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AXfr, FEH, HER, RER, ELT, MER
(LMK AR SR, L 201306)

BE A AR RE R ZRAAIATALBREE LG T REHR(KEHE) LA
TR AT T R, EREA, KFH(LEHE)E 25 TH 72 pmol/(m” - s) 44T,
HF/F, F, . F, f1 a A& &, 7 Hik 0.74.4 567.3 406 F10.305, (K TR A W KX i, &
FTZEH W mBEAA, TRAREF(P<0.01), X E5 CH35 CHEA, 4425 Tx
i 1E #y 32. 24% ~64.. 88% Fut 22.99% ~ 53. 44% 5 X5 % 18 wmol/ (m® - s) F1 216 pmol/(m” - s)
BN, 2 Fy/Foy Fo JF, o 2512 25 THa 72 pmol/ (m* - s) 44k T 5 8 1 #44. 94% ~
82.62% 1 51.82% ~76.72% , Fy R A KA R ,5~30 CHELARTHRAHFE LA L
BB CHETRELAZMAS . Ue5R a BEXR, KEH(LEHRE) AR M KA
BEH bR R B AR, AW H E N RERD o ETR,,, Duncan 5% W, & ik
/R EAEN K EE(LKEFE) LG AR MEF(P<0.01), kL&, KEH(KH
HE) HbtE RAn kK EH A 15 ~25 TH54 ~72 pmol/ (m” - 5) , WHRLKA FEH
HEEHF K 25>20>15>30>10>5>35 C, BB EHF h 72 >54/108 >36/162 >18/

216 pmol/(m?® - s)

KEW:KBE(LEHFE) ;T RRRASBG A ER B W &G R EREBE

hE45#ES:Q948.1;S 917

JeA RS O YR B — TR
BYSRKHEH BRESHEREXRS
T TR B R 3F B A PR T BRI A A
FEY S AR R KU, Y65
SEARIEHIRMAB/) , T SR FE— AR 5 B S5
WA, REENEEE A . B RN R
BOER T, Al SR YL S EM. ok
HA, 2t B T YU U PS TS A E
FMEM IS, Kb DI BAREER ARG E
RIPIR' o FERESE.WEIEAINIE 3 H BRI R
BT B S R B R IR IO B
el E R TR N E TR R RE LM
Rt A A AR s T R IR 8 X 5 51 e E R T

15,48 B #A : 2008-06-15

& 18] 2 #A :2009-02-19

NEKFRIRAD A

W, AL R R P R e T i LR G B

MR I BARNE MR B G R4
AT e A FNLE, M e B |,
R A Z TSR IR R i R0
BEASERMLAERAGBRY ™  HBEXS
SMNRIRBEAAF AL AR 2%, VT LRI 52 A Mk 70 B
BT AR E ST, T b AP Thae
TSR A B Bk R R R R
B2 AR PR 41 D B AR Bk b, {68 S R IR 4
FHMETFIIREEE, BET AR
FEAL MG RIOLA, W & PS T isLhi g
Fieg T LR A o T 8 R o R A
PRI,

AL :BREFRENRELTT; BR ARP¥EEE (3037101 ) ; HFHRBLIBER YT A; LETHILAA HRTA
(O5PJ14086) s B K £ £ B R BB I E (830701 ) ; LR B AREFRMBTFAMBRLTHES

(SSC08002)

WIREE 3% R, Tel : 13371935272, E-mail ; pmhe@ shou. edu. cn



5 G, % AFDGRARE X KA (ZEWE) u e ERAIH SR IO T H 763

SERBFE P ERNRRERE, ENN%
AN RAERT, T4k, RELREEE
ERABH =B RESRE g8,
2007 4£7 A 12008 4F 6 -7 A KEF 5T ¥R
BESREREBWEERAR, PR “ 55"
RE  JEHIALTT 2008 4R & TR AEY 215 100
LTI, BAGA O EEARENE A E
RREBERERLEH. AXURAZE(ZEHT
&) (Uka linza) REAFXIER, R T BEA
FDCRAREE KRG THOCEER  HERRR
BB IR R ER, NER G EANTE
PP A KRR DA E R BT T A SRR
o

