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A 2i(Ulva lactuca) . %1 2% (Ishige foliaceaokamurai)
FIUR WA 5 (Grateloupia filicina)¥s) 3¢ B8 1 A8 J6 7 FH
NO; —Ny#a # o XA [H] 20 W W R HT AN ]
AR BRME AR . Akd 5. BB
W A A P R Y 2 U EUAN () R TR R R R g
J6A TR 52 e B FTAT) R DR E

&7 (Saccharina japonica) e — i B B 1Y) K A
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[ T N A ES [P (1 S N R X i1 T WS
K, FraEiE RS R A 90%! Y i TR T i
R FRGE, AR T 2% T
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OB T EZE MR SR, BE R R
735 Y A TE 1R A6 A 00 6 TS AL B AR AL
[ N 5 P37/ 3 W (R U e (S E PO = =
FEM TR, R T N A AR A 2R AN [
TR I R ORI AR B, B3R T A AR R TS AL
Tl WA AL 1 R B L RV B A IR TR X L
oMY AR R A IR 2 b, Sl A X E S
NO3 —NFINH —N P Ff A 5] 55 117 168 11K 1
KRG A B R S, 25 A AN TR) S0 TR B R U
RV A I R 11 N = R0 | Nl N = e e
K 7 AN Tl e B AR A, R R &S T
k. AACH SAEKZRILEHR,

1 MRS T

1.1 MR

A T20144F3 H 2 H R A AR 48 2 il 3 %
BURWE N THRFHIX . RAEAFBEIK 3~5 emfilt 3 H.
A S FIR, B T4°CIRIEA3 hNis [ 5L
E SR ] E R KIEER T, TX
PR K PR R 3248 Wi TIR 8290, Kige &k
: WREE1S °C, JEAEER B 100 pmol photons/(m®'s),
JeME AWML : D=12h : 12 h, NO;-N¥#J¥30.5
umol/L, NH;—-N¥EF 13.0 umol/L, JCHLEE(Pi)Hk
J#4.3 umol/L, £F24 hif/K 1IRK, #LEFE <.

12 ARIRIEFFHHNRE

WHEIMARFEZMH, ©AREK:
NO; —N¥ F£30.5 pmol/L, NHj—N¥& £ 13.0 pmol/L;
Q&AM E « ] [H ARG K IR MNH,CHEE R 2
NH; —Nf LU JE 43200 umol/L; QR ENE :
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H SR ¥ K HF S IINaNOL B R ZENO; — N &
29200 umol/L. 43 5k B 52 35 5% J5 1) ¥y 7 ¥
KR B4 g, FW)E 242 Lig/KNHIEIR
H, AT EFME T E3R7 d, B FE3AE
5o 3FMALEE A PIFR S N 20 pmol/L,  HihE 5
JCRIEF2BC 7 N E B B 35 0t T 4 A [m] 52 3
Mo oK B SR A, 24 hIE R IR
KSR a5 A i e iR A L e A R . @
RO R B R AUE IR R WG R A
FEH5

1.3 AKERRNE

ANFE S TR FRT7 d, 20 5
[i] B2 PN P A 1) 00 3 T T (W) RN 5 SRV E (),
T 28 TR AR 14 A X Az K S (relative growth
rate, RGR): RGR (%/d)=In(W/W,)/tx100, 71,
WA W43 50 R 0 b RS SRR A S R J, PR
Hg, BRI R R d,
14 EkEEBEKREHTH

