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Abstract
The effects of three different photoperi-

ods 12:12, 16:8 and 8:16 hours light: dark 
(LD), light intensity of 3000, 5000 and 7000 
lux and nitrate levels of 1.47, 2.94 and 4.41 
mmol/l on growth rate (cell number) and bio-
mass of Scenedesmus dimorphus was stud-
ied. The algal cells were cultured at 28±2°C 
in BBM culture medium during one month 
and cells were counted every three days. By 
the end of experiments the lowest cell con-
centration (9.3×106 cells/ml) was observed 
at 12:12 LD, 1.47 mmol/L nitrate and 3000 
lux light intensity and the highest cell con-
centration at 8:16 LD, 2.97 mmol/L nitrate 
and 3000 lux light intensity. The lowest al-
gal biomass (1.38 g/l) was observed at 12:12 
LD, 3000 lux light intensity and 1.47 mmol/l 
nitrate levels while the highest biomass (5.2 
g/l) at 8:16 LD, 7000 lux light intensity of 
and 2.94 mmol/l nitrate level.  

Keywords: Scenedesmus dimorphus, Light 
intensity, Photoperiod, Biomass production, 
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Introduction
Algae are photosynthetic organism di-

vided into major groups of micro and macro 
algae (Rosenberg et al., 2008). Microalgae 
are considered as the most basic energy 
sources of an aquatic ecosystem (Walker et 
al., 2005). Environmental factors such as pH 
and light availability strongly influence the 
growth rate and biomass production in mi-
croalgae. Growth rate is the most important 
indicator of ecological success or adapta-
tion of a species to environmental changes 
(Rivkin, 1989; Isik et al., 2006). Currently 
several groups of algae are used in indus-
tries, and green algae are more important 
in this aspect (Mata, 2010). Nowadays, 
the science of biotechnology have focused 
on developing effective stimuli to improve 
growth rate, properties of biochemical com-
ponents and pigments in algae. As a photo-
synthetic organism green algae require an 
aqueous medium in the form of water, light, 
CO2 and range of certain minerals (Balat, 
2010). Algae contain valuable chemicals 
like vitamins, carotenoids, proteins, poly-
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saccharides, fatty acids with anti-inflamma-
tory, anti-cancer, antifungal, antioxidative 
and antibacterial activities (Pereira, 2018; 
Shalaby, 2011). They also sustain immune 
system stimulatory features (Hanna et al., 
2008). Scenedesmus has significant poten-
tials in biotechnology (Soltani et al., 2002) 
with astonishing tolerance to acid condi-
tion (Soltani et al., 1992). Due to high pro-
tein contents the algae is mass cultured in 
aquaculture as a protein source (Kianmehr, 
2005). This species is used as standard or-
ganism in water technology and manage-
ment (Zochleder et al., 1986). Several au-
thors have studied the effects of light quality 
and quantity on growth and biochemical 
properties of algae. Velichkova et al. (2013) 
cultured Scenedesmus dimorphus in two dif-
ferent culture media (BBM and 3N-BBN) 
and studied its potentials for biofuel pro-
duction. Liang et al. (2009) used glucose as 
carbon source in Chlorella vulgaris biomass 
production under light and dark condition 
and achieved maximum productivity under 
light condition. Dittamart et al. (2014) ap-
plied different organic carbon supplements 
in mixotrophic culture of Scenedesmus sp. 
to enhance biomass and lipid production in 
AARL G022 and reported a photoperiod of 
16:8 LD condition as optimum. The aim of 
the present study was finding out optimum 
light intensity and photoperiod to induce 
higher growth rate in Scenedesmus dimor-
phus to be used in larger and industrial 
scales.  

Materials and Methods

Scenedesmus dimorphus was provided 
by the Clean Nature Explorers Company 
(CNE Company, Rasht, Iran). All equipment 
was sterilized prior to commencement of the 
experiments to eliminate potential contami-
nant risk.
Culture condition 
Light intensity was adjusted to 3000, 5000 
and 7000 lux by Lux Meter TES 1336A. 
Mean water temperature was 28±2°C. The 
BBM culture medium with slight modifi-
cation was prepared for culture. The De-
sign-Expert software suggested 17 exper-
imental treatments and 3 factors. The first 
factor (light) was adjusted between 3000- 
70000 lux with binary level of 5000 lux. 
The second factor (nitrate) was used with 
normal concentration 2.94 mmol/l, half 
normal (1.47 mmol/l) and 1.5 normal (4.41 
mmol/l). The third factor was different pho-
toperiod (light/dark) with 3 levels of 12:12 
(LD), 8:16 (LD) and 16:8 (LD) hours light: 
dark. The samples were cultivated in 4 li-
ter containers using BBM medium. Culture 
container aerated regularly to maintain algal 
cells suspended. Culture period lasted for 30 
days and algal cells were counted twice in a 
week in this period using a Thoma counting 
chamber. The cultured algae harvested by 
keeping the containers in dark room. Cells 
started to settle down at the bottom of the 
containers overnight. The settled algae cells 
were released into a falcon, centrifuged at 
2500 rpm and dried by freeze drier and then 
weighted.

Results 
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The biomass of algae cells in light inten-
sities of 3000, 5000 and 7000 lux as variable 
factor were plotted against nitrate levels 
(2.94, 1.47 and 4.41 mmol/l) and photope-
riod (12:12, 8:16 and 16:8 hours LD). Con-
sidering the rotations in figures there is no 
direct relationship between nitrate concen-

tration and darkness at fixed light intensity. 
The red areas reflect the highest yield ob-
tained and cell number at 7000 lux light in-
tensity. The results are presented in Figure 1.
The BC variables (light intensity and photo-
period) were kept constant and the variable 
A or nitrate was changed. As shown in Fig-



257256

ure 2 increases in light intensity at different 
nitrate concentration resulted in higher bio-
mass and yield. The highest cell number was 
observed at 4.41 mmol/l (red areas). The ef-
fects on cell number are plotted in Figure 2.

