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HE BT e & 4 R A (Pyropia katadae var. hemiphylla) 22 4k 1K 72 7 B 4k 0K T B9 A
XA KFEFERGR), BFERHRERETERLEMERCETEER LSS, FREALE. WAL
GE. MAMBEES)NEAAE, UMHRGETHAE KRB FERHRNKRERE, 0P
BrRHECRKRETNEEE T NI, HARERE T, #0040 mg/L %K E T, Frr% ¥
LR EFERELAREN RGR, LEFANKAETFFEF/Fnfm AT HEERUNET T E
[YNPQ)], kWA M4k R E T RIA T HRELN LB ERELRPELINRS, HATHEK. &
K (0.160~0.800 mg/L) 41 By & = % # RGR B F 1K, T2 RAEA T ERHRE L EH v,
FRBKRENF T RLWERAEK, MEHTRLEREKRAADZERANET, WRLRE
HEFRMWHE FIFn EREWERXXR, XU ERELARTFERE LS, MR2RENL
RERREEEFRS ., FNAMEELTEEEAROS)GELEE I, MEAY PEFHEAREGE
LR A A AL B [ AL 4 S B (SOD) . i A4 BE(POD). A Bt H KL JR BE(GR)7E /1 5 ROS & &
HERFEHAXR, RAELNTAMRAT %N FH T E ROS 1EH R ML, DT ROS
By = A g s ABFR T N Frr LR AR TR MK

KB ETEERATA; B AK; BTEEER; TERERAESH; AR
FESES Q94579 HRFRIREE A XEHRE  2095-9869(2022)02-0204-11
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J& T 4L % T (Rhodophyta) . £1 %3¢ H (Bangiales) . 41 AT T BB RIENRERRSE, 1999; LB,
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2011), fRdb e nt S8 WF AR B AR K 2 2 MERE R 44, M
IXRIE DX — 45 o A N FEER B o il o0 i 2 AN 5%
B4 (Tseng, 1983), HARA K A8 8]+ AR A1 78
b, — AT RIAER T 1, b B AR R R
AT BERCIE W A VR s A AR S Oy =, S AN IX R S 1Y
AEDL B S Ah(Wang et al, 2016), {2, HuEifEILE
PSSR A T RO T ROR WS R, PRI AR SR
FER R o

45 3% (Pyropia/Porphyra) H A4 # &5 1Y 8 35 4 i il
VMR RS, 2018), 23K FE i Z AR 55 1 3
Z—. HEI, £&MZ3E(Pyropia yezoensis)fliz 43
(Pyropia haitanensis)/& 3% & 32 22 i £ S gk B i fh,
— R S A R R s A Rk = X 2 Ay
SN HAE A )45 B v X, AT LRSS R PR T, A
T LB B (85 4, 2018), T4k, Rl
B ARG R, PG R R, A
SRR B VR W BT R TR X H OB AT . A2 405 R 25 0K
fiff, A SEifg X AT % B SR, BRI i
Fp= gk e E R R, IR R AR E (R SE WA, 2012),
R G i 58 SR AR A ) s [R] [P R, A1 ) 2277 0 458 X B
M AR BSOS 50 A4 7 BB i As B0 HH (B B2,
2015; BAAFBRAE, 2020), (HH B AE 4852 WA 19 T
Rz BRI, 585 5 2 BN A2 e I Mt & 15 4y, dE i
SN FRFH S 7 B FN i i A ik — 2D B S S R A
] B R IROK XA, RS 3R ™ R s [0, B
it — 2 SE B R IG BRI 2540, TF R8T I 5 S Ak B
PR AR Z —

SRR BRI T LRIE RS, T E
T FH P 22 R A A 5 5 T 4 (A SR 52 . 4 5
WESE ) EE A, A LR SR AT
oY% 22 RS A DL S A ROK b R 17 D17 2200k 44
T B E R AR R TY, 2012), DISEZRIK4E
KEBABR—BAT R 4 B BasERmERKD
B T REIE B B . AR LY B A e A ik
BB Bt (He et al, 2006; X R 7Y, 2012), . FhAEE .
Jeu . B L AU BE RN v B S5 XA R i 5525 DL
AR AERKEE R AT 7 (BRI, 2005,
Frazer et al, 1995; He et al, 2006; Li et al, 2011; Lin

et al, 2013; Lu et al, 2011; Lopez-Vivas et al, 2015;
Knoop et al, 2020; Monotilla et al, 2010; Pereira et al,

2004; AR, 1998), —BOAN, AERRAIXT LR
BE . BEInEBRERN(BER 12 h KA ). 3E S &R T
RSB AK, MHE SRR | W
HEEFE] (B R 10 h DATF) L 3 24 38 in i A v {2 i 48 2%
IF W 22 o) 0 T FEA 5 AF (Frazer et al, 1995; He et al,

