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K AL A0 BB SR A X AR BR 852 Grateloupia
livida (Harv)Yamad 27T % £ KA 200

BREX KXX HAR kKK ZRE FRF HALT

(F B K= B AR5 B e K™ IFFE BT Al 0 g i L B DT A M T B 563 )7/ 510300)

WE  AELRAKRMAELEFET, 27 % &R &4 % Grateloupia livida (Harv)Yamad & 7 F
WARELEFTE, WAL L, TRENERATFAEMRE 1d. 15d)5, ETF
Bl A%#EE O, 1. 1.5, 4, 7. 10, 14c/s; 1.5cm/s itk i 7 A 45 %], HAb ki b ik Ak B 42 4)
¥R 20d; EOREMERBTMAE 1d)E, AR LEES6L : 18D, 8L : 16D, 10L : 14D, 12L :
12D, 14L : 10D, 16L : 8D)#u F [&] 3 J # JZ (35. 85. 135 pmol photons/m? )% X 44 T35 % 70d.
HRET, MF Ld WERBTHABRAER LA THE L LKA AT H M AR E T 8 (P<0.05);
W& 15d By R 78 LKA L5 cm/s i T W K & K & 47 (P<0.05), #E# &4 TH#H L £ K ¥
18 T i 3 T 1 & 41 (P<0.05), A BB JB 31 Am o BB B8 X R 77 #1 K  K W % m I 3 (P<0.05),
KRR A & KR e B & BAE A (P<0.05), MtEREHABE LR P HEAREL
fE A (P>0.05), FtHEE X 8-10h, HRKEHFLAATHN T L EUAAE NG EW LS T HM LR
i lE Ry & 4, LB EEE & 35 umol photons/m?-s B, AR REH K B LRI E SR U R E E
B HEMAEERE TG ARER, EERENETGEFTF, TR T R A& 55,

s 15d AR H, JFEEH] L e b 8-10 h An ot B 38 & % 35 umol photons/ m*s.

KHEiA

thE SRS S968.43+3  XHEAARIRED A

TR WA Grateloupia livida (Harv)Y amad J& T
213 ](Rhodophyta) . 223 H (Cryptonemiales).
Ji& B (Halymeniaceae) . % 4 ¥ J& (Grateloupia C.
Agardh), AR K7 v A BT B0 A iR s A T
o, TR AR T R . BAS . SR B R R
LI, 2004) . FRBRIABETE ) ARARFR AR,
Al ] (Tseng, 1983), H A [F] & H Ath ¥ 26 8 i 47
(Laminaria japonica) . #ii{i>¢(Undaria pinnatifida) .
455% (Por phyra) 55 1 35 JT Jo 15 18 35 i i 40 F1 sk, &
YEB SR B2 R b o R A P Al 5 ) oAt 352
—FE, BAYUMIE . BrEein . PUABUREE . B R

ETHRENERAF; HA; £K; Km; LEBAEH; LEEE
XEHS 2095-9869(2017)06-0112-07

J1TAEVER, IR LIAE A Lol i i B e 1) Tl Jt et
(2= A%, 2012; Jiang et al, 2013; Yeet al, 2015), i
5 o DR MR A 98 22 5 (L TR ACTAR, AT 375
T A ke bl A, Sy DR SR 9 A o A 7 B L
filh, 250 5 (1989)EA T 1 7 R M5k i v8s A= B 4% Y 114
5%, KT AE (2000)325 1 77 R W5 s i 1) B w3 A p A A AF
5%, ARk RAE(2013) FBR AT U 45 (2013) 3 47 i B2 A
HEL B 8 ) R 5 A i SR At il B A R R R
BRI ST o & T 7K BRI JE 01 385 R 5 A 35 SR 160
T e A K R e U o LR

IR L2 T ) 2 b i R e 1 A B | B &G
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F o A 1Y 32 B A 3R (Hurd, 2000), BHF5Y
FEH, M PR A B I TCAIL AR WA R A A7 K i
B ) 52 ) (Wheeler, 1980; Gerard, 1982; Gao, 1991;
Hurd, 1996; i fH A%, 2014), /KX V1% (Gracilaria
parvispora) # {4 1Y A= K F 96 1 B9 05 & A B 5 W
(Ryder et al, 2004), IRV X H, FfRIR A S 24 K
T IR e B A DX, K R A R AR
S B R (HAS R

