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KEZGNHEAETFFEFE/F)HEERNK, XN EREG R L TAREEZERK, TE
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W15 (Saccharina japonica)t&—F % Kk KA
B, HRATTE HAS | 3 ERE W7 AT
S 32 A R B 2 i e 2 — , R B UL 7
PRI R AL, R X AR T IR
F Sl o T B B A B A AR —
J5 D, A A NS | TR S P ARDR i A
AT 0 B 2 ORISR B Bl . s ms . il
i, AT RERE R K PR R B, [
CO,, NHAbIREA Y SN St , 4P R 25
A ORA E W) 2R (B TS, 2003; B KT, 2006;
BEFEE, 2005).

JEE S RIS 2 1 15 0 2 TR s AT AR P 380 T i 3
R A B R W AR PSR T R 23 A i R
WO TR AT A R BT, SR AT L A i
S it IR TC Y 7 B A I 2 i DR ) AL P AT A i
Z—o Ty H AT O G 2 R R SR
R A P, FRATLAM G “BE 157
U7 hbE . SRR IR (B RA, 2017 GG 57
SR AL D7 T gl (7 B SR AR AT A SR R 2 4F
FHRET, HEmETHSR “wE 257, ZaR
AIEHAE TR, AR SR
e T RSO DT S5 R o ARG i A5 SR T 20T il R 1
AT R B i F 301, LU S8 3 HOR s 2F 7 4
ARAKZR o W 46— 1A R IR R 5 199 338 17 1 S R S
HCET SR PR I HLRT I b R B RO NG 1) B AR AR
(Kain et al, 1965), 5KEFET (1999, 2000)%} & i
(Laminaria longissimi Mayabe) ¥ F 58 2, 7E/K
i 15~19 CYEFHIA, D8 AR IR i i [l i, A
R B, BT SR R I ) R 3R T DI K7 )
JE P 732 Al i T 0 T AR ) R 2 — , T
A X G R A I R T SR (R IR AR A, 2023 AR
4 2023),

TR | O6aR D K 38 22 18] (4 AH AR 240 KA i
B A K K H R A B A AL S T R A E R
(Lapointc et al, 1984; Wang et al, 2010; P74k 4E,
2016), IMEREEFEQOIIIFERM, “AJr 6 57 gy
Yl FRIE AR R 5~15 C, RS AREGE &
¥ S8 A Ao A RE DL AR MR E TR
PN H 5 (2019)/F 58 6B, 40~80 pmol photons/(m?:s)
R A A TR AL AT A TR A, mE A
U BB A ORISR A i G o o (P o ES PR
(2022)fF 55 £ , Z Hh ¥ (Costaria costata)/NME-FIRTE
1 6[90~120 umol photons/(m?*-s)] ', A IAEYEE A Y
S, A B . PO R A

ity F1 3ok S b S S TR 4E 7 B AR 9IS P 4 (reactive
oxygen species, ROS)Zh VA7t A 4% T BUAEH . A4
WFFETEA R FOG R S F N X “BE 257 4)
SR ENOEEDOEERISTE NS & 0P/ 1~ G e gL L
ERME A E 5 HUA LB MR EE RS BT E R ) i
(INPTIR IR ) & e AEFR bR A TR, AERE gAY B
B 257 G AR R B G R R SR SR
FRAARAIL , ST R SR AR 228 R AR

1 #FRE5FE
1.1 SEIgHE

2022 AF 6 H, T IR it i B A v A R A X
(38°49'4"N, 121°22'48"ER4E “H'H 257 Fifgay,
ZE PR BB AR R, SRR3R
260 IR EE SN 10 °C L )65 40~50 pmol photons/(m?*-s),
JERWIN 120 12D, RERMB/KZE . =K%
HGIE R IR, B NE IR (PO -P: 0.4 mg/L,
NO;3-N: 4 mg/L). Sl FR4EK E 3~4 cm B 4T
[

1.2 I HE

121 AaxdA Kk Fonl e PRIETCLEANS . TOH A
TE AR B Y5 1 (i S T8, B 2 L#EIR G,
A EEAREEE ST 03 g (4 10~12 1), 4%
R AR B T 2 [R) 22 SR B 3, T AR A IR SR A
(GXZ-380, TUITRIILAS) )P aEA T 4 1A%
AR, ST BT . 4 MR, R
10, 13, 16 F119 °C, FAREHARE 5
BARE[10. 30, 60, 90 F1 120 pmol photons/(m?-s)],

AT 20 AL PR AR SR A B E B 120 ¢ 12D,
Wik PO; -P: 0.4 mg/L, &k & NO3-N:4 mg/L.
A EBA YRR 3 A T4, B3R 9 d, &kE
3dH 1RGSR AR, PRI IRGEE, 1
FARN A K & (relative growth rate, RGR), AU :

RGR=[In(W/W,)/]x100%

Kb, W, AR EAREE EL (), W, R SEIR A SR Y
Wt E (), ¢ N ILIRAFLEAITE] () CRIAIEEE, 2004),
122 stsE %R AHN 2 RFEES 6 Kg, ¥t
AREHRE R 10 (i£)%) .60 F1 120 pmol photons/(m?'s)
(%) 3 otsma Bk, {fiH IMAGING-PAM i il
M4 RO INAR R G (WALZ, 8 [ )i G Hm 4 Z
J6i75 5 M 22 R PO il 28 (rapid light curve, RLC)o Xf
PERJCIEE N 20 min J5 PRI SR R AOGIE R IR
P SE , RAF B RS T K& T =& (F/F,) .
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SR F e E YD), WY AR R RO &
H[Y(NPQ)]. AR IA Y Mg s FE A &t 7 7 B [Y(NO)]
LA E K R E(qP)ES R F/F, BT RS
R RE R AL SCR M EESH; Y(1T). Y(NPQ)FI
Y(NO)#E /R G &R G T Wl i &k serny L my, Y1)+
Y(NPQ)+Y(NO)=1; qP WG FRS Wk rytae T
JeAGAE SONE B LA, R T OGS TR MR R AR
RLC 5 i #4564k (actinic light, ALYES EE & 4 0
1.21.56.111,186,281 336 £ 396 umol photons/(m*-s),
AR BE DGR ZE TR 20 s 36T HL % 3
XM N I HLEEAL LR RLC S EdE, #1615 3]
RLC WA RR (o, SR SXDGRER R HROR) .
T A5 KX L A% 388 3 AR (rE TR o) FIPEAR FIE SR (7,
FCWAE i B OGN 37 BE 1) S 8(Ye et al, 2013),
123 Afeagieal XM TAFNRE TR 10, 60
1 120 umol photons/(m*-s) 3 N YGomAH (WA, FRE
S JE , S ZI AR RO A TE IR VKA T, 1F
AT HEARZE S B o ASAIEST I A A A B4 T sk 2R
H. MWK a, 5808 MK . N [ (malondialdehyde,
MDA). i A A (H,0,) . M8 A B {L i (superoxide
dismutase, SOD) . i & b & i (catalase, CAT) ., FLIRIfL
132 i E AL W) W (ascorbate peroxidase, APX)., A HEH Ak
o E LY (glutathion peroxidase, GSH-Px)FIHLIA I
FiZ (ascorbic acid, AsA), H:H', MDA J& g & ik it
it FEZE 775 HoO, B f 2 SO A Ak I et A A B
(1 E M H8 P52 —; SOD. CAT. APX Fll GSH-Px
VR R G800 S B D 5 AsA SR E ARG

