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EXR T BEET ERA
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2. HREEAERE SEARAR AR R LR EEEEVAESEY T IS BRI RE  HE 2660715
3. HIARNKRFGERE S TR H 266109; 4. BHFGERFKT 5404450 L 201306)

HE 3T AW A W (Laminaria hyperborea)%h 75 7F [ Jo 5% T By 48 x4 £ K # £ (RGR) X 4 1
AR AL A, DAHA KR B ARG A 4 v A K B R B R B, 4B R ot BB At 9 AR b AL
H, 52 B R, & 40~80 pmol photons/(m*-s) 3% T, Ak 45 ¥ 6 RGR &, = Wk k38 36 @
MEAEKBRAEF, TRGR 5H_BMDAVEEEEE i xx R, RWHMERENTEAMERT
i T BEMALHE N 4 RGR BIKWREE 2 —, Ml H 4y AN E FSAEESL MDA 4 &
EWMBFEEHM XX F, THEM|DEAESOD) K it E 1k A B (CAT) B L& /1 5§ SA 4 & X MDA 4
EHNEAMAXR(EF, CAT hiE S5 SA & EMMEXHAE EEKT), ELANYEPOD)S
SOD Wyt /1 EM B ZEAM* % 4, k% SOD. CAT % POD xt T # b it 4 v o 75 M 8,09 7% o 3
KEFEEZMIER, H SOD 5 POD A ¥ &ty th B 1EF o & KA 55 b3 5534 A A T AL 4 o
AAMEEANRE, AHERERS MDA WA R, XA LB T 4% 0 EREATFRK, M
FHEKTAE. EHELT, HTEIHEWELHE N Z4ERKEFERE SOD X POD i HhiF /1 Kk
PARSE R N B EEAT, NTIRBELEANGE, EHLT, YE TR mENTEZZ aWEEN
B A AR AR, CERNTEANE LTI EE TR NTERLFREARMLE T mE L,
HTERA B E AN BTN E, FRERT AN ETIOATI TG RELRARBESE,
KR WAkEN; oLEE; Ak A4 WANKER

hESES Q945.79 XHEAARIRAE A XEHS  2095-9869(2019)04-0115-08
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2 R %40 &

PEARACEEI, L6 A4 5 2 AR S R T B D R
E . B2 R MUK S B R (Kain, 1967 . 1971,
Schoschina, 1997). H AU HT AR FI: - 0948 P 2 i
IR 25%~30%F1 17%~33%, J& T 16 eI & B
AN ZE(Qin, 2008), HHABMEAA LY, WAL A %L
I BT 88 I R Nty BB TR LU (B (MY/G), AT R 3
B T B S R BE (Phillips e al, 2009; Qin, 2008;
i HaH 5, 2016), PRI, Medbifgair Eik L 0 EoR g
] 45 ] 5 PH AR 4 JBCRE 9 J 1 )oK (Bixler et all,
2011), 734k, O Yc R M4eE REEFRBITFE
e AU ¥ 1 s T AT 2l W ) Rk S i R0 R i 3 I (3 IBE
1991; Schiener et al, 2015) ML IHEHT A A 254 (ELAAER
FEIL AR R (AR K BE 7T 35 2~5 m) (Jupp et al,
1974; Kain, 1962, 1971), Z44CEH FHbr—M N
8~15 4F) (Kelly, 2005; Sjotun ez al, 1993), ZILK “iF
BEARMT LSRN, iR AR LR Y L Y
SO S M, X ZE B VR A W) 2 M R AR AR
(Smale et al, 2013), 534, WAL ¥ HA E2M
il Dt , Bk F BAREE IEEREZ —
(Pedersen er al, 2012), Z5 LAl M1, B AU FE W E 3
Yy MO T 3558 77 T 2 A 2R KT