St HE ] HA X AR 22 b ok 78 8 28 A i SR B4 AS ) o
B A #Er= A= 2 (McK amey et al, 2006; Sanchez-
Romero et al, 2012; Mansilla, 2014), A [ EEAEAE G
BOWHER IR EORON R, i H B 5 S F i (Macrocystis
pyrifera)=EH, K H RIUE St A K (CEARAE,
1998); # +K Aif ] 14 5t & X] 48 ¥ (Padina boer gesenii)
(Vasuky et al, 2001). T 4= 21 K 3% (Haematococcus
pluvialis)(F5 #5455, 2013)Flt% i (Grateloupia filicina)
2RI AR PR HEAE T (187 45, 2015). DGR JETHIXS
TR R WA BE AR W e 257 A (B AR RS2 AT A REAR K o

ASCHFFE T ARG S5 L N [R] 6 RE S 1 50 R
5 85 2 SO i R A AW R AR R 15, AR
BRWAEE R B F RS

1 HREH®
11 SBEBERMH

RN LS S I R N S D RS [ 78 5301
Vi3, o SR AR I SR R T kT S TP BRI RS
Bege, Rk 471455 1000 ind./ml L ERF, BUR
177K, i R %5 B 24 6 ind./mm? (1 FL 13k 176 S 4
TR BN EEA 7K 19 7 T8 KR B (Rl vl 2k 3 A oy
W&, RRBPEYS . WEARMT MR 5
TS5, SCI K & RGP 5 d LU _E R IE s
K, FRER 32,

SCEYTF 2015 4F 3 A T E KRR I B e T
KPR T RIS R 7. ) LED #E# A K AT
VE RSB YEUR, SR A AT BI04 3t 7K 2 (B 38 A%,
2015b) F1ifE 3 Ji A 52 6 24 (MR 28 SC4F, 2015a) 43
VER KA E IR %6 B, s sl = o0 18°C.
FHRE 5 R R AU A A RA R A= LGY — 11 Al
P85 I 00 A S K S
1.2 LIt

121 FRREKRAFMFRITHE ARG A B
K 1dE, REFHEREERADREEERW
51 sk BE A (CF Y5 % B 5.35 ind./mmP) ()
45 SRE TS E(E 1-A), HAh 6 sk 5l E T+

6 1~ 500 ml FEbf . Pk B S 5 /KA (1. 4.
7. 10. 14 cm/ls), F—/KEERAE 3 A4, B
ASEATHNA 35KEI A5 3 MM T iTE R,
HOKFRH N 1.5 emis, FAh 3R FTE UK
HEE N O)VE A X HR

KU GBI B8 15 d 5 (RS . ATK),
BRI PR 2% 5 O W 3 M 22 S (BRI Y % 1
2.62 ind./mm?)f 45 5K BE F L TR E S, HiAx
6 5K B TRedf, KR i i B R T IR

JIT A SR R 85 3R R R O R B
65 umol photons/m’-s, JEEAMIA L : D=12: 12; %
B 2 d 4ok 1R, PRZHSCB 34T 20 d Jo I 4% 2H 4
AR IN L & B A B AR R TS5 RS g
122 FEXBREAHNRETHELAKGYw L
BE 6 MM JEWI(eL - 18D, 8L : 16D, 10L : 14D,
12L : 12D, 14L : 10D, 16L : 8D), % %HRJE M
B 3L (35, 85, 135 pmol photons/m2-s),
K 24 h W (7B ME B RN
5.02 ind./mm?)t A 500 ml Bs#f e 315 TR [\ R &
WIADEREGE BE R (18] 1-B), BAEIRANE R 4 448
MAER AT . s, #=HlKiRy 18°C, 4 3d
oK LR, HoKEHE R s, gk T 30 d A,
A2 SRR /N s 60 d BF, 4% 21 SR A & .
STARI ) B A0 AR AR K 70 o BF, D06 v
123 MEF ik 16 10x10 5 Wi T, DAR
IRR/INRIBERAR S, Rk 83 7 LI &t 10 420k
RN, FEREFLGE T 10 AN HLET Hh SR AR RO %
LT R ERR AR A v SR A AR R ROt
IR BE F BEALI 10 AR AR Y =

FRRABAETE R = Po/Px100%;

EL AW &% S = UJ/Dx100%

o, Po Rl Py 43 1A S50 T fe B 4 AR A4 285 B
SEEGEAT t R SRR 5 B 5 DR Uy 4393 o S5 56 1
A7t RFTI 10 AP e i) SRR S BRI B & 10 BT
(UNIUEERININ

