HEDKFERRE 2020 £ 9 B, 27(9): 1052-1061

Journal of Fishery Sciences of China & 17‘1:1 ‘ié i

DOI: 10.3724/SP.J.1118.2020.19386

KEFXNETEFARERERZFNZN

1,2 s 2023 om o w2, 3 ) 2,3 3T o 4n2,3 “£2,3
FoEoS A@EATT, BT, mIES, KA®TS, EXRT, B FE
1. B RFK = 54 arbe, Ll 201306;

2. WE KRR AT B B K AR SR T, Al AT R nT R R RS SRR, IR HE 266071,
3. HEEERE SHEARR S EREZGE, RS EY - BB E, LA F5 266071

WE: R TR FSIEARIA . B &F T %47 (Saccharina japonica) it F1A4 K & B RIS, LIEH EE 1 5
W | BREMC A SRR FR BB, LA A SRR EE B AN L B (P)E TR 3R 1 KK 5 3R M, B INAS [R) R B (O pmol/L
0.36 umol/L, 3.60 umol/L, 8.90 umol/L. 17.80 umol/L)AY%#kES F(Fe’™), it il Y6 R 48 1T 1 fie KPet =  (Fo/Fyy)
SR C T8 TR AR ORI, S8 T3 R B R (AR R . HEOR R | G BRI L TR & B 5 A AR .
ZERWIR, N, P YRIEZM 510 0.825 mmol/L. 0.0336 mmol/L f 4, e 3.60 umol/L i Fe™ Xif g it 11472
Fe L KB B HEVE R, EARR N, P B ST, FeP e Jy 3.60~17.80 umol/L I AE %42 w2 v e 714 i B
KPOra&, HAWEHZEEA BEME2ER(P>0.05); N, P #kEIAF 0275 mmol/L. 0.0112 mmol/L I, 0.36~
17.80 pumol/L f) Fe* RE A% i s g7 il 14k Hh 85 30 A K i At AR K, Fed " WR B 3.60~17.80 pmol/L i A 5 25 12 3t Vi
WHE TR A A R, HAWEHZ A B EEZERP>0.05); B N.P¥E A3 0.825 mmol/L.0.0336 mmol/L,
FE TR S A T AT B WA 0 T VR 4 e 8 95 A8 RKOIRAS B Fe? MR BE 35 %1 3.60 pmol/L, 7E NP ¥ 0.007 mmol/L .
0.0003 mmol/L %4, KM L F IR (65%) AR 16 B 2 A KRS, BN H LTI (35%) #EA T A5
HRORES, EAEFE A K S TSm0 R A A4S N PRIEZH . ABFZEEM, 2R N, P S5 sh gy ie T4
(485 5 A B R AR B AR A LA b IR SRV FH, A ity T 1R e 7 3Rk K B R A U AT e A e R v 1 O A TR
2 TEINGE BB A L(0.275 mmol/L) . B3 £5(0.0112 mmol/L)5F TR, WIEH 3.60 pumol/L By Fe* i it
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ARAESLBRE 1 AE 7 AL .

X TE 1A 5 AR K R A A K R ) s 2 R
2o ¥e i, 45 Bl (Laminaria) . B 38l (Lesso-
niaceae) . ¥ #Fl (Alariaceae)?s B 1 A B M5 HY
PSR EFRER . OURT . JGIR AL IS A
Be R o R MRS Wi AR A K R B I
R o XTI B, — MR IR B A R TR
RHEAER AR KRS, U0 Martins 25 PWF5E & B
R (Laminaria digitata) Bt ¥ 148 5 4E K 1Y
s R IO 10~18 °C, ik & iy i e
Bl A 5~15 °C; 6 CH} Al ¥4 ifg 47 (Saccharina
|atissima) it A AR A8 AR 4G, T 13~18 °C I b it
LT RGeS IR KRS o TR R, W
IR BINGE 5 AL . R KR4 8 I AR 2B A
Ky bds £1F, nxf E 3 (Macrocystis pyrifera) il
W 3 (Undaria pinnatifida) it 114 4 BT 57 2 B,
B FRTERE TR A M F LR T, fEAE R
e s i OB R Sh A K R E U, BT & BLE
H N, P EFRBAN TR ARAER LG A
AR, R U T ORI AL BRI X
it FAARIE LAY, TAH N @ P>15 @ 1 BF SRR
WHELTFIRBIE o X TR ER, 85 &0 T KA
W BRI AT 7R O BT i AT KB B, 7E
R W 4R 32 A KRS, I Bolton Z521%
POEER/INT 20 pmol/(m?-s)i} B 4 (Ecklonia maxima)
Bt TR BEAT 8 FR2E K, 1T 20~60 umol/(m®-s)E5i
AR B PR AR B AR K . OB L, — A
R W T L AR 7 5 A R AR B AR K I A R
VEF, 2063 Ae A i A g K11

