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WE: FELBELMNT, P T £ #E(Costaria costata) /il FARTEARRDEIR T A . YU/ 1ER . EIR4IEPT
AALRE ST, LIRS 2 M BN TR XSO 0R 38 Nk, O 2 M B DR EF RS S . 25 IR R B, S RTE O IR
30~120 pmol/(m®s)¥J HA et iy A KR, Hirp 60 pmol/(m?-s) F AR AE 4 5 (RGR) M 14k PSIT e KOGk 2 i
PR (FUFm) iR o ROt A R (P) IR KR 33 R (Prma) TEES IR TS d)BECTRIG NG LT, Bl RE 50T ]
ALK (10 d)7E 60 pmol/(m’-s) Rk ; 7E 60 pmol/(m*s) T, BEMRIFILHESR(RYIAK, M4RFE a (Chl a), HEHE
(Fucox)FIZETHE N &K (Can)iy &8 MIEOCAHME TEOCH(P>0.05), MEH . IEW Mg &85 mAEs —F
MIEARSENE, AR A AL 8 B 05 56 22 Tk G o 45 SR, 60 pmol/(m?s)idh ‘B 25 il i /NE TR B AR K o FERAIR
S REOGER T, BERIFIRAE Y B AR, AN, SO, MIEHEASERE LI, MOLT, PUBANE T AR
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FIOG R R, 5k 2 A B SO ) 22 il /N s I AR [l i EL AT B R T 1
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(Saccharina)fH1LL, 7 i & 8 B b 4k 55 S Fifg iy 2
JE HIES SR IR 2R — R AR
FERFI MBI 2T wE B, HRIE &3¢ . K
Fe, SAEEMEARMT YRS, EHAREAR
A S P RIS, S0 e A 48 v 2 A
GWEREZMEEY R, T BT R

Yim HER: 2022-05-16; 1&iTHHE: 2022-08-17.

XEHS: 1005-8737—(2022)12—1778—10

AEATUS EAT BRI R AT 10 Z e nT 4y
i F 0.5~20 m KGAL, BAMME, J7H#HE, &
KR S e, R B B 10 AR Y,
AT AR A O [ e R 22 e A T e R B 1R %
Mo TS Z MRl A DR A
[l ] A RIS N BB X 22 il 16 R 30 114 2
KEB MBI 7O, s T HATE
BHEART, 0 M 2 B T A B 2R
ASIE NAEBE AT IR

JCRAL Y LA A R RE R U, R IR A )
AR DA AN A A A A i i Bl A e G B
WERZ—. WFFERM, & EAOLRBES (2 it 55
YA 2. HERE e . FEZF RN
IR S A LA™Y, Sl X o R i o 4 2 K Ik

EETHE: ERHELAIETR <3 ORARHLAH T H (2018 YFD0901504); I Bk F A Ml A #3856 R BAC LM 72 L 5 AR Ak 2
I H (CARS-50); HYEIZK =R WF5E BE SEARBHIFl 55 2% <6187 A1 L33 H (2020TD27).

EE® N ZEZ1995-), B, W-HHrsd, BT A wEEIRSF . E-mail: 898587535@qq.com

WEEE: W3R, PFoE0L, PR 7 32 3R U S5 R . E-mail: wjwang@ysfri.ac.cn



%128

R R Ol X 2 /N TR A K S A A B A R 1779

HEA B F R, [, R AR s 1)
A7 RS BIE S, O LR i R TR i 5 A 8] 217 )
AU G IE R AT 4k 3 A B BRI
JEIE B ANDEHI A . AE— e N, HYRot
AV HTBE G55 B0 35 3 5, MILAAS F) 45 30 A B4
PRAb T IEFOIRES; G A I AL THOLAME R 2
&, P EEZ BRG], AILIEREZ T
R, ERAE RS, 66 BRSO A,
JCRGEE BN, 77 A i 5 SO bR ) A B
ﬁ%‘[”]o