2006; Li et al, 2011; Monotilla et al, 2010; ¥ ZEI¥,
2012), BAENBERERK LT LT NMEICERZ —,
TEOCEER . WIRAER . HaRG R AR SR
BB SRR WO SE A PR R R A O E
H ) AE F (Geider et al, 1994; Hudson etal, 1990;
Raven, 1988), 7EZFYI LTV YILEY, B2
K f K (Kobayashi et al, 2012), HET, A&k
T B R IR S A I S LD (X R 245, 2004,
Manley, 1981; Suzuki et al, 1995), ¥ K 24324k 55 /0
BRAEFRHT ST AT 4t 1E (Shen et al, 2005; £ R4,
1983). X THkITF % 28 35 DL 52 22 IR A At - S BUE 1k
1) 52 M) B 5% 3 22 AR AAR X6 A ) 4 ke B Ay A4 B8 A ke i) iy
VAT AH S A SCHRHRE o ASBIFSE LA AR AL 52 50 220k
WRBEFRX S, WTHAK . BRI, JthE
PR R A= A2 G 5% A [ v B2 1) B g A, DA 3
HHARK . LB BRI N TEA FRAE AR,
T Ay b e i 2 b s S BB AR IS .

1 #RE5FE
1.1 SEIgHE

2019 4F 3 H, fEILAE T By A8 Nl B A=
PIAEE 2850, R IMAROR | AEIRIR . BB
TR R AR E e . KPR AR K 840 e, H5¢
TKE R BT BB, 22 40%~50%H
KAy, GBI AR BB A KA KR 2
A, AW A R RO o BOKFERER A PR,
S A R TR B e BEOR B R A e, M
150~300 HAYFHZRLIE, Frist g i AR IE 1k

FHIF U AE Y EOE St B 22 R W b B
RAOFE, AR BRI, AR S DL
SRR, TR B R B 1 R A SR DL R A
W R, fRIFEM SN 150~250 AR F/em?
N5E. SRE, A g e B R A 1RO e kA
P, R A AT MBI AE e W DL 52 i) S RHE
AR F AR DR B DL LR se) b R R
PG5 BECD =T, AR IRG A
HH22ARAK , SR IG AN 3 DARAS 65 8 1 H 22
RIS TR B2 AT IR SR 500, P 560 BB A AL
48 9T (photosynthetically active radiation, PAR)A 50~
60 umol photons/(m*-s), &K IGHRMFAIZE 12 h LI L,
I FRER(NO3-N i 10 mg/L, PO; -P A 1 mg/L),
KA 20°C, 3 d oK 1R, BERARIYE TRk
JEHRER IR (T RL M AT ), AR

ERBTFE DL B, B3R 441 PAR b 30~
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50 pumol photons/(m?-s), FHE 75 Eh (NO3-N 4 2 mg/L,
PO; -P } 0.2 mg/L), /KN 20C., REMT 7 dJn
Rk AR e k%, YRMTIHAES
50%~T70%H , 4K | Ykl D15 o 78 D58 22 R AR 9 35 24
BRAERKN B, HEFRAMFS LR BT 3R 0B 3R i
2218 3R S — 3

KRR HE R B [Fe(NOs); , Fe' HR B2l 1000 mg/L,
i KA 04 i B T RRE B I O 2 AR T 1
N [R)Ek He JE (Cre=0.040 . 0.160 ., 0.800 mg/L) TAEW ,
PLAS B0 A1 8% 08k 1 K R K B K VR X I, &
PhotoLab ZZHUK Bt/ Hr{(WTW, 18 E)IE , A0
FEIT R IR MK Bk TR W BN 0.001 mg/Lo LA R 4%
A Kb B9 2H 34 0 AL W R (NO3-N: 10 mg/L,
PO; -P: | mg/L), H%F 3 dHK 1K,

1.2 EIFE

121 Aw2ZRKERFELGMASARERMNE K
AP B R BB T 4 DARIERIKRE T (Cem
0.001. 0.040. 0.160. 0.800 mg/L)yEiFiEs:, HAbIEF 4
2 SEEWIN 12D 120, PAR 24 50 umol photons/(m?-s),
TN 20°C, BRI E 3 AT, 5408
ZH f ) IR 0 T R (1.020.1) g, BEFE G E 2Z (P>
0.05), FEFFMAARA 2 L, b 3 d ok 11k, 3%
15 d Jr e fif 8, TR AR K3 % (relative growth rate,
RGR), HHAXWT
RGR=[In(Wy/W,)/t]*x100%