IR IR PR X R RS L R R R
— M AETEE S HAEH, ER A RE A8 EEAh R
ANFA BT 22 5, AE SR E L LR 2R
M, ZHW 5 H B SOCEN HARAMBECER, M
X IR MR A . TERAAE R R, Bk
(Fe)le—F AR DRy EF LR . HAET, BN
AP P W (AW 5T S B B 36 K B R %
B K MUK ARIREE 1 5 min U101 A 22 2017
W 5% % BBk 75 F (Fe™™) ke J&E % 9 F2 A 38 (Scenede-
smus quadricanda)Fl7K & £ [l 5 (Anabaena aquae)

K 3 R R, AE Bk

FAF T ESEHEAMN ALK BRI AR K

SeAVERIRI 4R a FRIA B ERW ",
WH AR, BIE RN F, AN T4
BB o BFRC R I Fe BB S 16 MEBC 1A 1 &
B Fe ML RO T & R EEAA
Al B 2P, B ¥ (Macrocystis pyrifera)7E4
G Fe A NHHTRCFIRAEFRAE K, fERES
Fe MM T8 FRERD, B, A% Fe X
o NAER I = A TR0/ Sk A L 713
JEE X -4 o 8 3R AR A 1) AR R R B S R AR
FH B AL 1 R I . AW 55 LA AT (Saccharina
japonica) ‘E{'H 1 5 M HERC TR TERE R AR, 8
b OISR IR ROR BARE, ME RS 1Y
RPN 5 (Fo/Fr), THRBL TR B RO EIE
B RO AR RS, R5T Fe A B
() A2 ELAE FH XA BE 1A v B R AR K OB B 52,
B 1R O B R F e BOR R IR S

1 #MHEFE

1.1 SRIEHR

DIAS S50 55 R A7 09 A RO ES B4 i v e < o
B LSOME . MERC IR e RE ROV S AR, HEE 1
5 R A E KT R R R R E 2S5 4 W T
WA R, SAEIE SN GS-01-006-2011, ZHT
TR IS 7 Rl s =TI B =M N (T =
FROE, 2R ER @) LA T) iy E R X EH
B SRR R 2 —
12 XWHE
121 EBHEBRWPIES (DA LWHKIEE ESAW
Pic 77 PIUHEAT BRI CR AN &5 Fe f03RX5)), B N
(NaNOs). P (KH,PO4)¥&E 43510 0.55 mmol/L .
0.0224 mmol/L, 7 IRt b F 4% Ho Al s 43 A 7AE,
Ho A8 N P Al Fe AHN IR ER WOV EE o —RANEN 0
N. P HNI+P1) I N TIHEKEE T F&A R N, P
IR, N P IR (NL.5+PL.5)AY N, P ik
MR NIHP D 1.5 4%, BI N, P R EE4>51
>4 0.825 mmol/L.0.0336 mmol/L.N1+P1 1 N1.5+
P1.5 Hh & E 54 Fe' " (BATC EARMER I, WLHB
6 BERREE, 4334 0 pmol/L . 0.36 umol/L .
3.60 pmol/L . 8.90 pmol/L. 17.80 pmol/L, /K
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B2l A B 3 AT,

