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(L PEUKREABE T B AT BT A AR JRE Rl PTRp S A R E A 8 2660715
2. BWMREEERAOKTE SR B 2013065 3. 7 B EERLE ORI N E R
WP RIS S R B E T 266071)

FEE LA 3T 4 3 (Pyropia yezoensis) 2 4k (R 1R, BF 52 IR E(15°C |, 25°C#r 35°C) 5 H52[40., 100
#1300 pmol/(m’-s)| X & R E LA TR NS EENYH., HRER, I5CHCLBAF, &
FE2 R T RN PSR K AR EFSFrm). &K AERPYFE H A3k R (P K 5E 7+
1 1% 72 300 pmol/(m’s) T, B F £ty Fy/F 1t Py s T %, Py oy . 72 25°C . 40 pmol/(m’-s)
T, BERBELNTRAEEFR)VELLEAMN—HLFE THF A 40 0 M2t b 5] 2 K
ZHE Ry EEFR Mg, BRE, EHEAHET, FNBETFES F/Fn. Pofn Pa ¥ EES TE K
B4, MRyGEHRELAMY, 35CERAE6hE, WTEBWF/FnREETEREL, HHL
B8 7 E B 4 T (P<0.05), A4l Fy/Fn3g# T 0. 7 40, 100 umol/(m>s) T, 6 h B, #F HEAL Py
M RyHTERELR —FA Y, £ 300 umol/(m>s) T, FEHEHREL P RyE THTEM, 24
BN Y, —HW P AR, BRIR L, BB LB T RN F/Fn. Pgft P, EFRT (5
BT 0 MM)ISCTH25C, T 35CHly Ryig T 15CHn 25°C; B#l, 2 B 2HHAKET A,
EERTHE, FAREW, ELAMEEERRLN LR TENFH N LR, BELAMT, BT
ERMEEMMTERATES, RAERERMALBRATEFAATERRLEKNELT, AHEL
HETRTEHRENR, EHEAENEGREMEBEESY.
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FHE | MR SOd e 5 R0 H ARV 45 (VP BE S,
2013), AKPEEFEHAMRBAETE . LFAESME,
TR A R AR SR (R R AR, 2017), ARIRE
SRR T S A L FE T AR (bR AR ) A A A
(ZLRAER) 2 DS (B RIFE, 1996). 22R1K5H
YORBELLCEFRWLL) . TR AT IR R E K
2E,2005) 3 B BE . FREEAE BN, AU BE R T
BT, 4k & & AR TR AR . SR BRSSOk
PR KT AT, SRR R B B ARk, IR
FERE R RE KoK 4 S5 IS R P B8 (Davison et al,
2010), JEWFFEAEYIP0E S LI A B A SE 8 Ak}
AT, A7 QKBS Mo £ 24 P 7EiG H 220k
AR R B A A S SR EB ST, 2012; kL5,
2009) . FPRARPT P K ML (BEF RS, 2008; S 1) 21
&, 2013) 500 AW 25 (BLE = 5%, 2010; Yang et al,
2011; Cao et al, 2018), ZZ R JE 20350 A4 1% b A4 T ZE By
B, AR RRARAEIE S, IR A K R B X AR
FBHIF 4> T2 6T BERURE 97 P22 02 3R 2RIk
KB RAIE) 2 AR B, ZHSE TR0 3% (Green
etal, 2015), RGeS LORIAR I E R L kT T
WA, WFFR R, WX 12.5CRE, AREE il
FRER T E B 1979); 15°C~25CZIa], FHlT4
R B KR 5 1 B B E H (BRARI5 5, 2008), St AH
WA C A E R BE R IE, M IAARK . B R
HEEEW(F RS, 2014; B 5%, 2016), skt
o BRI AR TSR e RIR A KR E - R
221999055 KM, 15°C . 60 umol/(m?-s)f& S BELE 3
ZLRAARE B TR RO IR PR AR A5 (2008) 9 K B,
8L : 16D Wk HIBIEEW . 57 pmol/(m*s) ik T,
FE TR R B . Zhong 25 (2016) % K 53¢
(Pyropia dentata) 22 R4 & B W58 W, ¢ i i A
THRFEBMIES; AT 12 h HIEIEA T, 4
THEARY R R AR [R] %) S TG 5 78— %2 1
RS LN, 007 Al 114 T2 1l ot Y P 338 7 348 o
SR B VA M A B 1) R 9 5 A 0 o R i
XA R B AR E AR A 2 kA2 AR AR b (Katz et al,
2000; Jiang et al, 2013), ERLLRIKL BB, HF
PELL NI T B AETE A L AFAE E K25 5 (Shen et al,
2000; Varela-Alvarez et al, 2004; J&SCH %, 2006), %}
B2 S e SR N N [ I (E ey W N B 7S S Lo
G A B 22 5 o o BH i o ASAIF 5 3 i 2 R D
RFNBA AL A, X ARBEE S [t 22K R85
22 5 10 1 HERE Iy BeAE A AR EE 5 O65R T e A AR
HEAT R SY , DA A GRS R RE TR Xt
e T R i G B Y AT B2, B R N R AR B

LRI K B IR | S vl SR A
R BELE FE A

1 #MR57FE
1.1 SEIHE

SR HTURBZH 55 1 2R B 5308 1 5 i RO SE
AL E IR LA T A SR A E: 20T, SR
30 pmol/(m*s), JGJEM 12 L1 12 D, KEHEKFHR
T #:4h (5 mg/L NO3-N, 1 mg/L PO; -P) 53Rk .
R Ry 3 d Ja A7 o286 .

