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ABSTART By means of the common rotation composite design of quadratic regression, four
mathematical models were established to analyze the impact of light intensity (%), temperature
(x;) and salinity (x3;) on cell division rate (k) of each microalgal species seperated from shrimp
ponds in mixed-culture. The suitable conditions for the microalgae growth and the weightiness
of each factor to the cell division rate were obtained. The suitable light intensity for Crypto-
monas erosa ranged from 5 750 Ix to 7 944 lx, the suitable temperatures ranged from 21. 3 C to
28.3 C and the suitable salinity ranged from 13.3 to 23.0. The weightiness of the impact of

each factor on cell division rate was x;>x; >x,. The suitable light intensity for Nitzschia clos-
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terium ranged from 5 761 1x to 8 697 1x, the suitable temperatures ranged from 23. 4 °C to 29. 6
‘C and the suitable salinity ranged from 11.9 to 25.7. The weightiness of the impact of each
factor on cell division rate was x;>>x, >x,. The suitable light intensity for Nannochloropsis oc-
ulata ranged from 67541x to 87751x, the suitable temperatures ranged from 17.1 °C to 20.7 C
and the suitable salinity ranged from 19. 6 to 26. 4. The weightiness of the impact of each factor
on cell division rate was x; >>x3; >x;. The suitable light intensity conditions for Chlorella pyre-
noidosa ranged from 7 128 1x to 9 012 Ix, the suitable temperatures ranged from 18.7 °C to
26.7 °C and the suitable salinity ranged from 17. 9 to 24. 3. The weightiness of the impact of
each factor on cell division rate was x, >x, >x;. The k of Cryptomonas erosa and Nitzschia
closterium was significantly affected by salinity acting synergistically with light intensity and
temperature.
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L1 RUEMMESEIE

T8 FH 9 T80 988 2 b I i I8 694 OO0 S b BT UL L AL 5 0k B BR 38 Cry promonas erosa T A 358 Nitzschia clos-
terium S ERERBE Nannochloropsis oculata FE EFAM/INEREE Chiorella pyrenoidosa ,1E 2006 4£ 5 H #1 2005 4E
10 A, N RIEVLARE B MRt 3 40 3 B e B S, S e R B A K #7505 .

1.2 ZBRH* £1 EERKFEHDB

" , Table 1 Coding of factors and their levels
S % i St ¥ £h
AR AT S8 R B E 4 RT3 A P T e e

i :YQL'\ {5 U3 18 EE % 20 % & i’f‘ ‘{A"J 6} j(j 5 /l\ é& jﬂ]'j ( ’/?{ il Code Light intensity Temperature Salinity

KA 1993), HLHLK , Bk FE 1, —1.682 10 236 331 31.3

1F 500 ml BTN A ISR I 279 ml, B FHLh —0. 841 9 000 30.0 26.0
W N MR8 (NH, NO;) 500 pmol/L BB — & 0 7000 25.0 17.5
B (KH,PO,)60 pumol/L frEEfR ek (FeCy H; 0,)0. 4 0. 841 5 000 20.0 9.0
pmol/L F A #R 4% (Na, S, O; » 5H,; O) 7 pmol/L, 1. 682 3 764 16.9 3.7

pH7. 8, ZHMA 4 R . R MBEEERN
1.303X107ind/L BHBE 3 P47, KA 46W I 4% BB BT A6 U, O BRBE W & 6 R B BR B 3 JD-3 &Y
CEMEET B FBRAU ) JERETREDE  BE R 12012 h, RERHRA DTY-813 A& H fEE R G328 (b 5t
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2.1 HERBMES

BERBANEREBTE 2, BARERFHOSHED 3 W7l AR5 B R R BB R, it
B L1558 5 R N7 A T K R ] A R N

M BE#E . v, =0. 249 94+0. 004 7x,+0.025 22,—0.017 Sx;+0.006 7x,2, +0. 011 8xyxy —0.028 2x,x,
—0.024 42 —0. 027 922 —0. 038 622

BAZER By, =0.228 7—0.015 7z, +0.007 5z, +0. 024 lzs — 0. 001 4z, 2, + 0. 012 9,15 — 0. 021
8xyx3—0.010 52} —0. 01322 —0. 024 32

BH/NEREE: y, =0.240 4-+0.002 3z, +0.038 3, +0. 048 0xy + 0. 002 0,2, — 0. 001 3xy13 —0.015
61,23 10. 008 7xi+0.014 324 —0. 032 0x?

