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N BB T WT, SF-2 R R By L& & (PE + PC) 4 & 7 (90.81 £3.98) mg/g, &
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SN T R A . B, R E R SF-1
FANA PG R AR, R i 58 96 7 oA R i Es 525
B, HA EH A AE

ARSCULSE B 2 0 T I8 585 SF-1 . i 2
57 (SF-2) TN G Z (WT) bR}, il i =5
Bi 7 S X, % 3 A & () 19 76 46 - ik
i AR I A O RR R SE U T EAT L
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1.1 SEIgdrat

ISR R A & SF-1 MR & SF-2 A
SR E 1 Coy SHR N TS IF LA
I 22 R A T8 AR A T S B = o, BF AR B &R
(WT,PT-001) BRI J3 1 5 PR A7 [ SCRRL15 ] o
1.2 MRERERERGEERBLIEMEELS
BESEMNE

PR AR FGRE AR R K
I SELZRIRT 250 mL AR (& 50 mL K
K ) A TR 2 AE g 5E 615 10 B 2 6
FEANE TS AR T TR, I8 A e A T AR
¥R | 250 mL 78 UM N B 8 [ DG IRSR E 35
pmol photons/(m?* - s) , ¢ & 1] 10L: 14D, Ji& JiF
(23£1) C], RBFHKERRAT )G, FEL
Phik 20 BRIEATHE SR, B 5 R EK A, X FF
el K ERR AT E, &7 KT
X [A]— %G8 R 22 b BB ALIBORE 30 BRI K R
25 I 45 IO YRR AR A it 5 23 il AR H
Al KR K SREERKRE K, IHHE A
5k

K, = (L-L)/t (1)
K, = (LnN - LaN, )/t (2)

2, LN BRRAYI 1 1 R AR 1P PR B
Ly N, AR b — RO i R - K B, e Ry
B T], B2 AR (d) T

BB TR AR G f
RIS PIREFR 2 50 d B, 43 5000 52 J 3 s
FAHEBE OGS 248 3R a (Chl. a) SR
1 (PE F1 PC) 1y & &, TH R IOEHE M Chl. a
Fr RN E I AR SCER15 ] . PE A1 PC RYINE T
WS BRI W TG T ORI BB T 80 T
BET FREE, IAGE REZRIR/KIR LS B —20 “CUKAE

B VRRR 3 ~ 5 UK, WPBE o I A8 iR K i g a1 o
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SRAE R . A A — i X, B KR 53R
I, N3 A 2 (R A 20 0 BEATLIZE B 30 BRI 8
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dJ5, BT SF-2 4axf A KR I T SF-1, Hont
ARVREH K BE UG HE SF-1 K, 5 90 d B, SF-2
HRARSE 5 K JBE o (391. 6 £47.37) cm, SF-1
YK (317.8 £33.50) cm, ] WT (2 KB &
1T BB R (R, WT HERAROE 1 K BE ANy
(39.06.07) em([&1,% 1),

3 AR ZR (Fh) Y5 5 AR 1 2 52 BH Ok i 0
e, IR B RS [ Z2E K 1 720 97 B AR A R A, WT B A
A KA ARG, 44 % A K SR d R (B HE B A
40 ~50 d,{¥ K 0.99 cm/d, [fij SF-1 5 SF-2 7F
40 dZ FHRR A KRBT WTL )& 40 d Z )5
R AR K TR 18 K, FL RS2 AL AR 24 4K, 5 A
KLl 28 (i) Al 4 0 AR K S R A 24 BLEE 61 ~
70 d HIBEE, 4h59 0 10.17 5 13. 64 em/d, & H
500 diS, AT 4 B 5 R A 4 X A KR (RL) G

AR T, SF-2 YA R U HE 5 4
X AR AR i T SF-1, B i 1 W, AR5 1R
Ky A= K0, Bk, SF-2 78 A4 Ky T i 1 3
o (& 1) .

450 WT
=Ll = 3
wz D g
W 5 300t P
&< 250t /s
B g 200 - )4
§ = 150 /|
= g 100 //
50 + / IS S S
0 — T - 1
30 40 50 60 70 80 90
Hi# /d
culture days
Bl ENEFNIZEERRGR ()
(WTSF-1 5 SF-2) Rt o 2 4K £
Fig.1 Growth curves of the gametophytic blades of

the WT',SF-1 and SF-2 strains in

P. haitanensis cultured in the lab

®1 ENEFRNIEEXRTERR(F) (WTSF-1 1 SF-2) iR ERKE LB
Tab.1 Growth rates of the gametophytic blades of WT',SF-1 and SF-2 strains of P. haitanensis cultured in the lab

