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Interaction Effects of Light Intensity and CO, Concentration on Spirulina

platensis Growth and Carbon Sequestration

LI Zi, REN Hongyan, ZHOU Qiangian, RUAN Wenquan®
(School of Environment and Civil Engineering, Jiangnan University , Wuxi 214122, China)

Abstract: To improve the specific growth rate and CO, fixation rate of Spirulina platensis ,the
research was divided into four growth period :lag phase,the early of log phase,the end of log phase,
the stable phase.The purpose was to optimize two main environmental factor which is light intensity
and CO, concentration. Experimental results showed that the growth of Spirulina platensis was
conditioned in a 1 L conical flaske under 30 °C of temperature and 16/8 of light period:the
optimum condition of lag period is light intensity 3 000 lux,without bubbling the CO,;the optimum
condition of the early of log phaseis light intensity 4 000 Lux,with bubbling 15% concentration of
CO,;the optimum condition of the end of log phase is light intensity 5 000 Lux,with bubbling 15%
concentration of CO,;the light intensity the stable phase is lower than 3 000Lux,no need to bubble
CO,. In continuous cultivation of Spirulina platensis regulate culture conditions of four period,the

maximum biomass and carbon fixation rates were higher than the control group at 4.126 g/I. and

s B HE: 2014-10-20
BEE&TB . &% AR 2A RS L WRHIT AL 4 35 #0m 28 7% B3 H (20120093120011)
*BAEMEE  BiCAL(1966— ), T, g A, T 2oz L oe AE 0 32 2 A KT Y s o TR O T A9 B O

E-mail : wqruan@jiangnan.edu.cn

L5 f B A S 1L 2014 4R 33 %55 8 ] 827



LI Zi,et al: Interaction Effects of Light Intensity and CO, Concentration
on Spirulina platensis Growth and Carbon Sequestration

Research Article

58.231 mg/(L-h) respectively.

Keywords: Spirulina platensis ,light intensity, CO,, carbon fixation rates

Wi 5 A 26 B ) R e e Ak A RRE A i
H 2538, 5 0L ok CO, S8R = MR s HER, H
v CO, DLV B S5 i 7 38Ry 45 S G 1 R o R AR A
TR 2 — 28 PP i 7 PR 22 200 i 1) T2 0, R A5 R
MR AT C G VER, A KR | [55E CO, Flfi
A7 BHRE 1 RS2 B AR A 1Y 10~50 £52, FHI B
BAEYIEE CO, 5k ik a1 BHAT BH
PRI ] ) S R BT A N R Ak S R S A A
Bl AR, N AR R e A B R AT e D HE
BEE NN AR S

B 2 CO, M BURBORETOL A FAKSRE,
OO A SR AE K S Z MG FHC, a4 COo,
BB REEY DR R oc R A Hrh CO, Bt
A AVERRE Y, o6 BEOG A 1E AR IR , I8 I Ot IR
H1 CO, RBUN BO i 2 i A K AR K, O F R 3
R T At 22 ' HRBR ) 240 B J2 5 ad & i, AN 1
T A K FIXE CO, B EN, i T 08 3 B i R
G o BN R I WSO 6 14 R R R RAIC, M
HEAHIH A AR Tk E e S AT 4 6803
B 7R A K R oY o, 7R RS 1, e RE 4k
W S IVE 25 1) B DX R 4 R RS 809% , B 2 H B 38 41 i
AR B g

CO, P A3 FIOG Bl 1 N [R) A B B A K
[ 5 7 R 2 AT AS [ 19 52 1), Chang U2\ Sk Xt F
REAEF F NaHCO, 1B M Bk s 1 e, RE S AR f M A
FHBZK T CO,, I H ™ Az B 1 A= a5 R
SEAE NI 5T 38 /NER X CO, W Wi /Y I SE 1, SR
TRBL R 99.99%1 CO,, & I/ NER i 28 20t — B
AR A B 4E i 30 5 A S 0YE 0 oY MR E R [ E L) R R
Y CO, B, & B4l CO, B | ) i #8  CO,
3R S R MR S A e R R PRI, AR A
SR FH VWG 5% 30 38 /N R e R B ) B 55 v 3 AR
U B 5%~20%11) CO, J&i , i 40 i) A < 28 5 100 4
RT 1~2d, HigE—Bafis, ABREEA K Em
PR IS ZINBR A T B 5 T OIS ] /N 3K s v
A3 5 A AR BB 5% 10% 15% Fl 20% e JE (1)
CO, AR i # CO, AT 23 B 38 K, AR K 119 228 i
W RIER 2 d,