e AU VT 7 &I T X O B 3 . R T R e
FETE B S5 N R 2 —(Kain et al, 1965), W42 H W FH T
B M T FRFE s 5 sy i Sz — , KA
Vi SR ' B P P — AT AR L AR AR AT
[T =R e e S 2 A e | A8 i O 0 S
TR Gl BEESEARAE R BB BOL A A
M, CAHFEM T —y LK (Drew et al, 1976;
Kain et al, 1965; Kremer, 1984; Liining, 1971;
Willenbrink ez al, 1975), 1320 & 1R ILTEE Y
HeEHR . GRS . JERMES L BRI SE
B R, KA SR A L o (N R |
VSRR . N BRI AE) Y R B
23 2 M B IR ) AR Ak LATE AN [R] 9 6 IR BT 45 1 (22 2 0k
SE,2009; FRAE, 2013; FYRIARAE, 2016), JGHRJEE
UG BEAR N AL s R FER R —
(Lapointe et al, 1984), AR AL XA [6] 56 R G8 B2 (1)
Az A 1 3 A R DG 1Y) SCHER I o ASBIFSE DL T C
TR BT R R G F AR AL G R E TR 4, SR H AR
1 KR S HE AT bR RS TR GRS A, AR
I FH AR A RS R, I8 R O R0 A9 2E 4k
IS I R T da i e W S X R E N N B -
TR I S HE A SR A PR AR

1 MEEFE
11 ke

AW i AR L &) 1 3l o L R R
W ARRAR , bl Bl AR 4R Tk B A 51 3% e oF
S IX o FR TS B A R T B R AR R
JER 11°C~13°C, Jt6 A &% I (Photosynthetically
active radiation, PAR)>N 40~50 pmol photons/(m*-s),
JCRIIAA 121 2 12D, HEKE KRR KAE NG,
FFAINEFER (PO -P: 0.4 mg/L; NO;-N: 4 mg/L).
O E S = Ep O TR RANEE N I
352 AR (Labsystems Multiskan MS 2y &), 75%2%),
AC8 Pl (Thermo Labsystems 2y fl, 452%), HL#VHE
35 IR AR (R — T IR R A A PR A FD) o

1.2 SRIGHE

DLTF £ Ah 3LH 4745 ok () v B8 10 R0/ 7 5k
(PO; -P: 0.4 mg/L; NO3-N: 4 mg/L), HR/lH 5256
VAN I O T
1.2.1  REGER FARALE R 4% a4t 4 K ik F e
m kit 2~4 cm MR ALER LI, BT GXZ
BRERC BT IRAR , HEAT AR AR A 8 ) S
TEWEE A 9°C &M, 430lHE PAR 5 20, 40, 60,
80 1 100 pmol photons/(m?*-s) &5 F F L5 5% 10 d.,
SCISTFURTT, PR EARSERE | IS R A L Y
4HT, ALV 8 0 (1.04+0.05) g, i EE 225
PEAR B3 (P>0.05). AFFE 2 d Bk 13k, 10 dJEFkE
BE T, J1 A A X A 480 (Relative growth rate, RGR),

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

Kb, Wo ARG BRI (g), W, SR g oy
B E (), ¢ I RREL AN A](d) o
1.2.2 AAIEAT G AR AR R 3 I o 25
Jei o S Z0 R AN [R) A BEZH B AL Y 4 PV RO
B AGR VKA T, FRET A bR I o A
FUME AP TS MR RaMIEI S MR WM
#H )i (Soluble protein) . %A fL ¥ fb il (Superoxide
dismutase, SOD). i ALY (Peroxidase, POD). it
H AL S i (Catalase, CAT). N —.Ji¥ (Malondialdehyde,
MDA)FI#8 5 B B F (Superoxide anion, SA),

ST SRR a (ERHESE, 2011)HIEH]
# | Z & i (Chouhan et al, 201 1) 52, HALFEFR Y
W 7 ¥4 >R FH Tl B A 58 W BT 43 BT 25 (Enzyme-linked
immunosorbent assay, ELISA), I G5 43 BTG 4
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F G A it R AR R A BRI, T e B
SULH AT SRR BIE . SOD, POD F1 CAT
() FCI% 1 3002 (U/mg prot) DL BRI 1 5067 (U) B 22 7 1
HFER(EFA2E, 2000,

1.3 HiEabiE

K H1 SPSS 19.0 Hdi g i+ 4 F b AT BN &7 2293
#T(One-way ANOVA) , Duncan £ . & Pearson A
KM, P<0.05 NZESEFE, P<0.01 JZEFHE
%, JH Excel 8 {-2H ETE .

