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Modeling of Anabaena flos-aquae growth kinetics of light intensity and temperature within
different levels of phosphorus concentrations
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Abstract. Anabaena flos-aquae is one of the common harmful cyanobacteria species. However, its growth kinetics co-impacted by
phosphate concentration, light intensity and temperature have rarely been reported. In this paper, eight PO}~ -P concentration gra-
dients (0, 0.1,0.2,0.5,0.75, 1.0, 2.5 and 5.0 umol/L) , four water temperatures (15, 20, 25 and 30°C ) and four light
intensities (1000, 2000, 3000 and 5000 Ix) were selected to carry out single factor batch experiments. A maximum specific
growth rate (w,,,) was used to indicate algae specific growth rate under optimal growth condition. Half-saturation constant (Kg)
could be applied to describe affinity of algae to nutrients. Regression results from Monod model showed that Anabaena flos-aquae
reached g, at 20°C and 3000 Ix. The w,,, and Kg were 0.447 d = and 0. 081 pmol P/L, respectively. Regression results based
on Lehman and Steele Model that examines the relationship between specific growth rate and continuous changing of temperature as
well as light intensity, demonstrated that the optimum light intensity (/i) and temperature (T, ) were 2650.93 =88.19 Ix and
21.22 £0.98C, respectively. Besides, the kinetic parameters w,,, , Ks, and T, from Lehman Model were 0.421 £0.011 d -,
0.055 £0.009 pmol P/L and 21.22 +0.98°C , respectively. In the Steele model, w,,.., Kg and I, were 0.461 +0.010 d ',
0.051 £0.009 pwmol P/L and 2650.93 +88. 19 Ix, respectively.

Keywords: Anabaena flos-aquae; kinetic model ; light intensity; temperature; phosphorus

« FEFEARFPIEIESIH (51179215, 51309220 ) Fr (=842 e 14 #8472t 5 5 (KZCX2-XB3-14) Bk 4 51 ). 2014 -
06 — 16 Yi#ii ;2014 — 10 —09 W ok ; 5kt (1989 ~ ), 2, [ L WFFEAE ; E-mail ; zhangping890511@ 163. com.
wx IB[{EVEF ; E-mail : zheli81 @ sina. com.



460 J. Lake Sci. (36 #+3),2015,27(3)

WHEA BB RE I & g YKL RGO RE R RS M BRR . LA i) 3
B E IR USRI BRI TR TR AR A S R GV, IR 5 R — R 90 5 0 A S PR BT A1 AT
JELARE AT KA gD BT KB, K A A R (Anabaena flos-aquae ) 2 i B K AR rh A SR B 3
WA B [ A R I B AR R R A KA R B T B B, U R K AT T 43
E N A #7854

N HE T A VG TR M A R R B TR B B B AR A R T I IR K A S 1 4
JH RN 22 AR R, R WIS T LA B LU T A S MR B DR, TR 22 K B X O3 0 S5 2. Robarts
AN A X K S A0 I A F P IR SR R A R B B S B P . SR R CO,
W T A B TR AR RO SR R BEAT , FAE Y i DBt FDE &R O a8eR B, HXTE LR
AR A ENREAR. B E BT EE DLk e fa IR B E o IR BRIk A5 2 AR S R S AR R AR K3l
SERESE. TEARIBERBE SR AT T, AW 58 Ve AN [A] 4 006 Bl BE B 32, /K A £ I e B A7 = N B R (R SR IR
Monod BRI ZHIER |, 5T Lehman FERIFI Steele A5 N7 7K A6 i I 56 BE—E5R ™ A1 BRI 3 A28 4k
FAF TR LER B T 2R, Sk A i it o A 2 0 R B 4 B A

1 BPRLS ik

1.1 w1y

Bt A7 50185 A 2R s KA £ e FACHB-245 g {1 v B2 B K AL A e B
1.2 Hik
L2 1 kde & RRSRESR DL BG-11 SEFRAN SEn , R B i 2% 88 1K L OO 3 77 5 (L SR ER AR5 70
) pH AR 2 7.5 Fen. $5 S0 T it o v B I AR 7 k) @ (K, HPO, ) | 8 ZR R B2 23 3l B B4 O
0.1,0.2,0.5,0.75,1.0.2.5.5.0 wmol/L; HIX 37 ) JFe f ¢ B 43 54 0.3.1.6.2,15.5,23.25 31.0.,77. 5,

