LC) K& CO,(HC) T AR AN BEF MR ELRAY PESELTREER
(P>0.05) , FCAKBHBLIUAS T 555 138 min J5 , (AR S 7EA BT B E 25 WS Bt R g m AR & 5 (P>0.05) .

[J20°C 24°C

250 120
- —
200 | B g |
g, 5
) 2
41 2 150 %D
&S 22 60
¥ = 100 B2
T E B g
o =
E s0 g 30
—_— <
5 @]
0 0
mMEms A& A < < @ m s ¥ A A& < < @ m
BEZE O 0o & & £ < S £ g ¢ & & 2 <
EDE A T O O Y A E E A I u U & A~
i 2 0F O O 50 2 F U
g S = & R - F
8 % Kb ¥ Treatments Kb ¥ Treatments

1 HEFHBURESFA(P) FIRAMLEINE A(PA) RFTAMEIMNE A FNLL5ME B(PAB) (RETALE 138min BHRAEHFER
KPE MERRE

Fig.1  The chlorophyll a and carotenoid contents of Gracilaria lemaneiformis under culture condition and after exposure with
Photosynthetically active radiation( P ) , Photosynthetically active radiation + Ultraviolet radiation A ( PA) and Photosynthetically active
radiation + Ultraviolet A + Ultraviolet B (PAB) irradiance for 138 min

LC MIEH CO, 4P (390 pl/L) ,HC A CO, 4bFH (1000 wl/L)

2.2 RIREESHAE BT A6 i il £k
& 2 B B AR ST 3R B o AR R HE S AL FT 138 min J5 AR 0 107 Bl 2R 1 308 s xR St i )37 i £ 04790
ATW%WHLIETH’W#:%?%L FOR(ETR,,,, ) , JGHEFIFHZCR (o) LRABADEIR (1) (£ 1), ZREF E0H R,
TRLEE I A B M HOBRER FARCR (P>0.05) , SR 1 TEiE & LC #82 HC KFF= M A0 38, 40 5 b B i 32 A0 T HOR BB R FH AR (P<
0.05),

F1 REE2UERBHFRBER CO,RE TERNEAERKENEFERBER(ETR,,, ) JEEEFRARE (o) RIEFINE(,)

Table 1 Photosynthetic parameters derived from figure 2 of Gracilaria lemaneiformis cultured under different temperatures and CO, conditions

R AR AR e KA L JEREFI AR AR
Temperature/ °C CO, concentration 5 336 3 % rETR, « I,
20 FUNGEEETS Wil fik €O, LC 65.49+5.93 0.20+0.05 340.07+90.08
# €O, HC 64.8+5.34 0.17£0.04 396.23+112.17
p fik co, LC 77.51£11.40° 0.1420.04 566.80+72.38
# CO, HC 79.69+4.61" 0.15+0.05 546.78+138.70
PA i CO,LC 76.15+20.64 0.07+0.03 1170.88+731.18
% €O, HC 81.962.53 0.09+0.01 917.42+111.88
PAB fik co,LC 82.23+4.96 0.06+0.01 1329.21+58.13
& €O, HC 78.42+18.93 0.05+0.01 1450.90+442.93
24 FUNGREE S i fik co, LC 70.69+3.48 0.1420.02 534.73+111.94
& €O, HC 66.71+5.09 0.18+0.03 384.37+57.51
p fik Co, LC 79.27+13.46 0.14£0.03 587.55+166.20
& €O, HC 92.63+27.34 0.14+0.02 633.26+121.24
PA fik co, LC 66.89+8.57 0.06+0.02 1115.04+393.55
& €O, HC 70.28+7.08 0.10£0.04 746.83+247.03
PAB fik co,LC 78.40+8.98 0.06+0.02 1371.83+431.53
& €O, HC 70.29+3.00 0.040.00 1596.87+54.27

rETR,,,, TE Pl BE LR A RS AL R LC 5 HC BB 2E 5% P Al Mot PA: AIUEINEESNR A5 PAB: AULEHNEEAME A fNEE5hek B

max

http ://www.ecologica.cn



5542 JAE = 33 %

LEE SN 20 C R AR T3 FRC0R N ROLREF IZCR , P AR A ma HOGRE A FIZCR (P>0.05) 4R 7E PA T PAB $@4Ab
G LC R T 62.80% (P<0.05) F1 69.21% ( P<0.05) , 1fii HC AbFH I 43> HI AR T 47.05% ( P<0.05) Fl 67.63% ( P<0.05) .
TN 24 CHE AR FREFRIER T WG RER AR, P A BRRIRE A S i OB RE R 3 (P>0.05) , i e PA J% PAB fRfHAb 35
LC PSR T 52.33%( P<0.05) Fil 55.35% (P<0.05) ,HC N4 BIFEAK T 42.12% ( P>0.05) Fl 75.00% ( P<0. 05) ,

AHXS T FR0R R ARADEIR M, PA J PAB AFE R &4 = T HARFDEIRH ( P<0.05) , (HIR B & CO, We B AR I ™= A 5%
Wi ( P>0.05) .
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2 ¢
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