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A B S T R A C T

Contamination of freshwater raceway ponds impedes the commercial cultivation of microalgae. Acclimatization
of freshwater microalgae to hypersaline conditions offers a means to reduce contamination. A freshwater
Chlorella species was cultured in a gradient of salinities ranging from 5 to 40‰ and pulse amplitude modulated
fluorometry recorded photosynthetic functioning. While the average salinity of seawater is 35‰, optimum
acclimatization occurred at 20‰, at which point the growth rate (1.6 µg chl a L−1d−1) was not significantly
different from the control (1.8 µg chl a L−1d−1). The maximum relative electron transfer rate was lower (9 to
12 µmol m−2s−1) at 5 to 20‰ as compared to 40‰ (28 µmol m−2s−1) where no algal growth was recorded.
ATP and NADPH were thus shunted towards synthesis of molecules that offset cytoplasmic osmotic stress.
Culturing this Chlorella strain in raceway ponds under saline conditions may reduce contamination and improve
productivity.

1. Introduction

Microalgae are commonly used in the food, animal feed, bioenergy
and pharmaceutical industries. For instance, valuable metabolites in-
cluding microalgal nutrients are used in agricultural practices to im-
prove productivity and yield, while secondary metabolites can treat
diseases and whole cells can be used in bioenergy production (Chandra
et al., 2019). However, despite the multitude of applications, com-
mercial cultivation of microalgae as a means to harness these products
has been met with several challenges. For instance, and of particular
concern is the contamination of microalgae by undesirable strains when
cultivated in freshwater. Contamination of raceway ponds can have
significant financial implications while reducing the quality of the
value-added product (Wang et al., 2013; Noh et al., 2018). Further-
more, freshwater is a limiting resource in many countries and is es-
sential for the production of food crops. As such, cultivation of micro-
algae at a large commercial scale would directly compete with essential
food crops for freshwater. Seawater is freely available for use in ra-
ceway ponds constructed at coastal regions, thereby reducing costs and
limits the use of freshwater.

The osmoregulation of microalgae to salt stress may further com-
plicate the process. For instance fluctuations in the rates of biopolymer
production, lipid catabolism and energy metabolism, as well as changes

in membrane permeability with the interruption of ion homeostasis, are
key factors that need to be considered in order to ensure cell survival
and proliferation (Alyabyev et al., 2007). A thorough investigation of
the combined effect of these factors is required to understand the tol-
erance and/or adaptive mechanism of microalgae strains to marine
environments. Osmoregulation in microalgae is the active regulation of
the osmotic pressure to maintain the homeostasis of water content. The
movement of water from high water potential to low water potential
will result in cell dehydration and place the microalgal cells under os-
motic stress (Brodribb and Hill, 2000). The cells counterbalance the rise
in extracellular solutes by numerous species-specific processes. How-
ever, osmoregulation and the maintenance of salt gradients is an energy
intensive process requiring adenosine triphosphate (ATP) and an in-
crease in salinity increases the demand for energy in the form of ATP to
maintain cell survival (Rivera-Ingraham and Lignot, 2017). By under-
standing the effect of osmotic stress, freshwater microalgae can be
grown in saline media through the process of acclimatization. The
photo-physiological parameters of the microalgae can be monitored
during the acclimatization process by the variable chlorophyll a levels
using Pulse Amplitude Modulated (PAM) fluorometry.

PAM fluorometry has been widely used by ecologists to determine
phytoplankton photosynthetic efficiency (Oxborough et al., 2000,
Petrou et al., 2008) and aspects of stress including temperature (Eggert
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et al., 2007), salinity (Boussiba, 2000), nutrient (Li et al., 2008) and
irradiance (Eggert et al., 2007). This study, therefore, investigated the
use of PAM fluorometry to monitor the acclimatization of a freshwater
Chlorella sp. to variable salinity levels and to determine the optimum
salinity for growth.

The physiological state of Chlorella sp. was measured according to
the following parameters; the relative electron transport rate (rETR),
non-photochemical quenching (NPQ), photosynthetic efficiency (α) and
light saturation (Ek). rETR is a measure of the rate of linear electron
transport through photosystem II, which is correlated with the overall
photosynthetic performance of the microalgae (Juneau et al., 2005).
However, the application of PAM fluorometry to monitor the process of
acclimatization has not been well established in the algal biotechnology
industry. We have demonstrated previously that Chlorella sp. exhibit
high cellular lipid levels (49%) under complete nutrient stress sug-
gesting that this strain would be best suited for large scale production of
biodiesel (White et al., 2010). The economic feasibility is however
threatened by the cost of freshwater and possible contamination of an
open raceway pond. The use of freely available marine water would
reduce the overall production cost and the possibility of contamination
of freshwater microalgae.