1.2 R H*E

1.2.1 2 A 58 3t 2R 4K Fy/F o 89 %R ST
DGXM-508B Jt: 35 3248 rh i A7, FREL S 5 5 R iR 22
A F R A BT R 3R I B B 3 NREASTC .
25°CH135°C)H1 3 IGER[40.,100 1300 pmol/(m?+s)].
SrMIE AR FDEIRAGHEFR 6 hy 1d. 2 dH 3 dIY
Fu/Fmo Fu/Fm M15E 2R F i 2% & 9 9% {X (Imaging-Pam,
WALZ, f8E), Hik: EwEETRat, a5l
AT 20 min BN, BEAFESEC 6 AFAT, e H
Fu/Frmo
122 BJEA KR LARAK Py, Refe P, # %
LY EF 1.2.1, R WM 4 H % (Hansatech
Oxygraph, J& )M, [N A A KFEEIK, A
500 W MUERAT, KT B, Rt sR iR AR
40 pmol/(m*-s) o FFA A F KB ARAE S min, AT
[ ¥ HIFE 10 min PN, A P4t E . mAER
W B A RS s, B R E 3 AT

1.3 HiEaiE

K Excel Wi -4 1K, R SPSS 18 k{4
X 4% 20 BCHE AT 5L F 5 2243 BT (One-way  ANOVA)
% Duncan ZE L, P<0.05 NEFEZE,

2 R
21 BEMEBNEFELMBFER FU/F. 1
A

15°CHF, [ 40 pmol/(m?-s)GiR4H , HiAhS2uh 4
flFRAL Fo/Fn B0 T IR 2(P<0.05), It
PR BECHRIE A B, H & PR IBEGHR g
T . SE5E A 40 pmol/(m?-s)iF, 6 h~2d N, 1
TR SGEFRWLE FUFL 8 ETH#EE, 3 d if i
T F(P<0.05), 2 Fh22ny Fy/Fn EBALETAE Y .
100 pmol/(m*-s)JGHR T, TFHALM Fo/FnREMET
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Wit YOEHRIAF] 300 pmol/(m>- ), 45 3 K,
BRI Fo/F i .35 FEAK(P<0.05); 7EG5RA 100~
300 pmol/(m*-s)it, EIRBELLI) Fy/Fy— EHATEIEH
B K (P<0.01).

0.30 HehH1dBE2dH3d
025
o 0.20 |
= 0.15
0.10 1
0.05

S5k Light intensity/(umol-m2s™)

B 1 15CF, ARDEHRITRBEEE S Z AR Fy/Fo 520
Fig.1 F,/Fpof P. yezoensis under different
light intensities at 15°C
[ 4 AN R RS 5 R 7 22 53 .35 (P<0.05), R[]
Different letters in the same group represent significant
differences(P<0.05). The same as below

EEN 25 CHE, T8N P/ B E S T
FRWELL(P<0.05), HANEDEE FEMAR: JeiEh 40
5100 pmol/(m?-s)ZH1EBUAI, & IREEL F/FL 2k
AR, BFEER F/Fn %6 TRE(P<0.05), J5A TR
5. YOEsRIAF] 300 pmol/(m* s, BEIEELL F/F
BT, WS A, HEEET; i8R Fu/Fy
Je ETHRA BT BE(P<0.05); H=3& FJ/Fn B REK
T 40~100 pmol/(m*-s)4H (P<0.05).

035 A E6hE1dD2d03d
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Bl 2 25°CARDEHRR AR BEERFLZRIK Fy/F 15
Fig.2 F,/Fpof P. yezoensis under different
light intensities at 25°C

35CHE, BFRWLSMF RN F/Fn KT
15°CHI 25°CH . ANFER T, EFRBELN F/Fn LT
Kl A F](P>0.05), 40~100 pmol/(m?-s)JGik T, 1T
PAGTEREFEANHI(6 ), Fo/Fom BEGHRIG N 20 % 5
63 A 300 pmol/(m?-s)f, 76 FHEALLE 6 h B9 Fy/Fp
JLFR 0, EFRMELTE 6 hivh, WAL H, T
WRTE 1~2d )5, BIEBARSR . JET,

0.14 A B6hH1d@2d [3d
0.121 by
0.10f i
0.08} i A
£ [+
& 0.06} o i
o004t AA &
0.02}
o |- &
-0.02}
Ty &
S Vg by g by v4
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L 0 L % oy &
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g S & S & o
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A R A 4 A o“°
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K3 35°CARDEIRAT SKBEE R LR Fo/F B0
Fig.3 F,/Fpof P. yezoensis under different
light intensities at 35°C

2.2 REFNENT LR B G ERNZ M

15°CHY, fFEAN A ERY EESTE
IR 22(P<0.05). BEYGIRIGIEIN, =3 Py MikE(L.
40 1 100 pmol/(m*-s) L IR T, fl T AL Py 5 14 1 #4
B, EIFRW LN R ETHE T BB H(P<0.05),
300 pmol/(m*-s)Af, 552 K, EHFELHIEE LT
Jo R TR, HARAS LR T 35 22 5+ (P>0.05).