2 R

2.1 REMETRACEH LD ERMHEX £ K EE

22 W A5 B, SERR XA AU 41 0 AR X
A K R (RGR)A W 52 (P<0.05). Kl 1 R, 76
9°CHi,40.60 F1 80 umol photons/(m*-s) )8 21 f) RGR
PIg ok, = H ML #F 2% P>0.05. 20
100 umol photons/(m?-s)J:5# 4H [ RGR #5571y, BT
55 60 11 80 pumol photons/(m?-s) G50 ZH A [ 14 5 i 2
P22 5(P<0.05),

6~

a
a
i ab
B b
j [
20 40 60 80 100

JLHEERE
Light intensity/(umol photons-m2-s7!)
1 REDESE T AR 10 d JE R AEIREE 4
FER AR R (RN 9°C)
Fig.1 The relative growth rates (RGR) of young
L. hyperborea seedlings cultivated for 10 d
under different light intensities (T=9°C)

W

N

A A R
Relative growth rate/(%-d™")
oW

—

(=

AFRFEFRRZRBE, P<0.05, T
Different letters indicate significant difference, P<0.05, the
same as below

22 AREFXETRILBEHEHBERRRE a 12
MENRDEE

I 225 W 6 SR, 6o A U VAT 4 i ) 4
KafIZRiH e MRS EWA B EF(P<0.05), K24

7N, ARG B A S 2R a R B DGR 1Y = 1T
BHTFEAR . 20140 pmol photons/(m?*-s)Ab BRZH it )
MopFRa i E PR, T O 2 5 (P>0.05) . 5k
=60 pmol photons/(m*-s)[4bHZH 5555 420 pmol
photons/(m’-s)2H 422 53 . % (P<0.05) . Y5 =40 pmol
photons/(m*-s) i 4b BRZH 22 18] G B # 22 5+ (P>0.05).

0 a, O -4 #& Chlorophyll-a
g 80 - ab, DOZHE MK Carotenoid
o 70 1 % ‘} b, b
e oot b,
205 50
%&:’ 40 -
@8 a,
© 30 ab.
g 20 S bz b2 azbz
. 0
20 40 60 80 100

JCHATRE
Light intensity/(umol photons-m=-s7")

&2 b 2 e DGR N Y HER R a F
FNE PR G
Fig.2 Chlorophyll-a and carotenoid content of young
L. hyperborea seedlings under different light intensities
HEBR P B B B o Dy A ) 7 B9 O [l — 28
PATZ LR, WA T B3R 7E P<0.05
KFAABENZESR, TH
The same subscript number at the letters represent the
same group. The measured value in the same group are

compared. The different letters in the same group represent
significant differences, P<0.05, the same as below

2578, 7E20~80 pumol photons/(m?-s) Y5 7 [
W, B AL AT RS D RS R IR I THE
B, 2658 Tt = #1100 pmol photons/ (m*-s)f
LRSS N R A A TR, 20, 40F1100 pmol
photons/(m*-s)JEsR AL KA B N E R, =&
JC i # 2% 5(P>0.05), 40~100 umol photons/(m*-s)t:
5 2 2 ] G i 3 25 5% (P>0.05) .