2. Materials and methods

2.1. Culture conditions

The freshwater chlorophyte was cultured in BG-11 growth media
until the mid-logarithmic growth phase was reached (day 4). Samples
were incubated at an irradiance of 35 µmol m−2s−1 with a 14:10 h
light: dark cycle and at a constant temperature of 25 °C.

2.2. Salinity stress

Microalgal samples (50 ml) were cultured in salinities ranging from
5 to 40‰. BG-11 media and seawater (devoid of nutrients) were used as
controls. Seawater was used as the base for the BG-11 media after un-
dergoing filtration (Whatman G/FF, 0.22 µm) and sterilization at 121 °C
for 15 min using an autoclave. The salinity was measured using a re-
fractometer. Distilled water was added to the medium in cases where
the salinity was found to be too high, while natural sea salt was added
to increase the salinity. Salinities were re-evaluated after the addition of
the nutrient stock solutions and salt was added to bring the salinities to
the required salinity. Samples were then cultured for 19 days at
35 µmol m−2s−1 with a 14:10 light: dark cycle at a constant tem-
perature of 25 °C. Physiological measurements were recorded twice a
week in triplicate.

2.3. PAM fluorometry

Non-invasive fluorescence measurements were obtained using a
DUAL-PAM 100 Chlorophyll Fluorometer (Heinz Walz Gmbh,
Effeltrich, Germany). Light (28 µmol m−2 s−1) and dark-adapted
samples were incubated for 15 min, at 25 °C. Aliquots of the culture
(3 ml) were dispensed into a 10 mm quartz glass cuvette
(10 × 10 × 40 mm) containing a micromagnetic stirrer. The cuvette
was then inserted into the PAM fluorometer and rapid light curves
(RLCs) were generated. These RLCs provided detailed information on
the saturation characteristics of the electron transport chain as well as
the overall photosynthetic performance exhibited by the microalgae
(Ralph and Gademann, 2005). The RLCs were generated by applying a
sequence of increasing actinic irradiance in 15 pre-set discrete incre-
ments ranging from 8 μmol photons m−2 s−1 to 710 μmol photons m−2

s−1. Each actinic light incubation lasted for 10 s before a saturation
pulse of blue light (0.6 s at 10 000 μmol photons m−2 s−1) was applied
to determine the relative electron transport rate (rETR) at each irra-
diance level. Dual PAM software (v 1.9) was used to record all data and

to generate the RLCs (Baker, 2008).
The Dual PAM calculated the following parameters as:

=rETR F'q/F'mxPPFD(photosynthetically active photon flux density)
(1)

where Fʹq is the difference in fluorescence between the maximum
fluorescence from light-adapted samples (Fʹm) and the fluorescence
emission of light-adapted samples (Fʹ).

Fʹq/Fʹm is termed the PS II operating efficiency and estimates the
efficiency at which light absorbed by PS II is used. At a given PPFD this
parameter provides an estimate of the quantum yield of linear electron
flux through PS II (Baker, 2008).

= − ′ ′NPQ F F F( )/m m m (2)

where NPQ is calculated and quantified by measuring the change in the
maximum fluorescence measured in the dark-adapted (Fm) sample and
the maximum fluorescence measured in the saturating light pulse (Fmʹ).

The maximum photosynthetic efficiency (α) is the initial slope of
the rapid light curve (RLC). Alpha (α) was determined from the model
by Platt et al. (1980).

The saturation values (Ek) are obtained from the curve fitting model
of Platt et al. (1980). The value is determined from the interception
point of the alpha value with the maximum photosynthetic rate which
follows the equation:

=E rETR α/k max (3)

2.4. Chlorophyll a determination

Microalgal biomass was quantified by chlorophyll a (chl a) fluor-
escence, using a Turner Designs Trilogy Fluorometer. Chl a was ex-
tracted in 90% acetone at 4 °C for 24 h (Parsons et al., 1984). A chl a
standard (Anacystis nidulans – Sigma) was used to calibrate the fluo-
rometer.