IR : v, —=0. 289 6+0. 010 82, +0. 048 4z, +0. 002 4as+0. 002 1z, 2, —0. 005 4x,23—0.013 32,14
+0.002 6xF —0.003 122 —0.025 8%

2 RBBHRER

Table 2 Experimental design and results of the cell division rate

%1% Code WK% L
S o HABER BN PR R
Number x| : T x3 Cryptomonas Nitzschia Chlorella Nannochloropsis
erosa clusterium pyrenoidosa oculata
1 1 1 1 0.15 0.15 0.25 0.28
2 1 1 —1 0.27 0.14 0. 33 0. 37
3 1 —1 1 0.17 0.16 0.21 0.22
4 1 —1 ~1 0.12 0. 09 0. 20 0.21
5 -1 1 1 0.13 0,16 0. 25 0. 30
6 -1 1 —1 0.24 0.23 0.29 0. 32
7 —1 —1 1 0.12 0.19 0.19 0.21
8 —1 —1 —1 0.17 0. 14 0.19 0.22
9 1. 682 0 0 0.17 0.22 0. 24 0.33
10 —1.682 0 0 0.16 0. 24 0.27 0.25
11 0 1. 682 0 0.19 0.23 0. 33 0. 35
12 0 —1. 682 0 0.12 0.23 0.21 0. 20
13 0 0 1.682 0.12 0. 27 0.19 0.25
14 0 0 —1.682 0.13 0.12 0. 09 0.17
15 0 0 0 0. 27 0. 24 0. 26 0. 32
16 0 0 0 0. 25 0. 20 0.22 0.29
17 0 0 0 0. 24 0.22 0.22 0. 27
18 0 0 0 0. 26 0.24 0. 26 0. 29
19 0 0 0 0. 26 0. 24 0. 26 0. 30
20 Q 0 0 0.23 0.23 0.23 0. 28
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2.2 HFEEBNEEMRR

Tr A2 IG5 R R, me ik B B O /N BRI U BRI R [l A R FIAR B 2, Fe>0. 01, 3T A R L 3
HIEE N B3, Fe>0. 05, RK R T MK R ZFAAAEBFREERRGE D,

x£3 ERAFEHESHE

Table 3 Variance analysis of binary quadric common rotational regression equation

. RES [= 15 B E A 1) afiiz ,
P < F Fa
B3 Species ss, SSk sS, SSis Ss. R Fr i
il R 2 0.701 0. 621 0. 080 0. 069 0.011 0. 885 16.74** 3.78
Cryptomonas erosa
Fo.01(6,13)=4.62
HAEER .
0. . 312 . 196 0.18 0. . . * 10. 16* *
Nitzschia closterium 508 0-31 0- 19 > oul 0. 614 3. 44 Fo05(6,13)=2.92
HEBANHRR 0.603  0.478  0.124 0.100  0.024 0.794  8.34* 2.61  Foo(8:5=10.97
Chlorella pyrenoidosa
4 4 Fo.05(8,5)=4. 82
iRk ok 0. 604 0.503 0.101 0. 085 0.017 0. 832 0.74* " 3. 14