1 MRSk

1.1 sKIE#F#

KA#Z(GERE) RELBANAREX, X
BlE R EARE TR E SR T RERAN, 3B
F% 4 VSE ) SeEBE A4 12D: 121 5 K 15
T, ZSHEFH
1.2 EHXESERAXEEIT

SRR EBRAES A REE  BERE
Tk, HAOLREE LR 27K 18,36.54,
72.,108.162.,216 pmol/(m® - s)7 4N HEIR R
B, B4H 3 NEE; RE LR 5.10,15,20,
25.30.35 C 7 MEEHE, B4H31MEE,

1.3 HERWHANEEKE

M- R 9L M & ] PHYTO-PAM 2 i 1H
Y64, PHYTO-PAM R R EHIH A, FFH 4
AR LED YR 06IR , St E R i
MIEE . A [E B I 20 K 7 R T 388
AR5 4 MUK BB IR R RAES,
o H A= T ED-101US/MP J5il & 8 5% 8K
£, PHYTO-PAM H PhytoWin E I £ 4347 Fl
EFEEE ., BRMEDLE F K US-SQS [ LI-
190 EDE B FIRELKIE,

1.4 HEFRWXGRELHERHNE

Bk 12 d 5, WEEEHSRTE. W
ERTRE R RETE R 30 min, 2R /54T FFIEH 4 520 nm
BREEN 0.1 umol/(m” - s) B ERME, ik
5 A kOt 2 B K 655 nm i) LED &
R B, SR K bR B 4 000 wmol/ (m?* - s)
PAR, iy ] 0.8 s, & py B B4, 7 J2 )

BXIFTIOAL Y, B 20 s J5¥T FF AT kb,
FHE AR B, B R 20 s JEFFT FFAEA kb,
W EE 10 K, PAR BB SR IER N 1.0,
64.,120,180.240.350.,460 555,610 wmol/( m* -
s)o FTTFHEAMBKMETRZEE R F,, 1T A ki
BIWMBEKRFOLA F,' , IR AF=F,' -F,,
B LAIRAR,
PST BN EETF&:
F/F, =(F,-F))/F, (1)
(ARG NWERE T8,
Y=AF/F,'=(F,'-F)/F,' (2)
% Y f1 PAR F[HEH,
FANTHE TS E R P
rETR =Y x PAR x0. 5 x0. 84 (3)
Het,0.84 ZEYMEEHTOERE0.5 ZRik
HEYIRWRE R E RS 1 #1034
1.5 REXBEZWE
it 2l A F Statistica FRA4-FEAT, PR G 2R
H9LA SR Platt 2™ AR
P=P_(1-¢"* xPAR/P,)e ® xPAR/P, (4)
AP, P REFEEEER, MHEXTE FEEER;P,
RFETCHEHP B B KA F A E 0
P-I fh2k BB IR R, B T 6 RB A 380 5 B
RIEMHSH
B AT AR A3, 2R I

It =P /a (5)

