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FIAGEERERREAARER1 S
BT (Saccharina japonica) %) 8 F K
St B e PR I o R
Hor OB EA ERA ABE
EXHK D E&EF

(1. BRI SRkt L 2013065
2. gV FER P P RS K R R SR P KSR A S B B IR IR T TR 266071)

WE “HXI5EYREIMeasmsbrarafixe, 2 LRETRENETH R
%, BAFER. WHE. KAHEERLH oL NER 1 57ET), A REER 1 FEF 4
HFEEFERERNF T AEE NN, XETERE. LBRAEREIANAERE LR, AABRHEEA
BB AT RESER 1 B7EF T EA-2 cm)E NN A EFP)FTREALFER WY,
FHM| 7€ A X A K 3 (Relative growth rate, RGR), %R T 7. (1) WEH 14C, KiEH 80 pmol
photons/(m*s), & EHEH 6 mg/LAN/P=10 : 1, TENIFET, 4HTHEE RGR #1 P8 k. &
B JE A 22°C . H3& A 100 pmol photons/(m™>s), & E FEIKEH 10mg/L 44T, R&E#E. (2)22°C
Y4 TR K %], HE RGR B 21T 14°C 41(P<0.05). 20 pmol photons/(m*s)5 80 pmol
photons/(m*s) ¥ 38 41 14 RGR 45 B % 1 2 5(P<0.05), 2 HEF LM BT, 5AMNEFELREL >
7] 4 7 F K8 RGR T & % M 2 F(P>0.05). (3) MARE . Lk, BHRBKEH v, B FHEE P,
EREARETHRN#ES, 4CHAP,BERTHMEEL, AERHKE 4 mg/L 6 mg/L 48 P,
REST 2. 841 10 mg/L 4(P<0.05), EARLEZAHT, R P, 2 AKX, (4) KBS HFE
PR (B AAHE/FRHELAEZ)VNE RN, REMERLREGHEY HRA, EXERERET,
EH R 1 B 4 T F R SR 0 41 b 6 %8 50 umol photons/(m®s). B E 16°C. AF F Kk E
5 mg/L,

KR BRI EFEW; HRTE; RERT; EMAEKER; LEEA

FESEE Q945;S917 CHIFRIAEE A XEHS  2095-9869(2016)01-0140-08

W (Saccharina japonica) & KM B, H R4 %N Laminaria japonica Aresch (¥4 47545, 1984;
TR IR CE R B4, 1962), Wi EL 50 2 e FESE, 2003Y), BLH 4N Saccharina japonica
B, AR RAEIRE MR R 1R, BHPLTC (Lane et al, 2006).
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TREHE S T B R S B 4 N TSR A RN A R Y
2LV, TR E K IR A 2 —, SRR
e Rt RoE e, Wy A EENARnE: &
d b, AT RO TS0 22 | WL, L I A R
fs B2y L, RIVRITHUIRARMP O . BRI BERE . PUEE
M, PR . PUis S B R S (EARAE, 2001);
Tolb b, AIE R BRI S . BURD H 25w, T
HAIEYL . B Tolk . AL AE; TSR, 16
WA R R AN BE, FEIRRE I B R, A
A P S IR EE . F & B 2R | R
VIR 7= 1, AT LAWK R i & B, [ A
et , FEffUCE KR BRI . REEE . IR
A VPR IREE TS YL A (L N AT R B
(BT I84%, 2003; & EESE, 2005; &K T, 2006),

T XA (A 98 B g FH BRAL ] B 45 51 oz
S AT A EME— X B B RSO AR
K5 R HEAT R G058 08 i 58 3% R R R 1 R K
(G REZEAE, 1962, 1981; FoRBRAE, 1965, T 744,
1999; To2i %, 1980; WhkraFnds, 1981; fn g5,
2001; skHRAE, 2010), FRE M 2 N T FHFER
5, FRE P EIE SR . 2aG . PrisitE 2 E £ N
B, HBEE B R TAEMRWIET T, BT AR HT O 24
2 1438 [V 56 ) B HL 2 B MR R A AN IR JEE 1 ek A, 4
XF P E A . AR R R TR . PR
ARSI R g, BRI RS (A A, 2009,
kML, 2001),

