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ABSTRACT
In the present study, the influence of pH, salinity and temperature on the growth of three species of cyanobacteria, two species of
diatoms and one species of planktonic green alga was investigated. The isolates preferred near neutral to alkaline pH. The growth was
comparatively lower at pH 6.3. The high pH levels adversely affect the growth of isolates and significantly reduced at pH 10.6. All isolates were
able to grow at all salinities except the diatom Skeletonema costatum which did not show any growth at 40 ppt. The best growth was obtained at
16 ppt and 25 ppt indicated that isolated species prefer alkaline condition for their optimum growth. At higher salinity of 40 ppt, the growth was
drastically decreased. All isolates showed best growth at 20˚C and 30˚C. The growth has ceased at 40˚C and 50˚C. These factors are useful for
establishing the appropriate culture conditions for optimizing the growth and also helpful to understand their response to varying environmental
factors. Some of the species could be considered for the production of high value compounds and are employed in mariculture .
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INTRODUCTION
Ecophysiologica1 studies are necessary to determine environmental conditions which are optimal, favorable or merely
tolerable for the growth of phytoplankton species (Sigaud and Aidar, 1993). The abiotic factors such as pH, light, salinity,
temperature and nutrient responses are useful to establish the appropriate conditions for optimizing marine cyanobacteria and
microalgae growth (Harrison et al., 1993; Rocha et al., 2003; Bano and Siddiqui, 2004; Raghavan et al., 2008). Chlorophyll-a
content has been widely used to determine growth, harvesting time and nutrient addition time in the cultivation of
phytoplankton (Gitelson et al., 1995). The seasonal variation of diatoms in response to the physico-chemical factors of sea
water has been carried out by Sushanth and Rajashekhar (2012). Recently, Shruthi and Rajashekhar (2014) have stated the
effect of pH and salinity on the growth of four species of estuarine cyanobacteria. Thajuddin et al. (2002) have stated the
cyanobacterial diversity in the salt pans. The purpose of the present study was to investigate the effect of abiotic factors such as
pH, salinity and temperature on the growth of six species of phytoplankton isolated from the West coast of India.
MATERIALS AND METHODS
Isolation and maintenance of cultures
The cyanobacteria and microalgae samples were collected by filtering 50 liters of surface sea water through plankton
net (20 µm pore size). The sampling was also made by taking the scrapings from the rock surfaces and puddles. The
cyanobacteria species were isolated by micropipette method, whereas diatoms and planktonic green alga were isolated by agar
plate method (Gopinathan, 1996; Andersen, 2005). The cyanobacteria namely, Chroococcus turgidus, Lyngbya confervoides
and Nostoc commune were cultured in f/2 media at 28±2˚C. The cultures of diatoms namely, Chaetoceros calcitrans and
Skeletonema costatum and planktonic green alga Nannochloropsis oceanica were maintained in Walne’s media at 20±2˚C. The
cultures were incubated under illumination of 1000 lux with 8 : 16 h light and dark regime. The species were identified by
microscopic observation using standard manuals and publications (Desikachary, 1959; Desikachary, 1989; Tomas, 1997). The
planktonic green alga was identified by 18S rDNA sequence analysis (Si et al., 2011).
Experimental design
For the experiment, all the isolates were maintained in f/2 media. The salinity and pH of the stock culture media was
30±2 ppt and 7.4±0.5, respectively. The pH of the stock media was adjusted to 6.3, 7.5, 8.4, 9.5 and 10.2 with the help of 1 N
NaOH and 1 N HCl. The salinity of the media was adjusted to 9, 16, 25, 32 and 40 ppt by diluting it with double-distilled water
or by varying the amount of NaCl in the medium.
The known volume (0.5 ml) of well homogenized culture of each isolate was inoculated into each of the 100 ml
conical flasks containing 30 ml of the medium. The cultures were incubated at room temperature under illumination of 1000 lux
with 8 : 16 h light and dark regime. The temperature range for the growth was determined by incubating the cultures at 20, 30,
40 and 50˚C. The cultures were retrieved after the incubation period of 7 days by centrifugation except Chroococcus turgidus
which was harvested after 10 days for the determination of growth in terms of chlorophyll-a content. For each culture, the
experiments were repeated three times.
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Estimation of chlorophyll-a
About 10 ml of 90 % acetone was added to the harvested cultures . The tubes were vigoursly shaken and
homogenized so as to dissolve completely in the solvent. For complete extraction of the pigments, the tubes were kept in a
refrigerator for 24 h. After the extraction period, the samples were centrifuged and the supernatant was collected. The
supernatant was made upto 10 ml with 90 % acetone and absorbance was measured at 630, 647, 664 and 750 nm against 90 %
acetone as blank. The amount of chlorophyll-a content was calculated using equation given by Jeffrey and Humphrey (1975).
Chl-a (µg/ml) = (11.85 * OD664) – (1.54 * OD647) – (0.08 * OD630)
RESULTS AND DISCUSSION
The effect of abiotic factors such as pH, salinity and temperature on the growth of isolated species was determined by
quantifying their chlorophyll-a pigment. The growth of isolates at different pH conditions are shown in Figure 1 (a & b). The
isolates preferred near neutral to alkaline pH. The cyanobacteria namely, Chroococcus turgidus, Lyngbya confervoides and
Nostoc commune and the diatoms Chaetoceros calcitrans and Skeletonema costatum showed maximum growth at pH 7.5,
whereas planktonic green alga Nannochloropsis oceanica showed maximum growth at pH 8.4. The pH value lower or higher
than these values was associated with their decreased growth. All isolates also exhibited growth at pH 6.3 but it was very low.
The high pH levels adversely affect the growth of isolates and significantly reduced at pH 10.6. The limitation of phytoplankton
growth and photosynthesis at elevated pH levels was observed by Chen and Durbin (1994). At high or low pH, cells may have
to spend energy for maintainance of an internal pH necessary for cell function (Raven and Lucas, 1985). In pH drift
experiments, Goldman (1999) found that when once the pH of cultures increased above pH 8.45, 8.51 and 8.31 there was a
decrease in the growth of Stephanopyxis palmeriana, Ditylum brightwellii and Coscinodiscus sp., respectively.