PS T AR E T~ & FE PAR K)ZE1LEZ R
FARE O R A

Y=m +ae " xPAR +ce ™ xPAR (6)
K, a.bcdm AHSTHISH
1.6 EFEDH

SCIS ¥4 AL 3 EXCEL Ab38 3By SPSS
13.0 #47 Duncan ZERK L,

2 4R
2.1 ERBEMBENEEHFSRXRGE PSIE
HEH TR

B 1 BREEFERERESNERE PS I
HMERR(F/F,) EREBRKE R, 15 ~25
CHy F,/F, HER, HP 25 THF(0.74) , HK
H20 T(0.73) #1115 T(0.72), BELRHNA
&, F,/F, (8 FREECR, 05 THI35 CTHY F/F,
R {E A2 0.48 1 0.38, 22 25 TH
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64.88% Fl1 52.35% , 5 ~35 CHENEICHBRE
W F./F, {H728 ke T AR A R, KO8 R ER B
[ (18 ~72 pmol/(m* - s) ]{EEW F./F, (AR
HRGR BN AR B F, 72 pmol/ (m® - ) B
B, B[ 72 ~ 216 pmol/(m” - s) JFEREIA
6 >t BREE B T & 25 F B, WnFE 15 C.20 T,
25 CTH&MT,18 pmol/(m® - s) HE F,/F, 1B I
HESHESHNTHET 37. 19%.,17. 01%
17.90% ,216 pmol/(m* - s) 4Hf F./F,, {8 HH
EEESBTHRT 24.67% ,17.81% ,21. 33% ,
FHAKAZELE 25 TH 72 pmol/ (m?* - s) i PS
MU AZERCR B R, 2400 A IR B 43 A B
BB, KA ZEREDERE R A BRI & TR, B
MBS EK, TREEZE(P <0.01),
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Fig.1 Effects of different light intensity and
temperature treatment on F_/F, of Ulva linza
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WIS

& 2 BAFIIET F, AL B R
960 ~1 482, HLFEIR AL T 430 3 Fp2REL, 7
5~15 CHEEW, F, ZEMC BB EEEN,F,
ENREREREMRE LA, YOEREE K 54
pmol/(m® - s) B}, F, AP HEE (1 129 ~
1209),FE/SREE LB ER R MEL T K, 7
108 pmol/ (m* - s) A BIKAT /5 B 5 b IR F 11
FiimzEE LI 7E 20 ~30 CTHEEN,F, ZEOLR
T ENREE SRR E R e RE LA, 7E 72
pmol/ (m* - s) AR B EE (1 161 ~1 482) J5FE
ENFEREREMESL TR YRERE 3B T
B, Fo 7R BR 58 B9 B P B 5 6 IR 58 B 4R R T
%% T W, 7£ 72 pmol/(m* - s) ik B B AR H
(1212) FREE LGB EREME S L7,

33%
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B2 KAEHPSOHMTK(F,)EN
Fig.2 Effects of different light intensity and
temperature treatment on F, of Ulva linza

2,3 XEEEMBEEXNRKAHNARZEPSIZEX
WIERI R

&l 3 BaRREXRKRIOL F, B B&EF W
(P<0.01), 15 ~25 CH} F,, %85, 25 €
Bt F, (855 (4 567) , 5k k20 T (4 389) 115
T(4 270), 5512 25 CRE MY 96. 10% f
93.50% o MR B W B AR, F, (AR E THE(P <
0.01),In5f135 C F, HERE® 25 CTHHT
F&T 52.16% f156.32% , JHBE WX} F, A
BEEM(P <0.01),Hr 72 pmol/(m® - s) 41
F, (EER Ot RRE EE[18 ~72 pmol/ (m” -
s) |NBEE IR E R R LA, mOb R E G E
[72 ~216 pmol/ (m”® - s) ] Py % B 58 B 42 1 1M
TR, 3FH 15 ~30 CHEENALHEBELN F,
fEAE4L L 5,10 F135 CRE RIS, 40 15.20.25 €
ZHT 18 pmol/(m® - s) 4 F, {H HHBKES
BTRET 51.97% . 43. 02% F1 36. 57% , 216
pmol/(m® - s) HTF & T 36. 56% .37. 16% Fi
43.33% .M 5 M 35 CHTFMT 17. 91% f
16.16% ,
2.4 REEEMBENKAAEXLRE PSITE
WIERI R

Bl 4 BRREX AL F, BA BE P
(P<0.01),15~25 C F, 85,525 CTHE,
53 3 406, HyK R 20 T(3171) .15 T(3 140),
ARIR 25 CREEN 93.10% f192.16% , HF
AR EAREY F, PR, 105 F135 CH F, &%
FAERK, B 25 C F, B RMETHET69.76%
M77.01% . SREERE G F, A BERM(P <
0.01), 7E18 ~72 wmol/(m” - s) AR TEREIN,
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Fig.3 Effects of different light intensity and

temperature treatment on F, of Ulva linza
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Fig.4 Effects of different light intensity and
temperature treatment on F, of Ulva linza