FPAMYI iz —. DL BRGSO & (0l
TR RUEEY A FDFEATAIN AR B G
W BT A HEAR B INE o

1.3 #HiEaE

K H Excel BAEXTEEEATABRAIGIA, {#H
SPSS19.0 SGLit#k AT =ML E i, BF
PKFE15 N P<0.05,

2 ZERE55H

21 FEBE. LB FHEHBTFHEOENEKEE

T B A TR RGR 320G IRER T R B DL X — 5%
P28 B AE R 2, 2R B R B/ IMK IR O iR
JE L OLRERE . “HELEAEMGE D, WK 1 PR,
[F]— IR BT A9 RGR B8 138 58 52 56 B TS TR
fy#a#, 10 ‘CHE, 60 umol photons/(m*-s)ZH RGR %
K, HAthSeoma 5 HAH H 35 5 3 1 25 57(P<0.05);;
13 ‘CH}, 90 umol photons/(m*-s)ZH RGR ik 2| K {H
(P<0.05), HAbOGsmZH 5 HAH 25 5 i 3 (P<0.05);
16 ‘CHI 19 CL (LN Ak “WmiliZl” )i RGR 97
30 umol photons/(m*s)E5E T ik 2 i KAH(P<0.05).
Bifi 5 U5 B2 F 1, 10 pmol photons/(m?-s)4H (KA T fai #k
“SEIELL” )G T [90 F1 120 pmol photons/(m*-s)]
3R RGR #2256 T TR, HI# 13 C
A 3R B R, AR B 4 5 HAH b 2% 57 18 28 (P<0.05)
60 F11 30 pmol photons/(m?-s)ZH 1) RGR 43 HI7E 16 C Fil
19 CHIA B T B (P<0.05)
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Fig.1

Relative growth rate of young sporophyte of “Huangguan No.2” under different temperatures and light intensities

A FHFRR 2R B3 (P<0.05), T,

Different letters indicate significant difference (P<0.05), the same below.
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F1 BEMMERREL)NEHFHEFERANERER, HEIXXSBEZNHNEEAFAESNER
Multivariate analysis of variance for the effect of temperature (7) and light intensity(Z) on relative growth rate and
chlorophyll fluorescence parameters of young sporophyte of “Huangguan No.2”

Tab.1

75 Variables
AR B sl N S = L S —H- PCN=} SE 2 Pl =} ) v’ Y i
;ﬁfﬁ MSF AR LRGN SShrfT WU MEaEsE  JERNERERE el wikg WEECKH R
variation L  WKET™ PR R ET  FERMET KA Hlx STHEFPE® e
RGR & F/F, Y(II)y =& Y(NPQ) =& Y(NO) qP a HE ETRp I
T 685.798"" 226.683""  383.096"  158.678"" 29.373" 62.441" 203.816" 169.372"° 28236
L 61.186"" 277.683"" 9159917  572.935" 88.336" 21.5717 342.564™  18.6217  34.680""
TxL 41.432" 34598 112912 87.706"" 23.758"" 16.858"  40.320™ 4.706™ 7.105"
. *¥*. P<0.01; *: P<0.05, F[l.

Note: **: P<0.01; *: P<0.05. The same below.

22 AEIBE. gEEXEHEHAEFEAMERERLK
SH

W AR F/F, . Y(IT), Y(NPQ)AIT Y(NO)
ZICHESRAE | MR DL A S BAE R 2, S
FEBE R B IMRUCHE IR IR . —F s HAEH,
qP ZOCIREREE | R DL N T BAS EAR S
SRR i R B/MKKCO IR BE | SRR . KK H
ERI(ER 1o R—IRE T, BECIEIEM, WArshar
) F/F, A YCID3B R RSB 2 FE 3), YINPQ)
ME2Fmkad @& 3). F—RET, OH F/F,
YIS HA 2 A HE 38 25 57 8 3% (P<0.05) . 13, 16
F1 19 “CIRJE T Y 120 pmol photons/(m?-s)4H (L) F faj Fk

“TEOGA” ) YINPQ)#R SOG4 22 5
FE(P<0.05), [Al—i BT, OB qP M, SEt
ZHAH H #4125 57 1 3 (P<0.05)(K 4a).

