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TR IR . MRS AR A R A, R
27 2 (Apostichopus japonicus) 4 {8 iRl kL, 242
Bbg e e . H el . A A E Tl kL, i S AR
WX E SR A 4 TS YL XA g A
(BL7R %, 2008; #hBE(4%, 2005; XI#IBHAE, 2006;
TKIR B4 1995, HB14, 1994; BLE PE4E, 2002),

ICAESR, X BRUR R (A BIF 5T MR MR AR 838, B
RN T FRAE AR AT RASE, 2006; 2235 H.
4, 2009; MBS, 2010; BRIESE, 2016). {H7EI#EE
N T B, Iy sl 2R i, BB
B WA A R A R M E R R, AR E
W BRSO MLL R (R EAE, 2009), WINIE
# (Chladophora) . # & (Enteromorpha). 7Kz . £l
(Ulue pertusa) Rl 55, H A BR 4% 5 A el i
AL (PP . BRRER . RHRERTATR ) ANRK
B . TESEURES, 2012; ZEFEAL, 2009;
22385, 2009), H 3 M 29 b B HA 6 IR 9 4y e A
—ERRE 0 E . WA BRRR K IR R A S B 2
Wi, (B SUR MG F TR, P s B 25 4 Fk K
Aab PN A P A B IR IR AR o AR ST AL ZR 75 B oK
R IXH AR A K BB BN AL, DAL X LAY
A7 285 F128 22 3% (Callithamnion  corymbosum) Ay 43 35 Fl1£T
BRI IR TR B, TRIT LURK L6 A 1%F PR
1% PR B . 3% IR B 15 W TR 7K 4 i) Ak B AS [ s
[B], AR LR, SREPRIE B 3 v AP Y
fl A K .

JRAEAYEREF W R ESHTFZ—,
BESXF AT UL B W I 32 B4R TP AE 400~510 nm 1)
P EREIX R 610~720 nm A LLHE G X (#4275, 2017).
TECREF (00T K IR, WOCIR AL (Laminaria
japonica) Sl TR A, FELIIE T Beidl Kl 22
M, BAXUAQ007)HFFE R, AR sk 44 T 1Yk
A Hd, W EASBEE I RUR B4 R A KA
T, Kim SEQO1SMFR A, HYET ., a6, 86T
AR 2135 5% (Gracilaria tikvahiae) EL A %5 = i A=
KR AN A6 5 U 8 4 6 A R A K 9 R
AR A LLAE R, HWIWE . a6
ST B AR K RN A AR B A R

AT FE R AR E IR | AS ] 25 e 3 ik K B
B A 1 B LR 2 S B AT AL B, SR AN SR R DO
TRAHSE A, $5 7R T BUR 3 RN 2% 8 A6 S [R) Ab BR A
HAEMNARS R, BRRERATE T/’
R BT O I RS R A B 4 e U ) A A5k B s T B
ik, BrEt—2uERERATENEA, R
P RS S I AR S 4%

1 #wREFE
1.1 LI

ABFFETF 2017 4F 6 A 20 HAEII R 5 KFf
TR A A DX, SRARMEER . I R Y M B
TERF AP HEAT R BRIG U, SR A I SE e, A ik
B K DRCTE VE , F S SUBE T A A AR B FE 1 A
TEM ARIRZE P (14°C LA IR, B3R 0 KK,
B FEEh ) NaNO;-N:4 mg/L, KH,PO,-P:0.4 mg/L, Ji
O LGB AR AR (M - ME=3 0 1), TREMXE
P73 R FH T 3205 90 %) B FDICEE o SRAESS 2 R RIHED
KRG F, 2~3 d JEHCH A, oK T i i B 4 IR
FAETER SR, B A L Gl T AR R Y Oy kit
Fross . AW BT A Y BB B4 F IR RN 7E
0.5em AT,

W B 5 7 B BE B 35 R 1 19 22 JE 35 (Nitzschia) il
TR, RN E RESEAMR .

