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FREFRAE Y, B ISR B 3 000 ~4 000 Ix, BiE H
714 h:10 h, MPEBFEFLRF] 1 x 10°/mL B A] 7E
JSEEEER . S BT R TA B AUAR £ E K v
YeJa , FEMER R R 30 min, DATCHR K e, 4t
T4 . SC0 % FF 2L BG-11 B 37 3 O X R
(NaNO, Fi K,HPO, 1Eh IR FMBEIR ) , 76 AWK E
AEIEOL T SO YR BE , FL ) BUIE % /) BG-11
(JEFH N/P =76.77 . N/P =307. 06, N/P =
153.53 N/P=15.35N/P=3.84), X5 3%
3 (F1),Hd N/P=307.06 N/P =153.53 #f
FT S KEMABELZ, NP =15.35 M
3T Redfield FL{E, N/P = 3. 84 41 | 2% jB A ik
JEF e 1:20 BRI 1B 50 o
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Tab.1 The concentrations of N, P and the N: P ratios (in weight and mole) of different experimenting media.

S N ¥ g/ (mg/L) P/ (mg/L) N/P ik th N/P T L
& N/P N/0.25P 247.059 1.782 138.672 307.059
N/0.5P 247.059 3.563 69.336 153.529
IEH N/P N/P 247.059 7.126 34.668 76.765
N/ N/5P 247.059 35.632 6.934 15.353
) N/20P 247.059 142.529 1.733 3.838

BUE BB 3ER L 5 000 o/min ()35 B
B0 15 min, 5 BIEW, A 15 mg/L KR A
RSB L, BE 3 K, HEE KB REI
Wi 2 d BEMAT ., EMEREEER
5.0x10* mL™' £HM G LRABE 3 T
1To 500 mL AEETE L H Fo il 400 mL 85589, 24
EETCRERERAES, ERER25 C 0
FRIRE N 2 500 Ix, YRS E gy 14 h: 10 h, K%
IGEFM 1 ~2 Ko

BMZ I 24 h SR M BRI O 7E B4R
TREAT YT IO R A R B AE & Lk
7, 240 20 a3 o B B R B S BT — K 5%
FEA AR

AL AER B 1 ~ 4 mL BEW, LA 8 000
r/min R 15 min, 375 FIEW, FI TG K
MELEPU R TE#HTNE, SR BB
WU R e R M R /K o 2 W bR v 67T, B
R B A B R 4 TH AR R A e B TR (GB
11894 —89) , ik it & SR FH 4H BR 8% 40 6 6 BE v
(GB 11893 -89)

BRI A K 2 LB B B % (logistic ) F A
HRARRILG , N 2 48 7 35 5 12 i 0 308 Xk
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Fig.1 The growth curve of Microcystis flos-aquae ,Dactylococcopsis sp. ,Chlorella sp. ,

and Scenedesmus quadricauda with different N: P ratios
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Tab.2 Fit parameters,regression coefficients, multiple analysis and the significance of Logistic model

of Microcystis flos-aquae (N =1+%) with different N: P ratios
€

Brag gk K a r R?
N/P =307.06 229.97 £20.72 3.249 +0.836 0.297 +0. 064 0.826**
N/P =153.53 223.33 £60.47 3.363 £0.819 0.317 +0.062 0.849**
N/P=76.77 236.00 +105.40 3.261 +0.951 0.320 +0.072 0.809 * *
N/P=15.35 253.83 £42.25 3.225+0.925 0.321 £0.070 0.818**
N/P=3.84 258.17 £95.13 3.283 £0.927 0.322 +0.071 0.819**
F 18 0.814 - 0.809 -

F3 FEIEBELL T L 4% logistic #E (N =

K
1+e" ™"

TR EAHE REG Kaar P £95% BERRIFR; « RRBE; » « RREERE,

JHMASH . OHRBESENNBEEMER

Tab.3 Fit parameters, regression coefficients , multiple analysis and the significance of Logistic model of

Dactylococcopsis sp. (N = 1 Ka —,) with different N: P ratios
+e
KRk K a r R?
N/P =307.06 175.67 +82.18* 2.875 +1.445 0.393 £0.141% 0.702**
N/P =153.53 142.67 +25.77° 2.452 +1.399 0.387 +0.137° 0.708 * *
N/P=76.77 111.83 +34.16° 2.339 +£1.497 0.375 0. 146 0.666 " *
N/P=15.35 120. 67 +26.36" 2.775 £1.191 0.395 +0.116% 0.777**
N/P=3.84 59.67 £7.59¢ 2.276 £1.313 0.371 +0.178* 0.682**
FAg 18.089* * - 2.968 -
TR BAHE REG Kaar OB £95% BAERAIRR; « FRBIE; + + RHREBERE abe FRETMTBENES
. gl K
F4 AEEBELL T/NIKE logistic #E (N = Tee ) IESH. BARBKRSESMBEEEER