EHohE1dO2d H3d

40 100 300
Y655 Light intensity/(umol-m2-s™)
K4 15 CARDLIR N A PSSR 22RAR SO B BRI 52
Fig.4 Gross photosynthesis rate of P. yezoensis
under different light intensities at 15°C
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MR N 25°C | JE5EA 40 pmol/(m?-s)Af, T
Pk Py B s 77 e 1) 2E K 2R B FH(P<0.05), B 5
MR EET . 3 MHBAERLS 15CRIEk
—3, HAFREE Py i 3w T FR B 22(P<0.05),

MIEEE N 35°C . JEHR N 40 umol/(m*-s)i}, K FE
1 d il FRER Py T 3 (P<0.05); 52K, HF
WL Py R (P<0.05), #IT44 Py LN 0
(P<0.05); %53 K, HFRBELIREF 6 h KV, ik
9100 pmol/(m?-s)Af, 2 b sk 22 i B AR AR fh i 34 RN

C
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Fig.5 Gross photosynthesis rate of P. yezoensis
under different light intensities at 25°C
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Fig.6  Gross photosynthesis rate of P. yezoensis
under different light intensities at 35°C

40 pmol/(m*s)it KAK—%L . 300 pmol/(m*-s)A T,
6 h~2 d H, B FRBELL T T AL Py 7E 0 LRk,
AR E; 6 3 KA, BIRELN Py TR
2(P<0.05).

2.3 R BEFASE SR X L2 K 1 I IR E SO 2R B R

RN 15CTRE, J6#N 40 umol/(m*-s)i}, 1 d
AP 5k 5EFREZN Ry BB E L FH(P<0.05)k
Ja HERE R R e 1Ko 4 65RAF] 100 pmol/(m’s)
F, 6 h & FE 22 1 Ry i3 T8 78 K7 (P<0.05),
BEIE I A EC, 78R Ry BT, HER &S
FEFEWE22(P<0.05), JEi% 300 pumol/(m*-s), SZ6
B, EIELMfFRE R 2 G, A=
Z [\ 7 i 2 25 5 (P>0.05).

T RE] 25°CHE, JEHEH 40 pmol/(m?-s)A,
FRIELLIY Ry 34 18 25 5 Tl T4 K7 (P<0.05), H %1
£ ETHE, MR e REcrh I B L
100 pmol/(m?-s)i, 5 35 22 T F AL 1) Ry 34 2
TG T #4(P<0.05), 300 pwmol/(m?-s)Jt % Bl
T, 6 h I, EFREELL Ry W& & Tl 1447 (P<0.05),
6 h~2 d i, 748 Ry ETH(P<0.05), HAM ] —
T EES

16 35°C . 40 pmol/(m*s)GCMEMNA TR, E3E
BT RN Ry WK, 25 LTHE NREH
IR, 1 ORI, TR Ry B S TE SR
W 22(P<0.05), 100 pmol/(m*-s)JtiHr, 6 h~1dHr,
T RyERE EFH(P<0.05), WTEMKN Ry BE S
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Fig.7 Respiratory oxygen consumption rate of P. yezoensis
under different light intensities at 15C
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Fig.8 Respiratory oxygen consumption rate of P. yezoensis
under different light intensities at 25°C

TEFRMLL , ek F] 300 pmol/(m*s)if, —F Ry
5T 2 4D RS AR L3 B R B (P<0.05), SEER
T, EREZ5HTFERE R ¥R bR, B
SEUJE W SR 2L Ry W2 R T 2R AL (P<0.05),

=1
Tab.1

B ERMEHERE

BHohEi1dHE2d H3d

WRIRAE A

Respiratory oxygen consumption
1

S5k Light intensity/(umol-m2-s™)

B9 35 CAIFDGHE X A HE S22
IV 187 40 12 3% (Ry) Y R )
Fig.9 Respiratory oxygen consumption rate of P. yezoensis
under different light intensities at 35°C

iR 2 RS BRI

BB EOCE RPN A, TR
TE 15°CHI 25°CHY Py A IEAE, ELFEG5RIE I T [
MR IRE] 35°CHE, Py 2RIRRAR N 71(FE 1).

2.4

BT RS EGERP)HF M

The net photosynthetic rate of vegetative conchocelis and conchosporangial

branches under different light intensities and temperatures

B0 IR Temperature
Light intensity 15C 25C 35C
[umol/(m®-s)] 40 100 300 40 100 300 40 100 300
B WY Vegetative conchocelis
6h -198.51 -277.49 -280.70 -274.02 -344.19 -389.63 —448.87 -504.83 —145.96
1d -197.66 —-142.99 -358.81 -368.97 —-434.74 -400.02 -776.46 —681.66 —373.04
2d -261.50 -344.28 -319.18 —439.72 -369.18 -269.11 -817.64 —609.85 —637.30
3d -334.46 -338.74 -362.49 -536.19 29246 44570 —-853.48 -631.48 —448.31
il 7% 4% Conchosporangial branches
6h 343.86 289.43 193.88 322.46 232.09 166.68 —-410.40 -479.08 -209.09
1d 364.61 186.70 191.91 366.27 206.49 128.95 —-823.62 -1033.70 -303.22
2d 369.83 181.34 66.74 345.19 278.67 31.96 —784.46 —1305.50 —455.62
3d 537.93 320.22 106.61 376.76 380.85 183.10 -1042.11 -1113.40 -610.41