o, Wy W) E B (g), W Ry S0 25 R I 5 1
fif 5 (g), t R SLIRHFELAATIH] (),
122 BWZREEHRFELGTHRE R ASINE

PEFRBWLET 1.2.1 Fridiy 4 AR Bk
M T REIFEEFE 15 d 5, SRS e E 2R
A5 (IMAGING-PAM, WALZ, 78 E)N 52 H 2 E5¢
P FIZ, G 4 DR RIOCSEL: BEFRBELN
RGN e KT =& Fy/Fr. a7 YD),
P PERE R AERUW B R Y(INPQ)FIAE A5 PR RE it
FEHLA BT 5 Y(NO),
123 Npzpayrtgdobtidone REMT
JE 5 60 K, De22 RIRIE B2 AT D1 5e H 28 Bl
AETCHINL, BET, RS DLFE 2 B TR AN R ke
P RIRK K B TCR ISR LA 12 em)Hr, HABRGFR
5446 JEI 4 10D ¢ 141, PAR 4 30 pmol photons/(m®-s),
MR 20°C, DL BRI EEA S 8 MEFRIL, &
AEEFRILEE 14 DL5E, SR T2t RV R %
M2 RESE 30 d J5 i DLFe 22K By i 5 R 565 5 il
gk, PR ERINESE FUFn. Y(II). Y(NPQ)FI

Y(NO). #RJ5, BAREHLIESL 4 D 5ei i 2 ARG
BICR M RAR KR K P akse 2 15 d J, Fil
E F/Fnfle AR 4 NI5E, HTESMFRR
L B0 5 S5

124 Mgk dEaotsnz kst bk
LA IE 30 d JEr DL e T rE I EEE, SRE R
FHAR =2 JE W s 7c J 64T 5 % i 22 0 - 2B 1Y) 4
P8, S A AR R 1 S TOW 5 . A R 2 B Y
KIgttair 101, RUHLAPVES . Rkt
LB RBELMPEMKANIE, @R M
AR, T SR Oy 7 5 v 22 B S M AR S AN S T 2
Jo PRI AR A, A0 FR A0 M A R (AR O R4t AR
PR, i Fanfe g, 78 400 EF N REFLIERR 15 1
FHATHIR, BT B E TR 2 M T REDES
X5, 456 Imagel AN R E AT AR, TR AT
PEAG [l (Varela-Alvarez et al, 2004), HEARIT :

i SEAS L ] =10 - S A T AR/ (S I8 22 T AR+
T BRI FR) < 100%

1.25 2Rk Afedn 121 PRERAAERRE L
WG, 37 20 R R LD SE Ve R it A A R AT T K A
W, FEEAT AR AR R AT o ASBIFSE I S (1) F8 br AL 5
B E ALY I L (superoxide dismutase, SOD) ., i &4k
Yyl (peroxidase, POD). 4+ H IKif i (glutathione
reductase, GR). #A%(PH & F(superoxide anion, SA)., iF
F Ak & (hydrogen peroxide, H,0,). "4¢% a (chlorophyll
a, Chl-a). ZK# ¥ b ZF(carotenoid, Car). HLIFILER
(ascorbic acid, AsA) i & ik (proline, Pro). :fLighx
Kz ) ¥4 >R FH Tt I A 9% W Y 43 BT ¥ (enzyme-linked
immunosorbent assay, ELISA), IG5 43 BTG 4
F & B E R A YR BR A A 7 4 R )
UL BT A TR AR A E o BT S I IR
4 ADFAT AR R B G SR 352 Rl bR
{ (Labsystems Multiskan MS, 7%>%), ACS8 VAL
(Thermo Labsystems, 2% >%), L #E R E 7248 (L —
FE IR R AR A PR A A o

1.3 #HiEaE

K11 SPSS 19.0 i G i+ 4 A7 B R 2 7 253
#r(one-way ANOVA), Duncan £ 4 & Pearson A
Kb, P<0.05 WS EE,

2 #R

21 RESRE FEFMLHET EKESE
Ji ARV SR | RN 2 UL IR
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KR (RGRYA & 521 (P<0.05) . /8] 1 @78, 76 0.001~
0.800 mg/L PR EEMLFE N, BB SRS, HF
B2 RGR TR RN B, EIRELrE
0.040 mg/L MR BEESMF T, H RGR o2& = T HAh

BRUR FE 21 (P<0.05).
b
I dl

16 -
0.001 0.040 0.160 0.800
£kY¢ ¥ Iron concentration/(mg/L)
BT ARBKREERIE TR 15d )5
He b i S5 IR 22 AR A K R
Fig.1 Relative growth rate (RGR) of vegetative

conchocelis of P. katadae var. hemiphylla cultivated for
15 days under different iron concentrations

AN TR IR 22 57 1 3 (P<0.05), R A
Different letters indicate significant difference (P<0.05),
the same as below

