PHOTOSYNTHETICA 45 (2): 309-311, 2007
BRIEF COMMUNICATION

Influence of irradiance, dissolved oxygen concentration, and temperature
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Abstract

The growth response of Chlorella sorokiniana to certain irradiance, DO, and temperature demonstrated the possible

causes of low productivity with this strain in outdoor cultures. The growth (biomass productivity) and chlorophyll
fluorescence (F,/F,) were substantially reduced when the dissolved oxygen (above 200 % of air saturation) and

temperature were elevated.
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Growth of microalgae under photoautotrophic conditions
is affected by changes in physicochemical factors such as
irradiance, temperature, and dissolved oxygen (DO)
concentration. Irradiance is one of the major factors,
which control microalgae productivity (Terry 1986, Lee
and Low 1992, Grobbelaar ef al. 1996). In closed photo-
bioreactors that are used for outdoor cultures, there are
variations in solar irradiance and temperature during the
day (Molina Grima et al. 1999, Acién Fernandez et al.
2001, Ugwu et al. 2005). Furthermore, depending on the
growth of the microalgae, high oxygen concentrations
could accumulate in the culture. DO concentration (up to
70 to 80 g m”) is very common in Arthrospira
(Spirulina) cultures grown in tubular photobioreactors
(Vonshak et al. 1996). Torzillo ef al. (1998) reported that
the synergistic effect of high oxygen concentration and
low temperature resulted to photosystem 2 (PS2) photo-
inhibition. A combination of high concentration of
oxygen, high temperature, and high irradiance would
drastically reduce the photosynthetic activities of alga
during outdoor cultures. During the active growth of alga
cells (in the midday), each of these physicochemical
factors would affect the photosynthetic apparatus of the
microalgae. Production models under laboratory
conditions are necessary to understand the growth
characteristics of microalgae in outdoor cultures. In an
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attempt to charac-terize the influence of solar irradiance
of microalgae growth, irradiance modelling was
investigated in a laboratory-scale photobioreactors (Wu
and Merchuk 2004, Pottier et al. 2005). Our previous
studies with outdoor tubular photobioreactor for mass
cultivation of Chlorella sorokiniana (Ugwu et al. 2002)
indicated that a thorough understanding of the interaction
between the three mentioned factors is necessary for
efficient outdoor cultivation of this microalga.

We used C. sorokiniana IAM-212, obtained from the
Culture Collection Center of the Institute of Applied Mic-
robiology, University of Tokyo. pH of the modified MM4
medium (Ugwu et al. 2005) was adjusted to 6.0. C. soro-
kiniana was inoculated into 1200 cm’ of the medium in
Roux flask. Seven daylight fluorescent lamps (8FL-40-s-
PG, National Electric Tokyo) arranged in parallel on a
vertical plane were used for irradiation. The irradiance at
the surface of the Roux bottles varied from 200 to 500
umol(photon) m s '. Aeration and mixing were achieved
by sparging air enriched with 5 % CO, through a glass-
ball filter, which was inserted to the bottom of the flasks,
at 0.3 volume of air per volume of liquid per minute. All
the experiments were carried out in the laboratory for
12h (08:00-20:00). Each of the experiments was
repeated three times to ensure reproducibility. Cell dry
matter was determined by using duplicate samples of the
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culture. The cells were washed with 0.5 M HCI to remove
the precipitated salts and other non-organic substances,
rinsed with distilled water, dried at 105 °C for 24 h,
cooled over silica gel in a desiccator, and weighed (Ugwu
et al. 2002). The optical density was measured at 680 nm
using a spectrophotometer (Spectronic 20A4; Shimadzu,
Tokyo, Japan). Biomass productivity was defined as the
increase in the cell dry mass between 08:00 and 20:00
(12-h culture). The solar irradiance on the surface of flask
was measured using a photorecorder (PHR-51, Japan).
Dissolved oxygen probe (Mk-250 DO; Marubishi, Japan)
was inserted in the flask to measure the variation in DO at
various times. In order to understand the effect of DO to
the microalgae, various DO concentrations (120-300 %
of air saturation) were maintained in the cultures. This
was achieved by sparging either oxygen or nitrogen gases
to the cultures to maintain the desired DO concentration.
The DO regulator was equipped with valves to monitor
and regulate the DO concentration to set values. Thus,
when the DO in the culture drops or becomes elevated,
the DO regulator pumps in either oxygen or nitrogen
gases to the cultures to maintain the DO to the set value.
Chlorophyll (Chl) fluorescence of the cultures (the
maximum photosystem 2 photochemical yield, F,/F)
was measured using an induction fluorometer (PEA,
Hansatech, UK) after incubation in dark for 10 min.
1 em® of samples (triplicate samples) was dark-adapted
for 10 min before measuring Chl fluorescence.