[l —Esim T, Bl EERG N, W 4 TR0 F/F,

A YD R ((E 2 fE 3), YINPQ) R THE 4

#e, qP METFREHEZE 3). Rt T, midm
F/F, Al Y(I )5 HoAb 21 A1 He ¥ 22 55 3 (P<0.05),
19 ‘CZLHY Y(NPQ)#L i (P<0.05), 13 ‘CHI1 19 'C F i
JEA Y qP A%, 5 H A 41 A LY 22 5 1 25 (P<0.05)
(K 4a),

TSI FARIY o R 1 320G REGREE JRE DA K —
H IS HAR I 3, R RE B i KB IMR IO
MESREE | WREE . S HAE, rETRpa SZGHRGREE |
TRRE DL R — 3 B 22 HAE S ) 3, 5 AR B K
IMRCHIRBE | JEMERE . “H R HEAEHGEE 1), Y
TEE—ERT, o YIREERIE IR BE NG 1Ok
I o HHAMAA Y25 W2 (P<0.05) (Kl 4b).
10 ‘CH1 19 CHT, rETR pay FOGTR I 5 2 0T B3,
BTER N B 2/ MAE(P<0.05), 16 'CHY, tETR oy 2
Je FTHE FRER#F, 60 umol photons/(m?s)IiAF K
{H(P<0.05)(F 4c); whlasdd, 10 pmol photons/(m*s)
I B T HAR L (P<0.05) (K] 4d).
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Fig.2 The optimal chlorophyll fluorescence quantum yields (#,/F,,) of young sporophyte of
“Huangguan No.2” under different temperatures and light intensities
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Fig.3 The values of chlorophyll fluorescence parameters [Y(II), Y(NPQ). Y(NO)] of young
sporophyte of “Huangguan No.2” under different temperatures and light intensities
512, @ Soasp ® a .
a a a 040 b
;‘é" 1.0+ be abe d ab d abc . %0.35_ be d cd bC
K &06; & 0201
27804} M 0.15F g
e % 0.10F
ﬁ%u} L 0.05¢
~NEg o R 0
£ |0 |60|120 10 |60|120 10 |60|120 10 |60|120 10 |60|120 10 |60 on 10 |60 on 10 |60 on
é 10°C 13°C 16 C 19°C 10°C 13C 16 C 19°C
YEHRSREE Light intensity/[umol photons/(m?-s)] Y HEEE & Light intensity/[umol photons/(m?-s)]
52 " Vab . 260, %d) .
~ - C al
J%{.E Mg 16+ c ¢ c % 50 abe e abcdeb cde abed 40 de bede
S M 4f 8 40l
B/ 2m ot d . £ 40
&5 =10t e e . B30t f £
e E 8r = 2 2
Reel g 5 61 f g g 0+
=3 I i
EE 0o 2 0
= 10 [60 [120] 10 [ 60 [120] 10 [ 60 [120[ 10 | 60 [120 g |10 |60|120 10 |60|120 10 |60|120 10 |60|120
10°C 13°C 16 C 19°C = 10C 13°C 16 C 19C
Jt M58 EF Light intensity/[umol photons/(m?-s)] JEIRERE Light intensity/[umol photons/(m?-s)]
Bl 4 REHRE . DGR T 21 TR G R R B, PO E I ZA IR RER | e KA H 4% 18 S R AT A F ol o

Fig.4 The photochemical quenching, initial slope of the rapid light curve, maximum relative electron transport rate, and
minimum saturating irradiance of young sporophyte of “Huangguan No.2” under different temperatures and light intensities

U BR R BE— E T, 60 F1 120 pumol photons/(m*-s)
LY o PIBERLEE HE I 5 i 2R [ $5(P<0.05)(I] 4b),
tETR o Pl L FE T 5 22 B 0 35 T B3 A9 8 35 (P<0.05)
(Bl 4c)o A= T, MRALH o F rETR ey 5 HALH
AH HE I 25 5 2 (P<0.05)., 10 #1160 pmol photons/(m?s)
ZHIP) I BT T B R a A, med [ e
2 5(P>0.05)(&l 4d).

23 FRBE. XETEEHRFEHTRIEES

AT 4l T PR B AT R A A2 R
A B AR IR 2, HLIR AU AR R T 3 5

= B2

HAEM(FE 2), FH—XH T, REENT &, Kokl
M AR T R O S R R LT TR
Fe, 13 C Wik B i KAE (P<0.05)(El 5). Stk
60 umol photons/(m*s)if 5 /NMEH 5, £ 10 'C F&
B, BUAA REES, 19 TS 10 CHREAE L W
TR, FOCHE FREEE, 10 CHHS5HAA A
%5 i % (P<0.05),

24 FEBE. XETHEHRFEOHEE a F
£BB N EER

TR R o KNS PREEZ
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Fig.5 The content of soluble protein in young
sporophyte of “Huangguan No.2” under
different temperatures and light intensities

Ot BB BRI B S ) dnd 2, (H 32 3 i 28 HAE R 52 )
AN, IR ARE K TREEE 2), 7EFH
—IRBET, MERE o IS N R S R N
SR T FE(P<0.05)(18 6), A, fROGMEsREAH T
WA OENRR, ER—IER T, MIRET &, HaE
a FIZEHE MR o B I $(P<0.05),

25 AERBE. ¥BTETHAETIEE MDA, H,0,
S=E

T A TR B MDA il HyO, &5 1 32 Y6 IR0 B |
T2

Kl s

BEMDMERBEL N BHEHAFEENSA

TR DL — B B2 AR S I 3, X MDA S0
FERREIMRKCOIRE . SCIEsRE . —E T HAEH,
X H,0, sZ M FEEE f R B/ MRUCHIRIE . —# X HAE
L OGHRBREE (R 2). [ —RE T, 10, 16 F119 CTF,
LA 564 MDA & #2257, miR4 MDA
¥, BEET 10 T, YCHESRE—ER, MDA
1 H,0, & iR T 2 ETHEa%E, 13,16 F119 C
T, EotdZ MR E2ES, 19 CHb, K6 B
T EEdLE 7).

26 AEEE. EEXNEBEFHAFENRELRS
Al

T4 TR SOD . APX W% I AsA 7t
ZOCIERR B | MR LK T A AR R R, X
SOD. APX P 4 52w F2 Bl K20/ MK O IR EE
JeIREREE . H T HAEH, X AsA SRR H
REVMRUCHEIRREE | RE . —E L HAIEH, CAT
H1 GSH-Px il 1 4 52 b B 1 — 3 19 58 B A 52 i) ik
¥, T H AR R R TR (R 3). 1RE—
FERT, BEYCHRT R, WAL UR A SOD RS 1 2 T
s, 13, 16 M 19 CF, G4 SOD s P44
fi%, SHABEA L2555 835 (P<0.05)(K 8). AsA &
HE ETHEE, B4 AsA SRR, 5HAb
ZH A H 3422 5 1 3 (P<0.05)(I 9).

