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Whatman) I, Il A 5 mL Jo/K H BEHE U 28 2 a, iR
4°C W vKAR T, BRI . g SRR o & AT, K
P it 442 IO B A v V8 R B0 AL b B0 (5000 g,
10 min), BUH BRI o FHERER a 1900 1 52 40—
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665 nm, 750 nm 3 K B ROG R, 14k K a(Chl a)
RO ¥ BE {f FH Ritchie®™ #9205
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(5

I, Ao Ags R Aysy 70 590 278 B il 72 X 0L I 4T 19

W B, TR T A5 5 S P AR A0 35 A v R T
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A= ¥k (BSH) M52 i, B 100 mL A 36 8, 4 o4
UEEINR ALY [, 80°C S5/ THET 24 ho BSi A fift
FH Brzezinski Fll Nelson®™ (1) 0 g £5 & (5 1, FH Mk 3
0.2 mol/L ] NaOH &b HELAF: i 40 min, S8 )5 Ji A B2
1 mol/L HC1 "1 FEEfIN A SH R B Fide 70 52 Bz S, Al
FH 43 5656 BE 110 5 A 5 7R B4 810 nm &k Y IO
JE, 38 3 A v R R B N AR v R TH AR A
BSi 7 ik, PR 45 5 200 vk R R VR R B R A B R
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20 000 cell/mL), BF3& R 15 min J&, 2 HG R 48 11 1
e KA i (Fv/Fm) oS85 e PR S e 7 i £
(RLCs), M i th 2 ot s e 8 7 06 2, S 40y
K 10 pmol/(m?s), 20 umol/(m?'s), 50 pmol/(m?s).,
100 umol/(m?-s), 300 pmol/(m?*s), 500 umol/( m*s) F
1 000 pmol/(m?s). R ma [ [t 2k AR X 1% 33
HR(rETR) FH R 0 115
rETR = PARx Y(II) X 0.5, (6)
X, PAR RAGAOEIREE; Y(II) £ RS A
ROt i P Oty th 26 T AT
?u%:
rETR = rETR,,xtanh (@ X PAR/rETR,..), D)
o AL A 15 B0 S 80h B R AR X 7 A i i 5
(rETR,.). WG HE R HRCR () DL AR FDE 58 (16),
Ik v LU AR A 0 5
Ik = rETR,./a. (8
27 XEERMERERNE
A A FH 3 238 0 W2 A P 3 3 A ] YRR 4R
(Oxygraph+, Hansatech) # 17 I % o I 7 Bsf it FH AIG IR
fE % 7K ¥ H ( DHX-2005, 7 5¢ 5% BR A & i 38 A7 BR 2
) ) K AR R I N R K IR A L AR 20°C, T RE DG G ik
S R B G585 B 150 umol photons/(m?s)( 5 15 5#
FAFARTED), JGUE Ry i Z AT, 7E R ST I AR
FHEE AR K 35 WS o 3] e by Ay b, e 3 i i s g il v
AL T S 3 R R AT A R RO T RO G R R
WA FH B % G A T 383 (Pn) R I AR ] R

(R F VAT A5
Pn = Ratey /N, 9)
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o, Rate, F1 Rate, 43 5 3 7810 53¢ W 05 TR SR AN FE &
TR AL N o5 I B 21 R PN A4 A v 2
2.8 HIEALE

A EE AR CF Y I 22 ) o o AR 4b
P2 (8] ) i 3 1 22 5 A one-way ANOVA 434, 3
PEAKF 1% B 0.05. KHE (19 Ak 38 1 43 B 48 FH A1

Origin 9.0 FI SPSS 18 #f4:
3 %4

ARl pCO, K- 11 K, B & pCO, /K 1 T &,
T IK B EE A ARk, pH M (9.01 £0.01) [ % (7.63 +
0.01), DIC, HCO;#1 CO,(aq) ¢ J& 2 i Tl (6 1),