TRORF 480 B B AR R T AT AR R — E AT g FR B
S A RASCRS 7 B A A AT Tz N TG A R 1)
W o HAT, B AR ORS8N 4 AR R e i o
B BV 3 SR AT RE B 9T 4 22 (B4, 20097, 9k 55,
2010; 5K2 55, 2010), 17 fif R AH 4 AR 4 AR X gAY
AT RGBT . WRrH (198 )FI
AR A A AT TOEIR | IR . £R S AS ) A KAt 3
(AT B AN TR 57 1) B 3 M D 1) B PR 38 S0 5, 3
A H A AR IE T R TCE IR $h i 4 1
FHRA R FDEAAE A B R AR, 2004; RZE4
45 2006),

AWFFE VAR | 5 S B SRR B U AR 5
55, DR IAEE R X8 R MR 1 Sl A o
AVEFSER M, BRI MR 1 S S PR B & )
EE M, MoEE MR 151 N T IR AR
FI AR

1 #RE5F=E
1.1 ##

S i Y Bl A A 514 2014 4E 7 1 7 HA
L ZR A8 2 it = 11 B2 AT 5 fa MR B T s [ ) it
ZFEPNRET . WSRO T A A S
A6 5 w8 7 R 2 28 I I 2k TLAR R B R4S i i Y B
T = ¥ S s =N (1= N Y S BN
FRHER 1 SM) o R IR R R IR K,
R BEEFRER S50 NaNOs . KH,PO, % T o
1.2 FHik
1.2.1 R¥T iy K R K vEE , A
AT REHEVE, BRARMAEE, T 40 cmx60 cm (1)
HEERE S, IR T2 2 h, RJEHCFKE
AR K T HOCHO A o FH R AR VK
i B F W 2 BRE 10-15 N+ K F
(x100), H5Fi BRI IA) ST W T4 7E 2891 B AL BRI 7 A AR g8
Ay

WM IRERN 13°C, J6EK 20-30 pmol
photons/(m*-s), YEFEWIA 10L : 14 D, Fi IR0 K
WK, FEFREWRE N 4 mg/L, BEKIE R 0.4 mg/L,
KRR, B3 d EROEK, EUfRTRAERER
ISR B, XHREE . 6. B IR A T N TM
TREET . AR E R E 12 em B, #F4T
SEE
122 AK%E TR BE X G4 T A K RO 1R
MR SC8 . &E 6°C. 10C, 14C., 18C. 22°C
SAVALERA, R E 3 ANEE  HAMAM: il
60 pmol photons/(m*-s), A EEFEE N 4 mg/L, J&JH)
J310L : 14 D(F ).

TGRS 96 R A KOG AR IR 52 M 525 15
20, 40, 60, 80, 100 umol photons/(m*s) 5 ~4b
P, HAHRE3ANER ., MM REH 14T,
REFRER N 4 mg/L,

B IR X G360 TR A K KOS B S
WHERAEFRIWE N2, 4. 6. 8. 10 mg/L 5 ML
4, BHAHRE 3 TELE ., H PhotoLab ZEEUK 4
AL (TR E WTW) bR 5256 K A . Bk, I
& SRk 60 pmol photons/(m*'s), TREEN 14°C

SCEGET, B 10 BRS 1-2 cm BOZhHE 7R, e %
A1 LIFFREMEST, BT GXZ &g Mg

1) WSCRL AR5 3 S 2858 ifpfi Ao b, v B RO B2 B AL F 5 A #6238 3C, 2009, 1-40
2) THh. WAL EREE SR A ML G et S OB A AL R g R A 5 AR 24 18 3, 2009
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FATPEIEGSE, BN T 4, B3 d EiRETK,
2d WME 1 IR(T R IFICSR . SEge A iy, ATk 4R
THEARR M PR Sy, M B, 3555 7 d 5 FRFREL,
8 RGR, B A

