
Introduction

Water eutrophication is becoming increasingly 
serious, which has become a global water pollution 
problem. Eutrophication of water will lead to algae 
blooms and red tides, among which Microcystis 
aeruginosa is the dominant algae species for freshwater 
blooms. To study the factors affecting the growth of 
Microcystis aeruginosa and find out the influence of 
each factor on the growth of microalgae. It is of great 
significance for controlling microalgae growth and 
reducing water eutrophication.

In recent years, many scholars have conducted in-
depth research on the effects of different conditions on 
the growth of microalgae. Yuan et al. [1] analyzed the 

biofilm structure formed by microalgae under different 
illumination conditions and found that the interaction 
between cells has an impact on the biofilm structure. 
Kong et al. [2] took Chlorella as the research object. 
It was found that the higher CO2 concentration in 
a certain range, the greater the maximum specific 
growth rate of microalgae, and the better the removal 
effect of nitrogen and phosphorus in wastewater. This 
study provides a scientific basis for the simultaneous 
realization of biomass growth, CO2 fixation and 
nutrient removal. Swati et al. [3] used Chlorella to treat 
comprehensive wastewater under different photoperiod 
conditions. It is found that when the photoperiod is 24:0, 
the cost is the lowest and the growth rate of organisms 
is the highest. Christos et al. [4] studied the response 
of microalgae biomass yield, composition and growth 
rate to light conditions. It is considered that there are 
obvious differences among light-treated microalgae with 
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different colors. The research of Li et al. [5] shows that 
light quality and culture temperature have interactive 
effects on the protein and carbohydrate content of 
microalgae; Gao et al. [6] confirmed that microalgae are 
beneficial to lipid accumulation in microalgae when the 
carbon-nitrogen ratio is 110-130; Kristian et al. [7] think 
that the distribution of fatty acids in microalgae will 
change under different temperature, light and nutrition 
conditions.

Up to now, a large number of studies mainly focus 
on the influence of a single experiment, and there are 
few comprehensive studies on the factors affecting the 
growth of microalgae. Microcystis aeruginosa has good 
adaptability to the environment, which can be used 
as an indicator organism of environmental toxicology 
and an important indicator of environmental quality 
monitoring and evaluation [8]. In this paper, Microcystis 
aeruginosa was taken as the research object, and 
the light period, initial dosage, and initial pH were 
comprehensively studied. To find out the influence 
of different factors on the growth of Microcystis 
aeruginosa, and provide scientific basis for controlling 
the growth of Microcystis aeruginosa and restraining 
the outbreak of water bloom.

Materials and Methods

Microalgae Sources

Microcystis aeruginosa used in the experiment was 
purchased from the Institute of Hydrobiology, Chinese 
Academy of Sciences, and cultured in a constant 
temperature incubator with BG11 medium.

Experimental Design

1) Single-factor experiment: only one factor is 
changed, and other factors remain unchanged, and the 
influence of this factor on the experimental results is 
observed.
a)	 Photoperiod: centrifuge the algae solution of 

Microcystis aeruginosa, discard the supernatant and 
keep the algae, clean the algae three times with sterile 
ultrapure water and transfer it to the experimental 
solution (initial pH = 7). Adjust the initial OD680 
of each experimental group to 0.15, and set the 
illumination period of each experimental group to be 
16:8, 14:10, 12:12, 10:14, 8:16 respectively.

b)	 Initial dosage: The inoculation procedure is the same 
as above. In the experimental group, the initial OD680 
was 0.05, 0.13, 0.21, 0.27, 0.32. The temperature 
was 25ºC. The illumination was 3500 Lx. The 
photoperiod was 12:12.

c)	 Initial pH: The inoculation procedure is the same 
as above. The initial pH of the experimental group 
was adjusted to 5, 6, 7, 8 and 9 respectively. The 
temperature was 25ºC. The illumination was 3500 Lx. 
The photoperiod was 12:12.