ABESER RS 22 g/ ME TR AR Ot
BAVEHT . AR AR 2 K AT AR A A B 1o 7
T3 TG, R0 T HXEsm i A BHdE WAL,
B RN Z e AR St g e e =%

1 #MHEFE

1.1 EIEHH

LA TARL 1 (5~20 em) R A 11 R 28 1k
B X (R O PR R I A B A 4RI
BIREAF: WE 10 °C, JEMGRE 60 umol/(m*-s),
J6JE BA 121 ¢ 12D, H #F £k (NOs-N: 1 mg/L,
PO; -P: 0.1 mg/L), #hJF 31,
12 ZEWHE
121 H(EXNSEENMNEFEERKOZE St
PR PR B 20 3 g MR SE AR B T2 LR
R, OGRS, BTN RE
3ATAT, BERE 3 d B 1 IR LR
30 pmol/(m*'s). 60 pmol/(m*'s). 90 umol/(m*'s).
120 pmol/(m’-s); HAIEIRA&ME: #E 10 C,
JA#A 1210 @ 12D, #F#iE(NO5-N: 1 mg/L, PO; -P:
0.1 mg/L), #HJE 31, 26 5 K. 4 10 Ko HIFR a5
REETE, 55 10 K, BETHAMRERmE K, WA
WA R, RIGHET-80 C, I TIREE Iy,
HeA AR KPUAAFERIIE o AN A K (rela-
tive growth rate, RGR)I¥ 1144 5% 2= [{ gh 4112
122 dtEMNESHENFEXEGERNEN
SR A 5 A R 1.2.1, BEFRPIAR(0 h)
K 12h, 1d, 3d. 5d. 7dHf9dJE, /uldz
WK PSIT fe KAk T (F o) 555 1 d
3d. 5dA10d 550 B AR e R RO A R

e (Pomax) « FFIRE SR (R FILEDE A R (P2,
123 EFBRASEMNE HEA M ERH
BILEG A Ak I RE 1 R TR DL (1 RS R
$6.25 BIWT 13 2 & 1 & 5. AR Al R &
FCRIGE Y K3 Ay s % FH R be sk Ak ATy
T 5E 2 BE A P I e O U0 HELET i g s
KL EN KA SR (%) 100~
K=K 53— =P Wi
124 BEXEMNNE 28 Wang 85771k
FEREZE: (1) R g 3RS T 15 mL B.08 9,
FH 4 mL — F B AR (DMSO)E =5 I K 2 5 h B
60 min, KL E T 4 CAERE . 2) ¥ 1R
DMSO Ab 3 58 B 3 AR BB 4liK vh e ok, & T
4mL N (100%) 7, 78 = T 8w R
60 min, PHEEEE T 4 CIHEAEFN . (3) FiRM
T B2 JRUR 43 ) FH 58 A0 mT UL 0 S 6 B T v W o
JE, WA seely ZHRAL YA 35044 K a (Chl
a). BB N Z (Car)FIH BB E (Fucox)ik .
1.25 HftEKERHONE IHEEER. W2
[ (MDA) . HyO, 7 1 DL B S Ak M) B AL i (SOD)
i A AL A RF(CAT) . YLk g AL T (APX) |
HUHE BB T A o 3L (ASAFR) HLIF 743 514 i %o
JOF A0 N e (e e A AR A D) o
1.3 #HiEaE

K Excel X B 474 BEANHI ], SPSS
18.0 SEit il ir Iy £ ME & A, P<0.05
Sy 8 25 KO Wb o

2 #R59H
21 RtEXMSHENIFEEKEXASIERN

Al

211 HMEKERRGR) WE 1 fix, 5 5
FKmf, ZRI#EE/ TR RGR 7E)6G58 60 pmol/(m*'s)
B K, (H 5 H A 2 JC 1 2 P 25 5% (P>0.05); It
i, 30 F1 60 pmol/(m?-s)4H BEAASL IE %, T 90
120 pmol/(m*-s)ZH 8 4 Th st HH B/ 1 B9 14 20 AL
ML (K 2), 7545 10 K, 60 pmol/(m*s)2H RGR i3
T 90 pmol/(m*+s)(P<0.05), {55 30 pmol/(m*'s)
120 pmol/(m*s) 41 & i 3 M 2 5 (P>0.05);
30 umol/(m*-s)4 Yk, (H5H Al 3 A6
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%29 %

#2255 (P>0.05), SR L, Bl BRI ] A AE I,
4 RGR & FTHE#H
230 umol/ (m?s) E490 umol/(m?'s)

12 - E60 pmol/(m*s) 3120 pmol/(m?'s)
n=3; E:I:SDa
1

—_

O N B~ N0 O

b, .