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

K, wo AVIRBEIREEE (g), W, N SEgR 4 AT

AR EE (), ¢ Ry LG RS Y B[R] (d) (AR Y 4
2004).
1.2.3 RABA B LK TEAN R PRI 45 1 T 45 5%
A, TEARH N S5 T A 4 H A I 2 4 v R
B HR(P,) FIFIAE FHEAA(R) o SR /KR AR
SE, SR K K, LL 500 W BT B,
A SRR B AR, B FE I RES 5 min
Je PRI, BRRIIELE S min Z N SER, oA A
WA PR R (. BRI 6 UOTAT .
124 ERX5EH SCE FEEMSE TR s |
FERR B 3 AT XK RGR W52, BN
TWE 3 NAKF, BAKFES 3R, SHRREL
1,

x1 EXEHERFAKFEERIT
Tab.1 Factors and levels of the orthogonal experiment
VE RBE = 2R R Ny pE
K L Jtii Light intensity RS %m(ﬁg
Level Temperature [umol photons/(m?-s)] Nitrogen
(') Hmotp concentration (mg/L)
1 12 50 3
2 14 60 4
16 70 5
1.3 HESH

H Origin 2 ¥V S 22 I EDE , 4707 225017,
DL P<0.05 1B M2 5 W EWAKT, HIEZERITEFI
V3.1 X IE A S I B AT o3 A o S g o 4 {E -
FrifE 22 (X£SD)ITE R R o

2 HEROW

2.1 WEEFHEX1SEEHARFEERNZN

TREEM 6°CTHE R 22°CHY, Zhfl PN RGR &
e FFHE TR 14°CH, RGR LB R AME, K
14.00%; 22°CHf, RGR &k, M 0.79%(&l 1), £
HEFZoM xR, 14CH 22CHMFA R E 2R
(P<0.05), i HoAth 52 56 41 35 76 W 3 1k 25 5% (P>0.05)
e 18°CH 22 CHFHEAM T, Hifi iR B AL 8l
%, HERZ,
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Fig.1 Relative growth rate of sporophytes cultivated for
7 d at different temperature

St M 20 umol photons/(m?-s)FHEi %] 80 pmol
photons/(m*-s)it, Zhf-FIARK RGR & LF#aH, 4
AR 10.15% . 15.43% ., 16.70%K1 24.48% ., 7E 80 pmol
photons/(m*s) ¥ , RGR ik %] f K ; 100 pmol
photons/(m*-s)f, 4IfFIRK RGR WA &% 2 14l
(K 2). BN E T 58 7R, 20 umol photons/(m*s)
215 80 umol photons/(m*-s)4 7 7E . E P2 R, 1 H:
b 2H Z [A] ¥ 70 . 5 1 22 5+ (P>0.05)
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K2 AREDEsEZFTEE 7d 487K RGR
Fig.2 Relative growth rate of sporophytes cultivated for 7 d
under different illuminance

REFRERWE N 2 mg/L #4110 mg/L B, 4
TR RGR 25 EFHE T IEA#HE . 6 mg/L 4
RGR K, 5 16.20%; 2 mg/L 4 RGR /N, N
10.80%. 8 mg/L 41 F1 10 mg/L 41(¥) RGR HJ1E 13%4
F(E 3). BRFEFZSI R, 5 AP Z TR
FEZE S (P>0.05),

22 ARRBREEFHER 1 S"BHEHEFELE
1E AR

& 4 7750, M 6 CHHE R 22°CRY, 4+
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20} FMICA R
s00l Apparent photosynthetic rate —
6l e
a00l Respiratory oxygen consumption rate

FHXT A
Relative growth rate/(%-d™')
o o

~
T

2 5 6 8 10
FEFFEUKIE Nitrogen concentration/(mg-L)
K3 ARAEFRBREFTRE 745
447161 RGR

Fig.3 Relative growth rate of sporophytes cultivated for
7 d at different nitrogen concentration

FEME4E 3 F Apparent photosynthetic rate
[ WRR B4R IR Respiratory oxygen consumption rate
800

/(nmol-g~!min")
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K4 RRENRERMETEE 74408 T P, 5 R
Fig.4 Apparent photosynthetic rate and respiratory

oxygen consumption rate of sporophytes cultivated
for 7 d at different temperature

