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Effect of CO, and Temperature Change on the Growth
and Chlorophyll Fluorescence in Ulva lactuca
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TEE LN T KA 2R AT 5T WA BT RE R 0T KR CO, MR E TH w5 AR 3 AR fb X 1 28
(Ulva lactuca) HEH R HM SR IOCRER#m , [FEE 4 # &390 uL/L CO,+15C; 700 pL/L CO,+
15°C ;390 puL/L CO,+25C; 700 pL/L CO,+25°C) FHiFRA 2,10 d /F Mg FEA K RIS KA
sy, [ERYZ 10°CILR 6 h AL, A 2652 BOEME ;£ 35°C iR 6 h ¥R, 25°CIE#H S &M T A KA ZE
FIH B A W B IOE TR Fo/Fm ) SBERERIFIROE (o) LA S 2 K ( NPQ ) P AL 2V K (gP ), 25°C
1 COL R BE 45 PF T A2 K 1 o 2 05 KM U i T 15 3 3 36 ( P E TR ) AR AT L T4 308 R ( ER ) KT HoAth A K 5%
PFTFMAA S 10°CRIRAIE 6 h, 15°CHERKMAZDEEIE ZH X T 25°CHIE® S AN T AK WAL,
25°CHE COMBEXRUTERKMNALE Fo/Fm . a . NPQ FlqP W T REREER /N M H BB rETR . M
Ek., [&RYE CO, MM HEA 200 A K HH X A2 R R A (SP ) AT MR KL & (SCH MM % a
CChl ML MR Car ) F AL & 0 B B R, 5550, CO, R T i (45 47 2651 =i 1R 19 ik
WIET

XE|R. A CO. WE AR Afds
HE 4y K5 . S968. 41 ERARIRED . A
Abstract :[Objective] The effects of CO, concentration and temperature on the growth and chlo-
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rophyll fluorescence of Ulva lactuca were investigated. [Methods) Ulva lactuca was cultured
under the following four different conditions: (1) 390 xL/L CO,+ 15°C;(2)700 uL/L CO,+
15°C ;(3) 390 ‘uL/L CO,+ 25C;and (4) 700 pL/L CO,+ 25C. After cultured for 10 d,the
growth,chlorophyll fluorescence and biochemical compositions were examined. [ Results] The
results showed that elevated CO, enhanced the growth of U. lactuca . The effects of CO; on sol-

uble protein (SP), soluble carbohydrate (SC),
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chlorophyll a ( Chl a) and carotenoid (Car) were
temperature - dependent. After exposed to 10°C
for 6 h, photoinhibition occurred in U. lactuca .
After exposed to 35°C for 6 h,25°C and normal
air-grown algae displayed highest optimal photo-
chemical quantum yield (Fu/Fm), photosyn-

thetic light use efficiency (&) and non - photo-
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chemical quenching (NPQ) ; while 25°C and high CO:-grown algae exhibited highest maximum

relative electron transport rate (#ETR n.x) and light saturation point (Ek). After exposed to

40°C for 6 h,photosynthetic apparatus of 15°C-grown algae were seriously destroyed; For 25°C

growth condition, high CO,-grown algae displayed lower decline degree in Fv/Fm ,a, NPQ and

photochemical quenching (gP) compared to normal air-grown. [Conclusion]JOur results sugges-

ted that elevated CO, improved heat endurance in U. lactuca.

Key words: U. lactuca , CO;, temperature, growth, biochemical composition, chlorophyll fluo-

rescence
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Fig. 1 Changes of pH values during one light-dark peri-
od in the growth media of U. lactuca cultured in different CO,

concentrations and temperatures
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concentrations and temperatures

590

—m—300ul/1, 15T

N e o
12 a —o—700uL/L.15C
—a—390ULL.25C
—A— 700,25
B0
a0k
1 L 1 " 1 L 1
0 il 2 4 &
IFf Al Time (h
TIT e ()
——59oul/L 130
| ——7onul/L 15T
& 3unul 1350
—A— 700 M2
= |20
8O
1 + 1 1 1 1 1

0 2 4 3]
B H) Time ¢h)

Bl 4 10°CARRME X 4 FOAR TR CO, e BE R B Ab 3 2%
PR R A LG rETR o (2) F1 Ek (b) 1Y 51

Fig.4 The effect of 10°C-stress on rETR ..., (a) and Ek
(b) of U. lactuca cultured in different CO; concentrations and
temperatures