Ai#s/d HaXf 4= K%/ (cm/d) absolute growth rate g K2R specific growth rate
culture days wT SF-1 SF-2 wT SF-1 SF-2
31 ~40 0.64 0.95 0.81(1.27) 0.13 0.18 0.16(1.23)
41 ~ 50 0.99 4.46 4.68(4.73) 0.08 0.16 0.17(2.13)
51 ~60 0.78 8.64 8.02(10.28) 0.03 0.09 0.09(3.00)
61 ~70 0.70 10.17 13.64(19.49) 0.02 0.05 0.07(3.50)
71 ~80 0.52 4.56 7.23(13.90) 0.01 0.02 0.02(2.00)
81 ~90 0.02 2.8 4.56 0. 00 0.01 0.01

TGS NEUE N SF2 KRS WTHERKRZ HE.

Notes ; Values in parentheses are expressed as the ratios of the growth rates of the SF-2 compared with WT.

PR E R BRI RS E T AT
MEE 2R LA 34 dh 28 (Ff) iR 9 IR ok

1.0

, == SF-1
i - SF-2
08 F |
5
506 F
g
o L
=3 204
<
0.2+
0 . , . . )
300 400 500 600 700 3800
WA/ nm
wave length

2 ENBFNERERAERMER(T) (WL,
SF-1 F1 SF-2) FHIR 4 (50 d) BYiE A BRI S 1
Fig.2 In vivo absorbance spectra of the 50-day-old
gametophytic blades of WT',SF-1 and SF-2 strains in

P. haitanensis cultured in the lab

T R A 350 ~ 750 nm {5 E NI LELE 5
SR e U, DA R ST D (R B A, SF-1 5 SF-2
1 5 AR W AE 34 5 T WT, SF-2 218 1 (P,
W) ErE T SF-1L RN (P, 1) SR T
SF-1,SF-1 Y5 SF-2 B85 (P, ) & & 22 5 A
HIE (K 2),

MK 3 FTLAE H,SF-1 5 SF-2 1) Chl. a & &
B[ = Chla ¥ & &5 50k (8. 81 =
0.41)F1(8.98 £0.13) mg/g,1fij WT (¥ Chl. a -
B & A (6.74 £0.14) mg/g], 5 WT M HLAT
TR EZER(P<0.05,t-test) . SF-2 MR PE
SR (58.91 £2.12) mg/g, SF-1 (& &H
(47.93 £2.04) mg/g, WT [ & #A{0 R (22.55 +
0.81) mg/g,SF-2 [f) PE &4y 5 WT 5 SF-1
2.6 55 1.2 /5, IWBEEIEEN (PC) & & AL
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SF-1 ZrigiE , h(36.41 £0.55) mg/g;SF-2 %k SF-1 5 WT 435315 7.70% F195.05% , 25 5%
Z,M(31.90 £2.65) mg/g; WI & fik, i PEor g RERW]: SF-2 T SF-1 W3R E 1 8 S
(24.01 £0.87) mg/g, SF-2 SF-1 fil WT f#&flH 5 WAL R B2 (P <0. 01, -test) , H.
HHEH(PE+PC) & #2054 (90.81 £3.98) . SF-2 &1y SF-1 W& .

(84.34 +2.35) #1(46.55 +1.67) mg/g,SF-2 [t

70 ¢ "
O Chla Ed
60 -
50 -
)
T 40
E 8
-
0 S a0 |
pi 30
20 +
10+
1 2 3 1 2 3 1 2 3
wr SF-1 SF-2

B3 ENEFNEEEREMRER(F) (WI.SF-1 70 SF-2) K& (50 d) ZFEB4AL Chl.a PE 5 PC £ 2
1 JERR, 2. R, 3. AR, » RS WT 253 B3 (P <0.05, r-test) 5 #x FoRg WI 25740 B3 (P <0. 01, -test)
Fig.3 Contents of chlorophyll a( Chl. a) ,phycoerythrin( PE) and phycocyanin ( PC)in the 50-day-old
gametophytic blades of WT',SF-1 and SF-2 strains in P. haitanensis cultured in the lab
1. Basal,2. Middle,3. Apical. * significant difference with WT'( P <0. 05, z-test) , #:* highly significant difference with WT'( P <0. 01, -

test).

sPIRAKE E N2 AT, SF2 SF-1 5 36.41 pm; WT £2J5, 2 44,30 wm, SF-2 TR
WT IR AAR () JE2 B DAL 1) RS 3R Wi AR . SF-2 (RAY Xt SF-1 1 14. 0% Ze 4+, b WT
IR A4S 249 J5E B8 S5, O 31,95 pm; SF-1 IRZ,  38.7% fitds
F2 ENEFIIZEELRERR () (W SF-1 F1 SF-2) iR (50 d) ZHALEE