HEE i — b B A TR I A b IR
K B R B M W0t B 2 40 i 22 R EE B (Blue
GreenAlgae) , X ¥ i 4l 1 (Cyanobacteria) , J& W ¥
["] (Cyanophyta) | Bl # H (Oscillatoriales) . 8il i £}
(Osciallatoriaceae ) MR JiE # J& (Spirulina) , & HIER I
& RRDOGE A Z — 0 EIESE Tl A RS 1 57
B B WA, BVEE TR E % (Spirulina platensis
Geilter) F1H KMETE ¥ (Spirulina maxima Geilter)!",
P, A 3 HBC T ol e A TR e 8 4 Ay T 5 %
RN A KB, AR B CO, (KB 3 B ARG
5ER e JF A R SR 23 D[] 3R 98 52 EL R ), LA HG S B
e 2 B SR 3 B B i A A SR R A 4 v A K R
B R, N ol AR W [ 5 CO, 1 BB HE T 42 (1t 2

B
ML

1Mﬂ5ﬁ%
1.1 SEHE

AN Bl TV E B B R R BE K A AR WA T
KRN | 45 FACHB-901 ; 5% 7 3L % FH ot KL (1)
Zarrouk P 77 (41 4> ¢/L):NaNO; 2.5,NaCl 1.0,
K,HPO, 0.5,K,S0, 1.0,MgS0,-7H,0 0.2,CaCl, 0.04,
FeSO, - 7H,0 0.01,Na,~EDTA 0.08,1 mL As I& W&
(1 000 mL Z& 1% /K T fin ZnS0O,-7H,0 0.22 ¢, H;BO;
2.86 g,CuS0O, -5H,0 0.08 g,MnCl, -4H,0 1.8 g,
(NH,)eMo0,04+4H,0 0.02 g).
1.2 ZWEE

SCURALE UL 1, SR 1L (A T AE Sk i T
IRTE B M R R A A, DB Sl A CO,, T
GXZ-380B &l s FR 40 h AT 45 5%

i

B1 SKBEE
Fig. 1 Experimental facility
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Fig. 3 Reciprocal effect of light intensity and CO, concentrations on the growth of Spirulin platensis of lag phase and CO,

fixation rate
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Fig. 4 Reciprocal effect of light intensity and CO, concentrations on the growth of Spirulina platensis in the early of log

phase and CO, fixation rate
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S5 A CO, PR 2 B30T BT 35 179 Az 1 i [ e 7 A%
AHE S, Yo A AR, oA Kol B8, %) CO,

(0 55 SR AT RN, PRI CO, PRFR 23 B AR
JEi# 5 000 Lux  10%CO, PRI By, BLAR A ) i
4 2.633 g/, KF 4000 Lux 15%CO, A FL 43 Kt
(4 2.205 g/L, {H [ 5% 4 % 2 39.785 mg/(L-h), W] i
/NTF 4 000 Lux B9 67.997 mg/(L-h), HIL4gs &4
I[85 A 0 % RSO0 400 300 3 R R SR Ol
4 000 Lux, il AKRFR 7340 15%CO,,

R 1 BRI CO, TR 5 B 38 H0HA 40 50 £ 01458 e 78 4 K % B S R B 35 T
Table 1 Effects of light intensity and CO, concentrationson the growth of Spirulina platensis in the early of log phase

X R 1 48]
f B RAEY) it/ (g/L) Mo/ ™! Px/(mg/(L-h))
CO, KA 53 %/ %

CO, [fEH = R/

(mg/(L+h))

2 000 Lux 0 1.318+0.061* 0.088+0.004" 4.617+0.211¢ 7.957+0.296°
3 000 Lux 5 1.457+0.068° 0.285+0.010° 14.510+0.686" 25.010+1.219°
4 000 Lux 15 2.205+0.088¢ 0.561+0.024* 39.457+1.478° 67.997+3.299
5 000 Lux 5 2.633+0.097 0.2360.009¢ 23.086+0.823¢ 39.785+0.686"
6 000 Lux 5 2.472+0.099° 0.378+0.013¢ 19.310+0.687* 33.275+0.881°¢

TE 2 PRI S 35 (B b o 22 5 () 90 v S T 5 B 308 2% Ak R ) 22 S 35 (P<0.05) ; T T

AR5 pdhlh £ 2L 2014 AR5 33 55 8 1 831
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Fig. 5 Reciprocal effect of light intensity and CO, concentrations on the growth of Spirulina platensis in the end of log

phase and CO, fixation rate
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h T — AT G5 A CO, AR A Hokt
Yol T M 9 o ) i BT Bl A K S R ] B G R A
ZH W, EHE S R EER  feiE CO, RS> 4L
1 b A AR S R [ e R A A5 AR IR 2,
SRAE 3 000 .4 000 Lux F1 109%CO, KT8 T, Hodx

