%46 % B ¥ B % £ T No. 46
2004 5 6 H STUDIA MARINA SINICA June, 2004

EREFHREREX R B EE
ERE W

A%V BIL' fEEY T
(1 REFFEBRETOT, B 266071)
(PR, H 266071)

RRIERER TR, TR RN, HFHBRARIL O KA
i, MERAESHEEREAEE, FHEsIEEN. SMREPRER T ZXE, A
R B B SRR AR AS A AR RURIT I T AR 5, 20025 B 3CHEAF, 19895
SREEEE, 1989; =gk, 1999, 2000), EFRILEEHEFHHYTLFTNNST, BKR
HRE SRS B R F R R Y A L R i (Myers ef al., 1981; Brian, 1986;
SIS, 1989), MKEFRL S RASNAEREERL, TH S5 LAHUERL
%, 2001), WHERHLREERIFEYTLHENERYRZ —, EEERWE FIHaYN
R, EIREEYIES)(EEk, 20005 Ryther er al,1971), BFFTHE/KHREIREEAR A N/P
SRR K A BV FRAT TR E ERAE R R EZRIRRKR . AOHEA
FIEREMEANHT, PIEFENERESE, HREN AT pH MERAYIKMOOC) 3
GEEET

—. MRS

1. LA

ARSI T FIRAA . A HeCL AW, &R, Lok, R_RREAMAR), Wb
(AR), T BREREH(AR), BEFR(AR), $RERE , WS A BRBE4R , EDTA 4L, YA IMAR, NaNOs,
NaH,PO, - 2H;0, NasSiO4 -9H,0, FeCly-6H,0, CuSO4-5H,0, Zn SOy 7H;0 CoCly6H,0,
MnCly' 4H,0, Na,MoO4- 2H;0, Vg, Vi,

RS 7E88, 0.45um BEEREFAEUEAR, pHS-2C BRI, JEREBESRIE, M-50 &
RS, GF/F(Whatman)JEfR, T8, D3k, B0, R2000D B K%, £
S COL WML, FRBh ST, $E5MT(S00W), Skalar Sany,, System #FRh 435l

* ch R AHR O THRWE . KZCX2-207, KZCX2-206, M P4, FEPFRE, BUNEWIES Rmsiig ity
1R R RIBT3Y ., E-mail:whzhao@ms.qdio.ac.cn
WO E 3 200345 68



FEHE: FAEFFUITMMERY R E KRR A KRR 159

ST

LR AEM SRR EREEERERL, T 2 BN, LRIERE
KB 5 5EMg, &0t 0.45um BERRAT4EIRIE S IR, BEHHEFBERA,

2. XWHE

BERBPHEEBEENEERESHA 23.12umol/L, 78.12umol/L, 133.12umol/L |
243.12pmol/L, 463.12umol/L, 903.12pmol/L(43 5144525 No.1, No.2, No.3, No.4, No.5,
No.6, AT, BERRELFEERREL IS ¥ 43724 30pmol/L, 144pmol/L, B MG
BAEF SL, AJREKIOFEREIKE S 23.12umolL, PRI & FFEEM IR EE N
5.6X10°4~/L, BT REIEF L LHAT 10d 09— KPR 3F, BIREER 22°C, Ky
40001x, JXHELLL I DR 12 D12, 5/—KREH 2h B, ZEBRBHEE—K, SIRE
2y S0mL Kk GF/F(Whatman)g B 38 5 43 5 F 224033 s BR 491953l DOC, Skalar
Sans System  H S A &Rk, pH-2 BREZHY pH, 53HRZY 20mL i JEAE 4 i
HAeYE,

—. ERGite

1. TEHBRERE THHEREHEREL
Xt FERIHIA K — MR Boltzmann AR UIFI(Wang er al., 1996), HEN

B()=B,—— 2B
1+exp(ﬁ)
S
A B() ¢ RPN EY R Be. Bo ¥ I AR B HYIVIA TSR AW 1
AW BAE(Br—Bo)/2 BEX R RIETR]; & S E 4,

80

704 | NOj

wom e
60 | /(umol/L)

304

BEE/(TAML)

204

10]

L L L A L L L O L D I
0 24 48 72 96 120 144 168 192 216
R/

B 1 R AR T A AR A A K



160 B ¥ R % £ A

B 1 AAMEE R, ETTE L, MORTRR, S IEL TR, H3ES,
EYRAMEAR/N, MR 3 RITER, YBRIRE KR, HASRBERE ., A%H 8 XA
BRAMUBEAS LN K, SRS, MMRREEINES 0 6, b B &ML KA
HEAMAA RGNS, T BATEEAE KR, AR LM BEAHRT BERR EL W i o B X 2 14
KERGEIVEM, MEMRRASMENRM, THARENEYEOEZM, HHAR
e KINRFTE A NEEL T, BREY BB TR P RPIaRERERRE, 7
LI PHIRER U L O 428  REMS X B A IRV PR B IRYRBE (B BAMESE, 1989)

