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8.1, & N 0.032 mg/L (NO; — N), § P 0.007
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Si=13.9:2.3:0, BEKE ), 4T HEE KRN
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(1 400 +100)1x, JEFE R HH 10 h: 14 b, KEHAREH
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IS EE, REE(O)RMAEOLERE, B#R
ARZERRTF (LR ERITE 6 RIEES S
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P<0.01, HHF AR  REEMES
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Table 1° Experimental factors and their levels

7KF Level
X Factor 1 2 3 4 5 6 7 8 9 10
X/{mg-L™") 1.0 5.0 9.9 15.0 24.9 35.3 45.2 59.9 75.2 89.4
Xof {mg-L7") 0.1 0.5 1.0 2.0 2.9 59 8.9 13.7 18.9 28.6
Xaf{mg-L™") 0.5 1.0 2.1 2.9 4.1 5.9 8.0 9.9 14.9 20.1
X./(10° ml™F) 8.4 324 57.7 82.3 106.9 130.8 156.2 180.1 205.4 230.0

% 3 N.P.Si EES DY NaNO. . KH; PO, 1 Na,Si0;+ oH,O BB 5 &, Concentraticns of N, P and Si were transformed from weights of

NaNO,, KHyPO, and Nap8i0y*9H,0, respectivaly.

£ TRARSER
Table 2 Experimental design and results
X/ {mgL™") X/ (mg' 17" X3/ (mg-L7!) Xo/10% mi ! 817 Norm
SRS mmmE ¥ BEAE  KF  BEEE AT RER i Yed Vs
Level Concentration Level Concentration  Level Concentration Level  Alga density  10'ml™! d7! d7!
nl i 1.0 3 1.0 4 2.9 3 106.9 360.9  0.304 0.242
n2 2 50 5 5.9 8 9.9 10 230.0 402.1 0.208 0.170
n3 3 9.9 9 18.9 1 0.5 4 82.3 339.6  0.337  0.262
nd 4 15.0 1 0.1 5 4.1 9 205.4 396.0  0.221 0.180
n 5 24.9 4 2.0 9 14.9 3 57.7 255.9  0.349 (.318
n6 [ 35.3 7 8.9 2 1.0 8 180.1 370.6 0.230 0.190
n? 7 45.2 10 28.6 6 5.9 2 32.4 401.8  0.535 0.427
nd 8 59.9 . 2 0.5 10 20.1 7 156.2 422.2  0.270  0.220
nd 9 75.2 5 2.9 3 2.1 1 8.4 81.4 0.487  0.478
nl{ 10 89.4 8 13.7 7 8.0 ] 130.8 456.7 0.310 0.243
1.3 ¥igas %0 -
it SHT7E SPSS B A (Ver. 9.0,1998) F 800

. BHEATEMERBERZERME P
0.05 8| A, P220.10 HERRU%, BIHFRIKITE
BHRRENMBHPREHB.

2 HREMNE

2.1 FAERKET=ABHERMNAEKE

E MBI B RECR R ) Ab B 2 R Rl R 4L,
18 KR RIE AN 2, {HiRs A fCutfa)
EREXBLIERYELD, £14dNERMHE,
ME2XEBs RHBIMREA K, F9XG, B
BEEMET 100X 10' mi B UL RISHEAE R, T8
F 1002 10° ml " &4 B EBE, % 12 RIFH, nl,
n2,nd A FEEN<5%, A—KEEFHEIH

g 8 &8

_
2

M/ (101 ") Algal density
g B g

=

1 2 3 4 3 6 7 8 9 10111213 14

#FEFK /A Days of culture
—=—=p] =—8—n —fr—p1 —M—ni =5
—— i ——fim ]  m———qR  —————p i}

Hl1 FALETFT=SHRERNEEHR

Fig.1 Growth corves of P. Tricornutum in different treat-

ments
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b SR BB FI(3.5~30) X 10* ml M) TR
F 100 % 10° ml K LARIE.
2.2 HEXWZ=HWERECRHED

BB KRB 8 R)MH R — b H kB
WIS ABER (G 11 X)EKRERER,

ERERNLFE2, %8 d11 dMVIEKFESHIE
FEE, B FRHE, AAFRIRGERLE 3,
Y'ga=0.496 - 2.350X 103X, +4.585 X 10" ¢ X% +
5.246 X107 *X,X;, R?=0.965, P<0.01 (1)
Y 114=0.469 - 3.050X 107> X, +7.655X 10 ° X, +

HAEKENTARE, FABHES d.11 d RTHE
%3 AEBEER
Table 3 Optimum calcnlated results of different equations
HE BE# Factor #5145 Norm
Equation X /{omg'L™) X/ (mg L") Xo/(mg'L™H)  XJ/100ml™' ¥e/10* ml ™! Y'sfd ! Y yafd!