2 28 9 0 S 50 1Y) B PR IS (R N B 45, 2011)
AR 22 3R 5 T 2017 48 9 A 11 HAEH & KFfA
T AR OREE , B ROIRE R AT

1.2 SRIGAHE

W SRR E T GXZ Y RE BB R R 288 (T T
AR )R IR, RO KK, BEREEN
NaNO;-N:4 mg/L, KH,PO,-P:0.4 mg/L, Y54 60 pmol
photons/(m*-s), IREEHN 18°C, 4 3 d sk 1 ¥k, fHifH
Oxygraph Y FH %0 HE Bl I 52 28 6 A5 3 56 (Py) A1 IE i
FEEHEER), M REIOERIR RS (IMAGING-PAM)
MRS (PSR KZET & FFmn. WETT
o FESEEALEE 30 min J5IUE FuFm. BEAL BRI
H3INEKE,
1.2.1 RAANREESDTFIREES A AastAKik
FRFET A AT, BB R
FEREIE B B BB R 5 3 4, 3 9 D3
e, BAIEES AR S (Nikon E200, HAS) FEEAL
B 50 B LA RIS, H 1 L ke
B4 BITCAE A DGR 5000~7000 K) | 15 60Ky
460~475 nm) , ZLIE% KN 620~635 nm)LED 4] A%
BRI IE IR, 7d J5 BIRTE R AU T 40
W& >R ] Image-Pro Plus 5.1 R Hrak 4t , XFscm:
I (B DO Al B o VTR LU= W R B Rt N R 3
TR AH X} A K 3 K (Relative growth rate, RGR)
AR

RGR=100 x (InL,—InL)/t
K, Lo Ly gl 3G 800G g K R
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BTE A IR RUR 4T TR AR AN TR
S HREEFRRE S N 3 d, A3 AIHEXT RO R AE Pyl R,

N4 22TV e BRI RE B O v 0 R AR R i Py
R,

1.2.2 RE R ES RAERLERS LG A

K REBEENMETIREE R 0.5 cm U)K FUE
A BCE 4 AR R OK B 1% 8 R (pH=2.27) iz il
1. 3. 5min, fEJR/KHECH 1%A4 R4 (pH=5.96)+ 1= i1
3. 5. 10 min, TEVR/KECH 3%Hi AR % (pH=5.88) {2
#3. 5. 10min, 5, D EAEAKNYE S min,
MRS, FEXTIAAE TIRE SR 2 . 240 )5
B P, fl R,

FHAR TR B 25 Ab B 5 i Ab R FRORB S 4l 14
ZEMB 223, MBI WAL HS , EXF IR 41 R K2 1%
FE1dag 1, 3dEH FlFme
1.2.3 KR RE A A AR BER 4 A A Ha

BB TR . REBSIAWCEE . A28
22PN AR AK R WL 30 min, 1 h, I GE R AL B
o, AEXTIRAAF IR RFE 1 . 3 d R FulFme

1.3 HiESHh

BRI S1ERI R ] Excel #c4, FH T R 4T
W R HT(P<0.05 N EE R,

2 #R

21 ARMBEEHBFEAGEE., BXEKE
RREMEXGEEIZM

ME 1a ATLLEH, EARFRDEEEEE 7 dE, R
REMMTIRRY P, EEN TR, AETRZ, 4
RN Hdr, il FARTETE T Py, Bl KT
FYEFILE T (P<0.05), 1M HIE SO TR EER
(P>0.05) A F1AR R NIk, 2008 F i/,
Horr, FOBAE LI KT L%(P<0.05), MiFtS
WG TC B 22 5(P>0.05), MK 1b iTLIEH, FEA
FPEREE 7d 5, 2R EA PEELDE N ROK, 6K
2, FOET RN, ZFREAELN TR Py E K TAE
A OE(P<0.05), FIJGS5#EGMITE B 2 22 % (P>0.05),
ZFWER REEE TR, FOE MR/, B E R
F1H196(P<0.05), HAbJG 3 2% 5(P>0.05).
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Fig.1

Apparent photosynthetic rate and respiratory oxygen consumption rate of S. thunbergii and