DA R B E KA & — B KA, RS TR TAERK T4, Ha
MECE R R RN, ST . FEIREERIN, MEAEEKERIE 2), BIL
fIEUE K, WA B, = Bie" Fon, Bo 1 B, 53 SR IR WA IS BN ¢ B[R] A
AYE, k AR AEKERER FEEBRAMRGEEA K, AKi  B T M A
KMER, flin, EFRERE, THBREMAR, BREERRE, 8BS, #kZ
2y “bottle” FUW(EH4E, 1999), BFERAMATEEE RIARIIEERE, 1998),

[ NOj |=A /KK [ NOj3 J=55umol/L.
60 607
E 4 Model Exp2PMod1
Wodel Exp2PMod] Ci!l"_ZIDOF=711 29008
501 g:uzf‘Z/thF; :2?5216 304 I?=g-o1%g; 3)90042
k=0 01063.0005 1 (@]
~ 1 ~ 407
3 40 2 o
;
5 30 = 307
W o
g ] 5 &
#® 20 e #® 20
- O -
10 o 10 |
- r 1 T L i v T T 1 M T v T T T T 1
40 60 80 100 120 140 160 40 60 80 100 120 140 160
et ) /h At El/M
607 [ NOj 1=110umolL 60 [ NO;3 1=220pmol/L.
Model Exp2PMod1 -
50 | Che2or=4 tesoe 50 | Coeaivors s 16082
{ [ k=001805 00022 1 | €55 oraz 00024
—_ 4 -1 —_
a 40 3
< 30 2
i | i
b x
B 201 B
10 ©
v T v T L T T T T T ML L L S L Bl
40 60 80 100 120 140 160 40 60 80 100 120 140 160

e/ B iE)/m



TV, EREFFUTITMBREL T T B AR B KRR 161

607 [ NO3 ]=880pumol/L
60 - [ NOE ]=440;,1mo]/L
Model Exp2PMod1
Model Exp2PMod1 50 | chr2iboF=4 73764
50 | Chr2DoF=381129 R12= 098882
R*2= 0.9911 1| 4=0.01947 00022
k=002044 00019
I 40 f_
& =
5 5
% 30 T by
; #®
% 20 -
10
40 6IO SIO ' 160 l’l,ZO . 140 16IO A E)/h
atE /A
B2 EHERERMR AN FEAL T P& R BT RE K t
RO R AG B A K EREH L R 1 R,
®1 WEERMBLAEMNPHEFROENEREREN
% 5 No.1 No.2 No.3 No.4 No.5 No.6
BRI NOs BIWI Ea 3R 5 /(umol/L) 23.12 81.55 140.37 272.98 491.64 82142
BEFEW P PO43’E4J%ﬂtﬁ%€J§/(pmol/L) 27.8 24.70 25.18 30.45 31.31 29.65
N/P 0.8 33 5.6 9.0 15.7 27.7
k(1/h) 0.010 63 0.01692 0.018 05 0.018 28 0.020 44 0.019 47

HEFRHIE], S IR IR B AR KR E BT

k No.6< K No.5s~ K No.s =k No3 ™k No2 = K Nout

HIIFE ), RSB MBRERIEE RN, RIFBEMIERE R, MBRENHE
4 491.6umol/L B A AR MR R KR AE K HR R, MR N/P {Hh 157, HeE
Redfield FU{F 16 : 1(Redfield, 1958), FERBEHL/NTF 15.7 BIERSH, B &AEERE
KA KBRS MR BIMRE R, HAERKERUMAMETR, HEHEHE Redfield
HOEA KERBR . FERBELRT 16 1 1 1 No.6 , BRABMMA: Kol RE S TR
/AT 16 11 Hy No.d, FRICist Bl A B 0 A8 KA R AR T X AR BRER A IR

2. FRERELRN B B ISR T pH MR

W 3 PR, pH MIESREOSE 1 KITERZHI A, 5 4~7 K, pHARIHEAME, LA
J ST R E I o TERESE A 1 1 A P R 20 D P LA SOR K A b B ALk A T 6 &
TER, BAIMFERE A K ATRUOR B HCO; thiyTEdURk, 78 s A K a] B IRl
CO AR A THUBREIRIR (Laws et al., 1996), ARTCHBRKIHEFED R, UEF RS
FH CO 45, W pH TR . MRERBIIFELE, FARINEAIERIFHREIE,
THUBR KRR R G , FRIRAE R AE R CO FIRS Y CO AR, 148



162 B OHE R % £ 7

PH TERJE LK 2 F RS, TRMELRMEY 0 MR E MR BN, F7L pH
AR B

9.2 5

L AL L

LML T
0 24 48 72 96 120 144 168 192 216
A El/m

3 CO; WEAFHEOL TR pH 2Lk

3. mEkEhAR xR Eh B RER DOC MR IA

DOC #yZAe b S s A= Yy B (A AR, AR A 4, BFBEHRAX,
DOC #EAMAR/D, RAMIAASERAERMSE, BB+ DOC W ERZREE K, AR
FIHBREL ARy O Y, DOC ¥R B3 KRR 1 B /N T HAME L, — BN AR§BREE, DOC
WENERA R, EMRIRERNM, DOC MENE W ZEHIEM, KgEHEA
TR KOS A o B RO i, AR TTOE R & R A BEPURRIFERS, HRAER
HH ALY, L DOC BB E KA (Sgndergaard ef al., 1995), 1E4),
WEA TR A S E RS AR FHEY SR T AR S R IR B PR 2 DOC,

800

DOC/(umol/L)

B 4 DOC Fgrt ) A fL il 2%



HEEES. FNHFHRAWMREN PHARBRERNRNA 163

1) 725 50K RO h /B L1 Redfield LUfi 16: 1 (Redfield, 1958) , HAE K
B, MMEHEERE., TEARLEF No.sS (AR 157 1, BRIEIR Redfield A
160 1, HEMAKEERR, @ETERS.