FEER F, FEOCRBERST LA, 72 wmol/
(m® - s) A BB {E, BGOSR ER BT ZE
H T, Hb15 C.20 C.25 CRELHT, &
bR EHK F, HELIEEB K, H¥,18
wmol/ (m®* - s) 41/Y F, {E Hb4 B B = E 25 T
T 56.99% ,48.11% F148.18% ,216 wmol/(m” -
s) I F, HILFBREES B TRET 51.30% |
48.33% F155.06% , T 5 ~10 THI30 ~35 THH
MR EHR F, E2LEEBD,
2.5 XRBEMEEINKAH o ¥R

B 5 BREENBHERR o BEBERW
(P<0.01) , KAHWMBAIE o 7215 ~25 CTHHEL
B, HH 25 CTHY o & (F1% 0.305) , Kk 20
(0.299) .15 T(0.297) , BETEFLEN o
EBETHE(P<0.01) ,in5 T35 C,Haoak

EEAHE 25 CEEMEE 61. 31% f153.44%
HHGRE W o B BEFW (P <0.01) 765 ~
35 CHLEMN,72 pmol/(m® - s) Bt o KBRS
{8, 56 B BE BRI P9 (18 ~ 72 pmol/ (m* - s) ],
o FEE T BRGE B 3 0B A, TERDE R E
TEREI[72 ~216 pmol/ (m* - s) ] P4 66 IR 58 B 42
B TR, HH15 T.20 T.25 CHET,&%
REREHM o (B4 IE BB R, Hi,18 pmol/
(m* - s)HAW F, BHSEBRRESHTET
35.12% ,18.52% F117. 38% ,216 pmol/(m” - s)
HIF, HH & BREMES S TR T29.10%
18.52% F123.28% |
0. 35¢ —5T
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0. 25 e
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Fig.5 Effects of different light intensity and
temperature treatment on o of Ulva linza

HHERRE

2.6 XREEEMBEIMKAZ ETR,, KRG

1 EREEXNKAZE ETR,,, Z WK
Duncan 737 45 5%., HER 1 AT KW, KA 4
ETR,,, K635 ) B3 B B 38 A 07 T B, K7
G IR B S B [ 18 ~ 72 pmol/(m® - s) ] Z[H]
ETR, . ZRABZE (P >0.05), 1 LOLRERE R
F 72 pmol/(m* - s) J5 JE5& K3 I %t ETR,,, 5%
M EE (P <0.01), %2 NBEXKAZEIR,,,
MR Duncan /3455, M#FE2 TR, KA
ZE ETR,,, W& R E M INmZ 8 -7 ,30 TH&
FiN 52.214, MBFEMET 35 CHETHRIBER
*,4035 CH ETR,,, 7 22.479, 1. 30 CFHET
56.95% ., 7£ 10 ~25 CTEEMN, HEH-MEER
ETR,  ZFABE(P>0.05) ,E5HERERF
HREZR(P<0.01), JREFEREESLT
KA EFEREREERREE, FAEXE
fER (%3),



766 KX = % #® 33 %
®1 FENFEE TICAEHANEFEREE Duncan 347
Tab.1 Effects of different light intensity on ETR,,,, of Ulva linza with Duncan analysis
b5t 54 B T4 subset
[pmol/(m? - s) ] N
light intensity 1 2 3 4 5
216 21 27.138
162 21 30.893
108 21 35.729
72 21 39.562
54 21 42.736 42.736
36 21 43.610
18 21 43.962
P {H sig. 1.000 1. 000 1. 000 0.026 0.416
#2 FERETKAZEHENEFEREE Dancan 53 47
Tab.2 Effects of different temperature on ETR . of Ulva linza with Duncan analysis
HECC) N B4 subset
temperature 1 2 3 4 5 6
35 21 22.479
5 21 29.714
10 21 36.393
15 21 38.302 38.302
20 21 41.614 41.614
25 21 42.921
30 21 52.214
Sig. 1.000 1.000 0.177 0.020 0.358 1. 000
£3 FRXFEREIEE TRKAHHAXNEFERER Duncan 347
Tab.3 Effects of light intensity and temperature on ETR .. of Ulva linza with Duncan analysis
BRI =RPhE e % Fi Pl
type III sum .
source df mean square F sig.
of squares
Y& IR light intensity 5 559.247 6 926. 541 44.741 0.000
{RJE temperature 11 565.116 6 1 937. 361 93.069 0.000
JEHE < B
light intensity x temperature 333.171 36 179. 326 8.659 0.000
AR ERE 23 579. 142a 48 491.232 23.721 0.000
corrected mode
L 2 029.487 98 20.709
error
BAES
toal 234 108. 629 147
3 iWip AT DA R IR ORE R G R BRI B