38 2 I A AR AN [ SNIR T AL (C MR BE T
HEE R (P), FRAFP-Cifli £ 3B AN Rl A/ &4 14
T N ST 0GRk RE ) o D6 R O AR
i} (Chlorolab-3, Hansatech, & [E){ll % 14 il %A
HORFIR . MERT, Sl e A i 55 0.6 cmx
0.6 e /N B, 43 HE 45 A N 35 R A5 1 R
522 hfEFRHO0.15 g FWEEMA A BE A 8 mLIC ik i
IR AR S B AR, I IR A 2R 4% (DTY-5A,
AU 3 18 R A B A S A R 2 ) )45 i s vy B e
15 °C, DIfAEs kT $£44£600 pmol photons/(m*-s)f)
JeiR, JEREER Ot & 711 (QRT1, Hansatech,
e EDIE o AR A A1 I Civk B 38 3 ) T ik i 7K
HRER SIS ] 2 A NaHCOS B 3R A o ORI K Y
e il 3k A < Ao U8 K B K PO AL mol/LER R (fifi
P B pHFE £ 4.0LL T, FEAS2h, MARK
2 B 525 mmol/LAY TrisZ% #h ¥, A1 mol/LI¥)
NaOH (fifi F B BRI 1y pHE 8.1, P-Cifily £k 38 i
I ARG IR, V= VX [SVEK + [S])e
H, VRANTE ik BE([S]) T LA AR, &R0t
B B RV 0 FH 2 VR 5 50K ) (B L 422 38 ok iy £ 401
FARAE, B KOG 3R 10 R B LA
(Vinax/Ko) RPN 15 358 X5 MR Ci F FHRICR o

1.5 XEBES=ENE
FREO0.2 gZc AT FW R S AA T VAT R AT 25 4



44 W, S RFRIINE R A D R RSO F R ) 579

W, SEAAZR10mL, 5000 r/mins O 5 B W
FEHAEP K450, 6661730 nmAb AWM . @t
MF AL EMH G Ea(Chl.a)MEHY N &
(Can)By & H": Chla [mg/(g FW)]=(0ODgg—O0D13)x
Vx10/(890xM); Car [mg/(g FW)]=0D 5%
Vx10/(2500xM), i, ODNWOBAE, VhE%
J5 W AR (mL), MM EARIRE ().
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FH 2R W3 B 8 7 P50 2 o ARER0.2 g 247 FWIY
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485 nmi £ I W SGAE,  XF BE AR o Bl 26 3]
PEWE B b ofiE 2 LA A0 R bR v 22
1.7 SRR ZE N E

T L A R R R AR SR R R R
FHUE 37 30 0 98020 380 38 5k 3R 70 1 iy 6 L i) I i
BOR, JFE A uptake rate [umol/(d-g FW)]=
(Ng-N)xVIMIts 3KH, Nkl 22 85 372 5 4 i 7K 4
TRUE FRER MR, NN RS 95 45 R vk
VR R SR KRB R T (mL), Mg 3% 35 T 4R i) 35 A
PR H (g), AIEFRETAI(d). NO3—NV B /il &
R FH R AR T, NHG —Nk BE 90 232 SR i v st
PR A A TR P,
1.8 ZEitoth

B A e 2 R R OR O T B B AR i 22
(mean=SD)(n=3), A2 F 24 ¥ (One-Way
ANOVA) Ml -k 55 #E 47 45 11 5 3 7% 43 H7 (Origin
9.0), PhP<0.051Fh 22570 o MK

2 #R

21 X4

1E A SRR A FIRGR M (3.32+0.52) %/d,
RAMWANME, 53 5FRGRYE = T 61.3%7F
76.0%, fH2FP AN K78 Z A W25
(P>0.05) (1),
22 REEmEE

B SN IR Cive L p 38 T, 3 Ak BEE 1R (Y
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Fig.1 Relative growth rate of S. japonica cultured
under different nitrogen conditions

1. natural seawater; 2. enrichment of NHj; 3. enrichment of NO3;
lowercase letters indicate significant differences at P<0.05 among the

treatments, the same below
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HARMEKA L, MENE BERE TREA
5 2R H B AL (Vo K) (P<0.05), T2
RN E X X — HUAE A 235 (P>0.05) (1),

23 BEEE
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§ 140 @ %% ' enrichment of NH;-N

B 0 JAMHEIE enrichment of NO-N

o :

=8 I
<2 100 i
Qggm P
3 L

E"FE 60 - A %

28 404

2 20

=

S0

~

0 3 6 9 12 Is
TEHURGHL [/ (mmol/L)

inorganic carbon concentration
2 AEIRFHIEMIEREETHIP-CiHlL
Fig.2 P-Ci curves in S. japonica cultured under

different nitrogen conditions
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Tab.1 Parameters of P-Ci curves in S. japonica cultured in different nitrogen conditions