5 A, 25°C IEW AR F AR A2

Fu/Fm fla ¥R U8 FFHEHE 550 T 20. 45 % F
25.87 % M HAth 3 MM T A KW AZE Fo/Fm o
FEARAS A, 25°CTF A ZE NPQ LF 90% LA I
(IE % 2 S ME CO. W EET 43 b 210. 77 % F1
91.28%), qP T M FFE 40% LN (IE # 25 <M &
CO. B gP T 43 5% T K& 38.67% 1 25.85%), T
15°C N 26 NPQ FTH3TE 65 % LA (IE = A Ml
i COME T NPQ 433 LT+ 63. 99 % F1 60. 69%) ,
P TRERLE 50% DL L (E® &= AMm COWET
qP S35 F B 50 % 1 64, 41%) , #&A4S 35°C i iR i ia
AR 25 CIER SR TEKKPALE Fo/Fm a,
NPQ W& @ FHAMZMFETARKMAZECP <0.05),

HIE 6 AT, & & T AEKMAZE ETR .. F1
Er R TR HAP 25°CH COWE FERKNA
ZE N R REAR, 20 9N 29. 67 % A1 25, 73% , EASAE
P, 25°C i/ CO W BE R AEK W A1 26 7ETR ..
Al Er RFHASFMA T ARKMAZACP <0.05),

A7 aTH, S50 TFEKKAZE Fo/Fn Ml o
PIRUEE T M, 25°C 5 CO, M E &M A KA 24
Fo/Fm Fla 4350 F B 35.52% F1 46. 09 % , HF pE 2
FE WY I T A 3 A SR TN AE KA ZE(I5 CIEH 2=

Guangxi Sciences, Vol. 21 No. 6,December 2014



F5CH CO MRV K 25°CIEH 2K, Fo/Fm
530 T R 70, 33% .61, 9% Fll 77.53%, o 43 T B
78.46 % .58. 12% F1 84. 37%) , NPQ ¥ HK I i K
FEEEAY R R, Horp 25°C 15 COL W PR A K1Y £ 28
TRE 56, 43% M HAB ST AERK B A AT R LE
75% LA, BR 25°C f CO. W BE A K BB A 24, H
AT A 2E oP YRR,

& 3Y0uLL 15T

1404 700 plALET
B A 350 u./1.23T
1301 A TONULIL 25T
= 120
=
L 1ar
1100k
l)(] 1 1 1 1
0 2 4 &
140 I A Timedh)
& 390UL/L, 15T, & 350ul.i1.,25C
1k o7ee WAL 15T, A 7000L/1,25C
1
120F
o
1o
1mok
9(} 1 1 1 I.
n 2 4 ]

H_\J' [ Tima(hy

c
375 | @ 390ula. 15°C, - 300uL/AL 25T
700 plA 05T, A TOOULL 25T
300 i
i
o
=225 b
150
) L I L ,
75 = : , .
I Time( )
1200 g
& 390uLL,I5C
100 F CFFO0 WLALLSTC
4 390ul/].,25C
1..25°C
_osor A T00ulfL 257
=
6o
40r
tis] L : 1 1

Mt (@ Time {hy

Bl 5 35°C il MhaE xb 4 R E CO. i BE LR BE AL 21 2%
HFEEFRNA LN Fo/Fm (2, « (b), NPQ (o) J P (D
i
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Table 1 Biochemical compositions of Ulva lactuca cultured under different conditions
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242 a Chl a (mg/g) 0.8340.15 0.63+0.16 1.0540. 37 0.594+0.05
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AR TR, MXFTF 15 CAKMAZENF.25°CEK
M2 NPQ R B R R I oP WK
WE/NTRERE, XKW 25CTAERKNAZERSA
BB 4 PARE A P ML R R R 6 A I e, HE
PRAP 52 ML el e A S 52 B 45 . &S 35°C b Bt
B IEE SR 25 CHERKNAL Fo/Fm . o 1 NPQ
B E KT HAD 3 AN AERKMAZE, B COMKE
25°C FAKM AL oP W& & T HAbLA 25, B & CO,
e B AR K 2B AE 252 4 i 35°C IR A AR
e/ E, B 40°C A BER, 15°C A K A 2
Fo/Fm , a » NPQ Fl qP YRR T B, KB B
HOEB P B Z R IR 25 C R R AT . /@ CO,
WK AZE Fo/Fn o o » NPQ Fil gP F [FFE %
HE/NFEESTFERNAZE, MH R CO W E
R WA EARER rETR e A1 ER 0T WLE CO,
WRETE— R LI, T 4 25 A 2 B 7R = IR W aE
TR EYE, Taub HPBIIE R, m COMEA K
RETR SO A 28 B 1Y A GE 07 i X Al PSIT 66
B T 41 B 19 42 5 v] BB = A W AR I R4 PSTT %
ZWH— R BN LR EIEM . COM|ER T &
A 3E o B A B R I 5 A Ok 3 = L AR B e BOR R
HL 1% 3 R, AT A E A ) 6 A VR,