EMNERATFHESHER

Tab.2 Multivariate analysis of variance for the effect of temperature (7) and light intensity (L) on biochemical
components of young sporophyte of “Huangguan No.2”

. 7R Variables
AR S R — - A — Sy
Source of variation A TEEH MHERE a KiHE MR [t FUE= N )
Soluble protein Chlorophyll-a Carotenoid Malondialdehyde (MDA) H,0,

T 20.771" 34.139" 37.395™ 61.463" 46.202"
L 0.092 44.716" 39.497™ 7.270" 0.907
TxL 13.086"" 2.347 1.296 3.360" 18.098"

S 045, a 2020,

= 0.40f @ { @018 © a

w035} b 2o.16}
T E 3ol ﬂ;‘ﬂ S 0.14f b
LU be c b= d b
S = 0251 d cd 4% g 012 be C cd
S 090l ode def -~ 8 g.10} od
Iﬁ'ua - efg fg ® g 008l de
= g 0150 fg =38 ef of of

g 010k g w by 0.06 + f

- 2 0.04¢

3 0-0(5) - £ 0.02¢ ﬂ

Q
10] 60 [120[10]60 [120[ 10 60[12d 10[ 60[12] S © 10 [60 [120[10 [60 [120[10 [60 [120]10 [60 [120
10C 13°C 16 C 19°C 10°C 13°C 16 C 19C

SGHRSR B Light intensity/[umol photons/(m?-s)]

K 6

YRR Light intensity/[umol photons/(m?-s)]

AFIREE . SE5E T 4l AT AR 2R R o FIZRIIE P35

Fig.6 The content of Chl-a and carotenoid in young sporophyte of “Huangguan No.2”
under different temperatures and light intensities
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Fig.7 The content of MDA and H,0, in young sporophyte of “Huangguan No.2”
under different temperatures and light intensities
*3 BEOMGEREEQMETHRFEENESZNNSEFAEINER
Tab.3 Multivariate analysis of variance for the effect of temperature (7) and light intensity(L) on biochemical
components of young sporophyte of “Huangguan No.2”
AR B Variables
o A B AL PUR R A LR BUIRI AR
Sou_rce? of Flis&uperoxide KL A H ML A A - Asc:)\;lite IIXLsc\orBic
variation 1 1 _
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Fig.8 The activity of SOD, GSH-Px, CAT and APX in young sporophyte of “Huangguan No.2”
under different temperatures and light intensities
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Fig.9 The content of ascorbic acid in young sporophyte

of “Huangguan No.2” under different temperatures
and light intensities

SRR B — B, Bl TR, AR R
SOD Fl APX P M 52 i #a #5(P<0.05) . 19 CHY,
GSH-Px i} 3if ¥ 5 H:Ath 41 AH L ¥ 22 5 W 3% (P<0.05)
(WL 8), AsA e BTG TSR, 16 Cm
A5 HA LA e 25 57 18 25 (P<0.05) (MLIE] 9).

3 itip

BB B R TR R A Y B RO IR
W E R E RO —RERKE 1~2em), BN
WEEAREW L HA KT E, mKIEEENER T d
I —MEAE 10 A, moris—MedE 11 H), &K
PR S 21 AR IX QRS 3 (B T 37 o W
L PERE A BT, R P i AR R (R DY,
2012). M TR B R CHEE 2 57 AR LAk
R AR R R PRI T EARSE, AWV E XHZ
FR U B IR0 UG B B 16 ) A6 AR 1 R EE O R
T PR TR . G, AT 2R RO AL B
FAFDRT A S AN, R B T % B By 2 96 742k
KB EOGIR A AR5, I A R Z O H AR
AT T AR TE] G IR A5 1T WY 41960 T R 1) G RE s a3k
R OLRERIHIRCR | LA aE 1 M 22 5E e RE S5k
A HEREFE AR AL e, I AR AR R 4 AR 4
N TR W90 T RS RDG IR AT B R AR K
SEFIHL AL R GE N N AR AE L T Bk ERSE, A o E—
HARACHEH B R R 257 I LR RO
TS BER LS R

VAT R AR T KT 7Y 5 e 45 B T X 3
W, BT A K . BIE N S, mE .
X ¥4 e P R AR T 9 1) A K RO B VR A 3K i
CETERRS, 2005), KRTER . mx R SR K

R YA P A T A 28 52 el A 9 2 i 28 AR ) 2
ROTF 5T M A5 (Pang et al, 2007; Gerard, 1997; Pereira
etal,2015; FRIESE, 2023), PRI A=, AT
W R AT i b HE S B TR 2 — R R R Y
WRYKZ, K2R, i BT AR R K
JZEED ENZET ), LU RIBH LA ERMT K. i
)2 TR BE 5 AR KA G, TR AR A [A] A K
TREAT 1O BRAE LR AT Y o RS R B, 16 C
MI19°CTF, “EH 25" WHFhE AN RGR ¥7E
30 umol photons/(m*-s) &%k FHK, 1M 96[120 pmol
photons/(m*-s)] 551 T # RGR i A% L % 45 AR,
e CBUE 257 WA IR SRR B, fR ik R
TR /B AR SR K)Z , DARE SRl v A 1 A2 B

ARG LI, SRR FREEXT “HEE 257
HF A0 9 A B B A A AR R I Y AN (R R B 1Y
2R, AR R IO S BN E K IR,
TR RESR B | TR DA 3 0 A8 HAE S )
F, TERFRE F#AT86[10 pmol photons/(m*:s)]
W, “HEE 257 WA TR FUF,. Y(IDF
QP ¥WERKEGEEHER BE), RUEMOLRETH
HA B S R CRe SR D= E . ik, 10k
WIS o WG, RU] “WHH 257 Y- ARLER
SRS T AT I B O BE A FH SR ARSI S RE A
W, 7EARTRIIREE R #E475%[120 pmol photons/(m?s)]
W, o BIB/NEMOEHZESBE), M4 L7k
WEZES, R WEH 257 TR A RO
FE I 0% ok 3 e X 3 G I T A2 8 1 o AR TFAIROE
H, =LA YINPQ)H 1K, RUIEOLT R “8
B 257 A g AR GO/ R 58 R AR e 7 LA
D, Sish, AR, CEE 2 57 A4
FARTE 10~13 CFEIHH KM RGR, X5 HAKLT
TRRAHT A 90 IR A K B F 5T 45 SR AR L (ki 55, 2016
M EAE, 1957) 63— R, X T 10~13 °C, 16 C
19 CHM“BE 2 5 a7k F/F, YD
FTETR o 2 50 BRI, WG /R AR TE = B8 T Ok fE
AR RORREAN . AR IR AZ 2], X AT RE B
RGN W EUSA O, A0 & 3 2R
W a8 EME RS N (Wen et al, 2005;
Morgan-Kiss et al, 2002; Havaux, 1992), 7EAHX K6
i) 414 F[10~60 pmol photons/(m?-s)], “TE 25”7
TRl S AT ARG 1, B T BB N R, &
A LA i A5 T T A2 5 G B e T R