Tab.2 Thickness of different parts of the gametophytic blades of WT',SF-1 and
SF-2 strains in P. haitanensis after cultured for 50 days in the lab

BT A BT L

[=] £4 32 A i
LENCLY thickness of different parts of the gametophytic blades BRI pm
strains ( breed ) mean thickness
FEFHR basal H3f middle FHE apical
wr 53.94 2,571 41.02 =1.61 37.95+1.44 44. 30°
SF-1 42.15 +2.31 34.67 £1.96 32.41 £2.01 36.41°
SF-2 36.43 £1.59 31.21 +1.64 28.21 £0.91 31.95°
TE 1 FORTFHE = bRk sa Bl b o8 =3 Z ] i B35 22 5 (P <0. 05, t-test)
Notes i indicates that values are means + SD. a and b expressed as significant differences( P <0. 05, -test) .
S st v 2 < RIS L
2.2 EmE(M)BRPIKMER HHiR 667 m* W5 (4 D Fe 2R IR HIRE 29 1 200

ERTAKE BWKENE,SF2 55/ A, 667 m* AT 4 ~ 5 LA RRET
TR A 28. 6 A/ 58, IRF WT i R 2 SF-2 FAHEE B A = EoK
41.6% HE T SF-1 £943.0% (£ 3) . 55X
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R3 IEEXAEMBR(T) (WI.SF-1 50 SF-2)#y
NE£REEFRHFTHRFHHE
Tab.3 Numbers of the released conchospores of WT',
SF-1 and SF-2 strains of P. haitanensis
in mariculture farm

LESELD) Fefl TR (I 4/58)
strains ( breed ) numbers of released conchospores
wr 40.5 4. 86"
SF-1 20.0 4. 03"
SF-2 28.6 £3.03¢

:ab il c FoR 3 MR (Fh) 22 5B (P <0.01, r-test) ,
Notes:a,b and c are expressed as highly significant differences( P <
0.01 ,z-test).

PR AR R RIRIX 3 R
(F) 75 50 d H il 2Z B A5 E AR 1A, S 3R A
k2, F g d R B . 7E 38 ~43 d H il
B3 iR (M) R AR R B R (E (R 4) , &

WITE I H I8 B N R AR T DX A K AR e 7E
30 ~50 d HigBe,3 il & (Fh) i 2 ) A= 4 321
BB A EHE; 2 50 d i, WT SF-1 fil SF-2
) e R 4 %of A 1 F8 53 Sl Ry 4. 55.6. 83 T 6. 83
cm/d(F4), 30 ~50 d HiB, SF-2 4t A %
PRFEN WT i 1.5 Al 247 s Horh (e 38 ~43 d H i
BL,SF-2 Th SF-1 (4t A K F805 50% 4.
K4 AU, SF-2 5 SF-1 RIS K EE I Kl
PR, 37 ~ 50 d G K B R KR Al Oy
(67.5%4.19) cm 5(64.3 £5.82) cm, WT
T AR SF-2 IR, 37 d Z )5 BA s 1
KL H 50 d H I R I HA (45,4 £3.56)
cm, bt SF-2 45 22 em £, SF-2 {4 KI5 M
SF-1 (225 AW B R T WT,

R4 BERFEMIZEXRAEGER(F) (WISF-1 1 SF2) R EERESREERKE
Tab.4 Absolute and specific growth rates of gametophytic blades of WT',SF-1 and
SF-2 strains of P. haitanensis cultivated in mariculture farm

His/d Yi¥fH: K #/(cm/d) absolute growth rate B e KR specific growth rate

culture days wr SF-1 wrT SF-1 SF-2
30 ~37 0.19 0.25 0.28(1.50) 0.12 0. 14 0.15(1.32)
38 ~43 2.25 2.72 3.35(1.49) 0.25 0.29 0.31(1.25)
44 ~ 50 4.55 6.83 6.83(1.51) 0.17 0.19 0.18(1.02)

TE G5 WEUH SF-2 A KBS WT HERKEZ A,

Notes ; Values in parentheses are expressed as the ratios of the growth rates of SF-2 compared with WT.