2) Orthogonal experiment: It is a scientific method to 
design an experimental scheme by using the orthogonal 
table, and can effectively analyze experimental results 
and put forward optimal process conditions [9].

On the premise of achieving the experimental 
purpose, in order to shorten the experimental period and 
reduce the experimental cost, orthogonal experiment 
was proposed to study the influencing factors of heavy 
metal removal by microalgae, and the results of single 
factor experiment were tested. The orthogonal test in 
this study is a three-factor and three-level test. These 
three factors are photoperiod (A), initial dose (B) 
and initial pH (C). According to the results of single 
factor test, the level of each factor in orthogonal test 
was determined. The orthogonal experiment table is 
designed by SPSS software, as shown in Table 1.

All the above operations were carried out in sterile 
environment, and all experimental groups were set in 
parallel. Sample and test each experimental group at a 
fixed time point every day.

Index Determination

1) OD680
Using a visible spectrophotometer at 680 nm 

wavelength, taking ultrapure water as a reference, the 
absorbance of fresh algae solution was measured, which 
is the optical density (OD) of algae cells.

2) Chlorophyll
Taking 20 mL algae solution, centrifuge to remove 

supernatant, and collect algae. Washing with ultrapure 
water twice, freezing and thawing in a refrigerator 
at -20ºC for more than 6 times, adding 20 mL 90% 
acetone, and extracting in the dark for more than 
24 hours. After centrifugation, the supernatant was 
collected, and the absorbance of the supernatant at 
630 nm, 647nm, 664 nm and 750 nm was measured 
by visible spectrophotometer with 90% acetone as 
reference. And calculate chlorophyll concentration 
(mg/L) according to the following formula:

Table 1. Three factors and three levels orthogonal experimental 
table.

Photoperiod 
(A)

Initial Dosage 
(B)

Initial pH 
(C)

1 12:12 0.22 7

2 12:12 0.27 8

3 12:12 0.32 9

4 10:14 0.22 8

5 10:14 0.27 9

6 10:14 0.32 7

7 8:16 0.22 9

8 8:16 0.27 7

9 8:16 0.32 8
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Cchla = [11.85×(A664nm-A750nm)-1.54×(A647nm-A750nm)

-0.08×(A630nm-A750nm)]×
1

2

V
V

In which V1 is the volume of algae solution to be 
measured; V2 is the volume of acetone added.

3) pH
Take appropriate amount of algae solution to 

be tested at fixed time every day. Centrifuge and 
stand, pour out the supernatant slowly, and record the 
supernatant by PHS-3E.

Results and Discussion

The Influence of Photoperiod

Different photoperiods have different effects on 
the growth of Microcystis aeruginosa, and the effects 
of photoperiod on OD680 and chlorophyll during the 
growth of Microcystis aeruginosa are shown in Fig. 1.
It can be seen from the figure that under different 
photoperiods, both OD680 and chlorophyll increase with 
the increase of culture time. OD680 and chlorophyll are 
directly proportional to photoperiod, and the larger 
the photoperiod, the greater the increase of OD680 and 
chlorophyll.

In Fig. 1b), it can be seen from the slope of the 
broken line that the increase of chlorophyll presents two 
different laws. Chlorophyll in the experimental group 
with a longer illumination time (≥12h) increased greatly 
in the early stage of the experiment, but decreased 
in the later stage of the experiment. However, the 
experimental group with a shorter illumination time 
(<12 h) had a lower growth rate in the early stage of the 
experiment, but a higher growth rate in the later stage of 
the experiment. For the experimental group with a long 
illumination time, algae can quickly absorb nutrients in 

the environment for chlorophyll synthesis in the early 
stage of the experiment [10]. In the later stage of the 
experiment, the rate of chlorophyll synthesis decreased 
due to the limitation of nutrients. For the experimental 
group with short illumination time, the chlorophyll 
synthesis rate of algae is low due to the limitation of 
illumination time in the early stage of the experiment. 
However, in the later stage of the experiment, the 
chlorophyll synthesis rate increased rapidly. On the one 
hand, microalgae adapt to shorter illumination time, on 
the other hand, microalgae accumulate enough nutrients 
in the early growth process [11].