ESRIE/K natural scawater 2 ENNE enrichment of NH," %UIN'E enrichment of NOy

BRIGEHEZ/[umol O,/(h-g FW)] Viax 47.24+14.63" 205.82+48.45" 180.81+34.42°
A FNE A/mmol K 4.42+1.67° 16.91+2.68° 8.61+1.80°
T R R G PR E A Ve K 10.94+0.98" 12.13+1.71° 21.11+1.28°

e FAT ARG FEEROREP<0.05K T B B R Z R

Notes: within each line of the data, lowercase letters indicate significant differences at P<0.05 among the treatments

I:l

N B & 5 (P<0.05), {H2Fh (6 E & A& Al A 20-
D55 2 BT 5824 22 52.(P>0.05) (&3). Za6l O
§§12 $
0.60 - ﬁg. b
_ T 208
EE I Chlc e
oy L H2
3 E e 04
E g =
W 5
5
o

#

o

O
X

1

0.45 1 [ |Car
030 '

I 0 : . .

& 1 2 3

g B4 TREXFHENIEFEEENAAMESS
0.00 Fig. 4 Soluble sugar contents in S. japonica cultured

under different nitrogen conditions

& 3 ;FEJE\.:J:FF F‘t“%)‘/@mﬁ’]’é%ﬁg

Fig. 3 Pigment contents in S. japonica cultured under = 25 ) NHN
different nitrogen conditions E 2 20 %1& NO N
2 7| mm L total i inorganic nitrogen
e =< s d d
24 FAMESE EE ]
25 10 1
2 L S AR T 9 o T e £l i
M, 5 ARIEK SRR LE, R Y SEsq b
SN 53 0 T R AR T 40.9% AN ® |l ¢ .
20.8%(K14). [RIIS, AT 0E 2 i 7E 2R 2 m 1 2 3
B Z I LA 2 5 (P<0.05), REAEH B S TRIEEHER SRR RRITEE
M ZER BN S AR T, K (0.96+0.08) Fig. 5 Nitrogen uptake rate of S. japonica cultured
mg/(g FW) under different nitrogen conditions
2.5 FIRWOHEER s
IR R 2= 3 lﬂ‘ 1/3

SRR W WS AR TE AR TR K R BN e =2 1]

VAT M 25 5 (P>0.05), 75 2 AU B AL B 3.1 ARIGEMEN EHE KN

S TF 5 (P<0.05) s Tl it 260 W ik 3 I KAV M AT — 5 miﬁkﬁ =
BERR(P<0.05), TERSEUNE P B ET S P<005) Bk AT YRR AR R £ A 45
(BIS). MULTT s, 2RI N ey, e 9 AR ﬂ%ﬂﬂﬁ%ﬁ%wm%oﬁmﬁ
] F ot s AR . i A R AR WAEREFRIERSNRES, FE IR A
o, 3FPAEUAOE T X LA R R s W R AR R T, e
ANEIRHEIF S A AR K <hil U & <E= AN s . FEL P T A A7 60 ) AV s, DA £ s R e
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A A, AN E A 5 R
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B AR OR35S 94K 2 K R Y i AT
FEARMEE S5, RPN EOARES
REFTHEAREN & E, SAXNENER
()52 ) A AR R, 3 Al BUFE (2 T 0 i 5 T
KR AR OC M TE O R T B i BE
(Thalassiosira fluviatilis) I AR TIESE,

A G I e IR 2 EIN ' A EUI X i A
KA A 1 TR 3% 2200 o 0 22 O B it
Ul , H T TERE R IEAE T A AW I B A R
M PE A, BRI 24 L LE A RS B T A I s R
U2 — R AR AR B AT B B E . 2
&, TERBAERE ST 7, A 0 A T B A A
P, MHOCHFFERW, 5 20 M R 654 WIS 1Y
il 80 R B it A7 T 4 R P9 R, L P A A
e BE LR IR E0 1000 ¢ 177, 40 N K B A A7 O Y
R AE U8 DR TIE T 5 40 Jif 7 PR 6 G [ B o 72 rh i
T R AR ML o A A s J N e L2
RN BT B B AT S A Bk i AR AT
BEo R, XEEGRMERY] TR AL AN E
X fe A 2 B G 2 AR AR . AN 7R
R I T 8 P A RN i AU e ik A T
A EFRME, WTRE S 2T 2R A5 4 A Y AR
KARA #2504