Bl 1 K SEH6 s (A) FDE JH ] 52 563 (B)
Fig.1 The equipment for water velocity control
(A) and photo period control (B)
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E % 38 %

1.3 HiEabiE

TLIK S B SR P 1 SPSS 21.0 H il B 2
77 243 1 (One-way ANOVA), i Duncan #4741 ] 2%
5 5 35 1 (P<0.05) i) 22 T LA o Y6 J1 3 S 56 1) 54 Tl
SR AT SPSS 21.0 H (1) — i 2 AR AU B A 1 ifE 47 XL
K Z 4347, F Student-Newman-K euls i#£ 1741 [ 2% 5
EPE(P<0.05)Z H LL#R . 6 I 9236 ) B8 1447 40 A
i, — %GR R R Y 3 AN [A]DIG Bl ik i S 0 40
VEIZOC BRI A5 0F T B[R] — AR A T AL, — 0
RO E T ) 6 /AN [R] ' R & 30 2 56 4 R AR 120016 B
SR EE SRR B — AR HE T R, SO A S5 A
S5 B0 20 1) 2 S b PR RN B SCRY A R] L A2
FEAEFE 45 LI AL =2 0] Y LA 2 R G B 2 45 SR B R A
B 45 2B A 22 [0 25 5 S v A D IR ) o A S 34 L)
SEIE +hRIEZE (MeantSD) s .

— —_ [\ N W
(=3 W [= 3 (=3
(=] (=) S (=3 S
T T T T 1
o
o
o
(e}

TR KD Size of disc/um
W
(=)
T

(=)

0 1.0

[ 2

1.5 40 7.0 100 14.0
KL E Water velocity/(cm-s™)

2 #£R

2.1 AEKREGHIMERBFRZI

& 1d e AR TR DK AT R RS 204,
X HRZL KRB O) A SRR RIS 225 i T oAk
THEE T BYAL B s SE SRR BEE D 1.5 cmis £
KR BRAT AR, BRI A6 I g 5 U/ B K O
R, BRI N BATHE AR T HARL (& 2).

22 IR S R R B9 32 e

BrHE 15 d J5 k& B BRI A [ K O 4
PFREFR 20d, SEAHIROKIREE N 1.5 cm/g)Zi
FRNENANINERVAZN P & SR S SNEL B R B )
K BE Z (8], BRI/ NEA REMEZER, X
HIGONEWALN Y &SI RTA S %N £ e 11 E# RN N DR 2
ESPECRTE L ()

ab
ab

ab ab

FRIABAFIE R
Survival rate of disc/%
_—— N N W W N

O O L O L O WL O

1 T T 1 T T T T 1
o

0 10 1.5 4.0 7.0 10.0 14.0
JKIE I Water velocity/(cm-s™)

BEE 1 d A0 2Rt 55 57 T AN [R5 T i ISR AR AR 1) RN B A 30 3¢

Fig.2 The sizesand the survival rates of G. livida discs of which the carpospores were incubated under
different water velocity after attaching for 1 d

AE FHER R 2 5 .35 (P<0.05), T [A] Different letters indicated significant differences (P<0.05), the same as below
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Fig.3 The sizes and percentage of sprouting disc and the survival rates of G. livida discs of which the carpospores were
incubated under different water velocity after attaching for 15 d
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23 EREBNRBMFHELERNZIT

T R s i B 2 S 0 A AN [] % EE] U D S B
SRR3R 30 do 45 R, O R JE U R RE G R X
FORAAR B A K AR EA B 2 M2 (P<0.05), H =& A
A HAEM(P<0.05), 7E4EK 6-10 h ()% B K75
P, Bt D BRI B A R, 450 R T SRR A
KA B, SLaE s 10 h 5, £ 6H6E
BN AR AE R R PR TN EEE((E 49, £FE
FL# f 43 Ar 45 SR o, DR IERTE] A 10 h ¥ (0L :
14D), FERAREA R K SERARTH S 6 h iy 4b 34,
IR 0 B/, oA RR R R AL BRA, SRR K
NG B 2SS JEIESRE N 135 pmol photons/m?-s
B, SRR A% W/ TR ISR B 35,
85 umol photons/m?®-siif, Ji & Z b0 E k2R .