Nitzschia after cultured in white, blue and red light for 7 days

EIoR R R 22 5 3, MRS RN 22 RARE . NG FREOGIFWRE R Z R, RS ARIDCEHR 25
Different letters in the diagram indicate significant differences, and the same letters indicate no significant differences.
Lowercase letters represent respiration rate, and capital letters represent photosynthetic rate

M 2a WLV, fEEDE. BOEFIZDET RUE#E
538 Py AN 1, Hob, SR T ROR, Ptk
Z, LG RN, SANBA B 2R (P<0.05), M
Bl 2b i LAEH, EARDE T, BB PYRERDET
A, FDENE/N. Hi, 6T PYREEERTH
FERNLLE(P<0.05), FIYESL060RI T i 2 2% 55 (P>0.05)

FUBMANE TIRIERE T PYRECK, BDEATHTERK,
WEE E BRI MR AR . WE 2c nLIEH,
AFEDEFR T, ZEER PY/R LG TFRA, HEF
/N ESPIERER, A6 Bt 3 b
PR [A] 44 25 53 Wk 35 (P<0.05), Z2TEEEAEZLE T PY/R(H
oK, BYeETEMER K, O6EHEZRENEL,
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K2 AREDEE R PyZEIEE Py,

U BE PyR. 2228 PyR 50

Fig.2 The ratio of apparent photosynthetic rate of
S.thunbergii, and Nitzschia, the ratio of apparent
photosynthetic rate and respiratory oxygen consumption
rate of Sthunbergii and Nitzschia
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Different letters in the diagram indicate significant

difference, and the same letters indicate no
significant difference, the same as below
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2 1. 3dJE, RJIFLYEEMT X4 (P<0.05), %
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A PRZ BB BEWMCE S mAEUN, 1d JF¥IRE IEH
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I, 1% R 2 AL TR 3 .5 min F1 3% B2 22 40 FH 3 min
Jii, FulFo 30 KT X BE 41 (P<0.05), ALK &
1dJG, F/F, 5XT RIS TC I 3% 22 5 (P>0.05), Hirr,
1%GH R %% 5 min. 3%BiRRE% 3 min AAAFR)S, FJ/Fn
PR ERTIRE 1d B FJF(P<0.05), 3%h4HRER 4L
P 3 min J5, S5E 1 d AN E %5 (P>0.05),
M 5a WTLLE L, 1%AHFREEFT 3% AR # Ab #E
XA ZE AR M AN TR o 1 % A PR i 24 9 Ak B ) i
AL PP BAIK, 1%ERREALPE S min YK 1 d )5,
Fu/Fm KT X B 2H (P<0.05), HAL LW & 25
(P>0.05). 3%MHH R L b BEXT A1 2552 ma# /N, 45 4H 18] 6

*x1
Tab.1

L E 2 (P>0.05), MK 5b iTLIFE W, 1% REL .

3% R e 2 P AL BT 45 22 3 Fo/F o B RE M I 25 AN [) o
1% PR AL 3. 5 min, 41 Fu/Fy (KT X IR
(P<0.05), Hitb, 4P 3 min FKE 1d B, FJ/Fy i
ZET 3 min HAWEE(P<0.05), Hoh TG i g% &
(P>0.05) 3%BERE%IZ D 3 min, XF2R 223 FuF, 5
Wi AS B 2 (P>0.05),,

23 KRR BN RERR R ENEG LB

I 6a TLLE H, IR AL BT R B 4l T A
) FFm B B EH0 . KA 30 min, 1h 5, %

1%FHER $2 80 12 7~ 5] B (8] 3 BR BB S 40 78 F- 4 P, A0 R B9 RZ A

Apparent photosynthetic rate and respiratory oxygen consumption rate of S. thunbergii

young sporophytes after 1% ammonium nitrate treatment (nmol/g-min)

W IEH 5514 F 5557 2 h Restore 2 h

PR TEH 5 T R53F 24 h Restore 24 h

FHZ ]