BRSNS RSO KRk B
PSIRLBRAL, M PSI B RARERERA LK
KT, BEEMERTOIS I E R AR,
SEVIEES - vodiok g F iy XD i o)
FOLEERPLEN TS B o ETR,,, 5
HILER Fo/FoJFoFo 5387, AUAT DL B
R EEA RS TR %o 558 Y6 B Tif 52 BB ) , T B

PS T B FR R (F/F,,) R B AR
BEREEARR Y, FORIE R LD B R 1L
S AR B AT MRS
F/F, B34, AR KA HBE , il
ZHMHEE X SRR R, ERRERR
SR IA BAFE ™ . WAL T IE H, 4
FYRE T F./F, B3] LA B 7 0 WA
BB, 5 —Br B 18 ~72 pmol/(m” - s) . 7EXA
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MrEBK Az F/F, i T, R EIEREE
D6 R B 3 T E W AR S B B 72 ~ 216
pmol/(m* - s) , ZEXAM B AZE F,/F, BEX
IR BN RE TR, F,/F, FEIRRI R
BEPSTZETHE, BT PSTERIRERE
ORI A ZE PS T AR OZE, G
VeI R i R R U, T AR R B et
EOCHEEEE M4 E F i PS I &M H.0a QA
SEAEIBRZIE W, FEPSTHEEPLFZ
jﬁ[u] .

F, RAFa5 5%, & PS 1 e i H D 23BFF i
B IE K, Fy B R/MNREF PST RABER
WHIBPIE FHEE REARZREARELZART
PS I &2 o 0 B BR BB AR A R SRS,
etk FEERBFERTT LAGE F, FRAG, TSR T PS
I B o0 B R SR B RT3 SR 5 B F, By 3%
Bt AW B, 7E 5 ~ 15 CERARIRE &4
T, K& AZETE 72 ~108 pmol/ (m” - s) JAREREETE
I, 5 F, FEYE IR E T & b, R A2
IR etk e BB AR PS T 57 o 0 9405 5 5
Ti7E 108 ~216 wmol/ (m® - s) {EE XN, F, FEE G
IR R, #5 PS T v .0 D1 &
HARTE S/ FPEMEA 5, Dl A T KRG
EBFEEI RO AR WA, E 5 ~
15 CAH T, OLEd B T aESF PS T AR RE
HFHRERE, RS RE(h - T),
chl - T 5HTERMEERBESR(O0,), I
AREERONIER O; - & D1 &AM KTER
/FREAR , 3E35 3T PS T &R o B 457 % 5 i
1E 20 ~25 CE&MTF ,F, THFEW Ula linza B3
HMAESBAb2EFERL, R WEE T X PS T e i H v
E., XAREE5~15 CREBE THEEAR,
i 20 ~25 CEpb FHREEHRREE £,

F, RBRH%N, & PS I e i o D4 BB 2% A
Bt B3RS, F, FEAG U2 A B — 1~ BB
AR THRESHEEMNBKEEAKRESR
%0 R 2 ~ B 4 TTRURIR, BB PS T E¥) 2
& QA MR FREW F, BiE F, TRIBEEX
T, 3% 7 B PSII 7% M: 76 R PR ™ . 72 1E
HHEBREST, 8L F/F, 0065, B
REM, BEEMRT 10 H&ETF 30 Cht, K F/F,
B BALT 15 ~25 TR AR 6 R E T HE,
B EREN AR T HE I H,