R A A 30 0 R[] 5k 3 53 Sl 2 0.141 d7 AN
20.073 mg/(L-h) W 2% T 5 000.6 000 Lux Fl 15%
CO, U BT 9 0.271 d™' 1 32.552 mg/(L-h) ,
AJ 2D UE AN [R] B G SR FT CO, MR 43 HAOxT it Tt
HER T8 9 A K RN [ e 11 52 EL R

R 2 IR CO, TR Hxt Xt £ HA 5 B 5 T 42 5 78 4 K B B ol R B9 52 )

Table 2 Effects of temperature on the growth of Spirulina platensis and CO, fixation rate in the end of log phase

R EOI B - \
R AEY R/ (/L) M ™! Px/(mg/(L-h))
p oL CO, IRFL o $h &

CO, [El € H 3 R /

(mg/(L-h))

3 000 Lux 10% 2.834+0.122¢ 0.077+0.001° 8.710+0.406" 15.010+0.663*
4 000 Lux 10% 2.167+0.908" 0.141+0.005* 12.173+0.587" 20.073+0.949!
5 000 Lux 15% 2.907£0.115" 0.271£0.007" 18.889+0.744* 32.552+1.627"
6 000 Lux 15% 2.406+0.103¢ 0.205+0.003¢ 18.574+0.829° 32.009+1.554¢

P 2 53 1 BB, B TR E S Ak T X £
WG W, FERGEYEHE 5 000 Lux ,15% CO, K143
BOR A fe KA 2.907 o/L, & T 4 55030 w8 i) i
5 OG5R 4 000 Lux ,15%CO, PR B2 80T (1 2.205 of
Lo EUXH B0 J5 30 b A K 3k 23 R[] 38 238 11 e KA
(0.271 d.32.552 mg/(L-h)) W] /N T % K3 Ay
WIHF (0.561 d'.67.997 mg/(L-h) ), X W4l T 12 g
T TE X B 5 ) A R kS B R ATl T i s
4 A K il 2 LT i 3 38 AT B A K R ) A i A B
SN T R W
2.5 FHIEM CO, B HT T E B FE IR i e &
K R B E R 1 32 B R0

BT 21 WA R AR i £, SR AT Al TR e
AR WA R E 8 R CO, A B 43 HIOkT [ s 3 26 A1
P A KRR S B RS R S5y S5 R SR 3. 7RG
3 000.4 000Lux T, H A K #ORFEE #7211 CO,
PRBLS B8 I BEAI, 7E 0.03% (Z50) Hil 5% 1
CO, BB H b A K F 220 A8 K, BAE 10%
L 15%0) CO, A ECT , A K F b B (i,

i B I o s OO MR 5 8 oR AR CO,, o R AR R 43 B
(1) CO, X e 40 i S5 A7 " B 1 " VR, R R b 5 38U/
R (Rabinowitch 1951) , T FEAERG S A FH A 7K A2
T OB E B ek R bR O A T SR T R
MR T AR A, 2GR 5 000.6 000 Lux T, i
A WUFRAFLS L1 CO,, HeA: KR B K
A3 AT AT RE R R A T B e R K B R e S BT
RE A K R TE G ER A CO, IS TSI R 2%
T o T MR N SR T Ak TR 0 el TR
Xt B IR RN, AR K AR GE | CO, 13 AT
EEFE I pH TR, BUAE T COJ/0, 1 L], K ft
HCO; M AAAE 30 T O FERT, X 3 i A 4 ™ A —
SE B A VE s T ] D RS U Y
T e 3, #EOEHE 3 000 .4 000Lux A1 0.03% 5%
AL CO, R BRI AR, & B 12 11
K JE5R A CO, B A3 B &, 4 4 6 4l TOU U e
W E A TE T A SR DR a0 T R 40 % Al T A e
HOLRATT 1 5, o LUR M CO,,

F 3 KB CO, AR 7 Bt 52 T HA i 512 v 58 bb A 4K R R B R 3 R 9 52 T
Table 3 Effects of temperature on the growth of Spirulina platensis and CO, fixation rate in the stable phase

Jt5E Al CO, Jt5E Al CO, -~
RF G B0 RF G B0
3 000 Lux(0%) 0.215 4 000 Lux(0%) 0.187
3 000 Lux(5%) 0.191 4 000 Lux(5%) 0.136

3 000 Lux(10%) -0.104 4 000 Lux(10%) -0.129
3 000 Lux(15%) -0.126 4 000 Lux(15%) -0.145

Y3 Al CO, J Y3 il CO, )
5 000 Lux(0% ) -0.155 6 000 Lux (0% ) —-0.198
5 000 Lux(5%) -0.189 6 000 Lux(5%) -0.237
5 000 Lux(10%) -0.279 6 000 Lux(10%) -0.303
5 000 Lux(15%) -0.278 6 000 Lux(15%) -0.310
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Fig. 6 Effect of light intensity and CO, concentrations on the growth of Spirulina platensis and CO, fixation rate under the

best conditions
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