TR P, S LFHE FRE. 14°CHE, Sl FIRE P, ik %
Rk, BERETHALLIA(P< 0.05); 10CH, 4
T PR, BERT 22 CH(P<0.05); 2hfl 1Ay
P TE 22°CI e/ 22 CEASIETIARY R fie ks 14°C
WA TR R Bk, WEMT 18CTHI 22°CH
(P<0.05),

& 5 A, JG#EAE 20-80 umol photons/(m?*:s)
I, BEECRIPIER, PR P, 2 TG
#_ 20 umol photons/(m*-s)if , 4l TIKK) P, &/ ;
80 pmol photons/(m*-s)t , 4T P, F K 5100 pmol
photons/(m’-s)i, ZIf-FIRM P, ZHHMH . Lok
20 pmol photons/(m*s) &M% 100 pmol photons/(m*-s)
I, TR P, TG i 25 1 25 5 (P>0.05) . R 7E 100 pmol
photons/(m’-s)i i K, {357 T 40 umol photons/(m’-s)
#1(P<0.05), HAGHRA 2 0] JC i 3 2% 55 (P>0.05).

AERBR

Changing rate of oxygen concentration

0
g 200
100 H
O |
20 40 60 80 100

Jt5% Light intensity/(umol photons-m2-s™)

K5 AFEDESRFE T 74540714 P, 5 R M0
Fig.5 Apparent photosynthetic rate and respiratory oxygen
consumption rate of sporophytes
cultivated for 7 d under different light intensity

HI Pl 6 FIHI, BEE BV FRERMR B3N, 414
1 Py e ETHE TR 4 mg/L 41 6 mg/L 41
MIWFIRN P, 5K, 4 mg/L 4 6 mg/L HES
2 mg/L 4. 8 mg/L 20 )% 10 mg/L A4k P, 75
125 5 . (P<0.05), 2 mg/L 45 8 mg/L HLhl T
) P, ARk 22 Al i35 (P<0.05) ., R BEE ZUE FREhHk
JERE I TS B, 7E 6 mg/L BY, R f/D;
10 mg/L B, RIK. IFZEMERER, 2mg/L A
Heémg/L#, 4mg/LZH5 10mg/L 4. 6 mg/L A5
8 mg/L 4 . 10 mg/L 4Nl F1KMY R ZB{bA W& PE2
5 (P<0.05).

M 7 R, JREE . Otk . RUEFRERMREEXT R
1 S TR PIR (BOGA 3 /W I SR
PSRN R] . SGsm X g N, 5 ASAb 32 2 (A JC

FWEEHH Apparent photosynthetic rate
] PR R4 %R Respiratory oXygen consumption rate

g 600
g
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% ~~

% S T 400

Sk

b 2 To 300
«— B

& § g 200
=~ ~
2 100
on

2 4 6 8 10
REFFEVEE Nitrogen concentration/(mg-L™)

Klo ARAEFRBCEFNMTHE 745
T Py 5 R BN
Fig.6 Apparent photosynthetic rate and respiratory oxygen
consumption rate of sporophytes
cultivated for 7 d at different nitrogen concentration



144 wool B o R %37 %
g FEFRARURE 5 mg/Lo HiHE2E T LU 7E S B0 W L

L SR AR AT TR Kk, R 7R3,

= " X H A K R D, BIER | B AT

H! I : T R A R

\g? ) Ay

%, 3 ITig

b

N

-y 31 REMEE | SERARFEERRAEES

‘ B B

0 1 1 )
6 10 14 18 22 2 4 6 810

20 40 60 80100
RE bt REFREL RS
Temperature/C Light intensity Nitrogen concentration
/(umol photons-m2-s™) /(mgL™)
K7 AREE R T

5O ine st LT k=Rt ESUEAL
Fig.7 The ratio of total photosynthetic rate and respiratory
oxygen consumption rate of sporophytes
under different conditions

EME2ER(P>0.05), WREEFIE T HZ AR, 14°C
Xt 4l 6L 1A PIR B R TR v AR R A
(P<0.05), 10CAYE 22 CHZ AMAF/E R EME2ES
(P<0.05), 4 mg/L 21 . 6 mg/L 05 HAWLH Y2 7E B3
P22 5(P<0.05).