PRI o 5 AR T e e ) S A T A G i
FIL, AEANIG T B o) A A 1) R I ' B B A9 D6 2R



144 woor B

546 &

Bi, FTLARRCA 59065 (9 AR5, 2003), 59065
FIRESZ M SR L GG ) B i RN 43
FIRICE IR . PRI R AT bt S A Bl v 1 45 R
AR, FECERETR(EMNSE, 2007), &
0, )RR B SR Tl 4 0 A IO 1Y o A 3 i
(PRUT Bt 45, 2007), TEMROGSRMET, BAR M 4ERrIEw
A, H B EALE], BAm RIOEAR Be A
BRUREEARCE, XA RS ESEEE X
PR B A4 2 AR A7 E (Beale et al, 1971), ZHF
FEER R, R o AT MRS EZ2LIRE
FR s G2, ER IR R F ORI VR
A H W EAEE WA B3 B —En, KR
Fhim, WA PR R o SRR, K% b
E o E N, KOB[10 pmol photons/(m*s)]5&
T, MgE o TESRVT “EE 257 Y0
TARFES LW BT T @ AN R o Mo R
o TR A AR AR A BRI g

IEFEOT, WEARPN ROS K= A4: FIEBRAL T
B FAPR S EEESE, 2013; TR, 2007), WitE
Jh3a 2 SR ) ROS B B iy, 5 3504 i A5 i)
BRI AL (MDA $522), 4 i B5 245 #4 18 20 0 I8 (B i P,
2016). LA RG] 43 R EE A AR B R P L R G
MRS, WediE b RGi4245 SOD. CAT. GSH-Px
1 APX %, AEBEEPTE L R A ALTE GSH. AsA FIZE
3 MRS (Sies, 1997), AR R B, MDA Fl
H,0, &, SOD. APX FffPEFI AsA 5 52 M IR 5%
FE IR B A BAE RS s AT
i . CAT Hl GSH-Px il i 15 52 i & — % 1) 52 BLAR
FHSZ I &2 . AR ARG AE Y 7 A Kt ROS Y
BN Z —, MOl s Ol s R, R A
i, FEAER I ROS R TR A AR XOLAINE, i

LA S PR A 1IE A2 K (Ort et al, 2002; FR3% RS,

1996), AbfsEh “WH 2 57 WLl TE 10 F1
120 pmol photons/(m*-s)fJ:FREE N RGR ¥4/, {H
1E 120 pmol photons/(m*-s)i}f F,/F,, B i R &, 2
WA TR I E R g v] el Bl em ZUR R () aa . 24
M —E R, BEYCR TR, WA 4R R SOD i
TEPER AsA &t ETHEH, MAEOE&ME T, CAT
BTG o 2 A DA TTHEN, “BE 2 57
90T R I AR BT A T R g AR B bt B Ak R 5t
W REA RUE BRI 5 ROS, [HE 0] X w55 )6 105 5%
YEH RN 2, SOD BT AsA X i b =4k T
FER R 1Y, CAT IR G0 39 558 7 A= 1 AR AR e 3

T B 32 R e PR ] 9 A P e B s il ) 9 P DA

S M SR AR L SGEAVERT L 8 IR 3R e 55 A i
68, R AL A AR | AR . M
G IR 2R, PR AR S TR R G A
o XIERE4E(2001)H1 Li 25(2003) & P, 1638 B AY IR
FEYERIN , B8 (Gracilaria lemaneiformis)'5 35 48 3¢
(Pyropia haitanensis) W % Wit B (14 F 55 v] £ FFLAC
SR EE, Ml E s, e e SR T
PISBRAG, Mmap e s K. B AF% Q015
FEEM, FMRWGH (Laminaria digitata) %01 K78 1
IOV MG, SOD M1 CAT B i P2 2 Pk 5h 724k
ARHFGT S5 R BN sk — 2 i, A AE 10~13 C,
“HE 257 AT AR S R R P R
Wb, [ MDA Fl HyO, & & T, MK a
SHEETE, PiEALEFSOD, GSH-Px fil APX)ik
PEFIAREE P R (AsA FIZEH 8 N R) &5
L, RIS TEAOLEARNER, H “HE
257 WA gl R I BT AR R Gk e R AR
e 1, AT BRI R 55 20 B P Pl s s o RS 1 ik
it ROSFFE R, 38 S FHE AT IS ot & R & i,
SRR 3k = S Pl v 28 A OO s LA i, 3
RIS PEER A i N RRRIEE N, 31X 0T BEAEAILAAR Y
ROS 7= A= TV i 1 i 88 1) B 3K 1) 205 2 (k5 ) 4%
2006; Havaux, 1992), 53R, 901 ¥y FoE
ARA T S, A AT IR KR ZE 18 CULL,
FEFRPIE T, R o S8 TRIEER/DN, AsA
R FTHEH, SOD il GSH-Px i M40 35 5 5 F
FHE TR S T SR 157 B I B R
m, ABFEM R PURERE D LR 2, TR IR
BT, Hit4RE o, AsA &1, SOD Fl GSH-Px it i
PR B 2 T Gk e ESE, 2001, FAK4E, 2005; X1
UK, 2004), “HBE 257 WA 4 F IR MPUEL RS
Xof AR R A A R SR 1T R 901 AN,
HM22 2 o Il AsA 8 LUK SOD Fll CAT G P 75 %%
A pia AR R B Rk, 3 N
P 81k 2R Ge i 238 7 U], AT BE - 3500 A 6 1 L7
o T JOlR A0 R A R 25 5