QR RME KL U8 . i Ak KR 5 A,
M KRG K AT FTAR NP RESSNA N
0.007 mmol/L . 0.0003 mmol/L . ik 541 (N0+PO)
RRIRIFK A G & NP R, 5841 (N0.5+
PO.S)H Y N P e N SR 2H(NT+P LR IE Y 1/2,
BN P #e & 435124 0.275 mmol/L .0.0112 mmol/L.
AN NP WA AW 54 Fe' HERE, 2059
4 0 umol/L ,0.36 pmol/L .3.60 umol/L,8.90 umol/L .
17.80 pmol/L . BRI 431 B 3 4 FAT,
122 BFERERMEFR M. B AR
2 L HRBINR S, HAIRAL LR RS A TR
ARG S R FRSERE RITHE, 10 sAR, $TH%
10 &, SRJEH] 400 H i &l ug, HOg ik 7e Wik
BE TSR, AHMB B 100 pm A2 AT o DR AE
TERH AR R SR I, B 24 h 3B A -
T F- 1A 5% 32y S s 100 R AT 10~15 21 Jifg
B KB e R 2838 4 B BLAR 9 em (1)
BigR LR R 3%, K3 560 JEIR 50~60 pumol/
(m*s), I 10 °C, JEREHL 10 : 14, Fi3RMo 51
SR IS [R) e B2 4 1 AR MK RN TR, &E 7 d
K 1R,
123 REZH N JZFKAXFEF/Fn)BUE K
W | HEBC TR E R 2R i AREE 7 TR, A S AL
B b, R st 9: J6HR 50~60 pmol/(m’-s),
IRIE 10 °C, JEREI 10 @ 14, IEFRW A9
Ivi] e J3E Ak () R AR HE K RN T K o R P I o -
Z0OE 4% R % IMAGING-PAM, WALZ, fi[H)
MERFE 0 d. 4 d WERSG T KPS 2 (Fy/
Fu), BUDE ST &Y, BHER 20 min J&5 2
Fo/Fmo
1.3 BFEEK. A EHEEHNE

e USRI TR A K ETRE, &
3R 1R, g R 21 do

B 74 9 B P e A 4% 5 L P B ATL UL 2
10 4~ 100x#L %, | DLC Performance #{F4A18,
Image-Pro Plus 5.1 {4 25 Ml P 14 98 B .

Bl F 1R % & REHE: BB F5 M EEHL L EE
10 4~ 100<ALIEF, 430l S it IR 9L a . HEDY . 41
TR AN AL, BE TR DR 2L T R IR 48T i

BT S AR E A e, HESR A HE IR L A
MO A 43 L G TR B K B R 1
H B E A L R E RN INREIE L. HE
e R @ S B AR ey | P 1V U G O N o
14 HELE

fdi 1] SPSS 19.0 X MERC 14 1Y BR B IE i3 |
HEBR A | Q8 R R B R T BRI R 22
Hr A1 Duncan £ HL#, P<0.05 25 3

2 ZER5451Hh
21 AR FERENBHERFAEEREKDY

Al
211 AR Fe*iREXEHE FIRERESHE
ME S5 FRR Fed MR N 0 pmol/L i, R N
P BFRILERAL, WA TR R TE S
MEFRAERK, MARITRE, A0 WL AN
P ICOR I i, ANUIE AR I 1a, 1b, 1c B
7R, 6 d PN EE TR 40 B v i TS 1 4 e A
A, BN, 40855 A 5], Al B
BENE L, HEl TR0 B2 58 B TR R Y
5.6 pm K F] 7.9 pm, MERL AR 40 BT 3 VR
HATIE 1Y 9.5 pm B F 14.5 pm,6~18 d B, BiL
T ER A AR K AR B AR . Y
Fe* "W i K 0.36 pmol/L, K535 MK NP &5k
R 4R i K (NO+PO)Y I, 1371 il T 14 T b R 2B A7
ZIEFRAEK, RN LRI H R £,
(EFWIIE 3359