23 “BRI1ISETYHRTFEERREBE. XE.E
REGTERKHEZIRER

M3 2 MER/NAT VB Y, AR RACR B A4 &
ZFh W 16°C . YR 50 umol photons/(m?s) ., %

R JEiR | BRI AR IR A K S &
BIMEZRM, Hr, EEEZmAERYEZERT.
WA AR 2 B TR 2 20°C, MR T E KW
BOERE R 13-20°C, 2h9 TR K ) de il TR FE
10-15°CZ[a) (B 4545, 1957; TKPEFEE, 1999), AWF
FEER R, MERENTHE, 918FKW RGR.
AYERYRBE F R TRER S, mirEmA/EH S 2
I, TE 14°CHE, 4FIRH RGR Bk, JeE1EH
fel, PPIRAE 855, YR PP e E e R, 1aBH BEA
TR A KRB I i . AR BHIE 45 (2004) 76 1R )it
AT A K ADG AR B a5 v & B8, 44
TIRTE 1SCTRARRG R, P, BK, ABF5EL
SR —3, KR 6Cit, #ikAK . Sea 1.
WP A 7K SF FE A, 7T RE SRR AR T CO, Al kit
XM A RER R, & al PS T R4S i 1 8038 & RE 18
i, [RGB R A 25 A A R g o IR N H
T ERAR, Wik, SHBUERSE . SCA1ER . W7
WA FHAKCF AR A R (R T, 2003), YiREEN 22°C

x2 BEIATFRENERFHERUEZRITNERS T
Tab.2 Orthogonal design and intuitionistic analysis for optimization of sporophytes growth conditions in laboratory
SCHA R Jti# Light intensity BB Tk 5 25 IR FE A K %
Test group  Temperature (‘C) [umol photons/(m*-s)] Nitrogen concentration(mg/L) Error Relative growth Rate (%/d)
1 12 50 3 25.20
2 12 60 4 26.33
3 12 70 5 28.66
4 14 50 4 29.18
5 14 60 5 28.94
6 14 70 3 29.21
7 16 50 5 36.75
8 16 60 3 30.04
9 16 70 4 31.49
YJ{H 1 Mean 1 26.03 30.38 28.15 28.54
YJ{H 2 Mean 2 29.11 28.44 29.00 30.76
418 3 Mean 3 32.76 29.79 31.45 29.29
7% Range 6.03 1.94 3.30 2.22
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W, WA S BT5 Y , AR RFDESEHIRZ
BT BRI, B D A R R I A 2 5 A 4
FIF A S AR R B R AL, ELTE MR BE I, AT |
- JHR AL BEAN R BE (9 AL BL G IR, 2007)

3.2 EXEXR 1 STEFEFHRTFEREREXESH
' B 3 01

SR REEA K AP EZERN R, ARMAK
BB, LR R A AR, AR BT, 90 umol
photons/(m’-s) V5 | 7o 8755 97 Il 114 oo e HA 55
I BE AR R EEME . HERCFRAE 10 pmol
photons/(m*-s) 7547 . ML 15CH, JeEHEIRFAR,
T E AT AR AR (I BT 55, 2002, AER AR,
2005) AT 45 R 2B, 76 20-80 pmol photons/(m?-s)
JWHEIN, ZIHTIRE RGR B s il 38 i 7
{HZE 100 pmol photons/(m*-s)if, HIE TG HI P4,
fiiH: RGR F#AIK, X AT RER P A mytRe L 1 AT
FIRESGRE, R SO T IR4R ST Re i FE R RE T,
it RG 2, sIEHCE R T REEEF, 2003).
ARG 5 ASEIRALFRAL, ZiiE R P, TR A 2
F(P>0.05), R 7E 100 pmol photons/(m*-s)fx K, &
24N 415.47 nmol/(g-min), B3F & T 40 pmol
photons/(m®-s) 41, oAl 56 5 2 2 ] G W 3% 1 22 %
(P>0.05), XRUFR 1 51 32 658 A 1k (1) 5 1
R | 9 A DO o o R P N 2 €. 3