4 it

CHUE 257 TS EAE R A 10~

13 °C, JEHRERE N 60~90 umol photons/(m*-s), XfF
“HUE 2 5 AT h TR R R A2 L 1) 16~
19 °C 11 1=y Tk P A5 365 7 41 76 1 1) S 8 7 o 55 R B
ik . B 5 PEZ #1906, 120 pmol photons/(m®-s)
14 15 D6 W] B0 G AT R I SR e A R | ik



CAR Y

REEDRSE: IR ADGIR XN R W 257 AT A A IR A B A AR B S 145

I PR ADE REA AR B AR s 2) s 4h A 1 (A e i
T e E R, SRS 1 PR e B AR )™ i
RFETE, RYIHOLAI R G0 T i s e a7 A4
BN, 38 o 3 RE R E, M R PR RCR IR IO
BRG, O, Sexstmm szt 5—J5
[T, £ 16~19 'CF, i 41 A AT e AL RS 1k |
AR PT A AL B BB, HL il e A v AR
R 42 a Al AsA &, RUHSTEA RS
TE il T A& A T BN E LA BRI N ROS, BRI AL
i o XT “HE 257 A AR EOLE T,
TESFPDEHEL T, JCREF AR A LA T TR, Ot
REFASCR B ETH R, MR a W HEEEET S, &
B ILRE AT SO AR AT FREOCAE , PUALBEETE . F
MR pr Ay oy i A, R MR AR
CAT R PR , 2 WL BERS B [R) P AN Rl T S AL Al
PRI Tl ST SR A TR 2 455 R N SR A P16
B, AFEERE R THER R “HE 257 4)
FETAAEAS R RE Mo 25T A9 A B A 2558 N
00 A5 ) B G e 7 s ik R o D M B I AERO'G Y A
AR AL, S FOE SRR ORI UL fe i T
eI

2 % x #

BEALE S I, APPLEMAN D. Chlorophyll synthesis in Chlorella:
Regulation by degree of light limitation of growth. Plant
Physiology, 1971, 47(2): 230-235

CHEN L D. Analysis transcriptome of Pyropia haitanensis under
high light stress. Master’s Thesis of Jimei University, 2016
[WRBEFY. YA SN RO CRE B R4 AT 5. Rk
FRRLAT SR ALE ]

GE C Y. Biopurification capability of large-sized seaweed in
mariculture ecosystem. Fishery Modernization, 2006(4):
1-13 [FKTF. KA K IR RGP A YAl
YEF. ol B4k, 2006(4): 11-13]

GERARD V A. The role of nitrogen nutrition in high-
temperature tolerance of the kelp, Laminaria saccharina
(Chromophyta). Journal of Phycology, 1997, 33(5):
800-810

GOU L W, SHEN Y G Protective mechanisms against photodamage
in photosynthetic apparatus of higher plants. Plant of
Physiology Communication, 1996, 32(1): 1-8 [SRi#ERE, Ik
FUM. RO G DU s S O RER B PR B L. R
A BTN, 1996, 32(1): 1-8]

HAVAUX M. Stress tolerance of photosystem Il in vivo:
Antagonistic effects of water, heat, and photoinhibition
stresses. Plant Physiology, 1992, 100(1): 424-432

KAIN J M, JONES N S. Aspects of the biology of Laminarja

hyperborea IV. Growth of early sporophytes. Journal of the
Marine Biological Association of the United Kingdom, 1965,
45(1): 129-143

LAPOINTC B E, TENORE K R, DAWES C J. Interactions
between light and temperature on the physiological ecology
of Gracilaria tikvahiae (Gigartinales: Rhodophyta) 1T .
Growth, photosynthesis and respiration. Marine Biology,
1984, 80: 161-170

LID M, WANG G C, LI Z S, et al. The effects of light intensity
and temperature on photosynthetic oxygen evolution of the
female and male gametophytes of Macrocystis pyrifera.
Marine Sciences, 2005, 29(12): 51-55 [ZfE)%, T) 75K,
IR, AR DG HESER LA B B R A A B | AT
TSR AR . R, 2005, 29(12): 51-55]

LI G L, WANG W J, LI B X, et al. Effects of light intensity on
young sporophyte growth and antioxidant physiology of
Costaria costata. Journal of Fishery Sciences of China,
2022, 29(12): 1778-1787 [ZEEZE, TR, TR, 4.
R 2 e/ N A A R b A AR B .
IKFERLE, 2022, 29(12): 1778-1787]

LI W Q, LI Q, LIAO Q B, et al. Effect of temperature on the
fatty acid composition of four species of marine microalgae.
Marine Science Bulletin, 2003, 5(1): 40-44

LI X D, SU L, LI X J, et al. Comprehensive analysis of large-
scale Saccharina japonica damage in the principal farming
area of Rongcheng in Shandong Province from 2021 to
2022. Journal of Agricultural Science and Technology, 2023,
25(1): 206222 [ZEIGEZR, AN, ZERHE, 4. 2021—2022
AR LLZR SR IR 7 X R MU 2 R 255 P A 0. v
E LR F4, 2023, 25(1): 206-222]

LIANG Z R, LIU F L, DU X X, et al. Effects of light intensities
on the growth and biochemical characteristics of Laminaria
hyperborea young seedling. Progress in Fishery Sciences,
2019, 40(4): 115-122 [FEPHER, XUREF], FERRAK, 2. St
XA AL Al AR AR AE AR R S L B e,
2019, 40(4): 115-122]

LIN Z X, GONG X Z, LI D P. Effects of light and the stress of
nutrients deficiency on the growth and levels of chemical
constituents of Gracilaria lemaneiformis. Marine Sciences,
2007, 31(11): 22-26 [FRuTlE, EARL, 20RMS. SLIAE
I 2R 030 X A0S A B A A A R . TR
2007, 31(11): 22-26]

LING J Y, LIANG Z R, WANG F J, et al. Effects of temperature
stress on the growth, antioxidant system, and chlorophyll
fluorescence of Laminaria digitata. Marine Sciences, 2015,
39(12): 3945 [T, RMEm, T RA, % WM X
FOPRAFT A A DUE R G M SR IO, 1
HERIF, 2015, 39(12): 39-45]

