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Baeut bR 2h 1B 5h— K. MERENK B FF 4G, 8 KER — B BRI, ZHEENUM
BRI HOR, HABA 0.1ml HHBUE, T EME T #HT TR, NEMIILE R BREILHK
HRITCHEEEE, SBEEKDNT 5% 0, HHRFFR., SHLEA=Z/ER.

BIARY = In(x, - x) / (4, — )ELETH AT o 8k KR A B LMK R (1), A&
JE oK H K BB M (umax) . x IR E (cells / ml), t HETEY, ARG 5 BUSHIEITE
T, T T KRR 95% M B E X EIHEY,

£l BRHMAEFREH (BRAL: Cells/ml)

Tab.l The culture conditions for algae species

HE *H biiE 3 FHA ¥ e
E-3i7 5§ /NER B g HE% g
Npalea C.reinhardii  C.pyrenodinosa S.obliquus Scapricornutum M.aeruginosa
R (10%) 6.6 1.0 2.5 1.0 0.1 (or2) 10
Initial density
RE(C) 20.5 22.5 30 28 26 28
Temperature
SR (10°1x) 35 3.7 5.0 5.0 5.0 28
Light Intensity
2 &R
2.1 EREM ymax (R 2)
£2 TRMFEDELRGLMKCRBAE (umax)
Tab.2 The umax of Npalea in different media
% —WiA% Experiment I % "WiA%% Experiment II
HB-D, Allen AAM HB-Di Allen AAM
pmax 1.386 (2) 0.865 (2) 0.803 (2) 1.398 (2) 0.977 (2) 0.839(2)
1.282 (2) 0.996 (2) 1.051 (2) 1.185(2) 0.895(2) 1.138 (2)
1.418 (2) 0.898 (2) 0.915(2) 1.288 (2) 0.935(2) 0.976 (2)
RSl 1.362 0916 0.924 1.290 0.935 0.984
HHER 0.446" 0.438" 0.355 0.306"
F Test F>Fs 2001 F>Fs200

E.ESAR umax BB HE, *2RE ¥, * XRMEX,. TH The figures in paenthese show the days

when the pmax was determined. * Significant, ** Very significant. All the same below

RBERLEFRREA, BRARLERNERRKETE. BHERERER, &
HB-D 3 3% & 57 W18 0 pmax (6 I K ER B & 30 B T AAM 55 37 2 M Allen 35 57 2 W 18 1Y
pmax {8, /5 RAEFENE pmax{f B ERAEE.

2.2 FEHIEA ymax (R 3)

B—RLRERFTEMEN LEEAERRTE. EHEHZERER, Chim FFHE
M HB 3% R E R B A umax(l B £ FAHE, HENE B H L AAM B FEMBH ymax E
AR, MxE _KERERN FRERNSLBEEERATE.

23 BBUNKRA pmax (R 4)
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R3 TRBFENEGFRLRKERKE (umax)
Tab.3 The pmax of Creinhardii in different media

F—KiAK  Experiment I FE KA Experiment If
Medium ChimM HB4 AAM ChimM HB4 AAM
pmax 1.373) 1.25(3) 0.84 (3) 1.09 (3) 0.97 (3) 0.96 (3)
1.36 (3) 1.31(3) 0.62 (3) 1.08 (3) 1.05(3) 1.02 (3)
1.37 (3) 1.22(3) 0.79 (3) 1.10 (3) 0.97 (3) 0.99 (3)
Rali:} 1.37 1.26 0.75 1.09 0.99 0.99
THER 0.11 051"
Reci. Diff 0.62"
F Test F>> Fs,;,u 01 F=Fs200s

& BB B ChlamyMIE F 21k, B KB AAMIE 2 4L, The inoculum was acclimated with

Chlamymonas media in Experiment I, with AAM media in Experiment. I

R4 TRABFEPBE/NRRE LMK EB K B umax
Tab.4 The umax of Cpyrenoidosa in different media

E—Wik% Experiment I BRIk Experiment 11
TWNP TWP TWP AAM
gmax 1.602 (5) 1.365 (4) 1.265 (5) 1.710 (2)
1.116 (6) 1.257 (4) 1.222(3) 0.799 (2)
1.742 (5) 1.450 (5) 1.785 (4) 1.193 (2)
P 1.487 1.358 1.424 1.181
F Test F<<Fs200s
t Test t<Ti2,005

FE: LTWP K B 7K B B, TWNP R A 38 ACRE 3R 0 80 6.75mg/L. N-NO;3, B8 :50.450mg /L P-PO;” TWP means
that the water samptes of Lake Taihu were added with 0.450mg/l P—POi', TWNP was with 6.75mg /|

N-NO;” and 0.450mg /| P~PO]~ combined.
2. BRERIEFRTE 3.4 KRAARKE. The inoculum was incubated with natural light during the
3rd and 4th day in Expenment IL

BE-RKERERE FRBEA=ZFMOEEFEN umaxBEZR AT EF., XLL4HHH
MHESE “KERFAEN ymaxBL BB, HEERFUATE, XEHA ymax HH
B 1.30 +0.07.