: VL4 i ‘ N B
Time  gmcadk wueek  BEREE e wiress SRR
(min) P R Total photosynthetic P R Total photosynthetic

n rate n rate

0 635 872 1507 730 828 1558

3 610 893 1502 591 981 1572

5 564 973 1537 166 326 492

10 349 872 1221 69 400 469

R2 I%MERLEAERE X RERELSBEFA P, A RAFM
Tab.2  Apparent photosynthetic rate and respiratory oxygen consumption rate of S. thunbergii
young sporophytes after 3% ammonium sulfate treatment (nmol/g-min)
iz WK T8 5 T 1 5% 2 h Restore 2 h PKAZ I8 Z&4F T B3 3% 24 h Restore 24 h
2y (A

; EOGA R N . MIGE R
Time  gtAEms vk SEEER s ey | BEEIRE
(min) = R Total photosynthetic P R Total photosynthetic

n n
rate rate
0 635 872 1507 730 828 1558
3 428 888 1316 52 403 454
5 385 884 1269 =79 218 139
10 142 774 916 107 159 266
®3 1%PEBRAIER R EX FRES BT P, F R KIS
Tab.3  Apparent photosynthetic rate and respiratory oxygen consumption rate of
S. thunbergii young sporophytes after 1% citric acid treatment(nmol/g-min)
WA IE % 5/ T 5557 2 h Restore 2 h PR IE 5 554 F 5557 24 h Restore 24 h
FHZ4 1 1] S AT BOGE R
Time(min) FWCAE wmprak  BEEER ey ey SRR
= R Total photosynthetic = R Total photosynthetic
n rate n rate

0 635 872 1507 730 828 1558

1 -105 299 194 -34 614 580

3 -98 185 88 -174 376 202

5 -158 137 -21 —-385 437 52




3

ST TR B B E Ak SR B 3 X B A 0 A B SR

173

o

O
a2
S &® o

quantum yields (F,/F,,)
2
5

JER S (P I B RTOE™ it

Optimal chlorophyll fluorescence

o
N
)

0.74

% 4H Control
EMRE 1 d Restore 1 d C4LHS After treatment

(=4
=
N
T

a

-5

a

s

tho

HHo

T 17T 17T 1T T T TT1
[ I IO O B B B |
[ T Wl Tl Tl Bl Ml |

3 min
1% ammonium
nitrate for 3 min  nitrate for 5 min

1%7H

1% ammonium

3%HEREL3 min
3% ammonium
sulfate for 3 min

FUBBEWEE S. thunbergii newborn

AR 254k BT B BE 4N AL T4 BURHEICE FuFn B3R

Fig.4 The optimal chlorophyll fluorescence quantum yields (F,/Fy,) of S. thunbergii young
sporophytes and newborn branches after different medicine treatment
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a CI%F82H Control
0.80 E1Ab385 After treatment EPK%& 1 d Restore 1d

%) a a a
S8 ot E s §
Ria -] : ]
BEsonf - 1
BE S b i

> -
£2 2 0.65 - - -
= g § - Sl
72] - _—

= i
SZfosf n &
BES 5 g
28 055 ] -

050 Bl S
%7K 30 min ¥K1h
Freshwater for 30 min Freshwater for 1 h
FZE U. lactuca
3 i

31 kAFNBEESBMFELSEE, AERKE
RREEAGEENZM

O A T A 5 T IR A R 1Y L (PY/R) 2
AN R R — D EES, AR HE
T, MANMEA KRS . ERAES, PYREM S,
VLGS A 36 PR e (AR 45, 2008), 7EAR LAY AR K
WhE, ARRYFEA R HE A RA B 5 4F
FHSWFMAE R LA, Xy AloR R QA 2
2:7% % Y (Humphrey, 1975), St U B4 714 4=
KA CAHGE , &RUEE2007). & H E(2008)#F5%
T, FERERIET, Qi py A R B B S5 AR T A AR
[0 FEA I T RSl i A K R, AN g i 2 B
R RN A K TR BRI, B
FHREEEE T, AREFAOCEEES S TH
o6, HERESM TR PYR EWE K, BIH:
TEFOE T AT ER K, TSR % (2009)F 58 4 BE
W CHTVE A —Fh e R IR, I B 4225 0 D RE W IS AN