LIU J W, DONG S L. Interactions between light and temperature
on the growth and levels of chemical constituents of Gracilaria
tenuistipitata var. Liui. Journal of Ocean University of
Qingdao (Natural Science), 2001, 31(3): 332-338 [XIFH5E,



146 ook B

546 &

HOBUBR. O REURIIRL B2 Yo 240 VT 8 A AR Y A S A4k
AR, B IR R (A AR E ), 2001, 3103):
332-338]

LIU Y. The effects of heat stress on the growth of Laminaria
Japonica and the preliminary study on the effective mechanism.
Master’s Thesis of Ocean University of China, 2004 [XI|7K.
e IR T T A A A 52 e B HCAE P BILER )00 20 4R
FP A PR 2R AR AR 5 AR 2R 8 S, 2004]

LU W W, WANG Q H, GONG Q L. Effects of light and
temperature on growth biochemical composition of a marine
macroalga (Macrocystis pyrifera) young sporophyte. Periodical
of Ocean University of China, 2016, 46(1): 4048 [ #i5k,
FIE, B DAL, DGR EERIRLRE X B4 T AR A
K ANAACLH R . R R 224 (A AR AR,
2016, 46(1): 40-48]

MAO Y Z, YANG H S, WANG R C. Bioremediation capability
of large-sized seaweed in integrated mariculture ecosystem:
A review. Journal of Fishery Sciences of China, 2005, 12(2):
225-231 [BEFE, ML, T4, KEESELEIEK
FIRG A YEEMER. hEDKRE, 2005, 12(2):
225-231]

MORGAN-KISS R, IVANOV A G, WILLIAMS 1, et al
Differential thermal effects on the energy distribution between

in thylakoid
membranes of a psychrophilic and a mesophilic alga.
Biochimica et Biophysica Acta, 2002, 1561(2): 251-265

NIU J E, FENG Z Z, SUN Z ], et al. Effects of strong light stress
on photosynthesis and physiology of Saccharina japonica

photosystem Il and photosystem [

seedlings. Oceanologia et Limnologia Sinica, 2023, 54(1):
160-172 [0, 1rh, IMIRZR, 45 A [RISREEL5R I
I8 X (Saccharina japonica)$ s Y& E PRI, i
TSI, 2023, 54(1): 160-172]

ORT D R, BAKER N R. A photoprotective role for O, as an
alternative electron sink in photosynthesis?
in Plant Biology, 2002, 5(3): 193-198

PANG S J, JIN Z H, SUN J Z, et al. Temperature tolerance of
young sporophytes from two populations of Laminaria

Current Opinion

Japonica revealed by chlorophyll fluorescence measurements
and short-term growth and survival performances in tank
culture. Aquaculture, 2007, 262(2/3/4): 493503

PEREIRA T R, ENGELEN A H, PEARSON G A, et al
Response of kelps from different latitudes to consecutive
heat shock. Journal of Experimental Marine Biology and
Ecology, 2015, 463: 57-62

QIAN L M, XU Y J, JIAO N Z. Effects of environmental factors
on uptake of nitrogen and phosphorus by Gracilaria
lemaneiformis and G lichevoides. Journal of Fishery Sciences
of China, 2006, 13(2): 257-262 [£& ], #hkid, HE&E.
I T X e AL OIS N P ISCE AR A 520
HEKPERRE, 2006, 13(2): 257-262]

SIES H. Oxidative stress: Oxidants and antioxidants. Experimental
Physiology, 1997, 82(2): 291-295

SUN B B, HAN L J, PAN Y L, et al. Effects of temperature
stress on growth of Saccharina japonica. Modern
Agricultural Science and Technology, 2018(20): 177-178,
183 [IMERE, ShRIL, WEEI, 55 TR E XA /i
AR . BURAO RN, 2018(20): 177-178, 183]

WANG F J. New variety of Saccharina “Huangguan No.1”.
Nongcun Baishitong, 2017(13): 36 [E KA. Wi HmFh
“EE 1S RME S, 2017(13): 36]

WANG M, JIANG W J, YU H J. Effect of low light stress on
plant physiology and its control measures. Journal of Inner
Mongolia Agricultural University (Natural Science), 2007,
28(3): 198-203 [EW], # A, REZE. SILIER ALK
A PRREPE B S R PR . N S R R A R (A
IRBIFIR), 2007, 28(3): 198-203]

WANG Y, TANG X X. Relationships between antioxidant
activities and heat-resistant features of two Laminaria
Japonica strains. Chinese Journal of Applied Ecology, 2005,
16(8): 1507-1512 [EA&, JE#4. ARl bl R yra LR
G810 1 5 i A AR DG HERIF IE . T A 2 A, 2005,
16(8): 1507-1512]

WANG Z Y, WANG G C, NIU J F, et al. Optimization of
conditions for tetraspore release and assessment of
photosynthetic activities for different generation branches of
Gracilaria  lemaneiformis Bory. Chinese Journal of
Oceanology and Limnology, 2010, 28(4): 738-748

WEN X G, GONG H M, LU C M. Heat stress induces an
inhibition of excitation energy transfer from phycobilisomes
to photosystem II but not to photosystem I in a
cyanobacterium Spirulina platensis. Plant Physiology and
Biochemistry, 2005, 43(4): 389-395

XUE X, ZHANG Q, WU J X. Research of reactive oxygen
species in plants and its application on stress tolerance.
Biotechnology Bulletin, 2013(10): 6-11 [EE#E, K3, R4
2. AR S P B R AR 030 5 T 4 02 .
HYIFARER, 2013(10): 6-11]

YANG Y F, FEI X G. Prospects for bioremediation of cultivation
of large-sized seaweed in eutrophic mariculture areas.
Journal of Ocean University of Qingdao (Natural Science),
2003, 33(1): 53-57 [#7 T, TRB4E. RIUHEHEXT R E SR
iR K FRFH X AEYME B RS S e B 3 i E Ry
R(ARBIEM), 2003, 33(1): 53-57]

YAO H Q, LIANG Z R, LIU F L, et al. Preliminary studies on
the photosynthetic and respiration rate of young sporophyte
of a new Saccharina variety “Haitian No. 1” using liquid-
phase oxygen measurement system. Progress in Fishery
Sciences, 2016, 37(1): 140-147 [kifE /7, TN, X4EH],
8. IR A AR BARBFGE 8K 1 5145 (Saccharina
Jjaponica) YT KFIGHAR. il Bzt E, 2016,
37(1): 140-147]