22 FAEAHKRETEFRELHMERRALSH

2 Ws, 78 0.001~0.800 mg/L Bk B,
Bl BRI B T, IR R/ Fn R ETH S E RE
KA EaHE, 0.040 mg/L ZRIkFEEACFRA B Fo/F i 2 5
T H AR B 4 (P<0.05), & 3 W, £ 0.040 mg/L
FERHE TS, B a 2B En YINPQ)., Y(IT)

—_
N b
T

HAN AR R
Relative growth rate/(%/d)
)

S N A O

0.5
04
03 -
I
5
02+
| [
0
0.001 0.040 0.160 0.800
£k B Tron concentration/(mg/L)

B2 A& TR 15 d FAedr %3¢
R RG N e K 77 B (FJFy)
Fig.2 Maximum quantum yield of of PSII (F,/Fy,)

of vegetative conchocelis of P. katadae var. hemiphylla
cultivated for 15 days under different iron concentrations

I
to

[ O Y(NPQ) EYNO)  EXI)

E ; E X ﬁ bl
Cy b2 53
a3 b3 C3

0.001 0.040 0.160 0.800
¥k FE Tron concentration/(mg/L)

B3 AR E LT RS 15 dJafedbfnt 58
B2 YINPQ). Y(NO)FI Y(IT)
Fig.3 Y(NPQ), Y(NO) and Y(II) of vegetative

conchocelis of P. katadae var. hemiphylla cultivated for
15 days under different iron concentrations

FEARA) YINO) . 7E{K4%(0.001 mg/L)mk &£k (0.160~
0.800 mg/L)¥¢ i 251 F , Y(NPQ) I i & 4K (P<0.05).,
Pearson AHICPEMHT R, 557 08 22 ARG A 4 R
5 FF o 210 35 10 IE A 56K R (P<0.05) .

23 AEHKRETHNTLRERFRRELG

TR EE R IR, P BEXT D58 22 R 1 A1
PR LA B350 (P<0.05), &l 4 F1E 5 Bon, 1
0.001~0.800 mg/L FH FEVa BN, Bl 2RM B T
1 T HERDY KR AN AT A B BT TR o 0.040~
0.800 mg/L FAVEKRHR FE L A A A U A51I35) b 2 KXo R
Z(P<0.05). Bifi 7 D1 5¢ 22 R AAE 37 38 22 AW ke B T At
THERL, FEHEUE B WIMIR(H SELT AR VR, FESCIH
AN, e A 2 7% 11 C 0 TR HL AT BH S i) PR 2 4

b
j I I

0.001 0.040 0.160 0.800
&Yk FE Tron concentration/(mg/L)

K4 AR A T HR 30 d R fedefnt 2558
DU5E 22 R 9 5B ASIE B L 1
Fig.4 Ratio of conchosporangial formation of conchocelis

of P. katadae var. hemiphylla cultivated for 30 days under
different iron concentrations
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Fig.5 Morphological characteristics of conchocelis of P. katadae var. hemiphylla cultivated for 30 days under different iron concentrations

A: Cg=0.001 mg/L; B: Cg.=0.040 mg/L; C: C.=0.160 mg/L; D: Cg.~0.800 mg/L

24 AEHRETRELREHIHFRIASH

WK 6 firzs, 0.160 F10.800 mg/L 4k 5 kb FHZH

O RIRIgRIM BE 244 T 355730 A
After 30 days cultivation under different
iron concentrations
B BT IR AR P ARSI 15 )R
Transferring to solutions without adding iron
and continue to cultivate for 15 days
73

0.5
a, 2
a

04 f 1 +

03 bz

FJF,

0.1F

0.001 0.040 0.160 0.800
kY & Tron concentration/(mg/L)
K6 Aedbafnt 53 Dl Fe 2 RIK 1Yy
HFRG 1K ET =& ((FJ/Fr
Fig.6 Maximum quantum yield of of PSII (F\/F,) of
conchocelis of P. katadae var. hemiphylla

FEARIE L 7B S AR AR RO R — A T 2 E LR,
lFil—2H B A PR FORTE P<0.05 KF-HA 2R, T
The same subscript number of the letters represent the same

group. The measured value in the same group were compared.