80

-
S o O
T T T

N W s U
o o
T

RSB SE / om
mean length of blades
S

Hi& /d

culture days

B4 IREXTEMR()(WT.SF-1 5 SF-2)
FREEB X LR
Fig.4 Growth curves of the gametophytic blades of WT,
SF-1 and SF-2 strains of P. haitanensis

cultivated in mariculture farm

Rt RAKER 2 M5 AHI, SF-
2 5 SF-1 [ PR ARARA BE A 22 004K (H SF-2
WA 3 HOE YK BE ik (63.3 £4.49) cm, SF-1
9 (61.8 £5.39) cmj; fif WT Fij PUZK 3K BEAL

F(40.0 £5.64) cm, B R Z& (Fh) % 20 cm
A CERRT) o

O WT
EISF-1
70+ SF-2

50 F
40 +
30 +

20 +

RS BE / om
mean length of blades

10 +

—7K —K =K g7k

Ist harvest 2nd harvest 3rd harvest 4th harvest

5 IREXAERBR(F) (W SF-171SF-2)
EERASKREFEHKE
Fig.5 Mean lengths of every harvest blades of WT,
SF-1 and SF-2 strains of P. haitanensis

cultivated in maricultured farm
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TE T DX AR 35 77 1 Jy T, SF-2 7 1 B (g , 667
m® SRR VUK S B2 A 24 000 kg/hm? ; SF-
1 RZ,667 m* 53R PU K ff 3 7= 5 2 2y 22 500
kg/hm? ; WT 1%, 1 DU 7K ff 28 7= 1ALk 15 450
kg/hm®, SF-2 [t SF-1 ¥477 6. 7% Ay, % WT 14

PR30, 1% o PN 667 m* AR UCR Y P ok
O3 M, WT 55 SF-1 SF-2 #IH, 55— 7K 7= 48 22 Bl 4%
I, B KRR Z IR B Wi K, SF-1 5 SF-2
85 oK JE i R E , 4EFR£E 6 000 kg/hm”
LA, 1 WT W0 B8 T R (% 5) .

K5 IEEEAREGERE () (WT.SF-1 50 SF2) EiEXhikpr- 8
Tab.5 The yields of WT,SF-1 and SF-2 strains of P. haitanensis cultivated in the marinculture farm

B3 T B SE SR A K 11 7 et/ (88 T kg/hm®) LA AT AR SR P KB
IEAE D) yields per unit area of every harvest 7o/ (8 kg/hm?)
strains ( breed ) K ok =K UK total fresh weights of the first
first harvest second harvest third harvest fourth harvest four harvests of every unit area
wr 4 875 5250 4 050 4 275 15 450°
SF-1 5250 6 000 5625 5 625 22 500°
SF-2 5 400 6 750 5 850 6 000 24 000°

H:aflbE/REFTE(P<0.05,test) ,
Notes:a and b are expressed as significant difference( P <0. 05 ,z-test) .

3 e

AT TLAF, [ A Ah 35 501 ok 5 SR AR A 4
B A R 2R R T AR
AR TEIIEAT TG AR AR AR B R 5
1) AN B X AR T PR, H RS S A v
FORAMEGE I AR T (i) B HOAR R A i 22
IS T BOAR 1 7 A DL 7 220K AR A
B LR AR RE AR R R IR B it 1 ik
SF-1 5 SF-2 X B i1 22 IRIR A8 7 1 SOR BEAT
AR o 555K SF-1 Bl EAE RAAE , 77
FE PN B3 . H T SF-T A B 220k
PR A 0 55 B A Pl ) SR A 7 A (D e 22
M) e RS TT THAFAE 22 57, IR, 5000 3
VR R 22 AR R A R B 1 B A
AR R A IO AN, 2L SF-1 1 7e 4t 1L
Al 2, BB T 2 38 DL 7 220 PR A B0 R 1
JEAEFE R EOR o AR SR 2 2o A0 7 b ik
LR R SF2, M0, X e
TR SF-1 425 T 43. 0% , B A FAEA
SN DL B B 0 T RETH I R AR AR 7 R 1Y

WRIEABEFELE R, SF-2 0 R b RENAERKHE
RYLR & T W, B A IR, RAUE R
FEARAIEE s ol i X AP TR A8 B B A o R 20 TR
BHF 22U, N2 DX 5 5 A TR B PR T AN T
Ef3Ig X IRIH AN R S BN AE—E 25, (5 SF-2
TEAER B WA BRI e 25

1], SF-2 WIRT UK 7= & b SF-1 B47= 7 6. 7% , kb
WT SEIT 30. 1% 3 PN 55 D 5 T 1Y) 555 36 45
RIGUESE SF-2 BARKAER =i

RS IR E AR 75%
TH MR L S5 552 (P. yezoensis) J& , il T
P & R SN 5] LI 2 2 T35 253
PRI I T R 0 SE-2 il R R
B RE(Y N 31.95 wm, ¥ SF-1 1 14. 0% , % WT
WE38.7% , 5 HF AR AR BEESE IR AL Y R,
SF-2 W] LITE — & B FE L GE HLBR AL i 7 5 i
25 LA 22 1) [l