2) ABEL/NT 157 BUIESL T RRREL X R B R BAVAE K EH BREHER, EBkLL
BN, FREIEZL, EABHAT 157 FETHAKEEES TABLIL/DT 15.7 (936
¥

3) HAth B — e A0 TR PR R E R E RN B BN A RE
R, MTA BB DOC = W ; BRI E X EHA PUEROOC)H B AA ¥
R RIEER.

2 £ x #

TH. BaE, 199, EEFHHOERLRENISHE. BESHE, 300): 512~518

XiF# . hE . BRSSHE, 2002. RREESEHTPAE REA KIS NEW. WREEHR, 3%6): 39-4

k. BB . R, 2000. FIRELX PR B AR A S B AL AR . B SHIH, 3103): 239~245

26k BN AR, 1999, HIl R REAET A B TE B E IR AL MR R RITIE B DTS, - SHIE , 30(6):
640~645

A, ST, B, 2000 EFREATREIE KA A B E A K AR RME . W EHHE, 31(1): 46-52

AREL. AT, 1989, FEIERABMAYTR L PABARERASEETR. B FEARERAHESEHES. 4t
iR

BB, RUGE, k£, 2001 REFMH RS GEFFRAR EaflE, 132): 5460

HEREE . BRAEPK, 1989, KITOIFHEYAE KIVBERRELRG]. MBi-FiR, 11(4): 439-443

BOOORE, TR K LRI, 1989. KGESHRELEY—F B KRB (Skeletonema costatum) L 7SHIR. WTEIMER I, 8(2): 35~39

B, 1998, MoKAEYERDIR. F5%: FREFIENRE

Brian, E Lapointe, 1986. Phosphorous-limited photosynthesis and growth of Sargassum nataus and Sargussum fluitans in the
Western North Atlantic. Deep-See Res., 33:391~399

Laws E A, Thompson P A, Popp B N et al., 1996. Sources of inorganic carbon for marine microalgal photo-synthesis: A
reassessment of °C data from batch culture studies of Thalassiosira pseudonana and Emiliania huxleyi. Limnol. Oceanogr.,
43(1):136~142

Myers V B, Iverson R I, 1981. Phosphorous and nitrogen limited phytoplankton-productivity in Northeastern Gulf of Mexico
Coastal Estuaries in Estuaries and Nutrients. Neilson BJ, Cromin, L E ed. Humana Press, 569~582

Redfield A C, 1958. The Biological control of chemical factors in the environment. American Scientist, 46:204~211

Ryther J H, Dunstan W M, 1971. Nitrogen, phosphorus, and eutrophication in the coastal marine environments. Science,
171(975):1008~1013

S¢ ndergaard M, Hansen B, Markagers et al., 1995. Dynamics of dissolved organic carbon liability during a clear water phase in a
eutrophic lake. Limnol Oceanogr, 40(1): 46~54

Wang X L, 1996. Modeling the bioconcentration of hydrophobic organic chemicals in aquatic organism. Chemosphere,
32:1783~1793



164 o R ¥ £ A

Effect of Nitrate on the Growth of Skeletonema costatum
by Indoor Culture Experiment

LI Jintao'? ZHAO Weihong' YANG Dengfeng'? WANG Jiangtao
(1 Institute of Oceanology,The Chinese Academy of Sciences, Qingdao 266071 )
(2 Ocean University of China, Qingdao 266071)

Abstract

Skeletonema costarum is the dominant phytoplankton in Changjiang Estuary. Blooming of
Skeletonema costatum arose several times in Changjiang Estuary in recent years. In order to study
the relationship between concentration of nitrate and the Skeletonema costatum blooming. we
studied the growth of Skeletonema costatum in different concentration of nitrate. Growth rate, pH,
dissolved organic carbon (DOC) and maximal uptake rates of nutrients were educed through the
experiment. The results showed that low nitrate concentration limited the growth of Skeletonema
costatum although the concentration of phosphate was high. The optimum N/P ratio was 15.7
among different N/P ratios tested in the experiment. The closer the N/P ratio was to the Redfield
ratio 16:1, the higher was the growth rate of phytoplankton. The growth rate and concentration of
cell, when N/P ratio was over 15.7 were much higher those when N/P ratio was under 15.7. Under
condition of low nitrate concentration, the dependence of Skeletonema costatum growth on nitrate

was increased. The release of DOC was promoted obviously by enrichment of nutrient.