F1 TEpCO, KERBBRHBBERFESH

Table 1 Carbonate chemistry parameters of different pCO, levels

AbEEZH /patm pHyas ST /umol kg ! AL TCHLBRIE B /umol kg ' HCOT¥RJEE/umol kg ™' COL¥KJE /umol kg ™!
25 9.01 +0.01* 2325+39° 1395+23° 827 +9° 0.8 +0.0"
50 8.84+0.01° 2314+ 90° 153067 1047 +45° 1.6+0.1°
100 8.65+0.01° 2332+ 102° 1 697 + 89° 1304 +71° 3.0+0.2°
200 8.43+0.01¢ 2365+ 50° 1887 + 42¢ 1588 +35¢ 6.1+0.14
400 8.16+0.01° 2310+71° 2010+ 69° 1815+ 63° 129+ 0.5°
800" 7.92+0.01° 2419+93" 2228+ 89" 2081 + 83" 257+1.2°
1600 7.63+0.01¢ 2422 +44° 2342 + 408 2222 +38¢ 53.5+0.78

TE: B EEAREIR 22 3R, A [ EAR B R RR AR pCOp K- Z B FAE 3 2557 (p < 0.05), * 3R TR UpCO K-, #E/RIPCC 2007H

SRES B2 5l 9210045 KX pCOL /K-

BAE o VR B R 19 2 K TR B pCO, KT 1 T vy & 2R
Je T JE BEAR B (& 1), 7E pCO, 400 patm 7K -
T, 4 A K ARGk B B R, (0,54 +0.05) dY,
25 patm AEFLT, A AE K HUR AR, (0.10+0.04 )d ™,
AH EE F 400 patm 4 B F A B AN M, AR K GERFERT
81%(p < 0.01), pCO, 7K ¥ 800 patm FI 1 600 patm

0.60

0.45 - od
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800* 1600

25 50 100 200 400"
pCO,/patm

Bl 1 BSOS BETEA T pCO, AKCE T Ry A K 3
Specific growth rates of T punctigera at different pCO, levels

Fig. 1
AT BT A R Ak B 2 6] 47 78 f 25 22 5 (p < 0.05), *3oR 24Tl
K pCO, K-, #3575 IPCC 2007 H SRES B2 175 5§ 1l 1Y
2100 4F KT pCO, K-
The different letters indicate significant differences among treatments
(p <0.05), * indicates the current atmospheric pCO, level, # indicates
the atmospheric pCO, level for 2100 predicted by the SRES B2
scenario in IPCC 2007

Ab 3T ) 2 A A R 43 0 R (0.45 +0.20) d
(037 £0.05) d", 5 400 patm &b BT 1 4= K 5 R AH
Fe, 3 R T 17%(p < 0.01) F1 32%(p < 0.01),

ANTE] pCO, 7K - b B (1) B 557 V6 6 i A0 M AAC B L 36
T BRI B 2 T AR A ) ek i A B AR AR (R
;31 630~ 37 543 pm’, £ FL: 6 136~6 979 pm?, Hi
7 2 T AL A A ek A i 53~ 81 fmol/um?), pCO, K-
Xof B 5 9 % 5 AT B L 2 TR IR AT B S S e (R 2),

pCO, KV X BE i MG E B 4 R o TR I
A K A B, AR BB pCO, 1Y TH 8 T 52 B S T
e PR a3 . AR R a W A B Rt Hh BT
400 patm I}, 4 (74.98 £ 7.33) pg/eell(K 2), & pCO,
TKF R 25 patm (R BE S AE BE AT 2R R o S ETEAR LR
7 AAN[E] pCO, KPR BE R A, y(9.83 + 8.43) pg/eell,
LR 400 patm BF A9 13%. X4 CO, ¥k B & i 3 =,
it 400 patm B, M4 R o & B WAL, & 6 pCO,
7KF- 800 patm F1 1 600 patm [ 5E &5 HEGE B2 K o &
T, 2090 (56.98 + 4.46) pg/cell F1(48.14+1.01) pg/eell,
FH E YT pCO, 7K (400 patm) 43 SIFEA 24%(p = 0.02)
H136%(p=0.01).