Figure 1 (a & b): Effect of pH on the growth (chlorophyll-a content in μg/ml) of cynaobacteria and microalgae species.

Earlier studies related to pH effect on the growth of cyanobacteria has revealed that pH between 7.4 and 8.0 is
favorable for the optimum growth of cyanobacterial species (Rippka et al., 1979; Bano and Siddiqui, 2004). The fact that all
cyanobacteria were able to grow in acidic (pH 6.5) medium indicates that cyanobacteria can adapt to variable pH conditions as
suggested by Buck and Smith (1995) and Burja et al. (2002). Thornton (2009) reported that photosynthetic efficiency of
Chaetoceros muelleri decreases as the environment surrounding the cells becomes more acidic and also observed that growth
rate of diatom was not affected by pH between 7.4 and 8.2, but growth rate at pH 6.8 was significantly lower.
The growth of isolated species at different salinities are shown in Figure 2 (a & b). All isolates were able to grow at
all salinities except diatom Skeletonema costatum which did not show growth at 40 ppt. The cyanobacterium Chroococcus
turgidus, diatom Chaetoceros calcitrans and planktonic green alga Nannochloropsis oceanica showed good growth at 16 ppt,
whereas cyanobactia Lyngbya confervoides and Nostoc commune and the diatom Skeletonema costatum showed maximum
growth at 25 ppt. The growth was decreased at higher salinities. The cyanobacteria species also exhibited best growth at lower
salinity of 9 ppt. It has been reported that cyanobacteria can adapt to the variations in salinity but all cyanobacteria are not
halotolerant (Blumwald and Tel-Or, 1982). Many freshwater species are reported to withstand higher salinities (Carr and
Wyman, 1986). Similarly, many marine forms can survive at lower salinity, but for their optimum growth they express specific
requirements for additional salts (Rippka et al., 1979). The ability of cyanobacteria to grow with increased Na+ may be related
to their ability to adjust respiration (Gabbay-Azaria et al., 1992), regulate intake or efflux of Na+ (Molitor et al., 1986), enhance
cyclic electron transfer via photosystem I (Jeanjean et al., 1998) and produce organic osmolytic compounds (Reed et al., 1986).
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Figure 2 (a & b): Effect of salinity on the growth (chlorophyll-a content in μg/ml) of cynaobacteria and microalgae species.