16 Fe? Wiy 3.60~17.80 umol/L £4F, &
WRTIRINARSMNY NP E SRR, Wy B RT3
T B ERK R EREE 1d, B le, B 11):
6 d PN 20 i B S s TS 1 4 A R R A3 S
BN, A mAs), MBS HEZ, 6d
Je, MERC T AR AN B V-2 8 B AT RS 1Y 9.5 um
R E] 12.4 pm, ERC T AR 40 i 2% 1m0 LB B0 B 4 T
RO PR I, R RRE , R
KIIKIE, 15%~20% 1) M T 114 5 24 2 8 R 1k
IR 1d), 10%~15% A LT ARk H (51 B
(El le); 6~18 d PIRHBZr MERC 1A W5 & A WA B
B HRIRIFIE A (1F ©), 18 d I HERC TR K
BRI 85%~95%, Hh 50% 254 Z A4 .
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a. FTHEJG BMERC T8, b, MERCTIRE SR A KA o ERE TARE IRAE IV, . ETC T A0 9811 B
e. WL T HHEDR; £ 2l TR
Fig. 1 Early development of female gametophyte of Saccharina japonica ‘Huangguan No.1’
a. Fragment of female gametophyte; b. Early stage of vegetative growth of female gametophyte; c. Late vegetative growth
stage of female gametophyte; d. Oogonium development of female gametophyte; e. Ovulation of female gametophyte;
f. Early morphology of young sporophyte.

212 AE FeREXBHEER FEREREHR
SRMEM EARLERAT, KM T
TRINES 6 KT bR BEIA & (0 & B HRAE, AT 6 d 3%
REEFER, UAMMTE R m i AR K
FIFE AR o FH &L 2 T, 7EARSZES N P YR EEE I P,
RiE NP EFRAKF M, 24 Fe’ WEH 0 pmol/L
Hm 3] 3.60 pmol/L I, XA B T4 354 K
PR RO HEVE B 5., Fe¥ MR 3.60 umol/L 417 37
A B 25 KT Fed Wk 0 umol/L 1036 pmol/L
41(P<0.05). 1H Fe U BF iy it — A5 3l hin otk i 7 i
TR B IR K R 08 O AR NS, Fe’ Uk B i
8.90 pumol/L 455 % 17.80 mmol/L I, Mg 44 5 i
T B F 2 R (P>0.05) MK NP &1, 24 Fe’”
i 0 pmol/L ¥4/ 0.36 umol/L K, (NO+P0)4 ()
AR A R, A NP S R A KR
FEHR AN B35 (P>0.05), ULIAEY N, PEFRAL
F, BRATLAZEf# NP B = XA AL TR E SRR K
HIARFISEM, TR N, P EFREEET, ik
() Fe” S WAty Fie 7 1A 14 785 95 2k K BLA B imd VR A

WIAEAR N, P B FEEh 4 (NO+PO), Y4 Fe i & ik 5|
8.90~17.80 umol/L B, Ay Fit T~ () 5 i il 25 41K
F Fe' 9 3.60 umol/L 4514 F 158 i (P<0.05), 1E
WAL TR SR R, Fe TS N P SRR AS
P YE, BI4 Fe’ A1 N. P #BAb Tk B [Fe’
9 3.60 pmol/L, N, P SH(N1.5+P1.5)]f, il T
TR B Foe R 0 A K
22 FE FEREMNBHEEFAEERLEE
I Ay 2 i

AR HE FIRE RS &Kt ™ &
(Fy/F)VE R i i e A2 RS 9 H b . ZEARSE
WAPET, TR ME | HERC TR SR RWILR (R 0 K)
B Fo/Fo 43514 0.232.0.189, 3558 4 d 5, A
450 T LTI 8 SR A KORS B, Fo/F H
ZRE 3, B 4 fin, RRABEE R AT,
TR A Fe o e e 70 10 42 A 45 e i 1
RHEEAR —5, Fe' " WREERIMNE, M. MR TRAY
Fo/Fo 25 ETHES, Fe W EEH 0 umol/L |- 715
3.60 pmol/L B}, Fy/F, 5T, Fed Wk
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0] (NO+P0) [ (NO.5+P0.5) W (N1+P1) M (N1.5+P1.5)

18 -
n=3; x+SD N A A, gzs’;s As
161 B, A3bz3 3333 A4b7 bA4b4 QS ‘
4l B g wTRE T YlTd T
% A a, B| 841 ll 3234 l l
B 12t ,'1%
e ol
|
6 L
2
F 4l
21
0 1 1 1 1
0 0.36 3.60 8.90 17.8

k¥R B /(umol/L) iron concentration

B2 i HE 1S MR AR Fed W T
FigR 6 d RO 4RI 98
HRE ERS  /ING 0N bR A R e 1 A [l — 20
ZHWE, [F)—H B F KRR 22 57 25 (P<0.05).
Fig. 2 Cell width of female gametophyte of Saccharina
japonica ‘Huangguan No.1’ on the 6th day in
different Fe*“concentrations
The uppercase and lowercase letters on the histogram with the
same number are compared as the same group. The different

letters in the same group represent significant
differences (P<0.05).