23 AREEETHRILEFHENATAEESSE

B3N, FEARMGGHRIEE N, K& ST
1o, WA I3 1 A R VAE B 1  a  SE T  E RREAIR
Fya3, 40, 60F180 umol photons/(m?-s) ik 4H 1Y AT
BHREASTRYES, &AM LR EEREP>
0.05), 20, 40. 8071100 umol photons/(m?*-s)):55 £H f¥)
ALV MR a2 R M E R TG B 25 5 (P>0.05) .
Pearsontfl PEHT R B, WA MEHEH S 5RGRE
M 2 IE A G OC R (B R B =0.712, P<0.01),
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gw I a 3 IEHISE K R (LR ECH =0.829, P<0.01),
14 -
- b ab 0.7
0yt 2 -
ﬂgw b b Zosl @
B i i
I 8 20
WE gl m%w— b
2 & § b b
KE 6 WL 204
=g e S b
§4‘ %5%-
2 g
& 2T ®oal
0 g
20 40 60 80 100 80.1F
L nmmE &
Light intensity/(umol photons-m=2-s7") 0

&3 bl g B TE A DGR T B AR
Fig.3 Soluble protein content of young L. hyperborea
seedlings under different light intensities

2.4 ARAEBETHRILEFTLENHEZEEMDA)FE
SHBEFCAEE

Jr 2 AT R, SR XT AR AL A 4 MDA
A I E 0 (P<0.05), F4% /R, 20 umol photons/
(m?-s) R MDA & ffie K, 8011100 umol photons/
(m*s)EHRH IR Z , 40160 pmol photons/(m?-s))50 4H
MDA 7 H #4484 . 20 pmol photons/(m?-s)YG58 4H i
MDA % 2 5 HAh S5 41 /9 A Lt 25 53 5 5 (P<0.05) .
Pearsonff 0K B, MDA % & 5RGRAE i 3
K R (MR R B =-0.58, P<0.05).

a

bc b

[
® O
(=T ]
T T

W_E&E
3

MDA content/(nmol-g™! FW)
IS
S S

(=

80 100

20 40

60
JGHRIREE
Light intensity/(umol photons-m2s")

B4 Bedbifealy & i e AN DS T AN i (MDA) &
Fig.4 MDA content of young L. hyperborea seedlings
under different light intensities

Tr 25T SRR, LRI AL S ) SA
A 3R (P<0.05) . &l 5 71, 20 pmol photons/
(m*s)JEHRAM SA Fritik, HHAMERAM Y
% 2 5(P<0.05), 40~100 pmol photons/(m*-s) )tk
T N A5 411 SA B i Z M AH L TC i 3% 22 5 (P>0.05).
Pearson AR ME TR, SA & &5 MDA S EEH)

20 40 60 80 100

SLHRIREE
Light intensity/(umol photons-m2-s7")

K5 Medbifealy & v fE AN [RDICoR T A4 A BT s 15 i
Fig.5 Superoxide anion content of young L. hyperborea
seedlings under different light intensities

25 ARFXETHRIEETHHEHRAMALESOD.
POD #1 CAT)LLiE S

Jr 22 AT R, SR AT 4 Y SOD .
POD F1 CAT 1y Lbifk J1 ¥ W2 520 (P<0.05). &l 6
.75, 100 pmol photons/(m*:s) I £ i) SOD Fl POD

[ FSOD mCAT =2POD

B

& 5

-.Enlso a &

; L o
RQ'MO 2
HI 21201 2
R-Z 2
2 8100 %
S8 gotf S
E‘ 2 R =
S & 60t 8
A 2

S 4of a

5 olF 2

S 20F:

o O o N o ool

»n O Py Py oy . »al

20 40 60 80 100
JCHEREE

Light intensity/(umol photons-m-s7")