it B, WM EE DGR M AR a FIE A
R R A T G, AT s R
. Pk, Y REE e e et , ok
BRI A T e R AR K R F R
FHAMUH], BT —H 5T,

RER ORI —F, FEMBER )2, RERETS
PR BRI TR LA R B b 2w B
[, REEE S FARSESR. LR MEESAERK
P, MRS A il PR A K A E . TEW 2%
(1999, 200)WF5E & B, £IGRE RS TG ik et 4 R
A3 F INTTINE G A B 3 17 W e % A S 4 i %) 2 R L
ARG EER . AT, FREAALSE TR
GHRM PYR Y& T EOCHEE, HECME
KT EES, AT rEBEAEA TR, 6%t
REFEM S R T IS MR SR I B . ANRDEITT
BRI A R P, WHEARE TR, &
KP4, & Bk, ERERENET SRS, B
W6 B HE SR ks 2T e Y R B, A — e TR L RE Rt
BRURE 8 1) 2B R LA RE B AR



%31

SFOBRE: AR TR) TR i Ak BE X Bl R R B A 2 A B S ) 175

32 AEAMRENRERERREELE LR

Z= v B A 2 B o L T 4 R A o R P R O )
R, Z4 PRI LU R R T B A B N, A
KIGHE T, SENITTERNLERER . =
HIET:, A THEN RM(ZEELESE, 2009), AU
FER I, 1% R 3 min AbHH 4 X} BUR iR 4h 78 1A
B R AE LT TCRgm, 1 1%A8 R B b 3 S |
10 min. 3% . 1% RIS, BB
TR G AV R RIE WA FH 35 10 25 A2 252, nl gt
SR BE AN A= T AN 5, AR T =R R
B, HABFEER, i, e ainsim,
AP T BB SR PSR &M, X
SeAVER = T AT (4015 5 X LR e B2 1 5
Mg /0N, H— 2 I ) J5 AT R AE 5 WA 25 RN 28 24 8
WHGE, HERBIER, GEBRR, 1%HRE .
3%WRIRER A 1% B BR AL R 3 %t U . A28, 45
YR AR B A T ORE IR VE T, AT RE RS 24
TR BEEE AN [R] . AN [R] i 25 40 R 0 40 e F 0o} i 1) 35 P
AN GRG0 20 L RE A2 B B R AT YR R
Rl S8 S N [ B e £ W 7 N v o G O )
BRI A —HE s ELANA N A& sh =2 th &
FA 5 A P 5 P ) T S 1 5 A 1, TR 37 4o 4 i i
TRITZI0 BP0 A P, o Tl ) 5 P 7 A R AT 2 B
SZMA) DTS 0 386 28 P ARG 2, X e G A AR 3

R GRA M 545, 1987),

WRH EC R R S R DO LI R, 1%
B 1%REIREL . 3% R i 24 ) Ab PR BE X B2 v 4
FRFNZE 22 3 5 2 7= A AN ] b () 45 5, Tk LR
BCEERZ RN, R, 7E BUR BRI Dm0 2 s bR
ke (X e 28

3.3 RARBLEBEMNBEEDAFEREENLS
A BRI

ZRREFQONIFREN, WAKRM 1h, HE
P W T A R A 2 B . = Ul 3¢ (Ceramium
kondoi) L1 HEE I . PRIESF(2015)AF 58 B, IRIK
R IE BRI I B 2R RO A I 5, 5 AR V5 0
BWRBFRME, FT=XIZE, 1 h RAKRBEAT
100% %55, 1A AN 23 4 47 U B e AR . XI5 I 45(2006)
TR, AR ML AT, BIK 30 min, AIIERRAEE,
X R B A T E o AW SR IR KR AT
R RA10%E, X R mAR /N, n]
A2 N B 8 4 1 PR A BEALRE A ¢ 4 LA, 7R
RARMIEE IR L HR55, BEE BB KK,

HORSZR AR BRI RE S B #2238 . K 30 min, 1h
XA LER BN, MR, HAE 3 d )R
A TR, 5 Bt bt . B BRI B IR
IKEIER LR BE, FrlBBER R L), BRIRKE
030 min, AIEFERZSEE, X UL