W I AT Ak 2 IR FEL T4 3 Y 43 T
SRR BB | (Chow et al, 2005), M4EE 58251
AT LA e PS T A9 TGP DA SR SGREM i . 1538 . 43
FEHICAE N e 1Y 1B 2 (Maxwell et al, 2000), 4 #E7E
WA T A e, R RS VOESEII R T
[ % (Zhou et al, 2004), PS I JFEHIEAER: LK

Fo/F o XA Y 7E 7 R RSE R G, FEA PS T e
DAL FIFBCRASR &7 8, REREYEA R
e e M AR AR Z — (BRSPS, 1999) 244 41 18 4h A
AR, Fo/Fn EAATEARRRE N TR, WM PSI
B H G 32 BIAS [ FE BE 601 o OB DR (Py) RN
TECRRAAETS, 7 B[R] Py (240 BT & B A LA
f R E A AL CO, B, RDEA A (PR B i
(i) AR 42 T R B2 A BILA o o DA O B B 5 r
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I CO, HE(BRTAR, 2018), F R IGA R (Py) il 25 M
FE S R (Ry) T 15 o T2 A5 1k 2 52 Wi 38 200 B B BAR A0
FRRESE R I 4 28 5 R4, 2009). I o Bk
R Sl E iR K e, HEI T (5K 35 %,
2009), ARG AT LUEAG PSS SR b PS 1T s e 2
AEZ B (Terashima et al, 1989), [&{X PSI B &
fiEJJ(Ottander et al, 1993); [Alif, PS I t1 2% il
X I HUR I 2546 (Berry et al, 1980), G176
AVEFRIRE R IR, 38 B G R UEA ) IE F A
KB RRIEE, (BoesRd s, WAy SR =g
FEHNHI G E AR A, 1980; BREF S, 1984; Zhang et al,
1997) AHY)IE I Sk HLBT /M A W38 3o FE 75 T AR K =
REtE, WPFURAEF A A TG s R A g i,
I 1 5 U A R SBT3 AR P s 2 —
T DG IR R R R R R B 2 4
AR R W5 A — 2 1Y 6 RAE EE VBl
B R | e A A R O R T 22 R AR
FRBE L R B AT R (T RS, 1979; B%HOE 4,
1999; BRFRIFSE, 2008; fHIGESE, 2014; H =44, 2016;
Zhong et al, 2016), {HA5 REEHLG] M ATERE . LRk
TAEH, BRELTEEBTNHELT, RERRZAR
A5 A AR AR R AR K, AR S ARk k.
W2, e TR S FAF FE R LN AER, N
A S A RS & R S 255 10 7 — KB B
Bt? M T BRI —{B s, A 15 IR R A MR i
BK, WS EEE S e . 2R ER, S
TREEJLEIN(15°C~25C), BR TR 15°C. Jtimh
40 pmol/(m*s)f, T HE LR ] A5 Fo/Fn d24,
HALMT, PR F/Fn. PyS P Y ETESF
W22(P<0.05), EIRWELAE 25CHE, Fy/Fo. Pgl5 P,
HIAET 15°CHE, Wi FREAE 25CRY, LI 34
FERRRIE TS T 15CRF, BB T34 L %
PELLIE TR IR . XN Ry ALt T LA 1,
2 227 15°CI, RyZEIAE S, TEIREE N 25C .
Y6 A 40 pmol/(m*-s), 6 h~1d i, FFEmss
T AT A B A VEFHRRAC . PRI AR F Y a2 A )
T 38 A A ) UL SO o PRI, I 3 A IR
9 25°C . JGIREREE K 40 pmol/(m?-s)i B 32 F ki
TR, 35°CXP 3R 22 MRIR B B = iR e
2 PRI PR T 0, HHILEEARIET- IS, 2 Pl
2 LA A A B bR SR AR AR B S 56 5 Y 384 0
iR R U B e A5 T DL 2 PR AIR 2RI PS T
HIYERE R R IR R 15°C 638N 40 pmol/(m?-s)
IF, B SR P22 RN 96 T 4 A E 22 B0 ) 5 A 1

FWFmfd, HMIFRET, SCHEMMZE 100 pmol/(m*-s),
FIFRERL PP (B 0 2 1 B R 22 TEIREE ) 15°C~
25°C . JEHEN 300 umol/(m* s)iF, AR AL T HERL O
A AR PREE AR LLIREE R 15°C~25°C L JBig R 40~
100 pmol/(m*-s)AF A FIF I [, (HIA 4 Hp7E 55 7K F
T FR 22 (O BUE B R 2 0 BbT, W] LA 198 e 0 5
ST 52 P 2 TR R AL,