[E AR, REXDE A ER IR 55
BTFHEEAR™ ", KETPSTEHPSTH
BOCAERTHREZN T REREE TRINKMT
eS| RERY , BPak EI4LBE 7100 T B, s T a5 et
BEREREP ™ BRI REERGES , W
735 Cit, F, STEHRERET AR, SRR K
B R, R RRAK A EERMKIEE TR
E R RFERI I PS 1T 4 %, M0t
SR TR &S PS I 52 b PR Aot v 1 SR
ZRRIR MR

FRMEEHC A ZEN 5 PS T, iR ik
BUFER B3 St e me 7 B BT R ke X e T
& R R F A EY R L REI G A & e
PR AR T 200 W LIZEA YR R B
e ot A 8 HT T, At 5 ~ 35 T 1ETR,,
Duncan 247 & B, R/ IR B AR T, ¢ 712 35
THI5 T 216 pmol/(m® - s) ,BHFE 25 T 72
pwmol/(m* + s) i} rETR,,, A & F & (P <
0.01) , XM/ REMEEFE T KAZMN
MR BE B B REAR, MBS ERMREAT
B,

HE M SR TR A 517, RIIVAME
KRIE15 ~25 THI 54 ~72 pmol/(m® - s) BREAH
AR MERKEERG, SR A LS
R H R BHER. X5 2007 48,2008
P EAL T 5 B RER.6 -7 A
BiRE,8 Bl R BETHB A EMHRE,

IR AN AR =R, B R A
BES EFEMERE NP Mg HEBEENT
RN N . 3 HAERIEES PS 1 4% PS I
B, BiE Xt PS T Ao, 32 o DL & 2%
BB HEAEE, AAH—-ERSHARAR
SR EHEEN KA ERBIERANE AR,
7 BE B IE AR AT MR I B o
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Effects of different light intensity and temperature treatment on
photosynthesis and chlorophyll fluorescence in Ulva linza

TANG Wen-zhong, LI Xin-shu, HUANG Hai-yan, CAI Chun-er, HUO Yuan-zi, HE Pei-min
(College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract ; In this paper, the optimization for blade photosynthesis and culture conditions at different light
intensity and temperature in Ulva linza with pulse amplitude modulation chlorophyll fluorometer ( PHYTO-
PAM). The results showed that F,/ F,, F_, F, and o value were the highest at 25 C temperature and 72
pwmol/ (m?® - s) light intensity, up to 0. 74, 4567, 3406 and 0. 305 respectively. When temperature and
light intensity were lower than the point, light unsaturation would occur. And the farther the temperature
and light intensity was from the point, the greater their F,/ F,, F,, F, and o value decreased (P <
0.01). At5 C and 35 C with 72 umol/(m” - s) light intensity, the F,/F,, F,, F, and o values were
the lowest, about 32.24% —64.88% and 22.99% —53.44% of that at 25 C with 72 meol/(m2 - s) light
intensity , respectively. And at 18 wmol/(m” - s) and 216 pmol/(m” - s) light intensity with 25 C, the
F/F,, F, , F,6and o values also were lowest, which were 44.94% —82.62% and 51.82% —76.72% of
that at 72 wmol/(m” - s) light intensity with 25 °C, respectively. F, did not change much. At5-30 T,
F, first increased and then decreased or increased again, while at 35 C, it firstly declined and then
increased. As for fitting parameter o, it was showed that Ulva linza enhanced photosynthesis by increasing
light energy absorption before light saturation point, but after that, they would increase photosynthesis by
rapid declining light energy absorption. rETR,, Duncan test showed that the high / low temperature and
high light intensity inhibited photosynthesis rate significantly (P <0.01). It indicated that the temperature
between 15 C and 25 T and light intensity between 54 pmol/(m® - s) and 72 pmol/(m® - s) were
feasible photosynthesis and growth conditions for Ulva linza, and too high or too low were not good. The
temperature order for photosynthesis and growth rate was 25> 20 > 15> 30> 10> 5> 35 T, and the
light intensity order was 72 >54,/108 >36/162 >18/216 pmol/(m?® - s).

Key words: Ulva linza; chlorophyll fluorescence parameter; photosynthesis; rapid light curves;
temperature ; light intensity