24 PEMIER ymax (% 5)

LREREFRERNSLEENERTE. LHERXRYH AAM BB FHETE
EHAET QW A 1/ 2QW MR8 FHH; QWP B H FHEBL EFHMT QW T
H. KA TFHERERAHE,

25 ¥RHAFEM umax (X 6)

ENMAREREFERNEE ymaxfl, & (BB FRER; B —EHFENZY yumaxfE
HZERANTE. WA FE RS ENSH ymax ) 55602 E 6% /N ERE Tk
TEEBEERK., FRZERELEFUEH pmaxHE, £H AR,
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£S5 TEEFERHEHMELL SRR K B max
Tab.S The pmax of Sobliquus in different media
Medium AAM QWP 1/2 QW QW
ymax 1.898 (1) 2.021 (D) 2.110 (1) 2.103 (1)
1.660 (1) 1.924 (1) 2.073 (1) 2.067 (1)
1.907 (1) 1.746 (1) 2.119 (1) 2.172 (1)
R 3T 1.822 1.894 2.089 2.114
HEEK 0.072 0.267 0.292°
Reciprocal 0.195 0.220°
Difference
F-test F”>Fs,3,o,05

¥ QWH 19894E4 A ER 35 T /KHE, QWP B VL /K B3 10.0045mg/L. P-PO] . QW means the water samples of
Qiangtangjiang River in Zhejiang Province, China; QWP means the samples were added with 0.0045 mg/|

3-

P-PO, .
F6 TRBRNAREEEETEMAFAILKERKXME max
Tab.6 The pymax of Scapricornutum in different media
B ELK BoWEK
Expeniment I AAM Expeniment II Brstol's
Do (x10%) 0.1 2.5 3.5
pmax 2.68 (3) 1.652(2) 1.331 (2) 1.523 (1) 1.285(2) 1.084(3) 1.116 (3)
1.95 (4) 1.743 (2) 1.286 (2) 1.339 (1) 1.317 (2) 1.099 (3) 1.222(3)
2.18(2) 1,406 (2) 1.467 (2) 1.242 (1) 1.379(2) 1.194 (3) 1.299 (3)
FHE 2.27 1414 1.169
F Test F<Fs3005
t Test l">l19,o.ol [”>tl6,0.01

¥ Dot (0.1° 10° cel VL)Y B — umax ¥ A=A EE ¥, Each ymax in the colum with Do=0.1"10* cells/ml

was the anthmatic average of three replicates.

F7 FEE. BRETRASZAKERILRCRB A E max
Tab.7 The ymax of M. aeruginosa in different N,P concentration

NiP: N:P, N;sPs NPy NsPs
N (mg/L) 0.150 0.450 15.0 4.500 1.500
P (mg/L) 0.015 0.045 1.50 0.450 0.150
Jmax 0.643 (6) 0.757 (6) 0.926 (6) 0.891 (6) 0.944 (6)
0.614 (6) 0.621 (6) 0.738 (6) 0.788 (6) 0.926 (6)
0.550 (6) 0.762 (6) 0.669 (6) 0.739 (6) 0.973 (6)
FHE 0.602 0.713 0.778 0.806 0.948
HHER 0.111 0.176 0.204" 0.346"
Reciprocal 0.065 0.093 0.235"
Difference 0.028 0.170"
F Test F”>F10,4,o.01

I NPERA TR IINPRER S R & KT & 3B 5AAMAFE NP means the concentration gradient of

nitrogen with N-NOj3 and phosphorus with P-PO;",

experiment are the same as those in AAM media.

the contents of the other elements in the media of this
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2.6 AR FEMRA yumax (R 7)

ERERFRNL FRBREVLERERREE., THELERY NPREHANEY
pmaxtk B F HE T NP NP EEHRB K pmax {H; LR FH & T NPIKREANH
pmaxfd ; [ NP, NP 3K E ARG H pmax BB EHE T NP REHAWMEE pmaxfl. H
RKRIWEHNRE pmax B Z BN EFATE.