O (NO+P0) [ (NO.5+P0.5) [ (N1+P1) M(N1.5+P1.5)

0.50 - _
n=3; xtSD C,
045+ C, Cs
C, C, C, C,
0.40 - G o % S
035t BU X .
B be
0.30 =N . N MIE
0.25+ 2 a %

0.20
0.15
0.10
0.05

0

JERGE I (PS MR IO B/ (F/F)

optimal chlorophyll fluorescence quantum yield

0.36 3.60 8.90 17.8
Fe¥¢ &/(umol/L) iron concentration

K3 M EE 1S MR TARTEAN R SRR B SR A T
FiFe e 4 RERSG N o K9 B (F/Fy)
HARE ERS | /NG T hn A R 5 1 A [l — 21
ZEHIWEL, [F—H AR IR 7B R R 22 57 .35 (P<0.05).
Fig. 3 The optimal chlorophyll fluorescence quantum yields
(F\/Fm) of male gametophyte of Saccharina japonica
“Huangguan No.1” on the 4th day cultured in seawater
with different Fe**concentrations
The uppercase and lowercase letters on the histogram with the
same number are compared as the same group. The different

letters in the same group represent significant
differences (P<0.05).

CJ(NO+P0) [ (NO.5+P0.5) E(NI+P1) W (N1.5+PL5)
0.50
045 |
040
035} B,
030 <o B Bl % AB A
025} a
020
015}
0.10 |
0.05 |

0 1 1 L L
0 0.36 3.60 8.90 17.80

RAHE B /(umol/L) iron concentration

K4 il BE 1S MERC T IARTE AN R g B AR A R
REFREE 4 RICRS T I KB &(F /Fy)
HORE RS | /NG S8 R A R 5 1 o [l — 21
ZEILEK, [F—H AR TR R 22 7 W35 (P<0.05).
Fig. 4 The optimal chlorophyll fluorescence quantum yields
(Fy/Fum) of female gametophyte of Saccharina japonica
‘Huangguan No.1’on the 4th day cultured in seawater
with different Fe’" concentrations
The uppercase and lowercase letters on the histogram with the
same number are compared as the same group. The different

letters in the same group represent significant
differences (P<0.05).

;G bs

b,
Boh T JCS ¢

n=3; x+SD B,C, g4
3
2 bs by

B,C. )
bs

SRR G I (PS L) MBI B/ (F/F)

optimal chlorophyll fluorescence quantum yield

3.60 pmol/L 41 W3F T Fe’ WJE 0 mmol/L #
0.36 pmol/L £H(P<0.05); {H Fe* ¥ i it i, Fe'
T RE RIS R R Fo/Fo s 942 EAE A FR,
B Fe* #k B4 8.90 pmol/L Fl 17.8 pmol/L B, ¥
WD TR Fo/Fn 5 3.60 pmol/L B JG i 35 1
25 (P>0.05),
23 AE FeREXNBERFHBEEFRERE
& B 4EER

TR TIRG R E TR K Rl K
PRI R LA B R R, M TR BT K
HEOR K A2 K5 R4 PR 0 S8k i, 5 T
WS GE T, PR O T iR . HEBN R R4
B B A N 7 B VA T R A 58 A K R R
mz 1 FiR, RREN, P EFREIEMT, P
A, VA M T TR O TR R A B A, B
Fe’ W% N 0 mmol/L i, Bl A4 Bl Fi A4
KARAS; Fe¥ Mk BE 4 0.36 pmol/L B, 45 12 Kt
IR B R AN HEDN; Fe* WeJE H 3.60 pumol/L .
8.90 umol/L . 17.80 pmol/L i, %5 6 KH¢ Tkt IE
ST I HER . (RIER) N P I T Fed X
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*x1 BHEARAE IS EFREFRASKKRERGTHLEE)
Tab.1 Thedevelopment of Saccharina japonica ‘Huangguan No.1’ gametophyte in seawater with different Fe** concentrations
n=3; X£SD; %