PR S Y e TR A i SRS T Y E
FERRTY H A R 50 A 1 B0 SR 55 A IE He
SF-2 [ BE A S E L WT & 95.05% , [t SF-1
1 7.70% , L] SF-2 FEM-RIK s B BT WT Fi
SF-1, Ji8h, BT SF-2 BEIHE & 5, ook
GYERRE T o, AR, X e —E R T B R T
SF-2 MRIRA K R H WT = 4

Zia EROIE AR, SF-2 B 5ol 1 ilcHUE:
BOR AR g7 e SR, AR KW
ReIE AN E . S8, TR X RS fil il i rp, 35
FaH R LG T R e i AR 4 05 S R s W)
Je SE RV EFRAE , R H B SE A6 R ) R T
17 R, ST KRR 2% B 1 5 8
HHEAE, I, In 8GR RFAEMF T
AR AT, EECR P S A R X 4 S AT 1)
BF 2, [ Il 8 4% BRE 48 3 110 35 AR 1l B R
W T 1 R DL e 22 RARFE S R, Bk ot
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Characterization of an improved strain( SF-2 ) of Porphyra haitanensis
( Bangiales , Rhodophyta ) and its pilot cultivation in mariculture farm

WANG Chang-ging', YAN Xing-hong'“, HUANG Lin-bin' , LIU Chang-jun®
(1. College of Fisheries and Life Science,Shanghat Ocean University ,Shanghai 201306, China;
2. Xiangshan Fisheries Technical Extension Center ,Xiangshan 315700, China)

Abstract: The characteristics of the improved strain SF-2 were evaluated and compared with the improved
variety SF-1 and the wild type of Porphyra haitanensis according to the results of the laboratory studies and
pilot scale tests in mariculture farm. There were significant differences between SF-2 and WT in growth
rates, contents of phycobiliprotein, thicknesses of the blades and yields of pilot cultivation. The absolute
growth rates of SF-2 blades were significantly higher than those of WT. The length of 90-day-old SF-2 blades
was(391.6 £47.37) cm which was about 10 times longer than WT. There were five peaks in the in vivo
absorption spectra of SF-1,SF-2 and WT blades between wavelengths of 350 —750 nm,and the peak values
of SF-1 and SF-2 were almost the same, but both higher than those of WT. The phycobiliprotein content of
SF-2 blades was (90.81 +3.98) mg/g which was slightly higher than SF-I and was 1. 95 times higher than
that of WT. The mean thickness of SF-2 blades was(31.95 +4.16) um, which was 14. 0% and 38. 7%
thinner than that of SF-1 and WT,respectively. The number of the released conchospores per shell of SF-2
conchocelis in mariculture farm was 286 000, which was 43. 0% more than that of that of SF-I and was
sufficient in cultivation. The fresh yield of SF-2 of the first four harvests was 240 000 kg, which increased by
30.1% compared with WT and by 6. 7% compared with SF-I ,resepectively. It came to a conclusion that the
superiority of the improved strain SF-2 possesses the value to be applied and disseminated.

Key words: Porphyra haitanensis; improved strain; growth rate; phycobiliprotein; pilot cultivation
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R, H KR 9 30,5070 F190 d, B R RAREE 5 em,
Plate I The gametophytic blades of WT',SF-1 and SF-2 strains of
Porphyra haitanensis cultured in the lab
1 —4. WT blades cultured for 30,50,70 and 90 d; 5 —8. SF-I blades cultured for 30,50,70 and 90 d; 9 —12. SF-2 blades cultured for 30,

50,70 and 90 d,Scale bars =5 cm.
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BRI IZZERAE@AR(F) (WI.SF-1 71 SF-2) £ XBIERI IR
L ~3. MK WT SF-1 F1 SF-2 55— K MR 5 4 ~ 6. KA WT . SF-1 F1 SF-2 55 K MR A5 7 ~9. MK WT . SF-1 F1 SF-2 5
ZOK AR s 10 ~ 12, MU WT\SF-1 Fil SF-2 27 PU7K AR
Plate T The gametophytic blades of WT',SF-1 and SF-2 strains of

Porphyra haitanensis cultivated in the mariculture farm
1-3,4-6,7-9,10 —12. The fist, second , third and fourth harvest of the blades of WT',SF-I and SF-2 strains of P. haitanensis cultivated

in mariculture farm,respectively.
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