4 4518

BRI TH E A T8, (A7 H i
AR, ZelE MR REUE BAT TR R S AT BT 1 OB
B #E 75 T AT AR FOS AN BRI S T8 A K 258
Ak BEF Z8 H FIUR A — 2 WO, (B7E SRR B 4l
A0 A A R R AN B T 25 W B Aol A U
B2 VR K IR 30 min, I VEBRZAREE, X RUR
Al ot E

Bao J, Tian XL, Dong SL, et al. Effect of temperature, salinity
and light intensity on nitrogen and phosphorus uptake by
Sargassum thunbergii. Journal of Fishery Sciences of China,
2008, 2(15): 293-300 [{IAs, FHAHF], FEXUR 5. A Eh
FEFDE ISR B X U B B s, R K R,
2008, 2(15): 293-300]

Chen J, Zhang JH, Li JQ, et al. The growth characteristics of
long-line cultured seaweed Sargassum thunbergii in the
Sanggou Bay. Progress in Fishery Sciences, 2016, 37(1):
120-126 [0, TKARLL, ZEhnsy, 5. RIGERATRI R
FE W (Sargassum thunbergii) i A4 K45, Il Blop it
2016, 37(1): 120-126]

Chen J. A study on farming techniques of Sargassum thunbergii
and application in integrated multi-tropic aquaculture.
Master's Thesis of Shanghai Ocean University, 2015, 27-32
(i, BN TIRIEEOR RAELR 5 FRFE R Ge b IV Y
WF9E. R BT A AR S, 2015, 27-32]

Han JJ, Zhong CH, He PM, et al. Effects of different
light-qualities on growth and physiological characteristics of
free living conchocelis of Pyropia haitanensis. Journal of
Fisheries of China, 2017, 41(2): 230-239 [#i 427, 4h/=HE,
ffE A% ANEDGET LED SEIRR IR 5 H 22 R E K
A R RS2 IR, K254, 2017, 41(2): 230-239]

Han XD, Li LP. Characteristics and utilization of Sargassum
thunbergii. Special Economic Animal and Plant, 2005, 8(1):
27-27 [hbes, 2. BRUBBRMERE SR, Fefh s
Teshtd, 2005, 8(1): 27-27]

Humphrey GF. The photosynthesis: Respiration ratio of some
unicellular marine algae. Journal of Experimental Marine
Biology and Ecology, 1975, 18(2): 111-119

Jia C, Yang B, Xie EY. Studies on the prevention and cure for
predators and rivals in artificial breeding of Sargassum



176 ook B

e 540 %

g3

naozhouense Tseng et Lu. Journal of Aquaculture, 2012,
33(7): 35-39 [BIR%, Wts, WIS MR R B T A i
W OLEE A R BTIEHIE. IKFEHEAE, 2012, 33(7): 35-39]

Kim JK, Mao YX, Kraemer G, et al. Growth and pigment content
of Gracilaria tikvahiae McLachlan under fluorescent and
LED lighting. Aquaculture, 2015, 436: 52-57

Li MZ, Ding G, Zhan DM, et al. A method for early production
of large-size Sargassum thunbergii seedling in North China.
Progress in Fishery Sciences, 2009, 30(5): 75-82 [ZFEH,
TR, B4y, 4. J0TrisIX R ERRHUAR SR LT A L
FAR. Hlb Bl 2009, 30(5): 75-82]

Li SY, Ye DS, Guo WL, et al. Investigation and prevention of
harmful organisms for the cultivation of Sargassum
fusiforme (Harv.) Okam. Modern Fisheries Information,
2009, 24(9): 19-22 [F4:58, MHEH, FRilbk, 4. LI
A FCHE AW A R RGOl A5 B 5 U, 2009,
24(9): 19-22]

Liang ZR, Wang FJ, Sun XT, et al. Effects of light intensity,
temperature and salinity on newborn branches of Sargassum
thunbergii evaluated with chlorophyll fluorescence assay.
Marine Sciences, 2011, 35(12): 21-27 [¥H, T A,
IMET, 25 PSRRI CEOR IR | IR A
X7 R BEICE AR . RN, 2011, 35(12): 21-27]