AR A R /(%/d)
relative growth rate

HifB]/d time

1 Olamxd 22 M /I8 A6 AR X A K 48 4 52 1)
FERIE B AN [R)/INE =7 B 37 [ — IR [ A AR [] 52 56 28 [7) 22
S5 (P<0.05), FREA N MABCT- R AR ] B
Fig. 1 Effects of light intensities on the relative growth
rate of young sporophyte of Costaria costata
Different small letters on the histogram indicate significant
difference between different experimental groups at the
same time (P<0.05), and the numbers at the lower right
corner of the letters indicates different time periods.

| | C1 ‘ 4, |
| | czl d, [
B2 555 RIS 10 RAFEDEHR T Z )
B/ MET AR A O
a. 30 pmol/(m?-s), b. 60 pmol/(m*:s), ¢. 90 pmol/(m*'s), d. 120
umol/(m’s). FREAT FAEF 1 FARH 5K, 2 FRE 10 K.
Fig. 2 The growth of young sporophytes of Costaria costata
under different light intensities on day 5 and day 10
a. 30 pmol/(m?s); b. 60 pmol/(m**s); ¢. 90 pmol/(m?s); d. 120

pmol/(m?-s). The number at the lower right corner of the letters
indicates different time periods (1 denotes 5 d; 2 denotes 10 d).

212 FJF, K3 &R, FERFERIPIG D), A
30 pmol/(m*s)F] 60 pmol/(m*-s), Fu/Fn, i Gom 1
T EFE M 60 pmol/(m?+s)F] 120 pmol/(m*-s),
Fu/Fm WIBE S SR A3 B B N, B Fy/Fm 76
60 pmol/(m*s)Iffx K, 7E 120 pmol/(m* s)if/N .
Hrf, 7812 h, 60 pmol/(m*s)ZH i & m T H A
B2 (P<0.05); 1 d B, #otsmala) o & 2%
(P>0.05); 3 d i}, 60 pmol/(m*s)ZH i & T &t
ZH[90~120 pmol/(m*-s)](P<0.05), {H 5K 4 2
SR EBEP>0.05), 5 d i}, 60 Al 120 pmol/(m?-s)
41 FulFm K, R Gk AL G 3% 25 5 (P>
0.05), M7EHS 7 K, 120 pmol/(m*s)4 FulFm [ F]
S ARAE, H 5 F A4 ) 22 5 AN B 2 (P>0.05)., 9d
W, NETAA FUF WA 60 pmol/(m?-s) F &k, fi
FET 90 pmol/(m*s)ZH (P<0.05), {H 15 H At 2H ]
TC 3 22 5 (P>0.05), [l —)GHE T, Bl 55770 1R]
FEK:, 30 F1 120 pmol/(m*-s)4H Fu/Fr B F R 3 5h,
FFESS 7 ROVEARE, WELTXIRA1(0 h, P<0.05);
60 pmol/(m*s)2H7ENE % 12 h )5, FJFn B35 F It
B TXF IR0 h, P<0.05), MR Fd s R
#4490 umol/(m*-s)4L FulFp BE1E FR A SE K, 5
LPET RS, ES 9 REEMTXIELL0 h,
P<0.05), fH-5H A4 ] JG 2 3% 22 5% (P>0.05).
213 KEER WK 4a R, 51K, B
H AR (PYTE 90 pmol/(m*-s) F ik, 120 pmol/
(m* )Rz, {HA2H ] 22 5N 1 3 (P>0.05) . 7E4H
3 RBEAE LA H R, WK P BN TG,
Hrfr, 120 pmol/(m?*-s)4H P fis, BEE T 30
60 pmol/(m*s)(P<0.05), {25 90 pmol/(m*-s)JC
EXEF(P>0.05), S 5 K, #EK P &S HEAE
120 pmol/(m*'s), 90 F1 60 pumol/(m*s)ZHYK =, 3 4[]
o &£ 5(P>0.05), (H¥ B EET 30 umol/(m’-s)
(P<0.05), %5 10 X, 60 pmol/(m*-s)4] P fix iy, 10
5 H At 21 0] G 3 2 5% (P>0.05) . Al —JE5R T,
90~120 pmol/(m*-s)4 P, 7EXEF% 5 d J5 FH(P>
0.05); 10 d B, 60~120 pmol/(m*s)4H P ¥ E
[ (P<0.05), 30 pmol/(m?-s) % 3% i ¥ ZE K 5
TR, (H2E5 A 53 (P>0.05) (& 4a),