%6 K day 6 %12 K day 12 % 18 X day 18

BRHeRE/ N, P R4

. ey
BTon o MK g UL WRBRE g ORBRE MOBRE o GEDIUK
concent- concentration ©0OMIUM 1 ion  seedling CCZOMUM™ (U ilation seedllpg oogonium L on Seedl‘?g
ration group formation rate forma-g formation rate formation  formation rate formation
rate tion rate rate rate rate rate
(NO+P0) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(N0.5+P0.5) 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
‘ (N1+P1) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(N1.5+P1.5)  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(NO+P0) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(N0.5+P0.5)  0.00 0.00 0.00 8.30+0.05 13.80+0.06  0.00 11.20+0.04 18.40+0.04 7.20+0.04
0-36 (N1+P1) 0.00 0.00 0.00 0.00 0.00 0.00 5.50+0.05 11.00+0.05 5.50+0.05
(N1.5+P1.5)  0.00 0.00 0.00 6.70+£0.06  7.60+0.11  0.00 10.5+£0.03  23.70+0.04  7.90+0.04
(NO+P0) 0.00 0.00 0.00 5.50+0.03 15.50+0.11  0.00 8.50+0.02 16.90+0.03  6.80+0.02
(N0.5+P0.5) 14.70+0.13 21.60+0.18  0.00  14.90+0.14 28.60+0.19 22.00+0.11  3.10+0.022 39.80+0.02 48.00+0.02
60 (N1+P1) 14.00+£0.12  6.40+0.08  0.00 24.90+0.15 18.70+0.10  7.00+0.10  4.80+0.036 26.30+0.05 47.90+0.05
(N1.5+P1.5) 20.10£0.15 10.70+0.10  0.00  17.80+0.11 31.40+0.18 18.90+0.12  1.10+0.028 35.30+0.03 57.40+0.04
(NO+P0) 0.00 0.00 0.00 7.70+£0.09 12.20+0.09  4.50+0.044 9.30+0.033 14.70+0.04 11.60+0.03
(N0.5+P0.5) 26.00+£0.15 13.50+0.17  0.00  15.10+0.02 25.80+0.03 29.00+0.04  1.30+0.02 26.20+0.02 63.80+0.08
520 (N1+P1) 14.30+0.13  7.60+0.07  0.00 18.80+0.19 34.70+0.12 12.70+0.14  4.30+0.02 33.10+0.03 52.50+0.09
(N1.5+P1.5) 22.20+£0.18 11.10+0.11 0.00 16.30+0.12 33.50+0.15 20.10+0.08  1.80+0.01 39.30+0.02 53.60+0.04
(NO+P0) 0.00 0.00 0.00 6.60+0.03 12.40+0.03  1.70+0.03  8.30+0.03 12.80+0.03 10.10+0.03
17.80 (N0.5+P0.5) 20.60+£0.19 12.40+0.12  0.00  14.40+0.09 28.20+0.13 23.30+0.07  1.30+0.02 33.80+0.13 59.10+0.03

(N1+P1) 13.40+0.13  17.30+0.11 0.00  24.70+0.02 29.70+0.04 17.60+0.03  5.50+0.02 39.60+0.02 40.90+0.03

(N1.5+P1.5) 19.50+0.10 15.40+0.08 0.00 17.20+0.03 17.00+0.03 23.40+0.04  1.40+0.08 33.80+0.12 51.10+0.10

W N. P YEEEAE NO+PO 2H% 0.007 mmol/L. 0.0003 mmol/L; 7£ N0.5+P0.5 £H°}4 0.275 mmol/L. 0.0112 mmol/L; £ N1+P1 20} 0.55
mmol/L., 0.0224 mmol/L, 7 (N1.5+P1.5)4{>% 0.825 mmol/L. 0.0336 mmol/L.