Biomass obtained at different photoperiod 
as variable factor were plotted against ni-
trate levels and light intensities. As shown in 
Figure 3 at 8 hours darkness increase in light 
intensity resulted in higher cell number and 
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the highest cell number was observed at 2.94 
mmol/l nitrate concentration. Under this 
condition (upper right graph) biomass was 
also increased. Increaseing in light intensity 
resulted biomass increasing and yield. The 
results are presented in Figure 3.
Biomass of algae cells and growth rate re-
lated to photoperiod 12:00, 8:16 and 18:6 

hours and nitrate levels, 1.47, 2.94 and 4.41 
mmol/l were recorded for the period of 30 
days and plotted which are presented. As 
light intensity increased the number of cells 
increased, correlations 0.787 and 0.782 
yield. Also, a negative correlation coeffi-
cient occurs in longer dark period and high 
nitrate concentrations (Figure 4).



259258

Discussion
Environmental factors such as light inten-

sity and photoperiods influence the growth 
pattern of algae (Rai and Gupta, 2016), 
therefore vigilant regulation of these param-
eters is indispensable for optimal operation 
of algae culture system. The quality and 
quantity of light control grow rate, metabo-
lism (Ruangsomboon, 2012) and biomass of 
algae (Sun et al., 2014). As a limiting factor, 

light should be adjusted properly (Xue et al., 
2011). Nitrate levels are also critical in al-
gae culture according to Pribyl et al. (2016). 
They changed nitrate level from 1.47 to 4.41 
mmol/l and biomass production decreased. 
A similar result was achieved in present 
study where cell number increased but the 
total biomass decreased. Similar result has 
been reported by Guedes et al. (2010). Al-
though increase in cell number was appar-
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ent, it seems that algal cell did not grow 
optimally at lower photoperiod. Therefore 
reduction in final biomass could be justified 
which was the case in a study by Liang et 
al. (2013). The Response Surface Method 
(RSM) with Box- Behnken Design (BBD) 
was used to determine the optimum growth 
condition for S. dimorphus. In these types of 
graphs the interactions between parameters, 
responses and variables-responses are illus-
trated. Higher correlation coefficient shows 
effective interaction between the parameters. 
According to regression results, light inten-
sity positively associated with cell number 
and growth rate of algae. Three dimensional 
plots illustrate the zones and extent of ef-
fects of each parameters on response. Con-
sidering the effects of photoperiod on cell 
concentration, a significant increase in cell 
concentration was observed at lower nitrate 
level (1.47mmol/l), highest light intensity 
(7000 lux) and 16: 8 LD. Singh and Singh 
(2015) and Pancha et al. (2015) reported 
similar results where increase in light inten-
sity resulted in higher biomass production 
and yield. The lowest cell concentration was 
observed at 12:12 LD with 9.3×106 cells/
ml and the highest at 16:8 LD and nitrate 
level of 2.94 mmol/l with 3.91×107 cells/
ml. As shown in Figure 2 growth rate and 
biomass increased in various nitrate levels 
under 8:16 LD which resulted in significant 
increase in cell concentration. George et al. 
(2014) have reported similar trend in their 
study. Analysis of the effects of light intensi-
ty on growth rate showed the lowest growth 
rate at 3000 lux light intensity (2×106 cells/

ml) and the highest growth at 7000 lux with 
3.9×107 cells/ml a result which was observed 
in Scott et al. (2010). Nitrate also influenced 
the growth rate and cell concentration in 
combination with other environmental pa-
rameters. The lowest cell concentration was 
observed at the lowest nitrate level (1.47 
mmol/l), 3.2×107 cells/ml and the highest at 
the 4.41mmol/l nitrate concentration about 
3.9×107 cell/ml. Similar result has been re-
ported by Sun et al. (2014) and confirmed 
that nitrate levels influence the production 
of algal biomass. In this study the lowest cell 
biomass was observed at 4.41 mmol/l nitrate 
(Mandotra et al., 2016) with 4.5 g/l and the 
highest at 2.94 mmol/l nitrate (5.2 g/l). As 
for light intensity and its effect on algal bio-
mass the lowest biomass was recorded with 
2.3 g/l at 3000 lux light intensity similar to 
Liang et al. (2013) and the highest with 5.2 
g/l at 7000 lux which is in agreement with 
findings of Yeesang and Cheirsilp (2011). 
Photoperiod also influenced the biomass 
production. The lowest biomass (3.1 g/l) 
was observed at 16:8 light/dark condition 
and the highest (5.2 g/l) at 8:16 hours light/
dark photoperiod.
Combination of environmental parameters 
such as light intensity, photoperiod and ni-
trate levels affect on growth rate and biomass 
production in different and rather unpredict-
able way. The lowest biomass for example 
was observed at higher nitrate level where 
the highest biomass was observed at lower 
nitrate level and lower photoperiod 8:16 LD. 
There are multiple interactions which direct-
ly or indirectly affect algal cell growth and 
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biomass production. Here we shed light into 
some of these parameters which impact al-
gal growth individually and with other fac-
tors combination. Obviously there are sev-
eral other factors or combinations of factors 
which impact growth rate and biomass pro-
duction in algae. Therefore further study on 
this subject with different species of algae 
and different parameters suggested.
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