Bl R, MR KEIA HEZ(Pamax) 7E
90 pmol/(m*s)# 1, 120 umol/(m*-s)2HIK 2, (A%
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(130 pmol/(m?-s) (360 pmol/(m2's) #=9; x:SD

£ 8 590 umol/(m?-s) B 120 pmol/(m?-s)
KO07F 21313 as
a3 asbM
2] e a3 . b, b,
e rh 3 SR
e e
'.ﬂ i
) i )
) i )
5{5 4 5{5
& A i i g ,
12h 1d 3d 5d

i} /E] time

K3 Otsmxt Z s/ ME TR BRI
R IE B[R] /NG S35 [] — I [R] Y AR [R] Dl i 28 (1) 22 53 12 25 (P<0.05), 747 T A B 5 s A [ I [ B
Fig. 3  Effects of light intensities on F./Fr, of young sporophyte of Costaria costata
Different small letters on the histogram indicate significant difference between different experimental groups at the
same time (P<0.05), and the numbers at the lower right corner of the letters indicates different time periods.

= a  [130 umol/(m?s) F190 pmol/(m?:s) = b 2
k ) 5 = 130 pmol/(m?'s) F490 umol/(m?-s)
E % E360 pmol/(m*s) 3120 pmol/(ms) ‘g E360 pmol/(m*-s) (3120 pmol/(m?-s)
0.5 1400 -2 1400 &
S 51200 e » @ e

= S £ 1200 ar B As
£ S 1000 £ %1000 AdB, -
5 & 800 3 2 800 ;
A\ | =) CZ
Ef![-a 600 8 600 ABC
5 8 400 ﬁg g 400 U Emd M
2° 200 2 £ 200 ﬁ% ﬁ
2 & :

0 ' ’fﬂ_é = 0 3 0
fifE]/d time I fifE]/d time

P 4 Slam xS [ 15 5 I [0] Be 22 1 /48 1A 15 383 A 52 il
FEAR & AR/ SR 27 ] — B TA) Y A [a] ' 5 21 1) 22 57 1835 (P<0.05), B T A B0 3 n A ] I 17 B
AN R A R [l — 5 2 7E A [ I [A] B 1] 22 5 W35 (P<<0.05), F-BEA T AU SRR AR esm A ¥R 40 .

Fig. 4 Effects of light intensities on photosynthetic rate of young sporophyte of Costaria costata in different culture periods
Different small letters on the histogram indicate significant difference between different light intensity at the same time (P<0.05),
and the numbers at the lower right corner of the letters indicates different time periods. Different capital letters indicate significant

difference between different time periods in the same experimental group (P<0.05), and the numbers at the
lower right corner of the letters indicates different light intensity treatments.

2 6] TG B 2 2% S (P>0.05) (] 4b), 765 3 KA 5 0 Chla EFucox BCar

o 70
K, B P BEESRBITE T FTHESSS, Hoeh, 7590 %2 o |
1120 pmol/(m” )i P 5, (= #EiLEZE S 20 Hy ¥
F(P>0.05), 7E45 10 K, 60 pmol/(m* )41 Popa e~ 42 520 @% n 2
25, 05 AL T 3 25 R (P-0.05). e ® g | g |
ST, Pumax A 55 SR ] B 2E 1 22 58 B THE T RE, Y38 B/ [umol/(m?-s)] light intensity
2 = e

’ R /NS SR R R R 3236 4 (] 22 57 1. 3% (P<0.05),
174K Chl a, Fucox Ml Car & it /MEN S, 78 TR R EMARE S G E.
60 HmOl/(mZ'S)F wmE, HXh 30 umol/(mz-s), Fig. 5 Effect of light intensities on photosynthetic pigment
120 pmol/(m” ) HLAI, {4 LI #2253 (14 frent sl et o e histogeam ninte
5, P>0.05), significant difference between different light intensity

soi he same time (P<0.05), and the same numbers at the lower
ER 2% s 2. att
215 & &Ez(Rd) LIRS RdE 60 pmol/(m"s) right corner of the letters indicates the same photosynthetic

A H AR, (HASE5m L [R] ) G i 35 25 7(P>0.05)(E 6). pigment.
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330 pmol/(m?-s) (190 pmol/(m?-s) 40
F360 pmol/(m?-s) (3120 pmol/(m?-s) 35 n=3; x+SD ab a
200 - n=3;xtSD 30