2.5. Statistical analysis

Statistical analyses were undertaken by using SPSS version 11.5.1
for Windows. All values were logarithmically (log10) normalised to
meet the requirements for parametric statistical tests. One-way analysis
of variance (ANOVA) tests was used to investigate differences in data
(p < 0.05) between the nutrient stressed cultures and after the in-
troduction of the depleted nutrient. Tukey’s post hoc tests were used to
locate the differences in the significant results. Correlations were de-
termined using Pearson’s Correlation coefficient.

3. Results and discussion

3.1. Microalgal growth rates

Chlorophyll a concentrations and growth rates are presented in
Figs. 1 and 2, respectively. Microalgal cultures growing at salinities
lower than 25‰ tolerated osmotic pressure. However, optimum cel-
lular acclimatization of the freshwater Chlorella sp. occurred at 20‰,
although physiological functioning was still evident up to 40‰. The
acclimatization period varied between 8 and 12 days for the lower
range of salinities. Microalgal cells cultured in BG-11 media (control)
showed a growth rate of 1.8 µg chl a L−1d−1 and followed a typical
growth curve consisting of the lag phase, exponential phase and the
stationary phase. The growth rates of cultures in salinities of 5‰ to
20‰ (1.5 µg chl a L−1d−1 to 1.6 µg chl a L−1d−1) were not sig-
nificantly different from those of the control (p > 0.05). Cells in-
cubated at 35‰ and 40‰ showed no growth. Cells cultured in pure
seawater hindered growth throughout the 15-day period and the
chlorophyll a levels declined at a rate of 0.4 µg chl a L−1d−1.
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3.2. Salinity stress and analyses of physiological parameters

3.2.1. Relative electron transport rate (rETRmax) of Chlorella cells
In general, rETR max values increased with an increase in salinity.

For instance, from 5 to 20 ppt, the rETRmax ranged from 14 to 24 during
the acclimatization period (days 1 – 8) and was significantly lower
(p < 0.05) (6 to 12) following acclimatization (days 12 – 15). At
salinities ranging from 25 to 35, rETRmax ranged from 5 to 38, prior to
acclimatization (Fig. 3). Post acclimatization, there was a marginal
difference in rETRmax values (15 to 28). At 40‰, these values ranged
from 0 to 118 during the acclimatization period (days 1–22). Subse-
quently, rETR averaged 28 from days 26 to 36, showing a significant
reduction (76%). During days 1 to 8, no photosynthetic responses were

detected in media containing 40‰ salts, delaying the onset of accli-
matization by 12 days. The average rETR values (1 0 0) for cultures
maintained at 40‰ salinity were significantly higher (p < 0.05)
during the acclimatization period compared to cultures maintained at
the lower salinities. The rETR, recorded in cultures incubated in natural
seawater ranged from 12 to 20, generally showing a steady decrease
over time.

In this study, the freshwater Chlorella sp. acclimatized to lower
salinities (5–20‰) over a period of 12 days. However, the culture had
taken longer (22–26 days) to acclimatize at higher salinities (25–40‰).
The osmotic stress induced by the transition of the culture from a
freshwater to a marine medium was recorded by the change in photo-
synthetic performance. The adjustment to water stress or osmotic stress

Fig. 1. Chlorophyll a concentrations of Chlorella sp. cultured in BG-11 media at varying salinities.
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results from increased salinity levels in the growth medium.
Acclimatization to osmotic stress was said to occur once a sustained
reduction in the rETR was recorded after gradually increasing over
8 days (Table 1). The acclimatized culture showed similar rates of
growth and photosynthetic performance as the control culture. From
days 12 to 19 there was no significant difference in rETR (p > 0.05)
compared to the control, which suggested that the culture had accli-
mated to the lower saline media.

The rETR may be best suited to monitor microalgal acclimatization,

as it is also the initial photosynthetic process in ATP synthesis. At lower
salinities (5‰ to 20‰), rETRmax increased proportionally during ac-
climatization (R = 0.986, p < 0.05). With increasing salinity, the
energy demand also increases as more ATP is required in the energy-
intensive osmoregulation process (Dluzniewska et al., 2007,
Jampeetong and Brix, 2009). At higher salinities (25‰ to 35‰), the
culture did not sustain a reduction in rETR during the studied time
period highlighting a need for extra ATP yields. At 40‰, rETR showed
a sustained reduction however the overall rETRmax value was sig-
nificantly higher than the lower salinity samples. A rise in the electron
transport rate which increases the energetic rate has been previously
found in Chlorella (Alyabyev et al., 2007). This ensures a quick and
effective adaptation to the salinity stress which may be caused by
evaporation in raceway ponds.