Earlier studies have reported that the cultivation of phytoplankton with higher saline concentrations had lower
chlorophyll contents (Vonshak et al., 1996; Kirrolia et al., 2011). It has also been reported that chlorophyll is the primary target
to salt toxicity limiting net assimilation rate, resulting in reduced photosynthesis and reduced growth (Rai and Abraham, 1993).
Saros and Fritz (2000) showed that diatom physiology can be affected directly or indirectly via interaction with other
growth factors such as the ion composition in the saline system. The diatom species such as Thalassionema eccentrica and
Pseudo-nitzschia seriata can able to survive at salinity up to 150 % (Nagasathya and Thajuddin, 2008). According to Raghavan
et al. (2008), salinity of 25 % and 35 % had no significant effect on growth, maximum cell density, biomass and chlorophyll
content of Chaetoceros calcitrans f. pumilus although a tendency of higher growth, biomass and lower cell density was
observed at lower salinity. Hirata et al. (1981) observed that growth of marine Chlorella saccharophila linearly decreased with
increasing salinities from 40 to 60 %. This suggests that Chlorella was affected by the overloading of the osmoregularoty
mechanism therefore, affecting the growth, photosynthesis and respiration.
The effect of the temperature on the growth of the isolates is shown in the Figure 3 (a & b). The cyanobacteria
Chroococcus turgidus, Lyngbya confervoides and Nostoc commune and planktonic green alga Nannochloropsis oceanica
showed good growth at 20˚C, whereas diatoms Chaetoceros calcitrans and Skeletonema costatum exhibited high growth at
30˚C. Chroococcus turgidus, Lyngbya confervoides, Skeletonema costatum and Nannochloropsis oceanica were unable to grow
at 40˚C and 50˚C. Only Nostoc commune and Chaetoceros calcitrans showed growth at higher temperature. Fogg and Thake
(1987) stated that low growth rate of phytoplankton could be a result of the increase in respiration due to rise in temperature
above the species optimum level.

Figure 3 (a & b): Effect of temperature on the growth (chlorophyll-a content in μg/ml) of cynaobacteria and microalgae

species.
Most of the phytoplankton species (tropical or subtropical) grew best at temperature ranging from 16 to 27˚C
(Creswell, 2010). Kumar et al. (2011) found that Spirulina platensis has a wide range of temperature tolerance from 20 to 40˚C.
Ukeles (1976) compared the growth response of several phytoplankton species with the control which cultured at 20.5˚C and
observed that growth of Monochrysis lutheri was equal to control at temperature range of 14 to 25˚C, Isochrysis galbana at 14
to 22˚C, Phaeodactylum tricornutum at 8 to 24˚C, Dunaliella euchlora at 12 to 35˚C, Tetraselmis sp. at 12 to 32˚C, Chlorella
sp. (isolate # 580) at 14 to 35˚C and Chlorella sp. (UHMC isolate) at 14 to 29˚C. According to Eppley (1972), temperature
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which is optimum for growth of many temperate diatom species is 20 to 24˚C. Renaud et al. (2002) attributed the higher growth
rate of Chaetoceros sp. to an increase in temperature from 25 to 30˚C.
CONCLUSION
Marine cyanobacteria and microalgae are considered to be a promising source of high value compounds for the
pharmaceutical and food industry. They form a very important live feed component in aquaculture practices due to their high
content of biochemical compounds. Thus it is essential to identify, isolate and cultivate monocultures under controlled
laboratory conditions. The study on the effect of abiotic factors like pH, salinity and temperature on the growth of the isolates
are useful for optimizing cell growth and is necessary to understand their response to varying environmental factors.
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