BE A A [ ek B 2B A % 3 e A 5 T 3 R
JIT 2 LA O 1 I S 2 08 O 22 S M R ORI AR A K
T B2 Y 3 A G RO A TR AR AR R Y AR
b B 3 0 5 R E — i TR EE Y R A ROk
HRE. HEERMRE N A —EBRE g TR
FEAREXT GG E R 52, IR, A X T 25°C A=
KT F . 15°C A KM BEAMIE 10°CH®n A
B G A I DG A T A 8 R DL R R O SR T
SZHE 77, T AE R IR 35°C A 40°C Jilp 361 Bk X - & 9ok
SR AR o B B T A, A I 7 3 BV K
S g K T b 028 Ak 6 an o' GV FH G B il %) £5C RS
P DL I T 4 e OGS G 2l ) 2 R 0 A 42 A8 R RN
A 2F A 5 5 6T 730 R 38 B 2 B9 % B G RE Al AR 0K
f 38 it
3.4 BXENBESHNTL

A F Y WIBOLRE R EEY IR b2
HFE R M E LN Z —., DIEF RS R R
5 CO MR BT AT Chl a B9 & & T B s X H 5
Wi T2 A A RIS R B R TRV R R % 1 R O 4
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PPN £ 22 19 B ik BT B A T 2 o 3 N B 8 TR Y ek
AR ORI A R, 25°C MR AR K R A A
Zfi SP.SC.Chl a Fl Car & it 4= %0 T B X Fh gl 42 ]
RE 2 A1 26y 1 I A5 R oA A 4 A B T
BEAR AR SR B L R COL M X 7 26 AR 1k 414 &
IR KT BE R, TR COL W B ATE 15°C IR
T AE R T A3 SC N BT AS 5% mi At A= Ak 4 43, RT L
CO, Ve FEXT A A 2H 43 2 S 19 5% W) 5L Ak 8 A0 44

25 LR LR COLMREFE 15°CAR IR AT 25°C & il
KRR A ZE M AR K. COMRIE X A ZE4: 1k
3 B R 5 IR B A OC L TE 15 AR SR T L
CO A KA A ZE SC &8 F W78 25°C i iR &5 1+
T CO MR A KA A 28 SPL.SC,Chl a F1 Car &
W E R R, XA 26 HE AT J A IR R b 3a Ab B 25 AR
T TE 10°C KR AL B 6h, A 26 & A G il B 4
Fo/Fm fla ¥ N 30% ~40% ., MXT 5 25°CHEK
A ZE,15°CHK TR ALE oP 1 ER ETF, H AR
i30T 4TS SR B Ak R 3 5 1 O B T P ORI v O R T A7 e
F1, FE 35 CHIRATE 6 h J5, MIxEF 15°C A K m £
25 C ER AR AR AR B REN
Fo/Fm ,a » NPQ HlgP H, 25CHE COWETFAK
M ATZE rETR v 1 Ek KT HAB A A KW A 28,
TEA0CHETEALE 6 h )5, 15°C A KM A1 266 APl A2
Pi525°C | CO W FE SR A KM A 28 Fo/Fm .a,
NPQ.qP W F BB /NTHAM XA TAEKWN A
z, 1M H B A EEH) rETR o A1 ER, 5 CO, Ul
HAYERMEE R, B2 5 CMRAEKN A
24 E 96 S B2 10°C KI5 M 30 59 52w )N
25°C e AR KA A 2632 =l 35°C R 40°C k38 /4 52 ikl
TR LA IR A K/, i LR COL ¥R B 4 K BB 4R
A1 2T A2 JE R RE T
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