3.2.2. Maximum photosynthetic efficiency (α) of Chlorella cells
The photosynthetic efficiency of the culture, indicated by the alpha

value (Table 2, Fig. 4) correlated well with salinities ranging from 5‰
to 35‰. From 5 to 20‰, there were no significant differences in α
compared to the control. The photosynthetic efficiency also showed no
significant difference (p > 0.05) during and post acclimatization.
Alpha significantly increased (p < 0.05) at salinities between 25‰
and 35‰ compared to the control and showed no significant difference
(p > 0.05) during and post acclimatization. At 40‰, α remained
consistent (0.42) throughout the acclimatization period and decreased
significantly to 0.34 post acclimatization (p < 0.05). Compared to the
control culture, α was significantly higher (p < 0.05). The alpha value
for media consisting of seawater varied between 0.31 and 0.32
throughout the incubation period.

An increase in photosynthetic efficiency (α) was found to be directly
correlated with increasing salinity (R = 0.841, p < 0.05). This sug-
gests that the overall photosynthetic functioning increased to synthesise
the energy molecules ATP which is essential for acclimatization to
occur. Although alpha shows an increase in photosynthesis, evidence of
the increased energy requirement, it does not depict the time frame in

Fig. 2. Growth Rates plotted against salinity for the Chlorella sp.

Fig. 3. The Realtive Electron Transport Rate (rETRmax) of Chlorella cells cul-
tured in BG-11 growth media at varying salinities over a 3-week period.

Table 1
Acclimatization parameters for samples incubated from 5‰ to 40‰ salinity.

Acclimatization parameters

Salinity (‰) Period
(days)

rETRmax (r.u) Alpha (r.u) Ek (µmol
m−2s−1)

NPQ (r.u)

5 12 12 0.28 145 1.83
10 12 8 0.32 88 1.46
15 12 9 0.30 143 1.60
20 12 9 0.30 100 1.52
25 12 15 0.32 398 0.62
30 12 23 0.34 508 0.94
35 15 28 0.37 369 4.10
40 26 28 0.38 205 1.69

Table 2
PAM parameters for the Chlorella incubated at 40‰ salinity.

Day rETRmax (µmol
m−2s−1)

Ek (µmol
m−2s−1)

Alpha (relative
units)

NPQ (relative
units)

1 0 0 0 0
5 0 0 0 0
8 0 0 0 0
12 71 751 0.42 10
15 118 282 0.42 10<
19 93 223 0.42 10<
22 116 293 0.42 9.60
26 28 205 0.38 2.60
29 28 499 0.34 2.76
33 29 463 0.34 3.85
36 27 296 0.34 1.66
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which acclimatization occurred. At lower salinities (5‰ to 20‰), in-
creased α values were recorded showing an increase in the functioning
of the photosynthetic apparatus. A further increase was evident in the
samples at higher salinities (25‰ to 35‰) reiterating the increased
need for extra ATP to counterbalance the osmotic stress. Salt tolerance
seems to rely upon the inducible expression of an Na+/H+ antiporter,
an important protein that functions by transporting two or more ions
across the plasma membrane. (Tartari and Forlani, 2008). This allows
for the compartmentalization or removal of excess Na+ ions thereby
reducing the osmotic pressure (Apse et al., 1999). Studies have found
that by maintaining the gene expression and regulation of this anti-
porter pump is crucial for the acclimatization of plant cells especially
microalgal cells to salinity changes (Dietz et al., 2001). This Chlorella
strain shows the ability to acclimatize to increased salinities by the
possible increased functioning of the antiporter pump.

3.2.3. Light saturation
The light saturating point of photosynthesis, evident by the Ek value

was directly correlated with the salinity values (R = 0.92, p < 0.05).
Samples incubated at salinities between 5 and 20‰ showed a sig-
nificant increase in the Ek values on day 1 compared to the BG-11
control (Fig. 5). No other significant differences were recorded until
post acclimatization where the Ek values decreased significantly
(p < 0.05). In contrast to the lower salinities, samples maintained at
25 to 35‰ recorded reduced initial Ek values. Thereafter the Ek values
increased until the acclimatization point. A significant reduction in the
Ek value was recorded post acclimatization (p < 0.05). Samples
maintained at 40‰ recorded a significant increase in the Ek value on
day 1. The value then remained constant until the acclimatization point
at day 22 where it showed an increase to an average of
450 µmol m−2s−1. The samples maintained in natural seawater showed

a steady reduction from 269 µmol m−2s−1 to 170 µmol m−2s−1 over
the 15-day period.