K6 Aty 2 7E A DR T SOD .,
POD FI CAT Hi% )
Fig.6 SOD. POD and CAT specific activity of young
L. hyperborea seedlings under different light intensities

s ¥k, 5HA WA M Y 2 7 W #E
(P<0.05), 20F180 pmol photons/(m*-s) )38 4H 1) SOD
Fo TG B, 5 H A 4 AT e 38 25 S 3 (P<
0.05). 40F160 pmol photons/(m*s)¢38 4H fISOD F i
J1 6 k. 3 22 5#(P>0.05) .80 pmol photons/(m*-s)Y:5 2H
fIPOD HLiE 11 ik, 540F1100 pmol photons/(m*-s)
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S5 2 A Eb )25 5 8 3% (P<0.05), 1520160 pmol
photons/(m?-s) 58 41 AH Hb ¥4 6 i 3 22 5 (P>0.05), 20,
4071160 pmol photons/(m*-s)Jt:i% 20 AYPOD L i F1 22 [1]
TG & 225 (P>0.05), 40160 pumol photons/(m*-s)Jt:#%
HPYCATILIG 18K, —#H 03 22 5 (P>0.05),
20 umol photons/(m*-s)JGaR 4 I CATHIE ide/lh, 5
407160 pmol photons/(m?-s) )58 4 4H [t 2 2 7 L 3
(P<0.05), 1fi-580F1100 umol photons/(m?*-s) Y5 2H #H
Fe 34 TC 3 22 5(P>0.05)

Pearson AP/ HTE8H, SOD i /15 MDA
T M SA iR A G OC R (O R Bl
r=—0.337, r==0.331), 1AM & 3] B 2% KF
(P>0.05). POD 5 SOD [uifi J1 24 g # IE AR R
(MR ECH 1=0.706, P<0.01), CAT 1% /15 MDA
T SA F R A 6 O R (B O R BT B R
r=—0.466, r=—0.546), Hr, CAT Itif )15 SA &t
(AR S 35 1) i 2 7K SF-(P<0.05)

3 iTig

AR TIKIE 5 m KU B AR —
THKTKE 2~3 m (MK, W7EKHE 2 m F1 12 m
Ab, AEREZY R 2 ARG AP BN BE 40
34 cm M1 9 cm (Jupp et al, 1974; Kain et al, 1963; Kain,
1971; Larkum, 1972). At T 5 0 A b PRS2 0 =
TERARKR SN AL , T HE 1550 A0 T PR i &, e
Yk == VY R R W BEAR = RS, TR AT A A R RR

AI35 36 m, M 7E K M PR3 HH AU 1~2.5 m (Kain,

1971). FHULATHL, SRR 52 ma e bR A AR /NN
TN EBERNEZ —, WL, & BRI
AT s @B N T3R50, 1 i HGE B OE IR FE
REE,

P e P9 ] M B R 2R S 5 45 AR
TS, F et ] S B A 1R P9 A K O (s 4 Mg
4 2013), AWBFFEH, 7E 40~80 umol photons/(m*:s)
JEIRVEE Y, RGR R AIEME A &R, RN
2GR IE XA AL A A i A KA. AL RGR K
AT R S R A AR DG T I B b v 2 B AR
TP 5 A KR 28 DA G . 1 14 48 (Reactive oxygen
species, ROS), Ul SA H H%£(0,) . 2% H H 3 (<OH) .
AR (H,0,) 5 AR E (05, YA SR
FIRI=Y) . K ig PR T R BCE A5 s A H Al 20
JLZH A3 B P B . MDA 2 1 1 48 i B i 1 7
I WA P, L 18T LS AR ) 3 2 306 B 40
FEBE (FE 75 8058, 2001), AWFR BN, SA &Y