YE Z P, SUGGETT D J, ROBAKOWSKI P, ef al. A mechanistic
model for the photosynthesis-light response based on the
photosynthetic electron transport of photosystem II in C; and



CAR Y

RAERAE: R FDERIT TR R “HWE 2

57 BT A A R A LR AR 14 5 147

C,4 species. New Phytologist, 2013, 199(1): 110-120
YIN'Y Q, HU J B, DENG M J. Latest development of antioxidant
system and responses to stress in plant leaves. Chinese
Agricultural Science Bulletin, 2007, 23(1): 105-110 [F+7k
SR, BHEDK, XBEIZL. A R PR R G B IR
I R ST HE . El R A AR, 2007, 23(1): 105-110]
ZENG C K, WU G Y, SUN K Y. The effect of temperature on the
growth and development of haitai (Laminaria japonica
Aresch). Journal of Integrative Plant Biology, 1957, 6(2):
103-130 [¥ 524, ST, FMEE. RS R
ARFEE M. YR, 1957, 6(2): 103-130]
ZHAN J C, HUANG W D, WANG L J. Research of weak light
stress physiology in plants. Chinese Bulletin of Botany,
2003, 20(1): 43-50 [HHAE, 1R, EH%. Y5t
WA SRR, PSR ], 2003, 20(1): 43-50]
ZHANG Q S, LIU S P, QU S C, et al. Studies on rearing new
variety of kelp “901”. Transactions of Oceanology and
Limnology, 2001(2): 46-53 [3K4JIE, XITHFE, ek, 4.
“OO1 MY BT Al AN G RORF ST, WEVE IR E AR, 2001(2):

46-53]

ZHANG Z Y, FAN C J, CAO S Q, et al. Indoor culture and
cultivition of Laminaria ochotensis. Journal of Dalian
Fisheries University, 2000, 15(2): 103-107 [3KFET, uF
L, HUE, % MGG NE NSRS RN, K
KPR 4R, 2000, 15(2): 103-107]

ZHANG Z Y, FAN C J, CAO S Q, et al. Study on the indoor
culture and cultivition of Laminaria longissima Mayabe.
Journal of Dalian Fisheries University, 1999, 14(1): 16-20
[REESE, UARLL, B, % KIFTEXE IR S
REGWFFE. KK # B4, 1999, 14(1): 16-20]

ZHAO S F. Marine algae and algae culture science. Beijing:
National Defense Industry Press, 2012 [iXEI%. 135
FoREEE, dent: ERE D L, 2012]

ZHUMY, WU R J, LIR X, et al. The impacts of temperature on
growth and photosynthesis of Laminaria japonica juvenile
sporophytes. Acta Ecologica Sinica, 2004, 24(1): 22-27 [
Wi, RoRZE, RNy, . XN 4T IR KR
JeEAER B, A28k, 2004, 24(1): 22-27]

(i D)

Effects of Temperature and Light Intensity on the Growth and
Physiological and Biochemical Characteristics of Young
Sporophyte of a Novel Saccharina japonica “Huangguan No.2”

SONG Guiyang', LIANG Zhourui’, LU Xiaoping®, YUAN Yanmin®, WANG Wenjun2®

(1. Zhejiang Ocean University, Zhoushan 316000; 2. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract

The study aimed to investigate the optimal light and temperature conditions, and

physiological and biochemical mechanisms for the growth of young sporophytes (3—4 ¢cm) of "Huangguan

No.2". We conducted corresponding studies on the growth and physiological and biochemical conditions

of young sporophytes under different light intensities and temperatures, including the relative growth rate

(RGR), fluorescence parameter of chlorophyll, contents of pigments/proteins, reactive oxygen, antioxidants,

and activity of antioxidant enzymes. The results showed that RGR was significantly affected by light,

temperature, and their interaction. The degree of influence from large to small is temperature, light
intensity and their interaction. They exhibited the highest RGR at 10-13 ‘C and 60-90 pmol photons/(m’'s),
whereas the RGR of the high temperature (16 °C and 19 °C) group was highest at 30 umol photons/(m*'s).

At the same temperature, the chlorophyll-a and carotenoid contents of young sporophytes decreased with

increasing light intensity. Additionally, the SOD activities and ascorbic acid (AsA) contents tended to

increase. Under the same light intensity, compared to 10-13 °C, the contents of soluble protein decreased

in the high temperature group; whereas the contents of MDA and H,O, significantly increased.
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Additionally, the SOD, GSH-Px, and APX activities and antioxidant (AsA and carotenoids) contents were
all higher. The maximum photochemical efficiency of photosystem I (F,/F,) was significantly lower in
the high temperature and high light [(120 pmol photons/(m*‘s)] groups, indicating that the light energy
conversion efficiency of the alga was reduced under high temperature and high light stress. In the high
light group, the quantum yield of regulated non-photochemical energy loss in photosystem II [Y(NPQ)]
increased significantly and the initial slope () of the fast light curve decreased significantly. This suggests
that the photoprotective system of young sporophytes of "Huangguan No.2" responded positively to the
high light stress and reduced the absorption of light energy by lowering the efficiency of light energy
utilization to reduce the photodamage. The activities of key antioxidant enzymes and the antioxidant
contents in the high light and high temperature groups were significantly higher, indicating that the
antioxidant systems of young sporophytes responded positively to high light and high temperature stresses
to minimize the damage caused by reactive oxygen species. Under low light [10 pmol photons/(m*'s)]
group, F\/F,, a, actual quantum yield of photosystem Il [Y¥(1I)], the chlorophyll-a contents significantly
increased. This indicates that the light energy conversion efficiency and light energy utilization efficiency
significantly increased in the low light environment, which led to an increase in the absorption of light
energy. These results on the physiological and ecological adaptations of young sporophytes under the
conditions of temperature and light intensity can provide a theoretical basis for further optimizing the light
and temperature parameters of young sporophytes of "Huangguan No.2" during intermediate culture of
young sporelings.

Key words Saccharina japonica; Temperature; Light intensity; Growth; Biochemical composition;
Chlorophyll fluorescence parameter