61 - SRR X 5 SR i 22 FL A% 3 N g R RO
HRIRE ST, TTRE S HAELS M RAL oy ek e g 56,
s s, B, 8T SR P Y O R R
(LA AE, 2000), VRIEAEZFEE &0 N EBHRY
BEWWEN; B, SRR, HuidX
(TR S, 2000), SR EIE1 TP AR A BE 2 5
ey £ T, A0 A A G o T B AR KA 95%
Sk [ 4k 1A (Chance et al, 1979), 4%BE4E30 1 HeA;
w2 b A 3 Z2 ] B8 A LA B A A 2 2 1L T BE R
PrBR; 5=, GRIEEETEEHI e %, I
F K (14 2R A R A9 A 1 T Sk (B SO 5%, 2006),
B R AR & T G RE B RIS R R AA B & OB 6
Wl E); 500, ANERER RGN, SMRZAEM, W
A TRIZ WIS, AN ANEE WY AR TR %,
I Bl 61 7 AL H 25 BB B R CR R E AR,
1984), HEL ) 200 i B 1 T2 2 G A0 306 5% W 3 1) 5 & 4%
Z—(EHEME, 2001). 54, R EN, 7fE%
LRI R B R, BEARBEALGR(PC) R I 5 A ik
REBR(LPC) & HH 34 11 (Wang et al, 2015), PC %} PS I i
BEUA YRR (415, 2003), 0] DL ok
% % (Gounaris et al, 1983), [FIFf, A 1]i%ES Triton
WEER Y RGN E A Y B PG fE(Ruan et al, 2002),
PC JIig B A0 4% 110 AN T 0 R X 08 1 2400 o 1o s dRL AT R
35 I RE ) A N, LPC APl fe b
W5 1 18 ) T O A%, 2012), AR, flFaE
RO TR LSS E a FREMIESHA
It T (Fdfe %, 2007), AR (oML 2 DL 6
Z(WkRaHn, 1987), HA%Z 5 1EAGE W%
#(Glazer, 1984), [Fi, & EA P THE(Zhong et al,
2016), filFHAFAE A& LT, nr it ae
PER, ARIEIC I MR E A . BFFE KB,
IR SR RIR S R 2k B B TR AT R, ik
IKALA YR A5 A A b T (eSS, 2007). Bk
IKACA W) 2 20 25480 1) =5 B R4 N = B L RE W I, ik
IKACA P00 B B H 5 R Y B A T 7
AR EESE bR, W, &Y T (Cicer arietinum)fe T 5
W, KBRS YA B B3 T (Mafakheri
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et al, 2011); %71 (Gracilaria tenuistipitata var.
Liui)filk 7K Ak A 9 F 8 1 0T b B 9 32 g e 1 R ' R
BV T BRI 245, 2001), L3070 FEA 4N N
XL R ZH B RS A A SRS e TR R e '
SR WS

25 TR, TEARBE S SRR A R ™
FHIHIAOGR L R R, 8RR R H A AT
OGN T, U IR BE RGBSR T R e
YRR OLS e 22 e 1) 46 BB B BB,
Ji 7 ) Ao LA 7 B B DG BRI R T o I SR
L AT AR R IR YT 52 (R Y 22 ok AR
YORIRIAER AR -

£ % X M

Berry J, Bjorkman O. Photosynthetic response and adaptation to
temperature in higher plants. Annual Review of Plant
Physiology, 1980, 31(1): 491-543

Cao Y, Wang WIJ, Liu FL, et al. AFLP fingerprints of Pyropia
yezoensis (Bangiales, Rhodophyta) populations revealed the
important effect of farming protocols on genetic diversity.
Botanica Marina, 2018, 61(2): 141-147

Chance B, Sies H, Boveris A. Hydroperoxide metabolism in
mammalian organs. Physiological Reviews, 1979, 59(3):
527-605

Chen CF, Li XS, Yang L, et al. Effect of external factors on
formation and growth of free-living conchosporangia in
Porphyra yezoensis. Biotechnology Bulletin, 2008(4): 166—
170 [BRFIF, M55, ¥, & MR FX R BEEER
M5 T RERTE A KA. AEYHORIESR, 2008(4):
166—-170]

Chen GY, Zhang XP, Zhou HQ, et al. The effect of some
ecological factor on the photosynthetic activity of free-
living filaments in early stage of Porphyra haitanenss.
Journal of Fisheries of China, 1984, 8(2): 115-124 [B4&E .,
KN, PG, G SRR SR 558 A 224010k
A KRFDCEVE TG ERZ IR, K224, 1984, 8(2):
115-124]

Chen Y, Pei LQ, Yan XJ, et al. Changes of chemical components
during sporangial branchlets formation of Porphyra
haitanensis. Journal of Marine Science, 2007(2): 23-28 [f4
e, BT, UNE, GFIRESI T REOY M R
A A4k, TSRS, 2007(2): 23-28]

Chen WD. Comparative analysis of gross photosynthesis rate
and net photosynthetic rate. Science Exam Research (High
School Edition), 2018(23): 61-63 [[A A, EOLEHEK ¥
HeE AR BT, BRI ST (5 R, 2018(23):
61-63]

Chow WS, Kim EH, Horton P, et al. Granal stacking of thylakoid
membranes in higher plant chloroplasts: The physicochemical

forces at work and the functional consequences that ensue.
Photochemical and Photobiological Sciences, 2005, 4(12):
1081

Davison IR, Pearson GA. Stress tolerance in intertidal seaweeds.
Journal of Phycology, 2010, 32(2): 197-211

Glazer AN. Phycobilisome a macromolecular complex optimized
for light energy transfer. Biochimica et Biophysica Acta
Reviews on Bioenergetics, 1984, 768(1): 29-51