BERIEEE B Fv/Fm ., rETR,.. F1 o 7E1& pCO, 7K F
(25~200 patm)IE pCO, FHEMIFH =T, 7E 400~1 600 patm
b BN AT 3 AR 4R (] 3A 2 E 3C). 5 400 patm
A, BE S EEBE AT Fv/Fm 7€ 25 patm A1 50 patm 4b 3



66

MHEdy 4245

x2 FREpCO, kK FHHRABHENARER, REAR., RAREERYLEMEMRARNENESE

Table 2 Cell volume, surface area, surface area-to-cell volume ratio, and BSi content per surface area of 7. punctigera cells grown at

different pCO, levels
AibBH2H /patm AR BY pm’ FIA/um’ FIF SRR LefE A F B A e A Bt fmol-pm ™
25 31630+ 3 5007 6136 +135° 0.19+0.02° 81.65 +15.58°
50 36 869 + 8 790" 6979 +1219" 0.19+0.01° 68.32+5.57"
100 35534 +7141° 6 818 +£532° 0.19 £0.02* 69.00 £ 16.77°
200 35653 +£3 087" 6 649 +250° 0.19+0.01° 64.35+£19.33"
400 33780 +3 975" 6304 +407° 0.19+0.01* 5424 +11.39°
800" 35377+1682° 6489 + 136" 0.18+0.01° 60.29 +9.92°
1 600 37543 £ 773" 6712+ 121° 0.18 £0.00" 53.88 +5.74°

TE: Bl PR 22 3R, AIF]_LARI T RERR AR FlpCO K P Z BRI 25 57 (p < 0.05), *FIR 2K TpCO7KF, #F/RIPCC 2007

SRES B21f 5 Tl 1921004E KK pCOK -

100

~
W

cd

M43 a & &/pg-cell™
W
(=)

5]
W

25 50 100 200 400" 800* 1600

pCO,/patm

2 B A AR R pCO, KP4 3K a 7 1
Fig. 2 Chlorophyll a content of 7. punctigera at different
pCO, levels
R 5 (R 4 A B 2 7 1 25 5% (p<0.05), #4275 24
. pCO, K-, #3678 TPCC 2007 1 SRES B2 15 5 il il i1
2100 4F KR pCO, K P
The different letters indicate significant differences among treatments
(»<0.05), * indicates the current atmospheric pCO, level, # indicates the
atmospheric pCO, level for 2100 predicted by the SRES B2 scenario
in IPCC 2007

T, 2 BIEEAR T 76%(p < 0.01) F1 29%(p = 0.01), 1F
25 patm B} 3 40 0 rETR,. A LE T 400 patm A0 F R AR
T 66%(p <0.01), 1M aFFEAK T 69%(p =0.01), A A
pCO, K-, BE A0 5 3 10 1 RO A i 3 22 5
(K 3D).

BE U BE O A BB E pCO, 1Y T =
ST E R AR (RRERMLENTT
(800 patm, 1600 patm), 4 i (%' G 3K 2540 Lt 400 patm
AEPRV A B FHVE 2SS 24 pCO, KM 25 patm T
) 400 patm B, BE 57 6 55 95 0906 A 7E R (UL o,
1) M (8.32 + 0.44) pmol/(cell-h) FF &5 #] (22.13 + 5.03)

pmol/(cell-h), 34 iiii & 166%(p = 0.01) (& 4A). pCO,
JKAF-AE 25~ 100 patm #9305 [ A, 09 0 A 3 A6 B &
pCO, ZKF1 T i B AR, M (27.54 + 9.75) pmol/(cell-h)
[% 2 (13.54 + 3.11) pmol/(cell-h); B % pCO, 7K -1 4k
STt PR AR T R BN B, HAE 100~
1 600 patm 315 [l N 35 A 5k 21 25 5 (151 4B).