— B RRBE TR (WA ) L 4200 %%/min (3R EE .00 15 min, BE F UG NS RRRIR S VA WE (15 mg/L)
VEVRJG B0 A VEYR 3 U, FITCHIK W B J5 Bebh | (R0 B M 3 3 x 10° cells/ml 2247

R 250 ml = MR TEEA PR IR I S R 1 BE, ERE L 12 12 h BRI E AT
T, B ERA TSN 3 ~4 k. BR800 B 1.0 ml 3 = Z B XA FEE. FAF
TR BB, AR R 2 UORRIELR 22 <5% |, BER 50 N LET , BCHSF 80T B e
1.2.2 %% 8  £T Monod BB I &% 8 MEEF4h (PO} -P)#6EF.0.0.1.0.2.0.5.0.75.1.0.2.5,
5.0 pmol/L, Z: REEFA1 Woil 25 SR SCHk[ 12-14 ], 3% 5 15,20 .25 ,30°C 4 A~ i 22 7K SE-F1 1000 ,2000 ,3000 ,5000
Ix 4 AN K WFFE A )R E T T8 NG 5 AR A g /K A g R A K A . R P Rt el 3%, sl
fo 3 ZRIPBAS B AZ B0, SR A g, B R R 1 FR.
1.2.3 @A

(1) Monod A= K3 Jy2# i 7.

Monod 2 J1 2% 7 B I FHEB U A KR 5B IR R E 10 56 R 8 TR R T SN RET S 77

%1 SRR VIR A 2 R 30 T e
Tab. 1 Design of experimental variables ARSI, BT XN 3R T 5 FE R B S  F 2
FIGHY EEE/C B/ Ix P EFER 223 5%F Monod JrFEHEAT T T 2 R A RIS, IFIA A
15 3000 AR R BEE ARSI 7 IR SR B A A T 2
20 3000 KRG E SRR Z R
AL ¥ B 0,01,
25 3000 P * S

0.2.0.5.0.75.1.0. =t )
30 3000 5.5 5.0 wmol P/L s+

20 1000 8 A~y i o Ko AR ER (A7) sp,. ARKHLAEK
3 ﬁﬁ (A7) 58 R 2 SR I (/L) s Ko ok
TR /L) , B 25 628 L A Kl %k Bk L

N N R WD =




K OFFRRHRE T AR B E KA & 12 3 (Anabaena flos-aquae) £ K oG5 F 5 461

AR AR A BRI SR v B ARYE 8N )25 1R T LU (B3R B2 8 1 = 38w, T K.
J3 Fl Leneweaver-Burk /%™ 2 Monod J7 #2140 S BUEI KIS 2 23 28 (2) , 8 i e/ — e vk sk 15 [al
VA ELERARER Ko/ o FTEEE 1/, , T 2R BN 124 S50 KA , fHL
1 K 1 1

=9 — - 2
M My S +Mmd (2)

7 Monod FBERYIERE I, Jy BE— P N7 BERAE AR EE OGS T B A K8l Jy 2, i w5 ot 30 ) 2 B8 Y
Bh. e B9 Lehman {2 BRG] A2 KA B A Steele SE5i BRI AE KA. il id Lehman B Steele AR
AT RLA3515R 3 12 2800, 0 b AT 8l g 2 B RLRIT 5, 1T LIS REAT 238 26 ) i AR K TR B DR 5
b1 ,3 ARERIAF RN Bl 3 2 202 (8] AT DUAR L EDE , TTE — 2D B0 iE AR AR X 2 K 3 0“2 A 5 i i I A
AR [A] F) 3 P

(2) Lehman jfi 3 BRI A= KA.