Gounaris K, Whitford D, Barber J. The effect of thylakoid lipids
on an oxygen-evolving photosystem Il preparation. FEBS
Letters, 1983, 163(2): 230-234

Green LA, Neefus CD. Effects of temperature, light level,
photoperiod, and ammonium concentration on Pyropia
leucosticta (Bangiales, Rhodophyta) from the Northwest
Atlantic. Journal of Applied Phycology, 2015, 27(3): 1253—
1261

Guo WZ. Effects of light and temperature on growth and
development of sporophyte in different stages of Porphyra
yezoensis. Science and Technology Information, 2012(17):
244244 [FF3CAT. DGR X ARBEE AT RS B BUE K K
BRI, BHETER, 2012(17): 244-244]

He JY, He LW, Zhang X, et al. Analysis of genetic diversity of
Porphyra yezoensis using AFLP. Oceanologia et Limnologia
Sinica, 2010, 41(4): 489—494 [B& =, M3, ¥, 2.
SBT3 (Porphyra yezoensis)ist & ZREVE) AFLP 4347
HEVESIE, 2010, 41(4): 489-494]

Hou HS, He WJ, Li HY, et al. Effects of high temperature stress
on growth and physiology of conchocelis of Porphyra
yezoensis. Journal of Liaoning Normal University (Natural
Science), 2008, 31(4): 487-490 [BEFIE, (] 3CH, e,
S5 el A0 0] AR BE S SRR B A R R A B R AL
TIMTE K2R (A SRBHER), 2008, 31(4): 487-490]

Jiang H, Wang Y, Zhu J. Comparative studies on pigments and
photosynthetic characteristics of sexually different vegetative
and reproductive tissues of Porphyra katadai var. hemiphylla
(Bangiales, Rhodophyta). Journal of Applied Phycology,
2013, 25(1): 73-79

Katz S, Kizner Z, Dubinsky Z, et al. Response of Porphyra
linearis (Rhodophyta) to environmental factors under
controlled culture conditions. Journal of Applied Phycology,
2000, 12(3-5): 535-542

Li DH, Xu Q, Gong YD, et al. Protective effect of
phosphatidylcholine on PSII membrane complex during heat
treatment. Chinese Science Bulletin, 2003, 48(7): 3 [ZE44f,
VPR, ATE, % PR BRI BEAR RS 1
JEE A WRITER. Bl i, 2003, 48(7): 3]

Li XL, Wang WJ, Liang ZR, et al. Antioxidant physiological
characteristics of wild Pyropia yezoensis under desiccation
stress. Progress in Fishery Sciences, 2017, 38(5): 156-163
[(ZEBeRE, VESCR, JeNEs, 45, B4 40802 38 (Pyropia
yezoensi ) {RAAT T 1 JBb 38 BT LA AR B 1 AR AIE.
W BLEBERE, 2017, 38(5): 156-163]



122 ook B

2 R ERAES

Liang Y, Chen SX. Effects of temperatures on the chlorophyll
fluorescence parameters and the astaxanthin content of
Haematococcus pluvialis. Transactions of Oceanology and
Limnology, 2009, 30(3): 112-120 [, 5. R
AR LRI S R VR SR RS R ise . 15
VAR, 2009, 30(3): 112-120]

Liu JW, Dong SL. Interactions between light and temperature on
the growth and levels of chemical constituents of Gracilaria
tenuistipitata var. Liui. Periodical of Ocean University of
China (Natural Science), 2001, 31(3): 332338 [XIi#E, #
XUBR. i BEFI IR 32 0 20 VT 8 SR e B ) A K R AR A
B b T A R (A AR, 2001, 31(3):
332-338]

Lu JC, Wang MY, Jiang P, et al. Functioning mechanism of plant
signal substances generated in mycorrhizal symbionts. Journal
of Huaqiao University (Natural Science), 2012, 33(3): 290-
295 [, ERDT, 8, & ERIVERTPRYIES
Pyt 07 Az B HAE RIBLAR]. S 24 (A SRR ),
2012, 33(3): 290-295]

Lu X, Li MZ, Wang ZG, et al. Effects of different temperature
and illumination intensity on growth and biochemical
constituents of Gracilaria chouae. Journal of Fishery Sciences
of China, 2014, 21(6): 1236-1243 [/ilk, 225514, F &N,
S5Ol IRORIIGL B X G VA A R A Ak 2 Y R
HEK =R, 2014, 21(6): 1236-1243]

Luo QJ, Lu D, Fei ZQ, et al. Effect of ecological factors on
growth of freeliving conochocelis of Porphyra yezoensis
Ueda in Zhejiang. Fisheries Science, 1999(4): 6-9 [J§HF,
FiA, Pk, AF ARASPTRARBEESE A th 2 RIR K
B2, K= REE, 1999(4): 6-9]

Ma JH, Cai SQ. Cultivation and processing of Porphyra yezoensis.
Beijing: Science Press, 1996 [EhZiitE, 2451, 4BTLEE
RO ST, dent: Bl i, 1996]

Maxwell K. Chlorophyll fluorescence—A practical guide. Journal
of Experimental Botany, 2000, 51(345): 659-668