_— =
wm o W
(=T = N =]

(=]

IR A 8 2 2/ [nmol/ (g -min)]
dark respiration

3 5
ifE]/d time
6 i xd 22 i e IN AL A IS 32 ) 52 i
HEIR P _E S ) /N =7 B 27 () — IF [ PN A [ S 5 28 )
P25 W (P<0.05), FHEEA T M ECF R A Wi A B
AR R A 3R [ — i 2 7E A [w) s [B) B ) 22 5 Wil 35
(P<0.05), FHAT T B R R A FDERAL B .

Fig. 6 Effects of light intensities on the dark respiration
rate of young sporophytes of Costaria costata
Different small letters on the histogram indicate
significant difference between different light intensity
at the same time (P<0.05), and the numbers at the lower right
corner of the letters indicates different time periods.
Different capital letters indicate significant
difference between different time periods in the same
experimental group (P<0.05), and the numbers at the
lower right corner of the letters indicates different
light intensity treatments.

¥ 3 K, 60 pmol/(m*-s)ZH Ry K T HAt4H
(P<0.05), 90 umol/(m*-s) .3 &5 T H ML 41 (P<0.05),
30 F1 120 pmol/(m*-s)4 8] 25 5 A 2. (P>0.05).
FESS 5 R, MBI Ry BRI = 2 PR, A
KA A TG 25 F(P>0.05), 45 10 K, 120 pmol/(m*-s)
2H Ry %MK, 60 pmol/(m?-s)4H IRz, (B4 2H ] 25 5+
A& (P>0.05),

22 AENET & RhE/NEFERE) 4 I8 G 52
221 TEBEBR  EOL41[120 umol/(m?-s)]A]
EEE A SR RS T ROE41[30 pmol/(m’-s) Al
60 pmol/(m*-s) ](P<0.05), {55 90 pmol/(m*-s)ZH 2%
SR EBZE(P>0.05), 7E 60 pmol/(m*-s)if i 1 &
& s AR, 55 30 pmol/(m*-s)41 JC .3 2%
S (P>0.05), 1fi & % & F 90 pmol/(m*s) 4
(P<0.05)(K 7)

222 H,0,#1 MDA &8 £ 60 umol/(m*s)F,
LR METAR) HO, & i 27T 30 pmol/(m”s)
2H(P<0.05), fH5 90~120 pmol/(m?-s)2% K b &
(P>0.05), /NMET& MDA & &87E 30 pmol/(m?'s)
T a, (A TG 2 22 (P> 0.05) (A 8).

A A R (mg/g)
soluble protein content
cocoocoocooo
o= N

ocGhoundh
o
(<]

-

S FR 5% B /[umol/(m?-s)] light intensity

K7 Otaimx 2 e/ M T AT PR 8 S R R
HEIRIE AN TF) NG SR8 3R AN F] S 30 2 6] 22 53 W 2 P (P<0.05)
Fig. 7 Effect of light intensities on soluble protein content in
young sporophytes of Costaria costata
Different small letters on the histogram indicate significant
difference between different light intensity (P<0.05).

B EIMDA E1H,0, n=3; x:SD S
w400 a ab 30 &
3 5 350 b 25 &
é 8 300 A a = 5
& £ 250 7 2073 8
o S 200 i 15§ §
&30 - 1055 <
W= i 5 4 S
= 58 i 0 B
e 30 60 90 11
pa] It 85 BF/[umol/(m?-s)] light intensity izg

K8 Dtsmxt 2 /e TR Ak E
NS AR
HEARIE B TR]/ING SRR RS [ D63 20 1] 22 7 o 3
(P<0.05), F A T AT 1 2R Hy0,, 2 /8 MDA,
Fig. 8 Effect of light intensities on H,O, and MDA
content in young sporophytes of Costaria costata
Different small letters on the histogram indicate significant
difference between different light intensity (P<0.05), and
the number 1 and 2 at the lower right corner of the letters
indicates H,O, and MDA respectively.