At the lower salinities, the overall light saturation value did not
increase significantly when compared to the BG-11 control value. At
salinities between 25‰ and 40‰, there was a significant increase in
the light saturating value (p < 0.05). This proportional increase in the
Ek values with salinity indicates a greater ability to harvest incoming
light energy from the light-harvesting antennae (LHA). Previous re-
search has found that salinity stress induces an increased cross-sectional
area of the PSII LHA (Masojidek et al., 2000). It can, therefore, be hy-
pothesized that this greater area collects more electrons as well as the
inactive PSII centres collecting extra electrons. This phenomenon has
also been reported elsewhere in other microalgae species (Chlorococcum
and Scenedesmus) under high irradiance (Masojidek et al., 1999). An-
other mechanism for the increased ability of the cells to withstand
greater light intensities is the production of secondary pigments which
aid in photoprotection of the photosynthetic apparatus. Photosynthetic
organisms have evolved to develop photo-adaptive and photo-protec-
tive mechanisms (Bjorkman and Demmig-Adams, 1994) which syn-
thesise carotenoids in the xanthophyll cycle (Hagen et al., 1994;
Boussiba, 2000). This biochemical change is thought to be the con-
version of carotenoid pigments to various secondary forms to protect
the microalgae (Brunet and Lavaud, 2010; Horton and Ruban, 2005).
The common commercial producer of primary and secondary car-
otenoids is Haematococcus sp. however, Chlorella has also been found to
produce these carotenoids (Rise et al., 1994). The transformation of
these protective pigments will allow for greater incoming solar radia-
tion which will increase the absorbed light thereby increasing the light
saturating ability and hence, Ek value. Although the Ek value may

Fig. 4. The alpha values of Chlorella cells cultured in BG-11 growth media at
varying salinities over a 3-week period.

Fig. 5. The light saturating point (Ek) of Chlorella cells cultured in BG-11
growth media at varying salinities over a 3-week period.

A. Anandraj, et al. Bioresource Technology 309 (2020) 123380

5



allude to changes in the biochemical functioning of the xanthophyll
cycle of the cell, it cannot pinpoint the exact acclimatization period.
The ETR is still, however, favoured as the indicator of PAM parameter
to distinguish between the acclimatization and post acclimatization
phases.

3.2.4. Non-Photochemical quenching (NPQ)
Irradiance stress increases energy yields which in turn increases the

excess thermal output in the cell. Non-photochemical quenching of
chlorophyll fluorescence allows for the dissipation of excess light en-
ergy absorbed. An increase in salinity resulted in an increase in the NPQ
value (Fig. 6). However, the opposite was evident on day 1 where NPQ
indirectly correlated with salinity (R = −0.87, p < 0.05). Salinities
ranging from 5 to 20‰ prompted increasing NPQ values during accli-
matization however no significant differences (p > 0.05) were evident
compared to the BG-11 control culture. After the acclimatization pro-
cess a significant (p < 0.05) reduction was recorded in the NPQ values
(0.8 and 1.0). Samples maintained at 25 and 35‰ salinity showed
significant increases in NPQ during acclimatization with values ranging
from 1.5 to 8.5. Post acclimatization showed No significant change in
the NPQ values (p > 0.05) was observed after acclimatization. Sam-
ples maintained at 40‰ showed maximum NPQ values of 10 from day
12 to day 19. This value decreased significantly (p < 0.05) after

acclimatization showing a decrease of 73%. Samples incubated in nat-
ural seawater showed a direct correlation with time (R = 0.92,
p < 0.05).