As shown in Fig. 2, it can be seen that the pH value 
of the experimental group with different photoperiods 
gradually increases with the increase of culture time. 
And the greater the photoperiod, the greater the pH 
value increases, which has a stable trend in the later 
stage of the experiment, which is consistent with 
the results of Han et al. [12]. In a certain range, the 
longer the illumination time, the better the growth 
of microalgae. The stronger photosynthesis, the 
consumption of a large amount of CO2 destroys the 
circulation of inorganic carbon in water environment 
and increases the pH value [13]. In the later stage of 
the experiment, due to the limited photosynthesis of 
microalgae, the pH growth rate decreased and gradually 
stabilized [14].

Influence of Initial Dosage

Different initial dosage will have different effects 
on the growth of Microcystis aeruginosa. The effects 
of initial dosage on OD680 and chlorophyll during 
the growth of Microcystis aeruginosa are shown in 
Fig. 3. It can be seen from the figure that the curves  
of culture time, OD680 and chlorophyll are different 
under different initial dose conditions, but both have 
the same trend and increase with the increase of culture 
time.

Fig. 1. Growth of Microcystis aeruginosa under different light and dark ratios a) OD680; b) Chlorophyll.
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It can be seen from Fig. 3 that the more the initial 
dosage of Microcystis aeruginosa, the more the 
increase of OD680 and chlorophyll. Because chlorophyll 
is proportional to the number of microalgae to a certain 
extent. The experimental group with more initial dosage 
has more microalgae proliferation and growth, which 
can produce more chlorophyll.

The specific increment is the ratio of increment to 
initial increment, which can reflect the increment of 
unit original microalgae under different conditions. 
It can be seen from Fig. 4 that the specific increase 
of chlorophyll is inversely proportional to the initial 
dosage of microalgae, that is, the more the initial 
dosage of microalgae, the less the specific increase 
of chlorophyll. The analysis showed that microalgae 
appeared a competitive relationship to a certain extent 
in the experimental group with more initial dosage, 
which inhibited the synthesis and accumulation of 
chlorophyll [15].

Fig. 2. Changes in pH of water treated with Microcystis 
aeruginosa under different light and dark ratios.

Fig. 4. The increment of chlorophyll ratio of Microcystis 
aeruginosa under different initial dosage conditions.

Fig. 3. Growth of Microcystis aeruginosa under different initial dosages a) OD680; b) Chlorophyll.

Fig. 5. Changes of pH of water treated with Microcystis 
aeruginosa under different initial dosing conditions.
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The relationship between water pH and treatment 
time under different initial dosages is shown in Fig. 5. 
The pH increased with the increase of treatment 
time, but the experimental groups with different 
initial dosages showed different growth rules.  
The experimental group with more initial dosage  
(OD680 = 0.21, 0.27, 0.32) increased rapidly in the 
early stage of the experiment but decreased in the 
later stage of the experiment. In addition, the pH of 
experimental groups with OD680 = 0.27 and 0.32 tended 
to be saturated and stable gradually. The pH value 
of the experimental group with low initial dosage  
(OD680 = 0.05) always maintained a uniform growth 
rate, while the experimental group with OD680 = 0.13 
showed a short-term rapid increase in the middle of the 
experiment.

Effect of Initial pH

Different initial pH will have different effects on 
the growth of Microcystis aeruginosa. The effects 

of initial pH on OD680 and chlorophyll during the 
growth of Microcystis aeruginosa are shown in Fig. 6. 
It can be seen from the figure that under different pH 
conditions, both OD680 and chlorophyll increase with 
the increase of culture time, and the increase of OD680 
and chlorophyll is related to the initial pH value. The 
growth of Microcystis aeruginosa in alkaline initial 
environment was larger than that in neutral and acidic 
initial environment.