Lehman A7 FY LA 14 25230 A2 A0 R A M AR K 3 g2

_ M ~ _
o = o (22.3(T, = T)/T;) (3)

A e N TR F R A KRR T, R A E KIRE (C) , TSI KIEE(C) T, Rt
KIREZ S R A RREZNZECC) RS HE b iz AR AT ER R 2 AL

(3) Steele JtFR i 5l s 2L

7% ' B AR e e AR A T AR e IR Y A R R A SRR, AT ] Steele FEALX 5 |
T KPR A R A AR = 3 [ O R A T AT

Mo ST L
Hows = K +S([k exp(l 1, )) (4)
A LIETR T B AE R AR (A7) 1R IREREE (1), LR ADER (1), A SR A, 32 Ak
ZRPE M H 5 R AL S8

2 RSt

2.1 AANXBGREZH TR EEEERETLISE

A TR G38 JELRE S5 2R Ak At e 4 B A AL T DA (1R1 1) KA B T i A K A P 2 0 3
AN B 38 N FE B IR T AN IR R AR T K AR 0 I AR R B K 9 2 S B B B 4R
oA Kot ARSI T KA IR BRI FR RS (55 3 ~7 ) AH LU IR L SE 86 T iR 508 K (3 ~8 d)
WK, ELA- B M 5 T B KRB 5 R AR T /K A 10 IR o 8 50 K J IO s 2wl 8 R B vk
B, K A fo U a2 P A, SE i P oK AR IR BEAEAR T 1 pumol P/L VBS54 A IRALE IS K BN 218, BEE
L E R B B8 B A G, K A £ R 14 BRLAT H K2 B T W38 K, 49 78 20°C 1 3000 Ix £5 8 R ik Bl B K (E,
B J T R0 A 1 s ) 2 Bk K AR A0 B A 5 RGBT K A £ IR S X iR 1 T A2
fi6 7758 TRk Bl s 7F 5000 1x.0 ~ 1.0 pumol P/L BT KAEMIEFEZ EAESS 6 d Tk m{E, e 2.5 ~
5.0 wmol P/L AHAEHS 7 d h4b TR e K.
2.2 ke ta R KB AR 5T
2.2.1 A4 f R A K H Monod 37 % #F % Monod A= K 3l J1 24y BT STAR B 0 /K A B B AE & W MR B 1
IR AR R B R A s A 3 0 2 B B0, AR A RS G R K B A K ., T 15,2025 T 30°C R 43510
0.380.0.447.0.384 F10.355 d ™", B Uk TH 15 b 22 B0 H S0 K D0/ IN 14 BPLIGE R 340, 20°C I3 391 £ o (36
2). PRI K ARG w,, AL, 15,20 25 F130°C T, KA £ 2 3 K 4351 0. 044 0. 081.,0. 040 Al
0.021 pmol P/L. S%3E 4 10002000 ,3000 1 5000 Ix 2% 44T, 7K A £ JIR 4 o5 K Fb AR 4 3 %R 45 51 0. 349 |
0.407.0.447 0.371 d™'. BlEE I TG b, A H I — B KB RE S, M 7E 3000 Ix 15 3 , i 4k sE
TSR U)X K B IR A A MM IR, 3w, FRE. BEOGSRATH &, R AR K AR T 3
55 AEAELL 10002000 3000 F1 5000 1x T, /KA fa i Ko 435102 0. 025 0. 034 0. 081.0. 035 wmol P/L(F




462 J. Lake Sci. (#:64F) ,2015,27(3)

75

~
wn
1

20°C, 1000 Ix 20°C,2000 Ix

20°C, 3000 Ix

wn
(=}

R /(x10° cells/L)
(3]
W

~
wn O

W
o

TR /(x10° cells/L)
[’}
wn

0 3 6 0 3 6
fit i) /d it lal/d
75

= —&— 0 pmol P/L —— 0.10 pmol P/L
2 s 020pmol P —%— 0.50 umol P/L
Q
'S —%— 0.75 umol P/L  —<— 1.00 umol P/L
<25 —e— 250 pumol /L —+— 5.00 pmol P/L
1
&

0

it ifl/d
B L ORTRIELEE D5 2 P T Kk A i i e R Ak
Fig. 1 Density variations of Anabaena flos-aquae under different temperature and light intensity conditions
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Tab. 2 Kinetic parameters of Monod model under different temperature and light intensity conditions

W/ C YR/ Ix R/ (Ks/ e ) BIE/ (1/ ) R P/ ™! K/ (mol P/L)
15 3000 0.116 2.632 0.798 0.380 0.044
20 3000 0.180 2.236 0.892 0.447 0.081
25 3000 0.104 2.603 0. 863 0.384 0. 040
30 3000 0.059 2.821 0.718 0.355 0.021
20 1000 0.072 2.862 0.769 0.350 0.025
20 2000 0.083 2.457 0.960 0.407 0.034
20 5000 0.094 2.698 0.891 0.371 0.035
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