MDA 7 & 2 FIEA XK R, H MDA % # 5 RGR
BREAMCKR, okl , WAt gdh
SA Fit5 MDA Fa®UIMIC, BRI A kvl g
2 B AL TR 2y P AR AR R R R AR SR 2 —
EIEFABENET, HYASGHITERREGT
R AR T A 1k R e AR Tl A B 28 Ak 3R 58 n] 0 R 4R
AT A ROE R, BHEPAML RS TS SOD. POD,
CAT I 47 e H KA IRl (GR) %5 45 At A AL g , FE A2
WA RG R ER C, 4iER E. K0S P RS
AP AL (2RSS, 2013), FEHAAAR 36 PE A AL T
AW R R BRI Sh S R, PR R G iR
TP ) SCHE . — BB SZ BT aE , X Fp -1 n) BE
SIMEREIR R A A L P R R R R I M AR (R R
2013; FHKERAE, 2007), AL ARG R Y A K
RN EZSEN 2 —, ] XHE Y Ot E A F
(FPERESF, 1996), HFEFRWI, WAL B R Bk
DGR 7E 80~100 pmol photons/(m?-s) 3t N
(Liining, 1971), MX A EEN 1~15 em BB AL HEE 4)
Hi,7E 5°C~17°C P HA AR 52.4~100.3 pmol
photons/(m*-s)(FE I Hi %5, 2108), 1L AT HEM , A5
HEYE5R 100 umol photons/(m?-s)XF # b i 4 1 >k
VAT BE O ik B i Sesm K-, Bl FRoeiisst .
g, M5k TFEF] 100 pmol photons/(m?-s)
B, GRS D RS EA g, XRS5 4
XoF e G R A G . HRARIE , RIS DR H A
HE K LA A Bl M K = 2 A b 2 2 B Ak PRk
ADEAMIE L CRL S F I Oy fl =AML R EH =
A, DN T B B 2 2 S0 O & 1 454 19 B IR
(FRIEHESE, 1996; THKIRAE, 2007), HMCHEDN, 255
BN RN AL 2 X e A S R R E
SR, SOD 24 WA MR G BR SA A HIFE(05)Y
fifg, H5 O i =4 Hy0, I Oy, SZPUAALIYE —iE
R47)2 5 POD J& Lk H,O, N HL T 32 AL ISP S AL 1Y
fi}, CAT nl 5 H,0, & —454, W) POD il CAT ¥yn]
THBE H00(lE 155, 1999), AHF5EH, SOD K CAT
(LG 15 SA Al MDA & ¥R AR KE R, Hifr,
CAT i /15 SA &t AR 3 WK, R
SOD . CAT X T At 4y i i PR v e . B
TRREE R (9 3 SR A 0 3 R 45 CHEVE . #E 100 pmol
photons/(m’-s) i G5 455 T, SOD 1 POD Y Hih
TR, SHAMSEE A L 2 B EER, H POD
i 715 SOD ik Jy B o 25 IEAH GO R, HIkAT
e, FER AL S R U AL R G, SOD
H1 POD ] X i abfi g 7 AR BB A 1, AT B [ 4
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2 R % 40 3%

I 200 B P v AR5 K R I a0 1 4R CAT £
SENLTERAA | B IR S CIERRE A, iy
iR T Hy0, BT BR 2 %8 1 Halliwell-Asada 3812
HEATIY, AR B R B IR R i A AL B (APX)
H1 GR ST A ARG & #5758 E I (el iR 155, 1999) . [
I, ARG, fEm RN T A N R
Y CAT L 71, X TRES CAT 7640 b iy & 1
HAb B E AL B VE A O, B 6o B 3 R b it
mr e iR A TR E , 1 APX R GR X
SRR A& IR A4 R R R Y L0, 4T T A
BOGRR, A NA T T LR RIE. 55k
IRZE AT HEN , B AL 4 R P A A R G RN R
T fE BT E AL R G T X oG B AR AU B 2%, AT
AIAH LR B DAVE BRIG AR, BRI R