There was an indirect correlation between NPQ and salinity
(R = −0.87, p < 0.05) showing that less energy was dissipated in
prior to the acclimatization period. This implies that the majority of the
energy was needed for increased ATP synthesis for the pre acclimati-
zation phase. During the acclimatization process, NPQ values were
significantly higher than the BG-11 control. This excess thermal energy
is dissipated and this process is reflected and recorded by the NPQ
values. Several mechanisms may be involved such as the energy dis-
sipation by the carotenoids, state-transitions, spillover of electron en-
ergy by the LHA and photo-inhibition-associated quenching (Krause
and Weis, 1991, Horton et al., 2005). The increase requirement for
extra energy to account for the osmotic imbalance may result in the
activation of these processes during the acclimatization period. The loss
of energy as heat, as recorded by the NPQ value may give some insight
into the acclimatization period due to the sudden reduction in NPQ
after acclimatization. The cells incubated at 40‰ demonstrate this
clearly by the significant reduction in NPQ from 9.6 to 2.6 after accli-
matization (p < 0.05). The samples at the lower salinities (5‰–25‰)
also showed significant reductions in the NPQ after acclimatization
(p < 0.05). NPQ in conjunction with rETR has the potential to monitor
the acclimatization process as well as the acclimatization period of the
microalgae cells.

3.3. Application of the acclimatization process

Cultivation of this freshwater Chlorella sp. at 20‰ salinity confers
numerous benefits to the commercial production of microalgae, parti-
cularly in raceway ponds. Due to the minimised control involved with
open raceway ponds, the pond generally becomes a function of the local
climate. This relies heavily on the geographical location of the raceway
pond, thus the location significantly contributes to the success of the
cultivation (Masojidek and Torzillo, 2007). Raceway ponds are posi-
tioned in direct sunlight to maximise photoperiod and intensity where
daily solar irradiance can reach up to 2000 µmol m−2s−1. When mi-
croalgal cells are photo inhibited a downregulation of photosynthetic
processes results due to the intense light energy (Petrou et al., 2008).
The increase in the Ek value of the acclimated Chlorella culture shows
that more photosynthetically active radiation (PAR) will be able to be
harvested in the cells when cultured at a salinity of 20‰. More energy
will be available to the growing cells which will increase the photo-
synthetic rates and increase growth rates thereby increasing the overall
productivity. Increased salinity will limit the growth of protozoa con-
taminants. This will help in maintaining high productivity by ensuring
a dominant microalgal species and limit the loss of nutrients to foreign
organisms (Brennan and Owende, 2010). A high growth rate will also
reduce the contamination risk by out-growing slower growers in the
culture system (Griffiths and Harrison, 2009).

South Africa and in particular KwaZulu-Natal has huge expanses of
seawater available without restriction. Seawater generally has a salinity
of 35‰. A raceway pond with a salinity of 20‰ will save 60 percent of
freshwater by substituting with seawater. Seawater also contains nu-
merous trace metals which will add extra nutrients to the raceway
ponds increasing productivity. The largest raceway pond-based micro-
algal production facility occupies an area of 440 000 m2 with a depth of
roughly 30 cm (Spolaore et al., 2006). This equates to the need of 132
000 m3 of water for the raceway pond. In a country that is experiencing
water shortages, this would not be advantageous to the economy.

Generally alpha implies high photosynthetic function which is
normally correlated with increased biomass productivity. Under sali-
nity stress, the growth is compromised for the survival and acclimati-
zation to the new environmental conditions. This concept has limited
numerous studies where growth rates were used to measure acclima-
tization (Eggert et al., 2007). This method does not monitor the

Fig. 6. The Non Photochemical Quenching (NPQ) of Chlorella sp. cells cultured
in BG-11 growth media at varying salinities over a 3-week period.
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physiological changes during the acclimatization process. Physiological
changes are the first to occur, followed by biochemical changes and
lastly changes in growth. Biochemical changes have also been used to
determine acclimatization (Eggert et al., 2007) however the initial
physiological changes are still not monitored. The use of PAM fluoro-
metry can reveal the initial changes thereby giving an advantage in
determining the absolute duration and intensity of the acclimatization
process.

4. Conclusions

Chlorella sp and other Chlorophytes can achieve stable photo-
synthetic efficiencies and productivities in raceway pond systems. By
culturing this Chlorella strain in a raceway pond with a salinity of 20‰,
the overall functioning of the pond will be enhanced, contamination
will be reduced, photo-inhibition will be reduced and productivity will
be maintained if not increased. Cultivation of commercially valuable
microalgal strains in saline and hypersaline raceway ponds has the
advantage of reducing the level of contamination from freshwater or-
ganisms. The feasibility of the commercial biomass production will be
increased thereby reducing the overall cost of microalgal biodiesel
production.
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