The growth of the microalga varied as the temperature
was elevated from 20 to 40 °C. At 38 °C, the biomass
productivity obtained was 0.85 kg m> d ', while at 40 °C

it declined drastically (0.33 kg m~ d'), which indicated
that this temperature was not conducive for the growth of
the microalga. Furthermore, accumulation of DO in the
culture depended on the growth of the microalga at
various temperatures. When the temperature was
increased from 20 to 38 °C, the DO increased to about
200 % of air saturation. This increase in the DO could be
attributed to increased photosynthetic activity of C. soro-
kiniana. Our preliminary studies on the effect of tempera-
ture on growth of C. sorokiniana also indicated that its
optimum temperature falls within this temperature range.
However, the DO decreased to less than 100 % of air
saturation when the temperature was increased to 40 °C.
Analysis of the Chl fluorescence showed that the photo-
synthetic activity of the cells was reduced drastically at
high temperatures. Increase in irradiance from 50 to
150 pmol m? s ™' resulted in linear increase of biomass
productivity and consequently led to increased accumu-
lation of the DO in culture (Fig. 1). Both the biomass
productivity and the Chl fluorescence (F,/F,,) declined
when the DO concentration was increased from 120 to
300 % of air saturation (Fig. 1). High degree of cell lysis
and death was observed when the DO exceeded 200 % of
air saturation. The decrease in biomass productivity as
well as the reduction in F,/F, was an indication that high
concentration of DO resulted in photochemical damage to
the photosynthetic apparatus of C. sorokiniana. In terms
of Chl fluorescence, it was reported that its parameters,
ratios, and quenching provide information on the
functionality of PS2 and the photosynthetic apparatus
(Rohacek and Bartak 1999, Lichtenthaler et al. 2005).
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Fig. 1. 4,B: Changes in the biomass productivity (A)
and accumulation of dissolved oxygen (¢) in
loa Chlorella sorokiniana cultures at various irradiances,
when temperature was maintained at 35 °C. C,D:
Effect of dissolved oxygen on the biomass produc-
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Increase in the irradiance favoured the growth of
C. sorokiniana but resulted in increased accumulation of
DO. Accumulation of DO is common in alga cultures,
and the degree of its accumulation would depend on the
mass transfer of photobioreactors used. Generally,
efficient mixing would reduce the DO in cultures and
ensure good mass transfer of oxygen and CO, in the
culture system. In photoautotrophic cultures, a linear
growth occurs provided the irradiance is sufficient and
the nutrients are not limiting in the culture. When the
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irradiance exceeds the saturation value of the microalga,
photoinhibition would occur. Aside from high irradiance,
photoinhibition can also occur at suboptimal tempera-
tures, even at relatively low irradiances (Vonshak and
Torzillo 2004). This would also explain the decrease in
the Chl fluorescence of C. sorokiniana when the
temperature was maintained at 40 °C.

In conclusion, some outdoor variables that determine
the growth of C. sorokiniana outdoors were characterized
under laboratory conditions. Microalgae response to
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various irradiances, DO, and temperature would help in
optimization of their outdoor mass cultures. In outdoor
cultures, combined effects of these factors would not only
reduce the biomass productivity of C. sorokiniana but
would also lead to low production of intracellular com-
pounds, such as Chl and carotenoids. Our results showed
that when one of these variables (for instance, irradiance)
was set at the optimum, the adverse effect of other vari-
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