223 ASAFR.SOD.CAT.APX tti&7# ASAFR
F1 SOD Lt i J7 % G i e i — 3, 7E658R 60~
120 pmol/(m*-s)if, BfYGHRIE TR & T F4(P<0.05),
FE 60 umol/(m*s) i F &, B & & T 90 A
120 pmol/(m*s)2H (P<0.05); 30 pmol/(m*'s)IX 2,
BEET 120 umol/(m*s)ZH(P<0.05); 120 pmol/(m’:s)
HIEIRI) ASAFR FI SOD i 11 &A% (K 9a, 9b),
7E 60~90 pumol/(m*-s)i, Z M/ NI T1& CAT Lt
WP E, BFEET 30 pmol/(m*s)4H (P<0.05),
{H5 120 pmol/(m*-s)2H JC 2. 3% 25 53(P>0.05)(1 9¢).
TEGHR 30~120 pmol/(m?'s), 2B/ NMET4& APX
HETG IR SR A TR FF#(P<0.05), 60 pmol/(m’-s)
%55, 120 pmol/(m*-s)f%fK ., 30~60 pmol/(m*-s)f,
INETR APX G B2 T 90~120 pmol/(m’-s)
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a8 15, R . 8000
§§.§~ig- b ‘57000- ab
ﬁ%é 12: be @Eg 6000 -
R c 558 S000r
58 gl H E'G 4000
%3&6_ K2 3000
DA o o4 == 2000
EEE 2l g 3 1000f
S 0
?33 0 90 120 30 120
Yt HB 5 B/ [umol/(m?-s)] light intensity SR JE/[mnol/(m2 s)] llght intensity
Cc E d 'R
°°B*35_ a !g & Lor a n=3; x+SD
SE30r i 2 _Zosf
L SESo7f
Rézo_ ab ﬁc:nh% 0.6
E% 15 b %gg 8'451_
-\ a [ - =) % . L
b e
ﬁo 5t = <01l
m O a0 60 90 120 B 0

G AR /[umol/(m?-s)] light intensity

30
SCHEIRE [pmo]/(mZ s)] hght mtens1ty

9 Slsioxt 2 e N7 PRS0 0BG LIS O 152 e
FEBR B AN [R)/INE S ) e 7R A (] 52 96 4[] 22 57 B 35 (P<0.05).
Fig. 9 Effect of light intensities on antioxidase activity in the young sporophyte of Costaria costata
Different small letters on the histogram indicate significant difference between different light intensity group (P<0.05).

2H (P<0.05)(I% 9d).

23 AEXNZHENIFEERHSTENF N
mER 1 foR, oK EW S Em, KK

Z, MR o MAEE . BRI, Kok, B

TKACA P AE 25 i 2 0] TG f 3 1 25 = (P>0.05) .

HOHLEE LRI I & FE7E 120 pmol/(m®-s) i 5 55,
W& EEAE 120 pmol/(m?-s)if 5 ff; Bk L&Y
Epd D i AN N SR R e Ui D i
FHE T ETF, EOGH#E[90~120 pmol/(m?-s)]4H B
B TROEIR41[30~60 pmol/(m?-s)](P<0.05).

®1 gABEMEZHEMFEEFRSSENZME

Tab. 1 Effectsof light intensities on nutrient content young sporophyte of Costaria costata

n=3; X+SD; %
Y658 /[umol/(m?-s)] M crude protein &G fat K4y ash kK& carbohydrate ML 4E crude fibre
30 1.10+0.37 0.10£0.00 5.80+0.26 7.67+0.50 0.90+0.10%
60 0.98+0.12 0.15+0.07 5.67+0.21 7.50+0.26 0.87+0.29%
90 1.20+0.03 0.15+0.07 5.83+0.15 6.60+0.36 1.27+0.21°
120 1.20+0.23 0.20£0.10 5.50+0.26 6.57£1.08 1.50+0.10°

H: ARREVNG B bR RS [F] G5 4 R 22 5 W3 (P<0.05).

Note: Different supercript letters indicate significant difference between different light intensity groups (P<0.05).