Tab.4 Fit parameters, regression coefficients, multiple analysis and the significance of Logistic model

of Chlorella sp. (N =1+%) with different N: P ratios
€

BrEFR K a r R?
N/P =307.06 558.75 +387. 33" 3.212 £0.916 0.277 £0. 067 0.78**
N/P =153.53 519.58 +106. 41 3.244 +0.870 0.264 +0. 063 0.781**
N/P=76.77 499.58 +101. 59 2.973 +0.766 0.232 +£0.056 0.78**
N/P=15.35 639.17 £55.97" 3.521 +1.030 0.311 £0.075 0.78**
N/P=3.84 838.75 +35.27" 3.946 +0. 827 0.319 +0. 060 0.852**
F & 3.077* - 0.867

W R R EAHEREG Ko PP £95% BASXIARIR ; « FRB3E; « « FRmE B abe R EIMIES
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F5 AEIGBELL T MUEME logistic #E (N =
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Tab.5 Fit parameters, regression coefficients , multiple analysis and the significance of Logistic model

of Scenedesmus quadricauda (N =

+e' "

) with different N: P ratios

Bk K r R?
N/P =307.06 382.50 +70.84* 2.989 +0.981 0.321 0. 075* 0.801**
N/P =153.53 309.42 +13.06% 2.718 £0.957 0.298 +0. 073" 0.785**

N/P =76.77 286.50 +75. 64% 2.543 +1.011 0.291 +0. 077" 0.757**

N/P=15.35 278.00 +41.49" 2.358 £0.942 0.266 0. 072" 0.749**

N/P=3.84 249.61 +58. 68" 2.945 +0. 855 0.258 0. 065" 0.773**
F {4 4.919* 7.325* -

R BEAE R B Koaor DI £95% BASXRFR; « FoR B3 + » TR BE jabe XRLE/MTBEWULSR
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N/P=153.53 4 #HEE/NFHM =4 (NP =
76.77 .N/P=15.3 FI N/P =3.84 41,P <0.05),
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N/P =307. 06 4l % KT N/P =76.77 \N/P =
153.53 #IN/P =3.84 44 (P <0.05) ,N/P =15.3
HEZERTF N/P=76.77 F1 N/P=3.84 4H(P <
0.05), VYEMPE NP=3.8 1 BZ/F NP=
307.06 . N/P =153.53 Fl N/P =76.77 44 (P <
0.05), KEMBEREMMARASEAR WA
(N/P =307.06 \N/P =153.53 \N/P =76.77 F1 N/
P =15.3) BEZUBE LG 1T B T3S 0, 15 B 7K A
PEAER A L PR 5E A 0 28 ) W A BB i 8, T K
A FEIELE N/P =3. 84 A S BT 1, N
LB 7K A 5 5 00 23 B MG A R, S B A
REBET T, B4R LI A BAREN
I FER B L A3, R & R R WK
BORAR AR REEE S EAERRAR
B, INREAEMARL NP =34 HATE
BAL EE AR NP =307.06 AA S BERE.
VU AN A B & A R N/P = 307. 06 41 > N/P =
153.53 41 > N/P =76.77 41 > N/P =15.35 41 >
N/P =3.84 4, FRI M Bl A B LL 3G In i & & 2= 4
P —2 k.
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Fig.2 Total nitrogen concentrations of single-cell

algae in different treating groups
when the experiment was finished
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P=15.3 HEBEm FTHM3 NLHA(P <
0.05), /NERBE N/P=15.3 1 B2 & T N/P =
307.06 N/P =153.53 1 N/P =76.77 41,N/P =
76.77 AW B ZE & T N/P =307. 06 il N/P =
153.534{(P <0.05) ., VUM sE dEfAmE & BRI
3 N/P =307.06 241 <N/P =153.53 41 < N/P =
76.77 4 < N/P=15.3 i < N/P=3.8 41, H &
HZ A BEEZEF(P<0.05), HEA4EHES
R R T E, S K AT B RN R
MBS R 2 AL, ST IRE A
EMRABE L4 (N/P = 3. 84 4) A K 17 /5] 40 g 2%
BEBAR, - HAR AT AT T8, SL 10 45 SR A 40
TR ([ 1b) , MU R A0 B S B AR
Mo VIEMESAAEHERERSHANERD
O RERAHAREERAB AR M /R
M5, X4 A B L “ Redfield HL{E” B (N/P =
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Fig.3 Total phosphorus concentrations of single-cell
algae in different treating groups
when the experiment was finished
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KRR 2 KK AR 1A o A L R 8K, BIL
FHRUA SR ZEBE R N R TAKAMURA 21
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FRAB LA E P AR, DNEREEERE R H 5
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FAK T “Redfield " it ( B N/P =15.35 Fi1 N/
P=3.84 1), HAEZLH T 10 d A K FREEK
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K ERTF N/P=15.35 4. ViR ERE L
MG FRE TS A /NREN A K. AHRER,
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MRS A AT A R R LB A 15 3 A KRR AU
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ELROBER o T B4 £F 4 358 /N BR B 5 R 47 X A
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Fets A 2 519, i FUJIMOTO #1 SUDO ) i
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3.2 WHBEENAMSEEAREBMLETHNE
FRER R BE S

