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Effects of Salinity and Temperature on the
Growth of the Marine Phytoplankton

Chlorella saccharophila
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Abstract

Effects of salinity and temperature on the population growth of the marine phytoplankton,
Chlorella saccharophila, were examined in order to find out the optimum levels of these factors
affecting its growth.

Salinity experiments were conducted at 14 levels from 0 to 60%o under 22 to 25°C, with a 12L:
12D photoperiod. The Chlorella population grew well at salinities between 15 and 35%o, and
the best growth was found at 25%0. The algae grew slowly under the salinities of 5, 45, 50, and
55%o, but exhibited almost no growth in 0 and 60%o.

In the case of the temperature experiments, 7 levels, with 5°C intervals, between 14 to 32°C
were prepared under a salinity of 25%o and a photoperiod of 12L: 12D. The algae grew well at
17, 20, and 23°C; but grew slowly at 26, 29, 32 and 14°C. The best growth was found around
20~23°C.

Introduction

Since the Yashima Station, Seto Inland Sea Farming Fisheries Association (1964a
& b) reported on the collection of marine Chorella sp. and on the culture medium
for them, the marine Chlorella has become one of the most common phytoplankton
in the field of maricultural sciences. Yoneta identified it with Chlorella saccharophila
var. saccharophila (Tsukada et al, 1974). Recently it can be utilized directly or
indirectly as food for the rearing of not only rotifers but also harpacticoid copepods,
scallop, oysters, prawn, crabs, and porgy, (Hirata, 1977, 1979, 1980; Kadowaki
et al, 1980; Koga, 1976; Takahashi et al, 1976; Ukawa, 1968). Many aquatic
botanists, however, are still concentrating their studies on the physiology of fresh
water Chlorella, but only a few studieson marine Chlorella have been reported (Hirata,
1975; Hirata and Murakoshi, 1977; Tsukada et al, 1974).

The growth of Chlorella, as well as other algae, is affected by many environmental
factors. Salinity and temperature are obviously very important environmental
factors to be considered in the culture of the marine phytoplankton, Chlorella saccharo
phila. The purpose of this study was to determine the optimum levels of such environ-
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Materials and Methods

The species used in these experiments was a marine type of unicellular green algae,
Chlorella saccharophila var. saccharophila Yashima strain. It was cultured in natural
seawater on the roof garden of the laboratory building, using the Yashima culture
medium (Seto Inland Sea Farming Fisheries Association, 1964a; Hirata, 1980).

Salinity Experiments

The 13 levels of salinity examined were as follows: 0, 5, 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, and 60%o. Lower salinity waters were made by dilution of
filtered seawater with distilled water, while higher salinity waters were prepared by
addition of sodium chloride.

The media were enriched with 6 mg of Ca-superphosphate, 4 mg urea, and 40 mg
(NH4)2S04, as nutrients per 500 ml. Besides these nutrients, 12 mg of Clewat-32
was added as inorganic micro-nutrients (Hirata, 1980).

The culture experiments were carried out in 500 ml glass erlenmyer flasks. Each
flask contained 400 ml of medium, inoculated with 0.5 xlO6 Chlorella cells per ml.
Replicate flasks were placed at random in a rectangular water bath illuminated by
white beam fluorescent lamp from above. The light intensity was 7500~ 8500 lux
at the center of the water bath. Photoperiodicity was controlled at 12 hours light
on and 12 hours light off (12L: 12D). Care was taken to change the positions of
the flasks in the water bath to insure equal amount of illumination received.

Temperature Experiments

The seven degrees of temperature used in this experiment were as follows: 14, 17,
20, 23, 26, 29, and 32°C. The Chlorella used in this experiment were transferred
from the previous experiment, after being pre-cultured for one week each. The
salinity of the medium was adjusted to be 25%<> each. The culture water was en
riched with 4mg urea, 8 mg KH2P04, 80 mg (NH4)2S04, and 80 mg KN03.
Additionally, 12 mg of Clewat-32 were fertilized in each flask as micro-nutrients.

The Chlorella were cultured in 500 ml erlenmyer flasks as same as previous experi
ment, flask contained 400ml of medium inoculated with 0.1 xlO6 cells/ml.
Replicate flasks were prepared to insure accuracy of results. The flasks were placed
in a water bath, where the water temperature was regulated by using a Unibath
model KU-2. The flasks were illuminated by white beam fluorescent lamps (40
w X6) from both side with a light intensity of 4500 lux at the center of the water bath.
Periodicity of the light was maintained at 12L:12D.
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Observations and Data Analysis

The Chlorella density in each experiment was determined daily with the use of a
hemocytometer. A digital pH meter YEW 8011-1000 was used to measure the pH
and water temperature in the medium. In the case of the temperature experiments,
the water temperature was also recorded by a thermo-recorder TBX-24 throughout
the experiments.