3 it

31 StENEhhENATFEE KB
Jesr AR RO AR SRS BRI N T, 5

MR EREANE JRER S LRI i i AR L K
B LA E AP MOCHFIE R, WY KI5 5%

TESROE TR, AR EDLRET B CO, ML,
H, A2 338 S e B D T 3 BOG RE S R IR,
FCAf PSIT RS, FADEMHIEIG Y, difg i)
WFFE M, FRIE (Laminaria digitata)/ )M 744

7E 20~80 pmol/(m®-s)7 F A, RGR Fifi 63 L T
BawEs, HAE 100 pmol/(m?-s)Af & AR G 4,
RGR B E K. MGREATT i, AP F FERE
RORBEAR, AKZEE, RINLTHEET, £524
SRR R GRS ERIRE T
6 BB X} G VL% (Gracilaria chouae) kK (540, AF
FERM, EARIEHR[40 pmol/(m* s)] K, #EAKL M
WK Y OEIE N L, TGS iR o L AR
S SEHYIE R AR S Z . AW E B, TE
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30~120 pmol/(m?-s) 3t Bl P, 78 AN 15 35 J& 31 v
Z /N TARLE 60 pmol/(m*'s) F RGR ok, 5
RGLH[30 pmol/(m? )| FIE 62120 pmol/(m?-s)]
T 2R, {H7E 90~120 pmol/(m*-s) T, FEARF
T ENE R A . LIS, B B R
ZH|— M. B TEPI R LN, B
(Macrocystis pyrifera)7t 90 pmol/(m*-s) T RGR .
TR, SV b, A S50 20 B % 7 B ) E
RGR #4K

[, 765280 RN (10 d), 2R/ INME Tk
76 60 pmol/(m?-s) F Fu/Fm &R T HAbZH, FWi
sk /0N A AR Ll 2 B AT o o A e RO A
J1, 5iZzoam T eI e A AR K R, FE
SR T FolF BLAR B E] 5 30— % 1 9% 3, 18
MR 2 TREEE, RPEARE 30,0 90
120 pmol/(m*-s) T Yt A 7 4 i 51| 5% R JEE 14 1y
o TEREFRRIIS d), Z2M 8/ NMEFR PO Pomax
Bkt sm g i BTk, FIEE 10 K, PRl Popay 7F
60 umol/(m*-s) f% 5 ; 15 3% A W N, 7E Ok o
60 pmol/(m*-s) F#E A Ry &b T HAR K- o 2 BA i
FOEL = B X R & RER BN, K
WG B = e PSTT = A — 22 Whif, Ry 7EHiriE i
N RR R T — R ER . T RESE B TIRE
AT 6B R IR A 22 08 Bt % 200, i s ol )
A HE T3 D1 A 45t kA2 1k, PSIT R4 kAt
MHIPT, Cchla MR B @R, AR
FHEWSr2Z—, 1 Fucox & Car NAHHBH (6 2%, JEH
BT A VE AN AT BB 185y o AE N 445 1E
WA, ARG H SIS, B AR
M Ze AR, DIREEARCRPY, Ao
KIX—47 4, Chl a, Fucox fl Car & HETE 30~
60 pmol/(m*s) 4 &, =GR T (90~120 pmol/(m?'s))
AR, B, 60 pmol/(m* s)2H (5% & g & T
HAh2H, Rk RGR MR H . WA KA
J6A R F W 5 T4 R AR S AT, 2R/
HTFAALE 60 pmol/(m*-s) A= KAl % 5 Park 2512
WFFEas R —3
32 ShENMNMFEMAELBHORELEE
i) JiZ