(1) — 28.6 20.1 8.4 - 0.778 —
(2) 89.4 — - 8.4 - — ©0.492
(3) — 28.6 20.1 143.1 869.7 — —

BEHR), 8 X5, XX, P2 IERMES
PR FRAER, RAEER TR ERKRNE
e, LB 2, E4FBR(HEAE2, M8 dBEK
N RBWHEAE1.0~89.4 me/L MEIRMEE
KELER;PHS HEKESBEO. 1~28.6
mg/L #0.5~20.1 mg/L #F, B P.Si B
mEEEBN;P S S HREEMERKRETERH
L TEREEER, REKRARE. FRERSB
P R 28. 6 g/ S FBWE 20. 1 mg/
L RS X 8.4 % 10 ml™ ', MAKRAIK 0.
778 d L, HAEKERK,
WK, WA N:P & 16: 1(Redficld HiH)
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Fig. 2 Relations of nutrient P, Si and inoculative densities
with 8 d growth rate

n, MEAFEEBEFNER., BAEHRERE, &
FNTEL1.0~89.4 mg/L EHEXEAKELE W,
AR NP ARFEMHE, IEB Uk
B, AW 10~50 mg/L N M =AW HENER
EHRADE, Haywardtz]ﬁxﬁﬁgzﬁﬁﬁﬁ
MEER P RESABHUEIEHRPEERR, 2
mg/L THRBREEK, BRARAIN BEHEKLE
5. PESUIERSENREHT, ELEZLREN
ERMTER, N ABRERE 24.7~98.8 me/L, P
FREETRE9.1~36.4 mg/L TEENME K BEW
AEF, H si fREK TR 23.7 mg/L. XEHIE
HEET N:PARTIENEREER.
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Fig.3 Relationships of nutrient N and inoculative densities
with 11 d growth rate
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11 d W FHERKEERRIFRQ)LEI BR,P
S EMRESHE0.1~28.6 mg/L M 0.5~20.
1mg/L MEAMELERKELER; BN REREN
BMin, REKESRL4EW T BENERERE, £
KRR, FRERDR, N HERE 89.4 mg/L,
BERER 8. 4> 10° ml7 "B, B KETK0.492
d7', HEAR, BHNEERREKENFERWE
¥ N BRMEEEREEM P S KREKEX
BEKELEH, FREQOSFRMBERLUT
i, E 11 dERERGA RS S H -4y
RETLARENSERERE S LKBHXR,
Hit, TSR IRENEEEXEEFI N ERE
TR, AR KON AR, 4K EE RS,
BESRELH, Wnl.n2 #Mod #H; 8N R
WER R R R @, BT ELe, A=
ABEERFIERA, EAEAEE, RNAN &
B AR IR IR, 10 o9,

2.3 EERN=AREREEENER

ZRIF AR BRHERELPRATEM,
M dBEESR(R2)EEFUFRIIMEER
MEAREREEENEW, ROFREN.
Ygqa=39.169 + 4.249X, + 0. 163X,% — 1. 210 X
1072X,2+0.782X,X, - 2. 750 X 107 X, X,, R?=

0.993, P<<0.01 (3)
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Fig.4 Relationships of nutrient P, Si and inoculative densities
with 8 d density difference
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FRNEESEEEEMPL LR, SEMTE
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FRRAEEERRERAEMN, WER2 R RE 9
He dHAARENTFHERR0.4874d7Y), BR
REF N 89.8x10' ml™!, BREEE BN
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Effects of different concentrations of N, P, Si and
inoculative densities on growth of Phaeodactylum tricornutum

ZHU Yi-feng, GUO Xiao-giang
{ Fisheries Department, Ningbo University, Ningbo 315211, China)

Abstract; The alga Phaeodactylum tricornutum at its exponential growth stage were inoculated into the culture
solutions at different mixed concentrations of N, P and Si. The 8 d alga growth rate and alga density difference
were not affected by the concentration of N ranging from 1.0 to 89.4 mg/L, but affected by the concentrations
of P and Si ranging from .1 10 28.6 mg/L. and 0. 5 t0 20. 1 mg/L, respectively, and furthermore, these effects
were more and more serious as those concentrations increased within the above ranges. The optimum growth rate
and alga density difference got 10 0.778 d ™! and 869.7 ¥ 10* ml™?, respectively, when the concentration of P
was 28.6 mg/L, Si20.1 mg/L and the inoculative density was 8.4 X 104°ml ! and 143.1%10° ml™*. The ma-
jor affecting factor on 11 d growth rate was the inoculative density, and followed the concentration of N, but the
concentrations of P and Si had no influences on the growth rate at given levels. If a concentration of N at 89.4
mg/L and an inoculative density of P. tricornuzum at 8.4 X 10 ml™! are given, a top growth rate can be got
theoretically, which is 0.492 d7!.

Key words: Phaeodactvlum tricornutum ; N3 P Si; inoculative density; algae growth; batch culture
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