Mafakheri A, Siosemardeh A, Bahramnejad B, et al. Effect of
drought stress and subsequent recovery on protein, carbohydrate
contents, catalase and peroxidase activities in three chickpea
(Cicer arietinum) cultivars. Australian Journal of Crop Science,
2011, 5(10): 1255-1260

Ottander C, Hundal T, Andersson B, et al. Photosystem Il reaction
centres stay intact during low temperature photoinhibition.
Photosynthesis Research, 1993, 35(2): 191-200

Ren GZ, Cui GF, Fei XG, et al. The Effect of Temperature on the
growth and development of the conchocelis of Porphyra
yezoensjs Ueda. Oceanologia et Limnologia Sinica, 1979,
110(1): 28-38 [{EEE, Bk, BLE, . XA
LR RK LT R, WESBE, 1979, 110(1):
28-38]

Ruan X, Li DH, Xu Q, et al. Phosphatidylcholine-induced
reactivation of photosystem Il membranes pretreated with
Triton X-100. Journal of Photochemistry and Photobiology

B: Biology, 2002, 67(2): 109-115

Shen SD, Dai JX, Zhou LR, et al. Ultrastructure of vegetative
and reproductive conchocelis of Porphyra yezoensis. Marine
Science Bulleten, 2000, 19(3): 38-44 [JLAZR, 4k, J&
ST, S SCBELESE (Porphyrayezoensis) 22 R A Y 4l
FIMRZE. HIE AR, 2000, 19(3): 38-44)

Teng YJ, Wang XQ, Wang P, et al. Effects of temperature and
nutrients on the growth of somatic cells in Porphyra yezoensis.
Agricultural Economics and Management, 2007(5): 37-40
DBWGR, F24us, EF, % RS FRET SRR RA
AR E B RN, R 25 54 L, 2007(5): 37-40]

Terashima I, Huang LK, Osmond CB. Effects of leaf chilling on
thylakoid functions, measured at room temperature, in Cucumis
sativus L. and Oryza sativa L. Plant and Cell Physiology,
1989, 30(6): 841-850

Varela-Alvarez E, Stengel DB, Guiry MD. The use of image
processing in assessing conchocelis growth and conchospore
production in Porphyra linearis. Phycologia, 2004, 43(3):
282-287

Wang X, Zhao P, Luo Q, et al. Metabolite changes during the life
history of Porphyra haitanensis. Plant Biology, 2015, 17(3):
660-666

Wang XL, Ma YC, Lu XP, et al. A review of species diversity of
Pyropia and fundamental studies of Pyropia cultivation.
Marine Sciences, 2017, 41(2): 125-135 [EfBE, D&,
BT, . RS Y R AR A Y .
R, 2017, 41(2): 125-135]

Xia YJ, Gong XZ, Gao W, et al. A comparative study on effects
of light intensity and photoperiod on the growth and
development of filaments of the northern and the southern
Scytosiphon lomentaria in China. Journal of Fisheries of
China, 2016, 40(7): 1039-1049 [BE =4, EHE, Efh, 4.
SRR e [ R A 7 g 2 R AR A KR B R R EL . K
FEER, 2016, 40(7): 1039-1049]

Xu P, Zhang XC, Wang SJ, et al. Reproduction and development
of major economic marine algae in China. Beijing: China
Agricultural Press, 2013 [¥F8E, sk2fal, &I, 5. F
THZFMENEH S RE. Jbat: hER R,
2013]

Yang H, Mao YX, Kong FN, et al. Profiling of the transcriptome
of Porphyra yezoensis with Solexa sequencing technology.
Chinese Science Bulletin, 2011, 56(20): 2119-2130

Yu NY. Physiology of algae. Dalian: Dalian Institute of Technology
Press, 1987 [WkRgs. BEeME. Kik: JOE TRt
Jitt, 1987]

Zhang MR, Lu QQ, Zhu JY. The significance and influencing
factors of amplification of free—living conchocelis in Porphyra
yezoensis. Fisheries Science and Technology Information,
2009(2): 77-79 [FKIan, EEENE), A FRBEESEAR
LRI B R CEGEWA T, KRR, 2009(2):
77-79]

Zhang SR. A discussion on chlorophyll fluorescence kinetics



MR &5

TSI LLARARAN ) 5 7 I S0 S BRIl B #9045 3 B2 g 123

parameters and their significance. Chinese Bulletin of
Botany, 1999, 16(4): 444448 [3K~P=. MHZE e\ tsh 112
SR SIS, AR, 1999, 16(4): 444-448]

Zhang X, Brammer E, Pedersén M, et al. Effects of light photon
flux density and spectral quality on photosynthesis and
respiration in Porphyra yezoensis (Bangiales, Rhodophyta).
Phycological Research, 1997, 45(1): 29-37

Zhang XC, Xu P, Qin S, et al. The genetics of marine algae.
Beijing: China Agricultural Press, 2005 [5K22h%, 178, %
A, A5 i fees. duat: sPIEAL AL, 2005]

Zheng BF, Chen MQ, Fei XG. On the effect of culture light
intensity on the growth and development of the conchocelis
phase of Porphyra yezoens's Ueda. Oceanologia et Limnologia
Slnlca 1980, 11(4): 362-369 DRFEAR, PRIESR, Phiedl.