Note: The concentrations of N and P in (NO+P0) group are 0.007 mmol/L and 0.0003 mmol/L; in (N0.5+P0.5) group are 0.275 mmol/L and
0.0112 mmol/L; in (N14+P1) group are 0.55 mmol/L and 0.0224 mmol/L; in (N1.5+P1.5) group are 0.825 mmol/L and 0.0336 mmol/L.

BRI AR B AR K R VR, (NO+PO) &4 T,
55 6 KA Fe’ W B 418 T 349 BL 00 42 (4 T2 ik,
FHEG, B Fe WREEMTIE, AN TIEN, P&
FEER XL BT R AR A AR R AR, i Fe”
HeJF H 3.60 umol/L. 8.90 umol/L. 17.80 umol/L,
FEAS 12 KRBT BT AR B A K 1l Fe™ "W IE N
0 mmol/L. 0.36 umol/L i, ik N. P(NO+P0)4b H
HE AW A NIRRT AR . Bl 5 R,
Fe* W iF A 3.60~17.80 pmol/L B, T it F A1)
RALE R ES T HAM Fe’ WIE (P<0.05), H

I8 N, P(NO+PO)AL PR ()37 Bt TR L B R
5 FR T HAl N, P 4H(P<0.05), Fe’ e/ T
3.60 umol/L i}, Fe W J& Ths i ifg Bl 71 iy &
W AR BEVE ], F WA 3.60 umol/L
8.90 umol/L . 17.80 pmol/L WA R EF X W
E2E 7 (P>0.05), L5 L FTIR, A R T i+
RABE AR, T RE Y LT 3 R AR K e R
FAE K AR T G R, M Fe HE N 3.60~
17.80 pmol/L s, kX fic -4 A8 5 A= K 1 f2 i 3%
Rtk
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Fig. 5 The final development rate of Saccharina japonica
‘Huangguan No.1’ gametophyte for 18 days under
different Fe** concentrations
The uppercase and lowercase letters on the histogram with the
same number are compared as the same group. The different

letters in the same group represent significant
differences (P<0.05).
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o ABFE B FIRGITERE . MRS
O A 0 TR 0 78 R AR R AR BRI B
PV . HEBR A | 26 (AP AR ok Al o e
PR T A KA R, HEMIERST Fe’ Pl Tk A K
KEWMEHEAE ], AHoe2s Fok iy & v A r= 2
WEZENSHME.

Fb AN [ 1 5 B[] J Y ol - ot AR b R
T C T A B A K o R R A LAY O kP,
A 000 5 A 4 e R e AR £k ke Al o i T
TR A K BARGE D 2 AR R B, TR T
SeRE R AEY AN, U8R SRR E IR
K, T BC A 40 T R 1 R A R S ke LA e
BERMEFRERKMNEN . CREE T KK &
(Fy/Fo) e i i A A PR S 10 BB AR, L REvE
Tl S5 IR TR T R A AN ) 4 P 0 2 BR800
R, AR50 R 4 M 58 BE A Fy/Fy, {8 R S e

TFRTE R R B BE 45 PF T B9 A K ORTZE BRI, 25
RRVE B RE TR EREFTREA R
FHIMEHEVER, 3.60~17.80 pmol/L 4%k B ] i
FHR I RN PPy T8 E R IR B P’
W R = BRI SR a W ETHE, JEmE
HEBC T O A ], Fe W i T 21.40 pmol/L,
X A A A (2 A FH 23 52 B R A 20O
R B, & T Fe' W A T4 o i 8
(Microcystis aeruginosa)4: K M4 Z & i, &
Fe’ ¥k J3E 76 35 77 i 301 il 12 F i 26 2 10 A i,
BFIFEEARAR, FERFRE WS H s &R
(G, AFIT#EAAE K . Kuwabaral YHF5EIA
Tk (0.34 pmol/L)RERS e HE B d i B o AWFSY
R, Fe' W BEH 8.90~17.80 pmol/L At (4 i i -
PR M 55 5 5 Fe® 4 3.60 pumol/L ¥R BT (14 it 1
RS IR B 250, 76N P EFREETT LT,
Fe’ ™ 3.60 umol/L I R JiE 1A A K Al 41 i o
B X5 TE T RIS 0 T A AT
WA 45 A — 2