— AR A K, WK AR R BB R
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BRI B, ST 455 K U 2 41 g 3 o
BRI RA I 3h Y, K AR B B
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ot A SRR IR A RE T 3859, %o L AR K I O, Ak AR
THHE BEAE 0 U LA LT AR K o B R A b
4, Uk B R U B A K A R A R AR 5
WURRE I B T I AR, WEMERA
BELLA(N/P =3.84 ) A S B W B ZE M TH
fih A% 4, HL 3 — 2 98 28 AR K 5 B th B B A1, R
1H D A5 7 1 UM EL T X U 5 0 IR i RE
ARERME THA SRR, AN, RITEEH
N/P=15.35 A K HELMA ST BN,
P 40 “ Redfield HL{E” BT BEfc A Il TR
Xt R W W, 5 Sk kT /N BR O I B ST 4 R —
P, KA TR, BT RS,
UT“Redfield 8" 20 HoAth &% 33 4 K447, i
EANERR T N/P =3.84 440, LER AR LA T
REERASE, B T 5 2 & 413568
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Effect of nitrogen and phosphorus ratios on the growth of cyanobacteria and
chlorophyta

LIU Lian', ZHOU Xiao-yu'?, ZHAO Liang-jie', LIU Qi-gen'
(1. Key Laboratory of Freshwater Fishery Germplasm Resources, Ministry of Agriculture, Shanghai 201306, China; 2. Nanjing
Institute of Environment Science, Nanjing 210042, Jiangsu, China)

Abstract: Planktonic algae have the considerable periodicity in species composition and abundance, and this
seasonal succession pattern is the important characteristic of algae fluctuations. The mechanisms by which
environmental factors affect algae succession are complex. Besides, algae succession varies in lakes or
reservoirs of different limnological features and trophic state. Although hypotheses of algae succession have
been stated in some researches, there is uncertainity for specific lake and specific species. Based on
planktonic algae succession in Qiandao Lake during 2009 —2010, the effect of nitrogen and phosphorus ratitos
on the growth of cyanobacteria and chlorophyta under the laboratory conditions is studied in order to further
verify the impact of nutrients on the succession pattern. The main results and conclusions are as follows ; Under
the laboratory conditions, we set five N/P ratio treating groups ( N/P =307. 06, N/P =153.53, N/P =
76.77, N/P =15.35 and N/P =3. 84) based on the BG-11 cultures to explore the effects of different N/P
ratio on blue-green algae ( Microcystis flos-aquae, Dactylococcopsis sp.) and chlorophyta ( Chlorella sp. ,
Scenedesmus quadricauda) growth. The results indicated that the logistic model can well describe the growth
of four kinds of algae. Microcystis flos-aquae grew better with the decrease of N/P ratio ( the maximum biomass
K and the specific growth rate r increased significantly). Scenedesmus quadricauda had the higher value of K
and r with the increase of N/P ratio. Dactylococcopsis sp. favored the relative high N/P ratio cultures and the
highest value of r at N/P =15. 35 group which was close to Redfield ratio. Chlorella sp. presented algal bloom
in N/P =15.35 and N/P =3.84 groups. At the end of the experiment, the accumulated TN concentration of
Microcystis flos-aquae was the significantly lower in N/P =307. 06 and N/P = 153. 53 groups than that in
others (P <0.05), Scenedesmus quadricauda had the lower TN concentration per cell in N/P =3. 84 group
than that in others (P <0.05). TP concentration per cell in four kinds of algal body significantly increased
with the decrease of N/P ratio (P <0.05).

Key words: planktonic algae; Qiandao Lake; succession pattern; blue-green algae; chlorophyta; N/P ratio
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