3 itig

[ — Fh 3 25 0 15 0 HL ¥ K R 9 X b £ B, Hoogenhout & Amesz"”. Fogg'"'
Reynolds % % [ IR K KK umaxBIE T ZR A, BT H S ITRARIERAS
F pmaxfBR N, IEAEEE NG SFHERN umax(E5] A T % 8.

#8 T EEHMENEFH M max(l
Tab.8 The pmax of algae specices determined by several authors

BEELE E 37,8 BB /NRE AR FRAATE  ASMEX

N.palea C.reinhardii  C.pyrenodinosa S.obliquus S.capricornutum M.aeruginosa
EXHeH 1.33 1.31 1.30 2.11 227 0.95
Chen et al +.09 +.07 +.07 +.04 +.25 +.06
Reynold's - — 2.15 1.52 1.32 1.11
Jdgensen'” — 2.64 3.90 1.52 1.85 —

£y TRABFEHLE. SR (mg/L)

Tab.9 The total nitrogen and total phosphorus contents in different media

AAM Allen Bristol's Chim HB4 HB-DI QW ™
BEETN 4.200 247.20 41.20 133.44 21.20 42,33 1.420 0.074
BBTP 0.186 6.668 53.169 41995 4.381 25.332 0.010 0.040

31 EFEMNPESR(ER9

3.1 HEFEFEFHRLESERERY HB-DWBH umax P8 Tt B T HA BRI 5
EWBK ymax, WE 8 aJH, =figFEG PEEAFR, HB-Di1+ TP 5 25.32mg p/ L%
LK Allen 1 AAM 1Y 4 £5/ 136 £5. .

312 EEKREMELXAFAR, E—-KELRERUESE (NH-N) 8 EEH HB4
Chim ¥ FREIE K umax B EHFH T LURHSE (NO,-N) H A RN AAM #75 pmax; 55—
KELEBPHR=EMERENEN pmaxE R A EE, I LT —#th HB M Chim 35
HWBH pmax, XA SHK LR ERBEBEHE T NO,-NK AAMYMEE X, BAE
PAFOL T HHEAE R NH-NEAEIR, Hersh #HE f1 BF 5043 B 9 P9 SR A 3R 11 38
B (BF AR AHIBR BRI AL #F R BB DL NH,-NfE R &M,

313 H=FES. A FHE AAM 188 umax{E L Bristol's 35 3F £ W88 umax{E T
EuE. 1B AAM B FBEROUN Bristol 355 EA 1 / 286, AHAEME B ERIBILKENFH
pmax HEHE R T AAM MK pmax, 59 F 0 & T ERETLK MBI KRS H pmaxfl.
EDA ZFSE AHEM AT S U SRR RN ISR EP AN pmaxERMA R, T
Marvan Ay 3254 K it 2R 0 %1 3 R B PO,—PY& BE 89 38 im0 BA S 34038 i, (B3 K BAF B
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RARWE . MEDE/DRESH AAM BB umax 5 B K3 KR BRI K RE3E 0075
) umax{E JC W B 2 71,
3.1.4 AR 7AH, MBEEN ymaxhi PO,-PEEH 0.015mg / LM ZE 0.150mg / L&, &
B AE. PERBASERME, umaxE B AT THE, T PHMZE 1.50mg / L, umax Ui B
HWTRET.
32 HEHEMW
3.2.1 BME/NEREM B umax{d (1.30 + 0.07), ATHER 535 3d G R A BRLEA %,
322 HREXREWHH pmaxBERME, MTREH TREEBRMEE THFHEHK.
Matulova. D" H 4.0~5.0 x 106387 H K AGP WX K18 R IF45 R, Heksh S 4
R EH 305pmol / m’ / sec. H YT 4.27 X 10°Lx B 63, xt T A 2 BB FIHREKE
R PN R IR U, T 3 A0S 3% 3 R B 6RO 3.7 X 10°Ix.
33 REM®EW

EEAEEENIEFRAG AR, RHEME umax B/ EEFEHETRERBE., RINXA
IR BE R 28°C, EiR Reynold's F1 J ®pensenitil iR & 25T.
34 BEBREENRIE

AFEHEHWE Do=0.1 X 10°40H8 / ml B, 3555 RSH A ZFHH ymax (2.27 £ 0.5)
BB TRBKENR 2.5 % 104188 / ml BRI M umax (1.41 +.10). X[ fE 5B
ERNEHRFEAX:. BAERERGEHARN, KEERAFEORSET YEREKHSARE
BAEKPrEE, BB EAEERAR B, FHERAZETHERBEM ST R
AN TERYHREGIEIEFERFOEREKENTEARHE. X5 Pribu %M
Niels % R F7E LA B3 57 00 @ AW ymaxBT, 8256 % B N R B K KT S AH —3K.