Nannochloropsis oculata

2.3 HEFEHANOAZHEEMNRLE

M [ H R AT B E AR R AT I R E A T I B E K E R MENRAAR, S EHT
XA [ B A KRB R AR A —HE . XTGBT A 2 8, S E I 22 Al o K BIA B B E
Tk 3%, UL X P AR O B0 I K AR 2 2R GRE ML E R TR R —ER, YR BEDERMEE R E M E
P RVER 3 T H AP IR MRS, KL A B, WX A AN KR AZ B E TR MmAE
M BAEZREFHBREREMRGR O,

F4 DARYBEERER

Table 4 Significant test of regression coefficient

BB Species
B RRE , .
Source of o B B HHERR BB/ RE E3:8: F,
variation Cryptomonas Nitzschia Chlorella Nannachloropsis
erosa closterium pyrenoidosa oculata
x1 1. 43 16.26* * 0.17 5.22
x2 42. 09~ 3.76 46.04** 104. 75~
x3 21,20~ 38.66 0.73 0. 26
Fo.20(1,8)=1. 82
x1x2 1.74 0. 07 0. 07 0.12
; Fo.10(1,8)=3. 46
x1x3 5.40* 6.42* 0.03 0.75
Fo.05(1,8)=5. 32
Xy X3 30.79* 18.43*~ 4.47 4.65
Fo.01(1,8)=11. 26
2 55. 46 33.20%* 8.05* 8.37*
x2? 41,47 7.66* 2.52 0. 31
3% 54,20~ 11. 82~ 6. 77~ 0.46

2.4 ERFHMEERENTRESN

FHRFHEHMBENE KRB ERERA -, S TARBER, RATREEAEERN T BRI EER
P, SERRML TR BN > >0 N PR A SR B E SR SR E M TR A /NRE
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Table 5 Weightiness of each factor on division rate of different microalgae

PRI Species
M I BA %% B BONRE Btk R
Factors Cryptomonas Nitzschia Chlorella Nannochloropsis Average
erosa closterium pyrenoidosa oculata
J£38 x1 Light intensity 1. 904 2.331 0. 876 1. 689 1. 700
{RJE x; Temperature 2. 649 2.077 1. 969 1. 383 2. 019
/8 x3Salinity 2. 826 2.785 1. 240 0. 392 1. 810

2.5 HEHMIE

ARG SE TR o 4 103 05 7 T8l T AR DK T A BT BRI, ) 57 =125 DN A Pt
Z PRI RS BB T7 5 ARTE VB T 1% Hh AR B B 390K 9500 B A X R B i I A A AR 6 BTR .

®6 FEWNERHEKENERFREHK

Table 6 Optimized combination of factors that may achieve the highest division rate

B Fh 2 Species

W& W 3 RESIZ EFLYNS PR ER
Factors Cryptomonas Nitzschia Chlorella Nannochloropsis
erosa closterium pyrenoidosa oculata
38 x; (Ix) Light intensity 5 750~7 944 5761~8 697 6 754~8 775 7 128~9 012
HIE 20 CC) Temperature 21.3~28.3 23.4~29.86 17.1~20.7 18.7~26.7
B o3 (¥%;) Salinity 13.3~23.0 11.9~25.7 19.6~26.4 17.9~24. 3

3 i

3.1 EBHIIE

ARG L 4 B R ) B0 TRV BRI L G TR R R R A S0 M RS IR VG I L R D ER B B A
BREEREAR . AR 150 TE B P, 18 0 Y T (5 5 B P TR bR, 40 B B B 1k B e (e ) O SR R B D SR
A B ARG A S EZME (ZESORE 1999 M 1994, NI, 2 s M e %
FhEMEAKRKNSEEEWNH T2 (GHUEE 1995, ARRER,SLBRTHRE a IRHE NEWSE
B G 3k /D> (Parke  1949) , S BE X0 1 F) FHRCR BRI, 40w 4> 818 . SR KWk T A B s 8l » 18 UK K 3R 2
HIKZ0ERAR., A HRERL FAZEEARERP AWK, - BEFHAEWNREK, D2
JEE AR I A BEIR (SRR 1965) , AR T REXS SR LA RSB M IE M U . ABF R R HBGE R 1Rk
8 697 Ix, X bb 78 FF e AR 15 B0 MG T B A R0 i PR 7 944 Ix RYF5, T K KR A A0 WGk OB AT . AN
WA BRI R T A AP 2, B /DB A IR L R LA R ER R K . FHE 200 TR R MR HREE
SROL, A K A BE YRR TE I 5 000~7 000 Ix(JRIHEIEZE  1996)., AMEEAM, HEEREGFEFEXK, X