T RO i S o A SR 96 - A AN (] S HE 30 R S R
SRPE TR TR 60 do S5 A R, O R JE IR BE 5 R Xt
BRI & B ST AR A 52 e #1351 (P<0.05)
B = F %A 32 HAE M (P>0.05), J%:HRIFE] A 8-10 h,
BRI ERER BEEES, X 2GRN E
ST B & SR OGRS ]y 6. 14 1 16 h 1
SRR 4 35 umol photons/m? s i, E 37 ARG & R
B i LG IS 2 85, 135 pmol photons/m? s Y 4H =5
(K 4-b),

T RS s S o A 6 E A (] 0 RS B A e
BER R SR 60 d. S5 W, O RS TR B A X

350 2

PRARAENG A ER AT 1o 2 M2 (P>0.05), H — &%
A 32 HAEFH (P>0.05) (14 4-c).

R A g B A TR AR RS R BRI R G R i
FETRREFR 70 do g5 EoR, 6 S R R GR BEXT B
SR KA EA B 2 (P<0.05), H —H AASCH.
1 F (P<0.05) . 7E )¢ 1R 58 & >4 35 pmol photons/m?-s i,
LA TR E e v L HH PR G BRI IR R 10 h A b B4
TEYGIEER 24 85, 135 pmol photons/m?-s i, F 7 {4
o0 o e L R A BRI [R) A 8 h i A B4 (] 4-d).
ZHE LRI, JEIERTRISY 8. 10 h, A7k
1 BE A By, T 2 A S RE RS [a] 22 [ (1 7 4R o B
Z S, A MR 0] 22 o] i B ST AR 2= A
B3 . 7EYEHESEE N 35 umol photons/m? s}, EL37
AT B I 8 L' RS EE ol 85, 135 umol photons/m?-s
FUETHE, BB A B EEER

3 it

Tl B R S R B AR 7, KGR B TR R
TR E BRSO N R, SR 5 oK
24 h J5 R K (EEFE 5em/s L), 72 h JG IE# i
K (3K BE £ 55, 2005), SCEFRA, MiE 1d AR
BRI FAEAFIK A B 1557 20d, /K EE R 0
AR e T TR T 15 d SRR IE R
SRR UL, KT 0 5T, BEALRAYHE &%
AR, S5 5 A LR B ROR A AN TR

120

g 85 pmol photons/m?-s R b
= 300 [H35 pmol photons/m?’s 5135 pmol photons/m? s 3 100
2 s
ug 250 | ﬁ%ﬂ 80 = =
L )3
% 200 | H = S 60k H H -
Z 150 H H H <& H = =
5 D ELEN ERe ) ERER
100 - - - & I - - -
> NENEE RN R EVERE
#® 5 || B = 5 HE HE
0 - - = g o = = =

6 8 10 12 14 16
Y& HE s} A] Ilumination time/h

FREFAER
Survival rate of discs

[CREETINN

S & S

—_
(=]

(=]

6 8 10 12 14 16
Yt MR ] Illumination time/h

K 4

i

Btk

Height of plantlet/mm

6 8 10 12 14 16
& IR} ] Illumination time/h

1.6 1
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n
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02
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Fig.4 The sizes of disc, the percentage of sprouting disc, the survival rates of disc and the heights of plantlet of G. livida
carpospores incubated under different photo periods and light intensities
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E % 38%

TORIR A S B WA, TR ER R oK 3R,
W5 15 d PR R mK R

S0 SR FH R I 7K 26 TR I 9 K O SR
T R B R R 0 9K O 2K K 7E g =X s 1 it
FIEIAR), SCE R, X ROk S 5 A W
AKX T IR MR A BE AR T B R W E e R [R] AR 1R
56 4 A TR) P o R I B sk 3 e P K AL R
E2 W N ITITE =AU (I I (E R b 6 5 I €110 - W SR
Wh 1 em/s MIFESN 1.5 cmis), — X fil 71l & 4k
KA R M 22 FEARAR BA S, U BT BOK O i 7 2O )
T AR R A AR TR] o 8RB A 2 3 SR K R v 32 22
TCHLIRIE HCO3, 2 & #2065/ HIHE 71 (Zou, 2005;
HE SIS AE, 2013), 3K T g2 T RS A A0 1 5 3R
SR FE ARG 9% b B4 A K B 2R T A R T T
AR R

TLE 7 15 5% F R ) K 3 3 B R (78 S8
0-6.5 cm/s Jiii#), KR E N 6.5 cm/s, i1 ik
f B (Ryder, 2004), SE9e3RMT, IR BRIAHEAE 725K
T 1.5 cmi/s 5 F T R KRBl e b o 258 p
WHE AR —, BUS A A 1E R SK R
ER 05