32 ARIEIRINE X8 F IR 520

bRk, A5 2R RN AR T
SR W, AR S ORI AR AR, T
RS WR 2 A, X 5 Prichard 55 "E 41 3%
2 285 AL o 3 DR Sy R 7 g 8 o 2 L 1Y
W R W sh i, ANTEAESRRR &, XA A
WSO FERE A Bhis d ot A, DRI 27 VR [ B
FELE R w8 R e BN RE R A, HE
AR P XA AR 5T TP R TE TS R A 4
R IR ) i 2RI I A R R X AL
WS A AN [ A ST 45 SR 0 B, T AR 5 T
A B (B FRIRAS 85 IR AR R0 W R
I HLA K.

33 AREIRRMEXEHE S BRI

T 232 e R IR P WS R B I
T3, X Fh O 2 — A AR RN B g 2 il R
Ty V= Vo X[ST(K + [S]) o B K3 R 5 240 A1

B LEAE (Vinax + KOBOA RS2 DA 13 38 01228 7
W CRE 1 I AE R A AR AR, SO T IR ER Y
MR AR, 3 — LB 1 B IO AL 83T
M gias TR AT ol X — i b ok
i AN [ 8 97 T A B9 OG5 T BRBE T, 4
BoR5 AR, BARE FU w6 E
AR HE T A I R KOG A R R, HAE R
e e & R R B R R R A E &
Vinax * KHCAE, IXARBL T 6 000 06 5 [ Bk id
e AL S AR o X AR AL SR T AY AT REJSIA
B3 1 5 i A E AT A AR M PN SR Y il A RE T A OC
SR Rl RESE th T 5 AR, AR IS
240 1 PN Y SR A W TR T O — T e AR AL B A9 2
B A

LR L TIE Al R 20 AN [R] 2R 80 e
B 9% BOAR XA B LRI OB BBk LA KRB IR
TR CERR B TR BEAE T, (AR, &N X
SR B4 Ak E R S T, AR I A
AR [ 7 7 T AT D o 2 LIRS T A A
R T BEAERT, RS A 1Em . FROR
2D A B AN ZE A A B
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Effects of enrichment with different nitrogen sources on growth, photosynthetic
carbon fixation and nitrogen uptake of Saccharina japonica

XU Zhiguang"?, WU Haiyi"?>, SUN Fuxin"?>, LU Fang"?, ZHAN Dongmei"*"
(1. Marine Biology Institute of Shandong Province, Qingdao 266104, China;
2. Macroalgae Engineering Technology Centre of Qingdao, Qingdao 266104, China)

Abstract: To investigate physiological characteristics of Saccharina japonica cultured in enriched media with
different nitrogen sources, kelp were cultured for 7 days in three nitrogen conditions, including natural seawater,
enrichment of ammonia and nitrate, and then growth rate, photosynthesis at different carbon levels (P-Ci curve)
and nitrogen uptake rate were determined, respectively. The results showed that both enrichments of ammonia and
nitrate remarkably enhanced growth of kelp, but no significant difference between the two treatments. P-Ci curve
conformed to the saturated kinetics equation, and both the maximal photosynthetic rate (V,,,) and half saturated
constant (K,) were notably raised by enriched nitrogen. However, V,,,, showed no significant difference between
the two nitrogen enrichment, while K exhibited a higher value in ammonia than in nitrate enrichment. Compared
to natural seawater, the ratio of V,,,,/K; increased in enrichment of nitrate and kept no change in enrichment of
ammonia. Contents of Chl.a and Car were enhanced by enrichment of nitrogen, with no significant difference
between the two nitrogen sources enrichments. Content of soluble sugar was decreased by enriched nitrogen, and
showed a lower value in enrichment of ammonia than nitrate. Compared with natural seawater, ammonia
enrichment enhanced ammonia uptake and inhibited nitrate uptake, while enrichment of nitrate increased nitrate
uptake and had no remarkable effect on ammonia uptake. In conclusion, enrichments with both two nitrogen
sources could enhance uptake of carbon and nitrogen, but ammonia enrichment had advantage in nitrogen uptake,
while nitrate enrichment showed more remarkable influence on carbon fixation. Therefore, the balance of carbon
and nitrogen utilization affected by enrichment of ammonia or nitrate resulted in no significant difference in

growth rate between the two treatments.
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