% 6 CEBE EERRAE D 4 HEEESE TR 147

7 128~9 012 1x, L BB (2002 RN R E .
3.2 BREWRI

LU KB, 4 Fh O X IR B T B2 7 DR SR RN T S, RS B e K R A ek B BT A 2R 00 o HL R AR PR A
EEB/NREFTEESIEE ., Davison(1949) & 2 10 T 56 B 3¢ 4 Yok Ui I 3 2028 i 42 I g 3 J1 5k
B FL A I A A 3 VR 3 L A AR BR AN S B R A A VR S 2 B R (BRBAME 1995) . MEDMERR A IRiE iR
BEVE R N 21. 3~28.3 °C, 2 S /KIRAE 23~ 31 C , AT K I 2] o B 0 9y 40 5 B, R LR G5 R S AR M BLG5 K
BT RMAE E R AR R REESE R R By £h B HH A 5 B0 32 W, 3 8 X8 B B 3 7
A—EE£R, AMKEY . FAZRENEEEE &K, EH TARKREEN £ K, RERERN 20~25 CH
L% 1996) , AW GHHEEEE K 23. 4~29.6 C, X 5 HA KM KRME . HFEHQCODHIIRE
BE 6 B A B X R A K R R R IR B BE TR O 301 °C (B AR SR R X O FRR B L TR
Fo A b o BE X AR R AR K AR DT ST 38 o R R B R T IR SO, B IR O 20 C GRIRBLSE 200D),
AL, ER R SRAAG T SR BIE A KR E R AW A AT RE N HEEREN 18.7~26.7 CTRA
HAY . B AR /NERIE Y R IRV TR AIG VT AR F T A B SR e IR U AE 22~23 O, AR TR IR B Yk
TR ZEHEFAE (2003) BF 5T A [6) 35 55 RO 26 B/ N BR 3 B ORI B R T 85 3R W R DD 38, AR A8 IR R AR
AR B R — AR, A T O 9 BE D3 R R A B AR BR B Y — B B T AR k.

3.3 HEMRE

ARG RS RAEMIE ML E 14, 5~28. 2 LU, 0K R 18 £ 8 B R B LR AR SR B R i, AN &
BMAKMImE., BREMNBBENEZWMEERAELBEMILE EOER. i TARRKE AR, 2R
A S 5 30 7 & b B S TR A 7K SR A 6 K AR AR TR R T TR % (1A T K SRR BE R R R IE N . B
RUKFRERFEBEN A TR 2005) , Wl BRI A0 A, BT | A28 o AR 4 3 I A b ot ot 2R 58
B BA RR R IR R, O AR R B R AR KO ROEVE B 13. 3~23. 0. BT A R B R BUKF (S 1EH %
1965) , ARG K Al th FEVE FE Oy 11, 9~25. 7, X 2B B . PRUTA % (1986) B ST R U] /N R BEXT R 1Y
6L BE J1 5 NIROK B 40 FREEAE KA A RE TN EEE R 5~15 K. BB/ REN RIS
BN 19. 6~26. 4, e LR b Eh 0 25. 6~28. 2, A Fb i il £ B8 MO HLJRUR A SR RS AIR . AT MR
BRERYIRE R VLR Y 17. 9~24. 3, AN RS A B S 28 O 14, 5~28. 2, A B S 45 R A i AL KAy &b
FEREN.
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LR TR 2 A A5 I TS A X SRS AR o BT T T S R A K R T
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