33 EFRBREXNER 1| S"BFHRTFEEREK
A EFER RN

BRI TR A KO AN T B, 7 AR A
R BEE SRR SO A KRR H R, A
AR H R SR OG R, EA A &
PEF BRI (E 555, 1980), AWFFE A, 47 M
HERCF IR EL, A EA . S FRENA T KAZ
50%M B PR A 1740k, JRIEA 2R . SET- %
(Berges et al, 2001; Harrison et al, 2001; ¥ %%,
2009), #F—UES T A . BEE SR IR A B R
b e Ak S K b 75 TR R o B IR SR AR AN U Wi 1 7 i
TR AR . RS, T HAEE PG . PURGE i
A B EIEAE, 1997), RARME K s I Z B 57
AR AT DI g B TR AN 2, 7RG IR R B R
H R 1 3£ (Drew et al, 1910). % 58 4245(2006)
HR 8 2 P 5 R I S 360 v gy 4l 0 IR ZEAS TR S
WRE R I AE KR 5066 OB BT AR 1, i AR A7
EARA SRS N T EN 1.68%, DK K#
TR T FEHAL AT E N TERN 2.04%., A . B

i 3k 22 B R I ) 2 e AR 1 A K RO A
FRAAIR], BRI ER A 201 )X U BERIITE R, A
KT 4 mg/L s{BEKT 1.2 mg/L 5597 30 h &, 4000
Fy/Fu(PS Il (i KT 77 8) M rETR max (5 K IETEAH
Xf BT B ORI A B R R R, AR S R R,
REFRERUWE M 2 mg/L T+ #] 6 mg/L B, F RGR.
Py, RY¥IBEZ 1T, AUESRERWE N 2 mg/L B, A
BRI D, BRAR T H X ICHUE FRER Ml 0
TR AR E SRS, B RGR. P, R BAK.
AR EW, AU SIALE . HEEY A
A AR EHE SR O AR, B S
PSIT Jz i W0 26 A hl(Berges et al, 1996; Kolber
et al, 1988), WA B EER Y ATP(=WERR IR TT)
. NADPHGAE J #0511 ) W] & TR, mmmi . AAR
1 B oL F-14 336 (Fredeen et al, 1990; Rao et al, 1989). 4
BIREWRIE N 6 mg/L B, HiflFIK% RGR. P,. R
KB, UL LA SR T 8 B s SR Eh b n . 24
WREAR ) 8. 10 mg/L B, #flFI&% RGR. P,. R
Z R RS, X 5P R E B S E SRS T2
i A A K 2 27 ) R i 25 SR — 3K

IEAR LRSS R, K 1 5 1At
TR EFRE . OERM BRI IK RS, BT, EE
WAL AR, N R S B SRR N TR
fil, GEE W= E S Fa.

£ % X M

EAE, SREET, SRR, R RS RREE X R A G AR K 4
T ARAEZIE. P EZKE, 1999(2): 39-42

T, B, OHLE B B PR A K &k B BRI,
INARIFEE e 2F40, 1980, 10(4): 74-77

EBEFE, Bad, T4 KBS SE KRG
AR Ve, T EKZRE, 2005, 12(2): 225-231

Ty o R, ARG TR R S5 A% X VT M TC A 2 I E AR
BGEBERYRZIE . MRS I, 1965, 7(4): 385-395

R, REFE, IR, % REXNEE TR AR A
BAEHIRREm. 2524, 2004, 24(1): 22-27

XA, IREEWS, BRESE, %5 MR Jbat. Jeatkes
HRRA, 2007, 64-65

XUAEIE, T, RIRE I 0% W A A & B AR 1
B, FFEl, 1997, 14(4): 12-14

ZERR, B, KA. WA AR B A LT, P EE SR
4%, 2001, 1(1): 46-49

AR, T, IR, S SBMRERBERE R X B SR AR R
i . BB TGS R R . R, 2005,
29(12): 51-55

R, RWE, 25, . W (Laminaria japonica)4i{fd
FHAERKACEERN N K. \EEER, 2006, 25(5):
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T, TABLE. KADE SRR E IR K IR X B e
RIRFSE 5 R . B R 2= 2= 4 (A SRR ), 2003,
33(1): 53-57

Wil EE, BEA, M, S SRR B AL A TR
Kz, KRR, 2002, 29(3): 114-116

JRARE, XUFHF, diEgk, 45 <901 iy T S RN B ST
TV E R, 2001(2): 46-53

s, AW, ks, 4. MR O RE IR EOR.