A5 2 BH 1% 352 5 P B R TR B TR Y &
HEEMSLAA DR E Lining 2555500
AR R AR Y AT RS 45 R TR T (Laminaria saccha-
rin) it 7 AR 58 AE K A O . —EWRIETER P,
Fe' "W BE MRS, Tl TR & T LA B N Db G, A
Fe* "W 3.60 pmol/L .8.90 pmol/L Fi1 17.80 pmol/L
ST, BETIRTE 6 d N JE B 8 SR K g
A5 g A B A K Fe W 0 pmol/L I, AR N
P VKRR TR TR RS LT, Mk—H T
BRAK, XU F b il ik g 57k
KA mAK, %5 Lewis P20 50 45 5 A0
— 3, BIAE B A B INER 018 LR A AR &
AR, B RV T A A A A K 1
P, AP FE s & BBk K0 mmol/L)fii
M2 R A a2 B i E I, R R R R
BRI/ . AR, Fe' WIE Jy 8.90 pmol/L
17.80 pmol/L I HL TR % & RKIFBA b Fe*' N
3.60 pmol/L WYL Tk & %, HIERWKE
BARM AT, BE T Fe’ WM 3.60 umol/L
B Y & %6(P<0.05), 2 BBk vk B 2o e 2 100 1 ¥
TR R AR K, X5 Pivokonsky 2504
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Effects of iron on the growth and development of gametophyte clones
in Saccharina japonica
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Abstract: Saccharina japonica ‘Huangguan No. 1’ female and male gametophyte clones were cultured in steril-
ized seawater with different concentrations of nitrogen (N) and phosphorus (P). The effects of different iron ion
(Fe*") concentrations on the growth and development of the gametophytes were studied via observation of the
morphological changes, the maximum fluorescence yield of photosystem II (F,/F,,), and calculation of the game-
togenesis rate (including the oogonium formation rate, ovulation rate, and seedling formation rate). The results
showed that 3.60 umol/L of Fe’" was the most effective at promoting vegetative growth in S. japonica gameto-
phytes in seawater with N and P concentrations of 0.825 mmol/L and 0.0336 mmol/L, respectively. Under differ-
ent N and P concentration conditions, the maximum fluorescence yield of kelp gametophyte could be increased
when the Fe’" concentration was 3.60—17.80 umol/L, and there was no significant difference between each con-
centration group (P>0.05). Under different nitrogen and phosphorus concentrations, the oogonium formation rate,
ovulation rate, and seedling formation rate were significantly improved at Fe'" concentrations of 3.60 umol/L,
8.90 umol/L, and 17.80 umol/L. So the iron could increase the developmental process. When the nutrient concen-
tration of N and P reached 0.275 mmol/L and 0.0112 mmol/L, 0.36—17.80 pmol/L Fe’" could promote the S. ja-
ponica gametophyte from vegetative growth to reproductive growth. At Fe’ concentrations of 3.60—17.80 umol/L,
the gametophyte development indicators did not differ (P>0.05) among different nitrogen and phosphorus groups.
Even if the N and P concentrations reach 0.825 mmol/L and 0.0336 mmol/L, all of the S. japonica gametes re-
mained in vegetative growth without development under the iron-free conditions. If iron was sufficiently available,
most of the S. japonica gametes (65%) remained in vegetative growth under low nitrogen and phosphorus condi-
tions. A small proportion of S. japonica gametophytes (35%) entered the developmental state, but the development
lagged behind the other N and P concentration groups in the experiment. These results indicated that iron, nitrogen,
and phosphorus have synergistic effects on the growth and development of S. japonica gametophytes and that iron
is the key factor in the transition from vegetative growth to gametogenesis. Under appropriate concentrations of
nitrogen (0.275 mmol/L) and phosphorus (0.0112 mmol/L), additional Fe** (3.60 pmol/L) had the greatest effect
on the transition process. This study provided a theoretical basis for iron, nitrogen, and phosphorus use during the
culture process of gametophytes seedlings and promotes the development of its seedling industry.

Key words: Saccharina japonica; gametophyte; iron; vegetative growth; gametogenesis
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