HYRERERNESA THEFEHEMAER TSR RE, E LRE,
pHH. B &KMo FZPCRHR. G LR, TRERRKIEHRE REMEFEKE
T.BMERFEEHLYEEKERERFMK. Reynolds WHB KM KRELE —FELHET
EARBEEKENERRA. UHEHOE KR N = Ne", 305 B /8 EE A 08 5 5F
A ERREREMTELRNMKERE. TAERSAE T, MKREE, BRI KK
BRBERBEBE, EH ARSI RERE (umax) &5, REERE KN REER
H R RREESNEGE., SHERNESMNAE N TIHE. FEEES THEERA
BARBEE; FEAHEESET NH-NIAE: ZHERENESBEEHEE (30~35C), 8%
RRIOGIR (4.0~ 5.0 X 10°Ix) AR BEXKE SRR NGE & T RIKH R M P E0%KE
MBS E.

28 % xXx W

[1] Marvan P, et al, Algal Assay and Monitoring Eutrophication Stuttgart: E. Schiveizerbart' sche,
Verlagsbuchhandlung, 1979, 175—221

[2] Maestrini S Y, Droop M R, Bonin D J. Test algae as indicators of sea water quality:prospects. In:L. E.
Shubert (ed.), Algae as Ecological Indicators. London: Academic Press 1984, 133—188

[3] Reynolds C S.The Ecology of Freshwater phytoplankton London: Cambridge University Press, 1984, 192.224

(4] EER NER EYFRHEEKKE R N%E SR, BB, 1991, 78—92, 131—150



32 XK £ £ ¥ ¥ # 2 %

[5] Starr R C. Culture Collection of Algae. J. of Phycol. 1978, 4 (Suppl) 1: 92—99

[6] ASTM Standard pratice for algal growth pottential testing with Selenastrum capricornutum. Philadelphia:
Ann Arbor. MI 1980

[7] HHEF EXPEE BYEYHUFEA X PEBRH IR, 1990,275—286

[8] &ANERFEH WHEERCBEMRT. JLrl. HEAFERE KL, 1990,275—286

[9) E—o. £WHIHE KU BRI R, 1987

[10] Hoogenhout H, Amesz J. Growth rates of photosynthetic microoganisms in laboratory cultures. Arch. fur
Mikro., 1965, 50:10—25

[11] Fogg G E. Algal cultures and Phytoplnkton Ecology. (2nd ed.) London: University of London. 1975

[12] J rgensen S Eetc. Handbook of Enviromeotal Data and Ecological Paramters. International society of
Ecological Modelling, Copenhagen. 1979

[13] Hersh C M, Grumpton W G. Atrazine tolerance of algae isolated from two agricultural streams. Environ.
Toxicol. Chem., 1989, 8:327—332

[14] Nyholm N, Kallgvist T. Methods for growth inhibition toxicity test with freshwater algae. Environ. Toxicol.
& Chem., 1989 8: 690—730

MAXIMUM SPECIFIC GROWTH RATE (umax)OF SIX ALGAL
SPECIES DETERMINED IN BATCH CULTURE

Chen Dehui Zhang Zongshe and Chen Jian

(Department of Biolcgy, Shanghai Normal University, Shanghai 200234)

Abstract  Six algae species, Nitzschia palea (KO tz.) W. Smith, Chlamydomonas
reinhardii Dang, Chlorella pyrenoidosa Chick, Scenedesmus obliquus (Turp.) Kutz,
Selenastrum capricornutum Printz and Microcystis aeruginosa Kitz, were cultured on
batch in different conditions. The maximum specific growth rate (umax) of these algae
were determined by calculating the specific growth rate each day with cell counting
untill log—phase. the pmax values were different in each algal species. The effects of
nutrient contents, light intensity, temperature and initial inoculum density on u max
value of these algae were discussed. The ymax value of N palea, S.obliquus and S.
capricornutum are 1.33 + 0.09, 2.11 £ 0.04 and 2.27 + 0.25 respectively. The umax
increases gradually with total phorsphorus concentration in a certain range. By
analysing and comparing the various conbination of conditions for u max, it was
supposed that the maximum specific growth rate could be used as an index of algal
niche, and the likely niche of each algal species in the phytoplankton community was
illustrated.

Key words Algae, Batch Culture, Maximum Specific Growth Rate, Niche