4 e

TEASE G T, 1K pCO, 7K V5% B0E 10 T3 35 1) 5% i) L
15 pCO, K- 520 Bk, BIVIE K B Ak HE R Ak %o BXE A 76F
HEBEAY SR T W2 . ZEAIK pCO, /KT (25~200 patm)
AR, BESORRE B 1 A KR AU 400 patm AR EH
FI18%~T72%. [FIBDEEEERE MR o T2l
ZAK pCO, /K FREMAL K . AEME KR AL A5 (800 patm,
1 600 patm) T, BE &5 05 i 19 4= K 3 % R 400 patm B
[ 83% H1 69%, (A6 G VEFI A b 8 4k, X LE 451
F B M B 7K pCO, 7K F- (400 patm) b AL I 4 BE 5
HEMER A= 1K, 400 patm 7] BESZEK pCO, Fh i Xl B A5 1
RO A A S I I 5T A K B8 fk (25~200 patm)
FIE 7K R 4K (800 patm, 1 600 patm) 2423 41 i H: 2 23
b AR, LI K B Ak ok R e B

pCO, 7K M 200 patm FFAK E 25 patm, B &5 16 55
B KR AR o i RDG AR R W
i, B % 1Y CO, FTHCO ¥k B2 B AIK, pH 7t i, JL
1, CO, M (6.1 £ 0.1) pmol/kg % % 0.8 pmol/kg, HCO;
M (1 588 + 35) umol/kg [ %2 (827 £ 9) pmol/kg, pHyes
M(8.43+0.01) TFZE(9.01 £0.01), HFFE K, BE A5
BB KRR R €O, ZEAIK pCO, /KT, 41 it vl 1|
IV fRIE CO, B0, T il CO M R B E I A
R, Hok A 25 patm B 0.8 pmol/kg, T/ T
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Effect of seawater acidification and alkalization on photosynthetic
physiology of Thalassiosira punctigera

Fan Jiale', LiFutian', Xu Juntian'*?

(1. Jiangsu Provincial Key Laboratory of Marine Bioresources and Environment, Jiangsu Ocean University, Lianyungang 222005, China;
2. Co-Innovation Center of Jiangsu Marine Bio-industry Technology, Jiangsu Ocean University, Lianyungang 222005, China; 3. Jiangsu
Provincial Key Laboratory of Marine Biotechnology, Jiangsu Ocean University, Lianyungang 222005, China)

Abstract: Increasing atmospheric CO, concentration leads to ocean acidification, which might affect phytoplank-
ton to varying degrees. Phytoplankton in coastal waters may be affected by seawater acidification and alkalization.
In this experiment, Thalassoosira punctigera (diatom) was used to investigate its growth, photosynthesis, dark res-
piration, cell size, chlorophyll a content, biogenic silica content and chlorophyll fluorescence at seven pCO, levels
(25 patm, 50 patm, 100 patm, 200 patm, 400 patm, 800 patm, 1 600 patm). The results showed that, compared with
400 patm, the growth rate and chlorophyll a content in seawater acidification (pCO, > 400 patm) and alkalization
(pCO, <400 patm) treatments were significantly reduced, but the degree of decrease was greater under the condi-
tion of alkalization. In addition, cells showed lower photosynthesis rates and maximum quantum yield of PSII
(Fv/Fm) and relative maximum electron transport rate (rETRmax) under alkalization conditions. However, there
was no significant changes in biogenic silica content and cell size among different pCO, levels. We found both sea-
water alkalization and acidification could inhibit the physiological activities of 7. punctigera, and seawater alkaliza-
tion had much more inhibited effects. Our results showed that the cell grown at current pCO, level (400 patm) had
the optical physiological performance. Moreover, among the pCO, levels set in this study, seawater alkalization has
a more significant effect on 7. punctigera. The present study provides a theoretical basis for studying the effects of

changing seawater carbonate chemistry on the marine primary productivity in coastal waters.

Key words: seawater acidification; seawater alkalization; photosynthetic physiology; Thalassiosira punctigera