TR 3 O T HEX 1A 988 ) K A K5 i) P A 9
W F e RESR BE g2, AR AR BRI 1201 -
12D (Chen et al, 2011; FRfE¥HN4E, 2013, 2014; BRfl 55,
2015), i ¥£ % i} 2 (Gloiopeltis) IR AW 5T H & PR,
S & 31 %6 g 5 A1 B 0 R S T Ol R
R (R % 38) o DRI, A X6 35 bR M8 A s R AT AR 5 )
W T VR BE R b SEEG R, SRR B
SEM TR MR A AR W R ARG BBl Y IR
JAW Jg 8L : 16D F1 10L : 14D, 7EHEATHRWABEAL T
B AR, T E A I e g G R A ]

PR U A5 (2013) WP FE 3 BH , 76 T R IR A B otk
Rk F RS, 5 m L5 (500010000 Ix) 7] LAE i #
RIRP AR EZE ; IKIEHR(500 1157740 525 30
THEeRIERM AR LT JCIEERE R 2500 Ix B, &R
AR 42 K YT 5000 Ix I 10000 Ix., ASHF5E U Z 0
TR R A AR ISR BE S 35 umol  photons/m?-s(#
3000 Ix) 7GR #F 5 85 umol photons/m?-s(#)
7000 Ix)F1 135 pmol photons/m?-s i 545 F1 - IR A4
M KA . T REAE th FAEARF ST 45 SR p ab B
A oY (G105 N T 7 N 1 B O i B v e
T ERESE FE ST I LA, SR TR A G R A 2]
Z RN H A, T A O 5 %) S 6 D e B — 1 A 7l R
W1 121+ 12D FORIEDGIE R BE 22 (0] A9 bedst . B i

FIMMER % 8 X, Brfs b g SRt oA

SRR R, DR R A R B SR A AR AN TR
Ot BRI RGBT 85 5% 30 d, &R AEKAE
DLHESRJE S 35 pmol photons/m?®.s i 15 75 't iR 3
Jy 85 pumol photons/m?.s i (2% 5 A B3, i i 55
# 60, 70d, WI7EYEAEHEE K 35 umol photons/m*s
I L 7E G IS5 2 85 pmol photons/m?-s I E{ 37 A
W AR A, L AR R TR U B R R A g R
A5 0 R e A K TR T AR B O, R M A
AT AR MR T O R EE IR Y
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Effect of Water Velocity and Light on the Growth and Development
of Grateloupia livida (Harv) Yamad Car pospores

CHEN Suwen, ZHANG Wenwen, GUO Yongjian, ZHU Changbo,
LI Junwei, XIE Xiaoyong, CHEN Lixiong”

(Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture, South China
Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Guangzhou 510300)

Abstract Grateloupia livida (Harv) Yamad is a red seaweed that has high economic value. In recent
years, research on the seed production of G livida has gained more and more attention. To further
understand the progress of seed production, we studied the effects of water velocity and light on the
growth and development of G. livida carpospores under the laboratory conditions. G. livida carpospores
that attached for 1 d and 15 d were incubated in the water with different velocities (0, 1, 1.5, 4, 7, 10,
14 cm/s) for 20 d. The O cm/s group was the control group (without any water flow or under non-aerated
condition). Except that the 1.5 cm/s group was controlled by aeration, all other groups were controlled by
the water flow equipment. G. livida carpospores that attached for 1 d were incubated with different light
intensity (35, 85, 135 pmol photons/m?s) at different photo periods (6L:18D, 8L:16D, 10L:14D,
121.:12D, 14L:10D and 16L:8D) for 70 d. The results were described as follows: G. livida carpospores
that attached for 1 d developed faster in the O cm/s group than in the other water velocity groups (P<0.05).
The carpospores that attached for 15 d had grew and developed more slowly in the O cm/s group than in
any other water velocity groups, and the optimum water velocity was 1.5 cm/s (P<0.05). The photo period
and light intensity had a significant effect on the growth and development of G. livida carpospores and
had interactive effects on the growth of the disc and plantlet (P<0.05). The optimum light condition for
G. livida carpospores was 8L :16D and 10L:14D as the photo period and 35 pmol photons/m? s as the light
intensity. We recommended that the released carpospores of G. livida should be incubated in the still
water for 15 d and then in the water with a velocity of 1.5 cm/s (by aeration) under the light intensity of
35 pmol photons/m?sand photo period of 8L:16D or 10L:14D.

Key words Grateloupia livida (Harv) Yamad carpospores; Development; Growth; Water motion;
Photoperiod; Light intensity
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