B IR0 o SR BESSE ZORMAR L K R RS e S )
H, 1980, 11(4): 362-369]

Zhong ZH, Wang WIJ, Sun XT, et al. Developmental and
physiological properties of Pyropia dentata (Bangiales,
Rhodophyta) conchocelis in culture. Journal of Applied
Phycology, 2016, 28(6): 3435-3445

Zhou R, Zhao H. Seasonal pattern of antioxidant enzyme system

in the roots of perennial forage grasses grown in alpine habitat,

related to freezing tolerance (EI). Physiologia Plantarum,

2004, 121(3): 399-408

Zhou WJ, Li Y, Dai JX. Observation on free-living conchocelis
of Porphyra yezoensis. Journal of Fishery Sciences of China,
2006, 13(2): 217-223 [JH3CH, 248, Mk, KBS
A 22 RIB LGSR, PEDK =R, 2006, 13(2):
217-223]

Zhou XH, Yi LF, Xu JT, et al. Photosynthetic characteristics and
SAMS gene expression in the red alga Porphyra yezoensis
Ueda under high salinity. Acta Ecologica Sinica, 2013,
33(20)‘ 6730-6735 [JHIRI4L, HhARK, IREH, % ST
FRBEESIOCERHER SRR i 2R & UBGHE A 23k 1Y
Atk AR, 2013, 33(20): 6730-6735]

Zhu JY, Ma JH, Jiang HX. Observation on the ultrastructure of
free-living filament cells of Porphyra haitanensis. Journal
of Fisheries of China, 1984, 8(3): 235-242 [/RFZ, XK
W, FEPRAE. YR SE3E ) H 2R A G i GRS R ) A5
75, KFEAAR, 1984, 8(3): 235-242]

Zhuang HR, Chen WL, Lu HS, et al. The research of ultrastructure
for different morphological cells of Haematococcus pluvialis.
Chinese Journal of Applied and Environmental Biology, 2001,
7(5): 428433 [N, BR3CH, s, 55 MA20akige
AT 20 ) IR AE i E 9T . S5 IR B AR 24,
2001, 7(5): 428-433]

(%4 )



124 b /A - =

-
el

%41 %

Effects of Light Intensity and Temperature on Photosynthetic Adaptability
of the Different Stages of Pyropia yezoensis Free-Living Conchocelis

WEI Jiahui'?, LI Guoliang'?, WANG Wenjun'*", LIANG Zhourui'?,

LU Xiaoping'?, LIU Fuli'?, SUN Xiutao'?, ZHANG Pengyan'”

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Devel opment
of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071; 2. College of Fisheries and Life
Science, Shanghai Ocean University, Shanghai  201306; 3. Laboratory for Marine Fisheries Science and Food
Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao  266071)

Abstract The photosynthetic physiology of the different stages of the Pyropia yezoensis
free-living conchocelis were investigated at different temperatures (15°C, 25°C, and 35°C) and light
intensities [40, 100, and 300 umol/(mz-s)] to reveal the regulation mechanism and establish a
foundation for efficient and accurate P. yezoensis seedling technology. The main results were as
follows: 1) At 15°C and 25°C, the optimum PSII quantum yield (F\/Fp,), gross photosynthesis rate
(Pgy), and net photosynthetic rate (Pn) of the vegetative conchocelis and conchosporangial branches
decreased as light intensity increased. F\/Fr, and Pgof the vegetative conchocelis filaments dropped to
zero under 300 pmol/(m?'s) light intensity, and the values of P, were below zero. The respiratory
oxygen consumption rate (Ry) of the vegetative conchocelis was significantly higher than that of the
conchosporangial branches at 25°C and 40 pmol/(m”'s). The difference in the Ry values between
vegetative and conchosporangial branches decreased gradually during culturing under the other
conditions. In general, F/Fy, Py, and P, of the conchosporangial branches were significantly higher
than those of the vegetative conchocelis filaments and there was no significant difference in Ry
between the two developmental stages under most culture conditions; 2) F.J/Fy of the
conchosporangial branches was significantly higher than that of the vegetative conchocelis at 6 h of
culture at 35°C, which decreased with increasing light intensities. F\/Fp, of the other treatments was
nearly zero. Pgand Ryof the conchosporangial branches were higher than or equivalent to that of the
vegetative conchocelis after 6 h of culture at 35°C, and 40 or 100 pmol/(m?s). After 1 d or 2 d, P, and
Ry of the vegetative conchocelis were higher than those of the conchosporangial branches, while the
Pnand Ry were all below zero under 300 pmol/(m?‘s) conditions during the entire experimental period.
Overall, F\/Fnn, Py, and P, of free-living P. yezoensis conchocelis were significantly lower (mostly
zero or below), whereas Rywas higher at 35°C than at 15C or 25°C. After 1~3 d, both vegetative
conchocelis and conchosporangial branches became green or white. In summary, under the light
intensity and temperature conditions in which the vegetative conchocelis was severely inhibited,
conchosporangial branches had relatively high photosynthetic activity. The present findings indicated
that high light intensity and temperature were not beneficial to vegetative conchocelis, but they could
stimulate the vegetative conchocelis to turn into conchosporangial branches, and conchosporangial
branches have greater resistance ability under high- temperature and light intensity stress.

Key words Pyropia; Vegetative conchocelis; Conchosporangial branches; Photosynthesis; High light

intensity; High temperature
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