Different letters in the same group represent significant
difference (P<0.05), the same as below

() FulFo Z 0] JC i 251 22 52 (P>0.05),, M7 X 2 40 A Fo/F
5 53 = TR E < 0.040 mg/L A9 4H (P<0.05) . Pearson
FRMESI TR, DI 22RIK Fo/Fy 5 2E R L ]
BB E N IEA LR (P<0.05), 248403 30 d J5 1Y L
FELLRIE Fy/Fm, 5B IR OC R IR
REEREFE 15 d G Fy/Fn AR IL R SAHTE, 2808
R FUF(E3GE . B 7 R, 7E 0.160 Fl
0.800 mg/L R FE 5 F T, DL FC 22 MR AR S 3R 45 e 1)
Y(IT). Y(NPQ)FIEAKI Y(NO),

1.2

5

3

g O ¥(NPQ) @) £3 ¥(NO)

10 ] F] ]
o g man pma b nib
£ 208
‘Kﬂa\\ g

=

0.6 |

R= o

2 i R ]
i %0.4 mofe 2o a,
= § e : !az

= L s

< 021 K, !bz %

L bs

E 0 C3 C3

<

>

0.001 0.040 0.160 0.800
4kH% ¥ Tron concentration/(mg/L)

K7 ORISR EE 0 R SR 30 d R ARdLE 5238 L 58
Z2RIR T YOINPQ) . YONO)FI Y(IT)
Fig.7 Y(NPQ), Y(NO) and Y(II') of conchocelis of

P. katadae var. hemiphylla cultivated for 30 days under
different iron concentrations
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25 ARESREEHTEFRRLMNEHEESE

8 s, PRALFRLH A ROS (SA 1 H,0,) & 14
2 T IR 41 (P<0.05), 7E 0.001~0.800 mg/L £k
JEVERIN, BEE BRI TS, E IR AL H0, &
HE BT E R, 0.040~0.800 mg/L 4k Hk i 40
) H,0, F1 SA 25 34 1 3 K X HR 241 (P<0.05)

B 40 - OHEBIET Superoxide anion

&
g m i E Ak A Hydrogen peroxide a
E 0.35 + 2
2 030 b, ad
: a C a,
g 025
o b 4,
g 020
iy
E T 05t
e
S 010 |
g oos|
£
o}
0.001 0.040 0.160 0.800
&k¥R EE Tron concentration/(mg/L)
B8 AN E S T 3% 15 d 5L m 223
B EEE a

Fig.8 Reactive oxygen species contents of vegetative
conchocelis of P. katadae var. hemiphylla cultivated for
15 days under different iron concentrations

26 ARBREFHTERZLIONENLEEN

9 R, PAFEZH A SOD . POD F1 GR ZHi4E Ak
FEETG 32 i 2 v X FRZH (P<0.05) . 7E 0.001~0.800 mg/L
BORIESERIN, BiESRERN TR, POD 6 11 2%
W E R, 1E 0.040~0.800 mg/L Fh 4%k B T
N, SOD Fl GR i /) ¥R FFEESGE KT, 5XT A A
25 53 5 35 (P<0.05) ., Pearson #5420, i
{LEF(SOD. POD F1 GR)WE /1 5TE 4 (SA F1 H,0,)

12 . [EPOD EGR BSoD  _y4

g ay a3 L 2 a3 135 g\

SEPHI -

S 0.8 25 &

%€ 5

O E 0.6 20 §

S & 04 59
£ 5

5} 10 R

2 0.2 o

o 5 R

A o

0 [75]

0.001 0.040 0.160 0.800
kYR Tron concentration/(mg/L)

Blo  ARPHEZRIET IR 15 d Rl 53
HIRHELIY SOD, POD I GR i /)
Fig.9 SOD, POD and GR activities of vegetative
conchocelis of P. katadae var. hemiphylla cultivated for
15 days under different iron concentrations

Prm PR 3 A IE A G O6 &R (P<0.05).

27 AEHREEZGETERELPERE NE0t
FEadE

& 10 55, 75 0.001~0.800 mg/L 4k i 7 Bl 1
Bl G B BT, I N R R R
P MirtsER a G BRI BT, 0.160 mg/L Fl
0.800 mg/L Ry BE2H RS D3R & i o 3 s TR
e 2H (Cre < 0.040 mg/L) (P<0.05), 0.040~0.800 mg/L
Bk T Rl N Y 3 AN b B R R a B3 IR
T X} R4 (P<0.05), Pearson #5140 Ar 0], 25H &
NE & E S5 ROS & 2 3 1 IE A 2 56 R (P<0.05).
- O N E Carotenoid/((pg/g)
@ 4%t %a Chlorophyll a/(pmol/g)
_I_ a b,

N
9

'R\)
(=]
T

—
W
T

C2
d;

KHIE PRI R KT B
5

Content of carotenoid or chlorophyll a

=4
n
T

0.001 0.040 0.160 0.800
4 B Tron concentration/(mg/L)
P10 AR S F FREFR 15 d Jfedrefnt 258
BRI PRI R a it
Fig.10 Contents of carotenoid and chlorophyll a of

vegetative conchocelis of P. katadae var. hemiphylla
cultivated for 15 days under different iron concentrations

28 REIGRESETERMLE AA F1 Pro 418

& 11 7, 78 0.001~0.800 mg/L 4k i 7 Bl 1
Bt 5 2k vk FE O TH R, AsA S ST SRR A e 3,