40 40 P AR A R 3 1 R R R 7R A Y

ROS Fh2 e & it BEARPTALEG R G540 ASAFR
SOD . CAT Flit S84k % APX 25 3% M 1 S % 3
R ROS 265 R 5P 5 & E, 7ERER(110)
BT, IR SEMIRIR N CAT . APX 193 4 A1
GSH 7 = H [ i ae i) B) 2B 2 B FTHE T RE
A KR O)WIE T, SOD [if A Wi 58,
GSH & &3, i CAT Fl APX {9175 M U B ilrae
) FE K S TR R % S &P i s i,
HOR A (Laminaria digitata) %)) i 1 i 5 T B
B, SOD \CAT P 7 A [F) Jpiri g (| B 52 |1 i
ARk . SRR R X B, PR AR TS PR PR
W EAfb#a A, 5 ROS AYAE ML & HaO, AT
R EBRA L. T RGR, B SHEER. 4
MK, 60 umol/(m*-s)f A F| T £ i B/ NME T4k
A, B G RVIOEXT NLFA 7= A iR e
BIFRKMEF] H,0,. MDA R, 1EEE[90~
120 pmol/(m*-s)]'F, AT FAMERR (A& B & THE,
TEAROE T, ASAFR . SOD il APX Lbi% 71 . % Tt
CAT [7F 30 pmol/(m?-s)Fl 120pumol/(m*s) F i 3
REAIR, d BH o SO il 7 2 457 A N ROS B - i)
RAERAE
33 AEXEBETEMEBENIFEEFRBSEAR
SRR A WA T S OGS AR S A, s
SR P IR O I B BB REDY . Ao &
PUBE A Ym0, KL R g I A LT
P, MWL LB, 7E 50~150 pmol/(m*-s)3tE Fil 4,
B R & 5Ok IR A 0D A g
(Biddulphia regia)7E 4 G im T W 236 2 4 10l
RERL AL Mk, LIS B AE kR kY, Bk
A YIRS A ER B =), TEARRRE
ZEDECIRATEN . WTE—E ey, FEl)
1 B ¥ (Sargassum  thunbergii) i 7K 16 & 91 &
S PG IR SR B bR T o FEAS SEER ORI B,
Z Wi/ TR G oK AL A i S5 R 2 A
5%, ARZE R K AL A PR AT 4 & s B 5 6k
FEE 0. YRR S i AT, I Y Rk
TR A e fe, FLARSS M AR K A6 & P (i
BEFNTE R ) il 18 Ry b R RN RE VR B R, DA S ek
(A KB ARG PR K AL S I TS AR 55658
T T T IS T BRI P03 5 o Pty 2 3 S A O
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25 b, ZHh /N T RTE 30~120 umol/(m’-s)
P RAT B A Ko, H L 60 pmol/(m®-s) 22
ARGl G . G IE 1) U Y 2 N AR
LR . NG 0 FORL2F 2 5 &, Wik K AL & 4 & at
W5 Jeas 2 A OC, EMOET, B sRaY
A AT TR GRE R M A R AR
PL 60 pmol/(m*s) A% IR, 1EER k& @i T,
PR T WA Y S R, AN, ROETR, T
PEE AR EE BT, OLT, ASAFR, SOD #l
APX HiE J15 R, CAT Wil e O fsE e =
P R, 0 5 A B 7 % 22 Bl e /N T ARGE
AN [ HLA T2 A IR T
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Effects of light intensity on young sporophyte growth and antioxidant
physiology of Costaria costata

LI Guoliang', WANG Wenjun', LI Baoxian', LIANG Zhourui', LU Xiaoping', LI Xiaojie”

1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs; Yellow
Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;

2. Key Laboratory of Genetic Improvement and Efficient Culture of Marine Algae of Shandong Province, Shandong
Oriental Ocean Science-Technology Co., Ltd., Yantai 264003, China

Abstract: Costaria costata is a potential economic kelp. Light intensity is one of the key factors that regulates the
growth, photosynthesis, and metabolism of seaweeds, and is also the main factor affecting the morphology and
vertical distribution of seaweeds. Therefore, it is important to study the tolerance of C. costata to light intensity for
commercial farming. The growth, photosynthesis, nutrient composition, and antioxidant capacity of young
sporophytes of C. costata were studied under different light intensities of 30—120 umol/(m*-s) under laboratory
conditions to reveal the adaptability of C. costata sporophytes to light intensity and support the cultivation of this
species in marine areas. The results showed that the young sporophytes grew fast at 30—120 pmol/(m?-s), and both
the relative growth rate (RGR) and F/F,, were the highest at 60 pmol/(m?-s). The total photosynthetic rate and the
maximum apparent photosynthetic rate increased with light intensity at the early stage (5 d), and reached the
highest at 60 pmol/(m?®s) at the late stage (10 d). The respiration rate (R;) was significantly lower at
60 pmol/(m”-s) than at the other light intensities. The contents of chlorophyll a, fucoxanthin, and carotenoid did
not differ significantly among the varying light intensities. The content of crude protein, fat, and crude fiber was
positively correlated with light intensity, while the content of carbohydrate was negatively correlated with light
intensity. The results indicated that light intensity of 60 pmol/(m*'s) was suitable for the growth of young
sporophytes of C. costata. Furthermore, the content of soluble proteins increases under high light intensities while
the activities of ASAFR, SOD, APX were higher under low light intensities. Moreover, the alga had the same
response mechanism, namely enhanced respiration, under either low light or high light stress.

Key words: Costaria costata; light intensity; relative growth rate; photosynthesis; antioxidant system; nutrient
composition
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