WFFE R, AL A BB A i R A R Y
7 12 pmol photons/(m*-s)(Liining, 1971), 1M X} T &
K 1~15 em WAL, 76 5°C~17CHs F P
JEAMEE G F M 4.6~15.4 pmol photons/(m?*-s) (4% P 3
2502018), T AR AE(2003)HFSTIA N, HREEGIR AT A
AR s e ) 2 A A ORI RS, RIS BRI
HA A R AR B B2 IS (DR 85, AT ABR Ol 55 i
355 o FR L HEI AR LA 271 7E 20 pmol photons/(m®-s)
SR T AT R T AL TS I BT . 55 06 BT AT S AR
FOEAVER . JeR T M AR . B IR TR MY
W PR ER KT R SR Ak il 3 P A AR AR b R
(EBI%, 2007), AHBFFEH, 7E 20~80 pmol photons/
(m?-s)GCHESE Y, WAL Al B A AR 3K a A5
BN 2 o B G R ) VR 55 340 S B % AR 1
B VP RANG R — S REFE N AR SRR SR
I XA AR AR R A, 20155 2275545, 2009;
MRUTHEZE 2007; XIFEZE, 2001), BFFEIN T, X2l
VIR 0 A AN, , RV ) T 3 3 1 4 e £
FE ook A SO AROLRE, LIS N 5996 A 5E (Beale
etal, 1971; £ 2%, 2010), 55068580 SEHEYIAR N
MDA F i FhE, 2SR 55 6 W30 5 B A b6 B i)
ISR, N ()40 A I 0 Tk A T 25 S (E I 4,
2007), ABF5EH, 7E 20 pmol photons/(m?*-s) 4 55 630
BF, WACER LAY SA & RA MDA SRR
T HAbALEEZE, H SOD. POD fil CAT Y b3l 713
BAlKo LiA DRGSR THEN , 7R85 6058 T, b
WA AR AR E G AN SRR a S RDIES
R AR AT PRI RE , (A48 Y TV PR B B ReR
LBt A G LS 734 5 35 R R, DI 3 B M A
R AR T A A, T A ™ B 1 20 A

A, ISR T R T B AL Al Al B A A
KRR RN Z—,

£ % X M
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Effects of Light Intensities on the Growth and Biochemical
Characteristics of Laminaria hyperborea Young Seedling
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Abstract Laminaria hyperborea is an important commercial seaweed, which has great potential for
seaweed bed construction and artificial cultivation in China. To verify the suitable light for the growth of
L. hyperborea young seedlings and clarify the biochemical response mechanism under light stress, the relative
growth rate and biochemical responses under different light intensities were studied. Under these experimental
conditions, the main conclusions are as follows: Light was beneficial for the growth of L. hyperborea young
seedlings in the range of 40~80 pumol photons/(m*:s). The relative growth rate showed significant negative
interrelation with the content of malondialdehyde (MDA), which indicates that membrane lipid peroxidation
may be one of the reasons contributing to the low relative growth rate of L. hyperborea young seedlings. An
extremely significant positive correlation was found between the content of superoxide anion (SA) and the
content of MDA of L. hyperborea young seedlings. The specific activity of superoxide dismutase (SOD) and
catalase (CAT) were negatively correlated with the content of SA and MDA, respectively. And the negative
relationship between the specific activity of CAT and the content of SA was significant. Moreover, an
extremely significant and positive correlation was found between specific activity of peroxidase (POD) and
SOD. It can be inferred from the above correlation analysis results that SOD, CAT and POD play important
roles in removing reactive oxygen species (ROS) and there is a significant synergy between SOD and POD in
L. hyperborea young seedlings. The light stress environment was not conducive to the accumulation of soluble
protein resulting in the accumulation of MDA in L. hyperborea young seedlings, which indicates that the total
metabolic level was reduced and the ROS level was increased in this environment. The content of carotenoid
and the specific activity of SOD and POD in L. hyperborea young seedlings will increase so that the ROS level
can be reduced under high light stress, thus relieving light oxidative damage. The content of chlorophyll-a of
L. hyperborea young seedlings will increase so that it can capture the limited light energy more effectively
under low light stress. However, the antioxidant enzyme activity was significantly decreased as a result that led
to a serious imbalance of ROS metabolism under low light stress, which resulted in more severe membrane
lipid peroxidation damage. These results can provide the theoretical basis for the artificial breeding and
cultivation of L. hyperborea in the future.

Key words Laminaria hyperborea; Light intensity; Growth; Biochemical composition; Antioxidant
system
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