50 O HiIR I fZ Ascorbic acid

[ B Jf& R Proline N b
a, G
) a g
D 40 |- ! 535
s | W 2
=3 4+ &
dn o 30F 2 & o s
el p
g% 3§
K 820 8
G4y @]

|80 2
2 i
210k 4o
5 1 &
o ]
0 =

0.001 0.040 0.160 0.800

¥k FE Tron concentration/(mg/L)
Bl 11 ARG 4 FIEFE 15 d Eedb ket 53¢
SRR L2 W PLIR IR A SR
Fig.11 Contents of ascorbic acid and proline of vegetative

conchocelis of P. katadae var. hemiphylla cultivated for
15 days under different iron concentrations
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Ifii Pro & i BRI HEY 0.040 mg/L 2Rk FE4H 1)
AsA i I 2 T AL R R B 41(P<0.05) . 0.160 Al
0.800 mg/L £k ¥ FE2H Y Pro & i i 25 & TRk Mk i 4.
(Cre<0.040 mg/L)(P<0.05).Pearson AH XL/ Hr 2 8,
Pro ¥ 5 ROS 7t &t i 3 A0 1IE M 58 56 &R (P<0.05).0

3 e

AR RS S A A E PS I L F1%
BTG, T MSRRIOCSE B, 4t 5 2w IS LY
JE Y PP ST S0 A A PS TR i1
AbFIF RS I 7 rE 8, BV A i RO A e
F1, SR WAEY) SRR R I FE BRI SF A, 1999).
Y(NPQ) A 2 114 52 38 2 981 15 14 1 e SR 3 1L ol 8 Ik 44
MR, 17 YONO)FR R 19k 2 I FEBUN $4a Fl &
POLRIRERE, #F YINPQ)EGS:, Ui WIde g i 2 A e
RYSEAR Y BE 71 (Klughammer et al, 2008), & 1. & 2
K 3 SR, 1E 0.040 mg/L ZRMe B 50 F , Aedbfnt
LA 2IRIRE SR 2 RGR, Fy/Fy, F1 Y(NPQ)
AEXT A, 1 YONO)FH XA o H E3EI , 0.040 mg/L
R BE AR T IR 22 I G RE L W RUR SO AR Y RE
e, JERIFHAER . B 7 BIR, #E 0.160~0.800 mg/L
R BEYE RN, ARt i 2050 D 52 22 R S A = 1Y)
Y(NPQ) IR AY YINO), BE/RIZERIRIEIERI T, Nl5e
ZLARAR T K AR AT PR B AR B HIL ) DL 1o Rk fE
M0, MRS T (Cre<0.040 mg/L)HY N 7 224K
PRNE LAAE PR 5 PR R R BOLE o 3. B 6 o, TG
WRPALEE 30 d J5 Y D152 2R (F 1 28 4 LL o1 B 2
By, RS 30 d J5 RPN R g R
FIVE TR P AR S5 5% 15 d JR A DL se 2R, H FU/FR Y
AL R AR, 3 B U1 52 2R G REFE I 50K 1Y = 1%
5 H AP A B RN R I SE G R o X AR B3R
H B 22 AR IR P 98t R BR(BR R 255, 2020), KB
FATF RN F/Fn BOGAHRY B E & TR
2z, MR R, X TEIREELL, R P AYsER
EEE DN S N ORTE ) DS S Rk /R I
H R FE(E T B T (FRMESE, 2007), X AT RESE 461
WA AR B R TR 22—

— 5T, BRAE R R R R A B
TE— oA i R R 2 B AL VE . AR A Bk
W, VR MR TE YRR 52 B R, 2 i R e B R A R
YA IR JE RN L AR . B SRR RO . PRI
YEH . ATP & 55, e 22 A 1) 4 K & & (Hudson
etal, 1990; 4%, 2007; Raven, 1988). % —J7 i,
Ik B P A DU T X A P e A S T A A R