Liang ZR, Wang FJ, Sun XT, et al. Primary investigations on the
photosynthesis and respiration of leaves of Sargassum
thunbergii using liquid-phase oxygen measurement system .
Journal of Fisheries of China, 2012, 36(12): 1842-1853
(BN E, £ A, IMEYE, S5, I HTVROAR S8 HL AR B AR o
B BE ML B SR AE I RIRI LA SE. K724, 2012,
36(12): 1842-1853]

Liu CY, Sun XQ, Fan SL. Current difficulties encountered and
developmental strategies of Apostichopus japonicus
aquaculture. Feed Industry, 2006, 27(22): 28-30 [X®]FH,
PNBGEIR, 8. T 2 5 A T s ) 3 2 PR 5 R e e
S T Tl 2006, 27(22): 28-30]

Liu QS, Jiang HT, Liu YX, et al. Seed rearing technique of
Sargassum  thunbergii  o'kuntze. Shandong Fisheries,
2006(12): 5-9 [XAML, Lt XIRTH, 45 RESEAT
BHHEORIGE. FFEHll, 2006(12): 5-9]

Sun XT, Wang FJ, Wang WIJ, et al. Large scale breeding of
Sargassum thunbergii  based on reproduction.
Progress in Fishery Sciences, 2010, 31(3): 84-91 [fM& ¥,
FRA, TR, 55 SETA TSI RS E T
6. ol BR2EdERE, 2010, 31(3): 84-91]

Wang C, Qiao HJ, Pan GH, et al. Studies on the parameters of
physiology of Enteromorpha prolifera collected from the
Qingdao Olympic sailing center. Marine Sciences, 2008,
32(8): 13-15 [T, Feitds, Wtte, 4. 5 & B
BRI B AR B S ESY. WETERLE, 2008, 32(8):
13-15]

Wang FJ, Sun XT, Li F. Studies on sexual reproduction and
seedling-rearing of Sargassum thunbergii. Marine Fisheries

sexual

Research, 2006, 27(5): 1-6 [ €A, IMEW, 2%, U2
BERA PE BRI RN 5 BORBIESE. K IEAR,
2006, 27(5): 1-6]

Wang WJ, Sun XT, Wang FJ, et al. Effect of light quality on
young sporophyte growth and rhizoid development of
Laminaria japonica Aresch. Progress in Fishery Sciences,
2009, 30(5): 113118 [VESCHR, IMEW:, T RA, % Ui
Xof 4 A TR AR R R AR R OS2 mR. L B R,
2009, 30(5): 113-118]

Wei XY, Yu SG. Studies on the antioxidative activity of ethanlic
extracts from two kinds of brown algae. Marine Sciences,
2002, 26(9): 49-51 [BLETY, THEOL. PR LRI
WINPT A TR DTS, R, 2002, 26(9): 49-51]

Zeng CK. China's economy algae Records. Beijing: Science
Press, 1962 [W 84, FEAFEEE. bt Bl
#t, 1962]

Zhang EX, Yu LJ, Xiao X. The scavenging action to 0>~ and
OH™ of polysaccharides. Chinese Journal of Biochemical
Pharmaceutics, 1995, 16(1): 9-11 [3K/R%E, ATAiE, M.
ZREZYTRT OF 1 OH TSR VER]. rhE A2 2%k,
1995, 16(1): 9-11]

Zhao FJ. Studies on genetic structure of Sargassum thunbergii
and S. muticum populations and germling development of
S thunbergii. Doctoral Dissertation of the Institute of
Oceanology, Chinese Academy of Sciences, 2007, 65-75
[RORUIR. B R R i% e AR BT, hEREE
BEEHAED ST WS A 208 3, 2007, 65-75]

Zhao HD, Gao SD. Studies of acid tolerance of porphyra and
ULVA 1 effects of pH on respiration and growth of
Porphyra Yezoensis and Ulue Pertusa. Journal of Ocean
University (Natural Science), 1987, 17(2): 67-71 [X %,
M S BE 45 3% (Porphyra yezoensis Ueda) F1 7L 77 26
(Ulue pertusa Kjellm)Xf FR Tt 37 71 WF 58 —T1. pH YT 25545
SEANSLAT ZEP IR 53 B AN B B 1. b R oy
W(ARBIEM), 1987, 17(2): 67-71]