TR, 2010, 26(2): 9-13

TREETE, YR, WA IR AN E 22 B R BRI, R K72
B2%3R, 1999, 14(4): 13-17

ik, B, RGBT REISOGE R TR S A
SRR, AR, 2010, 30(24): 7087-7091

WA, SR, RN, FOAL B SR AR
(Chlorella pyrenoidosa) Y67 A M HAEK WM. &Y
TR, 2010, 26(4): 489-494

EEE, T48E, TE K % W FREEA A,
HEVESIIH, 2001, 32(6): 647652

Wkma¥, 2. WEHOCARREFR. YA AR, 1981(4):
18-20

G, T A, IMEE, % RIS ZTHARE R
TR R AR B BRSO R . TR, 2011,
35(12): 21-27

BRE. R EAAE KRR G D A E . ol
LA, 2006(4): 11-13

ST, BIOCAERPIBL AR Jbat: Bleg R, 2003,
79-80

W4 TR, XM, & ks L EReE
FoAR H AL, 1984, 1-5

MEZ, RO, [TEA. B RAERETH
SR, VRS IR, 1962, 4(1-2): 103-130

WRZE, R, INET. BEMEEATRNERMES
RIS, ME¥2FR, 1957, 6(2): 103130

Mg, WROIE, B RS BOCE PR T
TR B CEER 5OLRMSC R, S WIE, 1981,
12(3): 254-258

B, T, XU, S5 RFER. BRECHN T A
FEREWMET MW, N AW, 2009, 20(8):
1947-1951

Berges JA, Charlebois DO, Mauzerall DC, et al. Differential
effects of nitrogen limitation on photosynthetic efficiency of
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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

YAO Haiqin'?, LIANG Zhourui®, LIU Fuli®, WANG Feijiu®", SUN Xiutao?,

WANG Wenjun®, LING Jingyu'”

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306;
2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow
Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract Here we applied liquid-phase oxygen measurement system with single factor test to explore the
physiological adaption of young sporophytes (1-2 cm) of a new Saccharina variety “Haitian No. 1” to different
environmental factors, especially the effects of temperature, light intensity and nutritive salts on their growth
rate (RGR), apparent photosynthetic rate (P,), and respiratory oxygen consumption rate (R). RGR was specifically
tested in an orthogonal experiment. The new Saccharina variety, temporarily named as “Haitian No. 17, was
bred through targeted selection in several years. One of the parents was markedly tolerant to high temperatures
and the other possessed a great individual weight. The results showed that the values of RGR and P, were the
highest when the temperature was 14°C, the light intensity was 80 pmol photons/(m?s), and the nitrogen
concentration was 6 mg/L (N:P = 10:1, the same below). The highest R appeared at 22°C, 100 pmol
photons/(m*s), and 10 mg/L nitrogen. The growth of sporophytes was inhibited at 22°C, and RGR was
significantly lower than that at 14°C (P<0.05). RGR at 20 pmol photons/(m*:s) was significantly lower than
that at 80 pmol photons/(m?-s) (P<0.05). As the temperature, light intensity and nutritive salts increased, P, was
initially increased and then decreased. P, at 14°C was significantly higher than that of other groups. P, values
at the nitrogen concentration of 4 mg/L and 6 mg/L were significantly higher than those at 2, 8 and 10 mg/L
(P<0.05). R was inversely correlated with P, under the experimental conditions. Temperature and nutritive salts
were found to be more impactful than light intensity on P/R (total photosynthetic rate/respiratory oxygen
consumption rate). The orthogonal test results suggested that the suitable culture conditions for sporophytes of
“Haitian No. 1” were 50 umol photons/(m?-s) and 5 mg/L nitrogen at 16°C.

Key words Saccharina japonica “Haitian No. 1”’; Young sporophyte; Environmental factors; Relative
growth rate; Photosynthetic rate
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