BTN T ROS FEUY, KE¥E A a2k s
FHJAH K N (Fenton S W Fll Haber-Weiss [ )™= A=
(Foundation, 1995; JE#t%4%, 2006). ABFFTH, & £k
WM THE, H0, BT E s, Bar
BT AR R K, RIS I R ARk
I8 3078 57 i 22 B T R B KT 3 T o Bl e I
ITFRE, EIRMZZE) RGR S THE R AR A 3,
TSR IR EERARA, BREE TS SR
e, T e A B X IR 22T N T AR AR,
AR MR E FRAE KRS IR BOIRES Z M A7 7 5 A
HARSE . MUE R L RIBRES — K R (JE T, 1984),
X FAdb e S DL s 2ROk U, Hop 22 B R R K
57 REROE MAAF RS R . AR, W&
BRUWREER TR, D13 22 4R PR 96 7 S RUE R 15 3 T
o HIULHEN , kiR B o T AR Pt SR DL e 22
PRUR S FR AR 10 & B ARSI 7856 T4
Be 1R & & AT P A 2% Bl (Lewis et al, 2013;
Motomura et al, 1984; Suzuki et al, 1994; T 4,
2020), PRAFERBIEIE BEA IR LT,
REL AR s, AN ) 4 A A 38 i - PR 2 T 3878 AN [R) R
R, HELERREE A RRE, EHA RN,
TESZIG FEBIN , 0.160~0.800 mg/L 1945k 2 oK RE 2 3
el 550 B 2R AR Y 8 35 i 24 46T R
s, Wk, BonEX A MR E FIBS SRR
Rt — R, Ao, ERE IR S LB, ek
58 5% D1 58 22 R R 6 7 S AP R 1T 4k 224 755 (60 d
J&, 0.800 mg/L ZHHl A LBIFTIE 75%LA 1), T
Bk BE 2 2.400 mg/L B, FE R RG R 2540 B 557
30 d JE AT RATE %5 0.800 mg/L 2k 5 41 AH
eI JE 35 25 S (Rl R R 3R o

ROS 7EM Y HIVF 2 Earid B ¥ BA A FH(F8
A A FI(F 555 . RIELRE . B AR
FHZ) W E I E(Chen et al, 2014; MAEI54E, 2012; B
FZE,2013), RYE(G TSRS R E NIIRET 2k
F|— ROS ¥R, ety 1 RIR AT & 1 K at
5 & B, FEAMA (IR | KM E g E S
ROS {550 TS BN Z)VWILFEER T, fidA
AEHH & (Chen et al, 2014), ROS ¥ & Ab T — il 14
SERNF LI & TG kA, % ROS MR T il
FRME R A% 117 (Bailly et al, 2008), BF58 %k
B, AN HL0, 14 A0 R 30T A1 1 4% B0 48 S0 A At
f-(Takahashi et al, 2017), ] ROS Xt T 224 d
BIRRE I KBRS WA R IEE CHEE . 25 1
ATHEM , ASHIFFE H ) U158 Z20RAA 58 22 7 v vk B AR 1
AT, lERERRE R R T RSN R 580
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B9 ROS BUIMIE, MBS T ROS W RETFIS T 3
ZZRFR CAEAT,

TERBR “EAAE N N, ROS It 5
RGNl k5 ROS 55 M 510 40
FORNEEN R | 858 1 191z sh sl AL it FUIRZS Y

B R EEA . “EE D" Z FROS i), &
BFXAEE, “FlE 0T Z EROS 3£, 4iiE]

Al R & A A AR, 58Uk F AER (Bailly et al, 2008).
DRI, 5 B s PR 4 DL 58 22 RS 7 8 24 1) 96 - A
AR RO ROS M= A FEBR, Mt RS
SRR AT Y O BUAEL R G MR AL R
Su(brE AL AR E M R R (RIS MR T
WILAR . IHERR . 4R E hiaibn 7 (FksnE,
2007), SOD J&E WA P R S5 1 [ 8 480 BH 25 1 I Pl 2
(O EE, H5 O ™A Hy0, A1 Oy, SEHLEALI
5512 POD JE Ll HyO, N T2 KL R Y
FAALIEE, BP POD AITHER H,O,; MHER{ATH H,0, 1)
THFR F W T Halliwell-Asada iR AT, %12
FEE PO R L A AL P (APX) T GR 54141k
Tif 45 G REAE (T B 155, 1999), ARWF5EH, SOD.
POD #il GR i J1 5if P4 (SA Fl H,0,) & 32 B 3%
MIEAIESEZ, FHH SOD. POD F1 GR Z54i A AL T}
XA A e i 5 5% 22 R A T I R 0 T ST R A1 AR
3 ARG AR o 2808 N R ] EHR K R
DA SGE R =AM g RN FH 1L SRS B
R, PN T B B2 A RN A 45 4 B YR (3 4
1996; JHkim4E, 2007), AsA WFR4E‘E R C, ZHY
AR ) — RO B R AR R BN, ATAE R
S LR SR 05 2 5 0 R RN (A KBS, 2015),
WS SR CA AR OB A0 e A 2
b A= BRJE #2204 #2 (Garchery et al, 2013; Téth et al,
2013). Pro JE/KEMER KA IR, Pro IMFLRIE#E
I8 v A IR W AE A Bl A= W R AE AR W 38 R UL
AN, HATATEE T | BUEA TR S
A PRI BE(Delauney et al, 1993; Szabados et al, 2010).
FAl, FEPIAE G 5 A K ) AR B AR K AR S o] e R[]
FH a2 B I AR R Pro, X} Pro AR N4 K
KEMES, (R 53 5516 (Lehmann et al,
2010; Szabados et al, 2010; T4, 2011), AR AE
P, MR THE F] 0.160 mg/L DL B, #2225
B NZEM Pro Fra¥y i N, HASHHE N ZE A Pro
5 ROS FEMEREFENIEMICKR, R
B N 2R Pro 7F 3 22305 IV 1 BV BE 38 o R rh 1 R 4
RO TG SR TG BRAE I o AsA 7 it Bl B WU I 1 3
IR STt E a LR 3, R m MR BT AT REAN

