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s , (Paerl, 2014),
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(Microcystis aeruginosa)
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s 0.22pm
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BG11
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Tab.1 The setting of nutrition concentration levels

BG1 TN (mg/L) TP (mg/L)
1/4 61.89 1.78
1/13 19.04 0.55
1/28 8.84 0.25
1/280 0.88 0.03
N P BGl11
N P , ; N

(247.05mg-N/L, 61.89mg-N/L, 20.63mg-N/L, 6.88mg-

N/L) P (7.12mg-P/L, 1.78mg-P/L, 0.6mg-P/L,
0.2mg-P/L)
250mL ( 150mL),
5
7x10°cells/mL 25
3000 Ix, 12h : 12h
3 b b
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BD FACSCalibur™
, FlowJo
1.4
( , 2007) (

DeChem-Tech/Cleverchem380)
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( Element/vario MACRO cube)
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, Clpt = Clttmax + Ko/ fmax (3)
P 1.4 y=Cyu, x=C,
, 1 /,Umax Ks/,umax
,umaxa
1.6 K,
1.6.1 2
(Amano et al, 2012): 2.1
u=nN, InN)/(t, t) (1 1 (A)
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1 2
1.6.2 )
Monod (Zhang et al, 2014) , )
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Fig.1 Growth curves of M. aeruginosa and C. vulgaris at different concentrations of nutrients (uni-culture)
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2. ILEKREER)

Tab.2 The maximum biomasses and specific growth rate of M.
aeruginosa and C. vulgaris at different concentrations of

nutrients (uni-culture)

M. aeruginosa 255.43 30.41 13.69  0.000
(10°celVmL) €. yulgaris  123.37  34.65  40.10  1.77
M. aeruginosa 0.421 0.269 0.212  -0.604
C. vulgaris 0.369 0.279 0.289  0.066
b
b b
b
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b
b
2.2
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Fig.2 Growth curves of M. aeruginosa and C. vulgaris at different concentrations of nutrients (co-culture)
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x3 HRHBERSNDKREFARNERFRIHERNEYE. HIBRREESH)
Tab.3 The maximum biomasses and specific growth rate of M. aeruginosa and C. vulgaris at different concentrations of nutrients
(co-culture)

M. aeruginosa 183.99 56.09 18.02 0.15
(10°cell/mL) C. vulgaris 36.41 29.61 19.52 1.41
M. aeruginosa 0.398 0.313 0.232 -0.112
C. vulgaris 0.282 0.267 0.238 0.050
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Fig.3 The intracellular element content (%) of C, N, P, S of M. aeruginosa and C. vulgaris at different concentrations of nutrients
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Fig.4 The consumption of N and P per cell of M. aeruginosa and C. vulgaris at different concentrations of nutrients (uni-culture)
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Tab.4 The specific growth rate of M. aeruginosa and C. vulgaris at different concentrations of N and P

N (Cs) (mg/L) u Cilu P (Cs) (mg/L) u Cylu

M. aeruginosa 247.05 0.412 599.282 7.12 0.412 17.271
61.88 0.356 173.726 1.78 0.307 5.795

20.63 0.314 65.786 0.60 0.299 2.009

6.88 0.167 41.070 0.20 0.269 0.743

C. vulgaris 247.05 0.300 823.500 7.12 0.300 23.724
61.88 0.319 193.966 1.78 0.229 7.775

20.63 0.270 76.389 0.60 0.177 3.388

6.88 0.242 28.409 0.20 0.105 1.914

£S5 EMEEMNEKEN N, PR AILEKEREEINSH

Tab.5 The specific growth rate and semi-saturation constants of M. aeruginosa and C. vulgar to N and P

(Ks/ﬂmax) (l/ﬂmax) K Mmax R2 SlgF
N M. aeruginosa 23.69 2.33 10.17 0.43 0.9978 0.0002
C. vulgaris 1.66 3.31 0.50 0.30 0.9994 0.0003
P M. aeruginosa 0.77 2.34 0.33 0.43 0.9939 0.0031
C. vulgaris 1.63 3.12 0.52 0.32 0.9984 0.0008
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--------- 1)\ B 1523
A 04}
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Fig.5 The Monod functions for M. aeruginosa and C. vulgar under N or Plimitation
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GROWTH COMPETITION BETWEEN MICROCYSTIS AERUGINOSA AND
CHLORELLA VULGARIS UNDER NUTRITION CONTROL

ZHANG Jing-Jing', ZHOU Jin?, ZHANG Huai-Jin', WANG Xiang',
SONG Jun-Ting', CAI Zhong-Hua®

(1. School of Life Science, Tsinghua University, Beijing 100084, China;
2. Graduate School at Shenzhen, Tsinghua University, Shenzhen 518055, China)

Abstract Microcystis aeruginosa bloom is the consequence of competition among algae. To understand the impact of
nutrient on the competition, we carried out experiments on interspecific competition between Microcystis aeruginosa and
Chlorella vulgaris, two most common algae in a eutrophic water environment. Different nutrition status
(over-eutrophication, eutrophication, below-eutrophication and oligotrophication) and limitation (N or P), were designed in
uni-culture and co-culture. Indexes analyzed were cell density, intracellular element content of C, N, P, S, and consumption
of TN (total nitrogen) and TP (total phosphorus). Results indicate that the maximum biomass for both M. aeruginosa and C.
vulgaris decreased with the decrease of nutrition concentration in the uni-culture. However, in the co-culture, M.
aeruginosa showed advantage in super-eutrophication condition, while C. vulgaris did so in the other. The intracellular
element contents of N and P dropped with the decrease of nutrition level, but C and S. M. aeruginosa demanded more N
but less P than C. vulgaris. In addition, both half-saturation constant (K,) and maximum specific growth rate (uy.x) of M.
aeruginosa were greater than those of C. vulgaris in N-limitation, while in P-limitation, smaller K and greater y ., than
those of C. vulgaris. Therefore, at a same nutrition level, N is a more important limiting factor for M. aeruginosa but P for
C. vulgaris in growth competition. Controlling N in drainage could be effective to prevent algal bloom.

Key words Microcystis aeruginosa; Chlorella vulgaris; nutrition control; competitive advantage; nitrogen;

phosphorus
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