It can be seen from Fig. 6 that OD680 of experimental 
groups with different initial pH increased slowly in 
the early stage of the experiment. In the later stage of 
the experiment, all experimental groups increased, 
but the growth rate of alkaline experimental group 
was obviously higher than that of neutral and acidic 
experimental groups. When Microcystis aeruginosa 
enters a new environment with different pH values,  
it takes some time for algae cells to adapt, so the 
growth rate in the early stage of the experiment is 
slow. When microalgae adapt to the new environment, 
the OD680 of all experimental groups increases rapidly. 

Fig. 6. Growth of Microcystis aeruginosa under different initial pH conditions a) OD680; b) Chlorophyll.

Fig. 7. Changes of pH of water treated with Microcystis 
aeruginosa under different initial pH conditions.

Table 2. The result of orthogonal experiment.

Factor Index

Number A B C ΔOD680 ΔCChla

1 1 1 1 0.133 0.614

2 1 2 2 0.156 0.696

3 1 3 3 0.188 0.899

4 2 1 2 0.114 0.439

5 2 2 3 0.148 0.692

6 2 3 1 0.157 0.739

7 3 1 3 0.103 0.391

8 3 2 1 0.120 0.541

9 3 3 2 0.143 0.791
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The growth rate of alkaline experimental group  
(pH = 8,9) is obviously higher than that of neutral and 
acidic experimental groups (pH = 5,6,7), so Microcystis 
aeruginosa may be more suitable for alkaline 
environment [16]. Microcystis aeruginosa can grow 
in a wide pH range but can obtain larger biomass in 
an alkaline environment, which is consistent with the 
research results of Khalil et al. [17].

As shown in Fig. 7, it can be seen that the pH 
values of the experimental groups with different initial  
pH values gradually increase with the increase of 
treatment time, and gradually tend to be stable. This 
is consistent with the previous research results. In the 
later stage of the experiment, the experimental groups  
with different initial pH values tended to be stable 
near pH = 9.5, which reflected the algae solution's good 
adjustment ability to pH. In the experimental group with 
acidic and neutral initial environment, the pH increased 
rapidly in the early stage of the experiment, and kept 
rising after rising to 8.8 the next day, but the growth 
rate decreased rapidly and gradually stabilized. In the 
experimental group in alkaline initial environment, 
the pH value always kept rising slowly and finally 
stabilized.

Fig. 8. Horizontal trend chart of growth index factors in orthogonal experiment a) OD680; b) Chlorophyll.

Table 3. Range analysis of growth index in orthogonal 
experiment.

Index A B C

ΔOD680

K1 0.476 0.350 0.409

K2 0.419 0.424 0.413

K3 0.366 0.487 0.439

k1 0.159 0.117 0.136

k2 0.140 0.141 0.138

k3 0.122 0.162 0.146

R 0.110 0.138 0.030

Primary and secondary order B>A>C

ΔCChla

K1 2.210 1.445 1.894

K2 1.870 1.929 1.926

K3 1.723 2.429 1.982

k1 0.737 0.482 0.631

k2 0.623 0.643 0.642

k3 0.574 0.810 0.661

R 0.486 0.984 0.088

Primary and secondary order B>A>C
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the speed and increase of pH, which is beneficial to 
the growth of Microcystis aeruginosa, that is, the 
greater the OD680 and chlorophyll value of Microcystis 
aeruginosa.

2) In a certain range, the more the initial dosage, 
the better the growth of Microcystis aeruginosa, but 
there may be a certain competitive relationship between 
Microcystis aeruginosa.

3) In a certain range, the growth of Microcystis 
aeruginosa becomes better with the increase of initial 
pH value, and the pH increases with the increase of 
culture time and is stable at pH = 10.

4) The order of factors affecting Microcystis 
aeruginosa growth is initial dosage >photoperiod 
>initial pH, aiming at increasing microalgae growth. 
The optimal experimental conditions are as follows: 
photoperiod ratio is 16:8, initial OD680 is 0.32, and 
initial pH is 9.
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