FIF AsA RFEHAMIDIGE, AUFRS, BNk,
BT RE a FREEWD, —HHAHES ROS
X SRR IR AT G, 55— 7 AT Bk 1 ke
We. St hn, AMREOE AL % (Foyer et al,
1994), Zg FafHfEil, Aedb m 238 22 R AR 1 AR Bt
AL R G FEE B A2 BT A AL R G0 2 nl X an 1 45 AR
SRR N 28, B AT TAH T B 3 ek A 1) 4 R T A
ROS (7= A FEBR

HAT, MR IR S BE L 3 al s 2032 19 DL 52 22 R K
BRAKREHFARBERESAFEHIER), —KH
FFHR(20°C)(fr R4, 2018; X ZE S5, 2012). il
I8N 0 DL FE I By 10 A A TR S e A 2 e B A A
()R, 5 e 2w Pk D 58 SR, RETRARZ AT .
W 7. e, M SRS 22 K B I RERC R
GE S o S ) RS NER G DA o ¥ 5 R NS ¥ A5 A S O ¥
KU SEZRENTER AR ENETE L R
U] T il mAedb e i SR i 2 B R A KRR, &
WA ITTR BT, E IR R LAEARTHR AN 0T AT
B P9 [R5 T LA T3 A, Ao 4 SR X Al et 555
NSz AR B B rh 8E JR 1 is FH B A 248
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Iron Promotes the Growth and Development of Conchocelis of Pyropia
katadae var. hemiphylla and Its Physiological and Biochemical Bases

LIANG Zhourui'?, WANG Wenjun'?, LIU Fuli'?" |, ZHANG Pengyan'?,
YUAN Yanmin', YAO Haiqinl, SUN Xiutao'?, WANG F eijiu1

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao, Shandong 266071, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for
Marine Science and Technology (Qingdao), Qingdao, Shandong 266071, China)

Abstract Pyropia katadae var. hemiphylla is an important Pyropia species in China. Increasing
consumer demand for P. katadae var. hemiphylla has led to its commercial breeding and floating raft
cultivation in Jiangsu Province and Shandong Province in China in the past two years. However, it
remains to be determined what the optimum iron concentrations for the growth of conchocelis and
conchosporangial formation of P. katadae var. hemiphylla are and to understand the physiological and
biochemical adaptability to different iron concentrations. Therefore, relative growth rate, ratio of
conchosporangial formation, and physiological and biochemical indexes (including chlorophyll
fluorescence parameters, contents of reactive oxygen species, contents of antioxidant, and activities of
antioxidant enzymes) under different iron concentrations were studied. From the results of these
experiments, the main conclusions are as follows: Growth, maximum photochemical efficiency of
photosystem I (F,/Fp), and quantum yield of regulated non-photochemical energy loss in photosystem
II [Y(NPQ)] of P. katadae var. hemiphylla increased significantly at an iron concentration of 0.040 mg/L,
suggesting that this iron concentration improved the photosynthetic efficiency and photoprotective
efficiency of vegetative conchocelis. Relative growth rate (RGR) decreased significantly in groups with
high iron concentrations (0.160~0.800 mg/L), while the ratio of conchosporangial formation increased
significantly at high iron concentrations. These results indicate that high iron concentrations inhibited the
vegetative growth of conchocelis, while promoting the transition from vegetative growth state to
developmental state. There was a significant positive correlation between the ratio of conchosporangial
formation and FJ/Fn, indicating that the photosynthetic efficiency of conchocelis was significantly
improved after the transformation of vegetative conchocelis to conchosporangia filaments. The addition of
iron resulted in significant accumulation of reactive oxygen species (ROS) in conchocelis. The contents of
carotenoids and proline, and the activities of SOD, POD, and GR in P. katadae var. hemiphylla may have
increased so that the ROS level was reduced under high iron stress, thus balancing ROS production and
ROS clearance. These results can provide a theoretical basis for the application of iron nutrition in the
cultivation of P. katadae var. hemiphylla.

Key words Pyropia katadae var. hemiphylla; Tron; Growth; Conchosporangial formation; Chlorophyll
fluorescence parameters; Biochemical characteristics
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