Each experiment was carried out in nine series. The average of every trials to
be reported as three series experiments. Statistical analysis of data was done as
parallel experiments, by using the Completely Randomized Design Methods (Steel
Torrie, 1960; Zar, 1974) in both maximum and total density. The relative growth
rate (k) were calculated by the following formula:

t= logio N/N0 x3.22
t-t0

in which: N is number of cells at time /, and N0 is cell concentration at time to.

Results and Discussion

Salinity Experiments

The growth curves of the Chlorella populations under each salinity condition are
illustrated in Fig. 1. The highest population density during a ten-day culture period
are plotted as relative growth rates (k) in Fig. 2.

Under salinities of 15~35%o, the density of Chlorella increased rapidly from the
third day after inoculation. Statistical analyses among those salinity conditions
showed no significant difference. The highest density, about 50 X 106 cell/ml, was
found at the salinity of 25%<? on the tenth day. On the contrary, the algae grew
slowly under the salinities of 5, 10, 45, 50, and 55%o, but exhibited almost no growth
of0and60%*.

The best growth rate, £=0.51, of the Chlorella population was obtained at the
salinity of 25%*. This was then followed by 20%0 (£=0.50), 30%* (A=0.49), 15 or
35%. (*=0.48), and 10 or 40%* (*=0.45).

The growth of Chlorella linearly decreased with increasing salinities from 40 to
60%o (Fig. 2). This may suggest that the Chlorella was affected by the overloading
of the osmoregularoty mechanism, therefore, affecting the growth processes of photo
synthesis and respiration. According to Nakanishi and Monshi (1965) both photo
synthesis and respiration decrease with increasing salinity, but salinity affects
photosynthesis more intensively than respiration. Ogata and Matsui (1965)
found that the maximum photosynthesis rate occurred in normal seawater. Photo
synthesis depression occurred both in diluted and concentrated seawater.
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Fig. 1. Population growth of the marine
phytoplankton, Chlorella saccharophila,
cultured under different salinity
conditions.
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Fig. 2. Highest population density of Chlorella
saccharophila during 10 days culture under

different salinity conditions. O O:
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rate (k).

Temperature Experiments

The growth curves of the Chlorella population in each temperature treatment
are shown in Fig. 3. Maximum density of the population during the 24-day culture
period and relative growth rates are plotted in Fig. 4.

From the fourth day, cell number increased smoothly in the cases of 17, 20, and
23°C. Maximum population densities in these groups was about 100 X 106 cells/ml,
and observed on the 14th or 15th day after inoculation. Statistical analysis shows
insignificant difference among these groups.

On the other hand, the highest growth rate was obtained at a temperature of 20°C
(£=0.47). It was then followed by 23°C (£=0.42), 17°C (£=0.41), 26°C (£=0.37),
29°C (£=0.36), 32°C (£=0.32), and the lowest at 14°C (£=0.30). Therefore, it
may be concluded that the optimum temperature for population growth of Chlorella
is between 20 and 23°C, from the results obtained in this experiment. This con
clusion is based on the fact that the Chlorella strain used was taken from the earlier

experiment (salinity), where the temperature of the water bath was maintained from
20 to 23°C.

It is interesting to note that the population density of Chlorella at the temperature
of 14°C increased slowly, but smoothly throughout the whole culture period of 24
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Fig. 3. Population growth of the marine phyto
plankton, Chlorella saccharophila, cultured
under different temperature conditions.
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Fig. 4. Maximum population density of

Chlorella saccharophila during 24 days
culture under different temperature

conditions. O O : Number of cells,

• — • : Relative growth rate (k).

days. The population density at 14°C increased gradually with increasing age of
culture. This may suggest that Chlorella cells gradually adapted to the lower tempera
ture.

According to Gessner (1971), the degree of temperature tolerance of algae depend
on (1) the speed of temperature change, both with regard to the extreme values
attained and the re-establishment of normal temperature, (2) the physicochemical
condition before, during and after exposure to extreme temperatures. Immediately
following the rises in temperature, however, the amount of dissolved oxygen decreases,
causing secondary modifications in the respiratory rate. Change in temperature
can further lead to alternation in the dissociation ratio of carbonic acid, which can
subsequently affect photosynthesis. Therefore, temperature adaptation must also
be considered in analysis of the data.
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