Zhao ZG. Study on the early development of three macroalgae
species. Doctoral Dissertation of Northeast Normal University,
2008, 35-47 [ [ . =FhRREEA FI L TOIE. R
ISR 2= B AR 227185, 2008, 35-47]

Zheng Y. Detection of some Fujian seaweeds for hemagglutinins.
Journal of Fujian Normal University (Natural Science),
1994, 10(1): 101-105 [FB1f. 8 EEHS /18 BEBELE R Rl
FE RIS K22 R (F AR B2 RR), 1994, 10(1): 101-105]

Zhuang SH, Hendrik S. The effect of light intensity and quality
on the growth of benthic algae community (I) phytopigment
variations. Journal of Yantai University (Natural Science
and Engineering), 1999, 12(2): 108-113 [E##%Z, Hendrik
Sven. i HR 5 2 R X IR G i S P e A K i 2w (1)
—H RN, WERFFR(A AR5 TR,
1999, 12(2): 108-113]

Zhuang SH, Hendrik S. The effects of light intensity and quality
on benthic algae communities (1) the dynamics and adaptive



%3 TEHAARAT: R IRDG T B W36 A IR R 3 B B AR A A B S 177
modes of community and populations. Acta Ecologica 568 ' TR P VG 3 S B i s i) (T ) 5 R R 1 3l 2
Sinica, 2001, 21(12): 20572066 [E#4%, Hendrik Sven.J't; FaE AR, RS2, 2001, 21(12): 2057-2066]

(% HR™)

Effects of Different Light Quality and Stress Treatments on
Photosynthetic Efficiencies and Physiological Characteristics
of Sargassum thunbergii and Epiphyllous Algae

YUAN Yanmin"?, LIU Fuli**", LIANG Zhourui**, WANG Wenjun>?, SUN Xiutao®

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

Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao  266071)

Abstract In this paper, Sargassum thunbergii, Nitzschia, Ulva lactuca, and Callithamnion
corymbosum were used as the experimental species to determine the influence of different light qualities
(white, blue, and red light), medical treatments (1% ammonium nitrate, 3% ammonium sulfate, and 1%
citric acid), and freshwater immersion on their photosynthetic efficiencies. The effectiveness of various
harmful algae removal methods which are harmless to young sporophytes of S. thunbergii, were also
discussed. The results showed that: for RGR (relative growth rate), P, (apparent photosynthetic rate), and
P/R (the ratio of apparent photosynthetic rate and respiratory oxygen consumption rate), S thunbergii
under blue light were significantly larger than those under white and red light. In comparison, P, of
Nitzschia reached its peak under the red light. The P, of S thunbergii and Nitzschia under blue light was
significantly higher than that under white and red light, indicating that S thunbergii outcompetes
Nitzschia under blue light. Irreversible injury appeared when young sporophytes of S thumbergii were
exposed to ammonium nitrate, ammonium sulfate, and citric acid. These chemical treatments also
inhibited the growth of C. corymbosum, but the effects were not significant on newborn branches of S.
thunbergii and U. lactuca. Freshwater treatment caused harm to S thumbergii young sporophytes and C.
corymbosum, but there was little negative effect on U. lactuca, and newborn branches of S. thunbergii.
These results suggest that in the early stages of S thunbergii cultivation, increasing the irradiation of blue
light or reducing the irradiation of red light to a certain extent, can promote the growth of S. thunbergii,
and inhibit the growth of Nitzschia. The use of ammonium nitrate, ammonium sulfate, and citric acid
should be avoided in the removal of unwanted algae from young sporelings of S thunbergii. While it is
not advisable to use fresh water during the early stages, a fresh water soak for half an hour can remove the
unwanted algae and causes no harm to the newborn branches of S. thunbergii.

Key words Sargassum thunbergii; Unwanted-algae; Light qualities; Medicine treatment; Fresh water
treatment
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