
SECTION 3 

ALGAE: GROWTH TECHNIQUES AND BIOMASS 
PRODUCTION 

by A. VONSHAK and H. MASKE 

3.1. INTRODUCTION 

The importance of algal culture in physiolo
gical and biochemical research and the fact that 
algae are one of the most efficient converters of 
solar energy to useful energy have increased the 
interest in algal-culturing techniques. Algal-cul
turing techniques can be divided into two cate
gories: the first applies to laboratory conditions 
and a controlled environment and the second to 
outdoor conditions for the larger-scale produc
tion of biomass. 

This section aims to provide the student with 
the basic techniques and concepts of algal cul
ture and to present a state of the art report on 
algal biomass production, its problems and 
achievements. It is not our intention to provide 
a complete comprehensive manual of the tech
niques of algal cultivation, and the student is 
encouraged to make use of the bibliography at 
the end of this section. We will, however, try to 
present an overall approach to algal-growth 
techniques and to point out problems that the 
scientists should be aware of when planning his 
own growth system and choosing the 
parameters to be measured. 

Algae are photosynthetic, non-vascular plants 
that contain at least one pigment...,.-chlorophyll a. 
This general definition does not reflect the 
diversity of size and form of this group of 
organisms. In this section, we discuss only 
aquatic alga which grow photoautotrophically 
and reproduce solely by cell-division. 
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3.2. GROWTH OF MICRO-ALGAE: 
TECHNIQUES AND KINETICS 

The algae dealt with in this section behave as 
simple microorganisms undergoing a simple 
non-sexual life cycle multiplying only by cell 
division. Hence common growing technique 
and mathematical analysis used in bacteriologi
cal studies may also be applied to such algal 
cultures . Algae may be grown in batch culture 
or in continuous culture. 

3.2.1. Batch Culture 

A batch culture is initiated by the transfer of 
a small portion of a culture into a new culture 
medium, resulting in growth and an increase . 
biomass. Biomass concentration can be 
measured in many ways, as cell number, dr 
weight, packed cell volume, or in terms of an. 
convenient biochemical component 0 

parameter. The rate of increase in biomas 
concentration is generally expressed by th 
specific growth rate (1-'-), which is calculate 
according to the following formula: 

dx 1 
1-'-=-'-dt X 

where X = biomass concentration; i.e. I-'
crease in biomass per unit time per avera 
biomass, the units are t - I

• 
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FIG. 3.1. Schematic representation of changes in 
(a) growth rate (f..t) and (b) biomass (X) as a 
function of time in batch culture. The numbers 
refer to the various growth phases described in 

the text. 

The changes in specific growth rate during the 
ce elopment of a culture is shown in Fig. 3.1(a). 
Figure 3.1(b) shows the increase of biomass 
;:oncentration (X) with time (t) in such a batch 
,::ulture. These figures indicate that the following 
• hases can be distinguished in the growth of a 
· atch culture: (1) lag phase, (2) accelerating 
• hase, (3) logarithmic phase (balanced growth), 

) decelerating phase, (5) stationary phase, (6) 
eath phase. Each growth phase is a reflection 

of a particular metabolic state of the cell popu
.ation at any given time. These phases of growth 
are considered in more detail below. 

1. Lag phase. A newly transferred culture 
may have a lag phase for several reasons: 

(a) The population transferred may have 
been in a metabolically "bad" ("shifted 
down") state. This case occurs when the 
inoculum is taken from the stationary or 
death phase of the parent culture. 

(b) The freshly inoculated batch culture has 
first to become conditioned to the culture 
medium (e.g. through the chelation of 
metals by excretion products). 

(c) The measured biomass parameter does 
not take the non-viable portion of the 
population into account, and therefore, 
the biomass production of the small but 
vigorously growing portion of viable cells 

is masked by the non-viable cells 
representing the major part of the popu
lation. 

2. Acceleration phase. In this phase different 
biomass parameters increase sequentially: the 
first component to increase is RNA, followed by 
protein and then dry weight. Cell number is 
usually the last parameter to show an increase. 
This phase may also be referred to as "shift 
up". 

3. Logarithmic phase. During this period the 
growth rate remains constant and the biomass 
concentration changes according to the formula: 

Thus 

The mean doubling time (dt) or generation time 
(g) thus can be determined as follows: 

In 2 0.693 
g=-=--. 

J.L J.L 

During this phase of growth the concentration 
ratio of the different biochemical components 
stays constant as shown in Fig. 3.2. This pattern of 
growth is termed "balanced growth", it may also' 
be referred to as exponential growth. 

4. Deceleration phase. During this phase the 
biochemical composition changes in a sequence 
opposite to that in the acceleration phase. This 
may also be termed "shift down". 

5. Stationary phase. During this phase the 
biomass parameter remains constant. Other 
parameters may increase or decrease. The final 
concentration of biomass reached at the sta
tionary phase is usually taken to be a function 
of the depletion of either some essential nutrient 
in the medium which becomes limiting or due to 
limitations resulting from gas exchange. Other 
factors that might determine the biomass con
centration at the stationary phase include 
excretion products that inhibit further growth, 
possibly due to changes in pH of the medium, or 
shading in dense algae cultures. 

6. Death phase. A decline in biomass con
centration occurs as a result of an increase in 
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FIG. 3.2. Increase in several growth 
parameters with time in a culture of 
A. nidulans during exponential or 
balanced growth: (0- 0) = 
chlorophyll, (JLg ml- ') x 10; (.6-
.6) = dry weight, (JLg ml- ') x 10- '; 
(.- .) = cell number, ml- ' x 10- 7

; 

( x - x ) = optical density, 
A560 nm x 10. 

the ratio of respiration to photosynthesis above 
one, or as a result of cell death and lysis. 

3.2.2. Continuous Culture 

1. Semicontinuous cultures. Semicontinuous 
cultures are a type of batch cultures which are 
diluted at frequent intervals (Fig. 3.3(a)). The 
biomass concentration in these cultures has to 
be monitored so that the frequency of dilution 
and the dilution ratio (volume of culture: 
volume of new medium) can be estimated. 

2. Turbidostat culture. This type of culture 
(Fig. 3.4) is similar in nature to a semicon
tinuous culture, except that the monitoring of 
the biomass is not performed manually but by 
an optical device that controls the dilution rate 
maintaining the culture at a preset optical den
sity (Fig. 3.3(b)). In this case turbidity is used as 
the meaSUFe of biomass concentration. In such 
turbidostat cultures growth is such that 
nutrients are always non-limiting. Light, on the 
other hand, may be a limiting factor. A schema
tic representation of the control cycle for a 
turbidostat culture is shown in Fig. 3.5(a). 

x 
c 

Time 

FIG. 3.3. Growth patterns in (a) semicontinuous 
and (b) turbidostat cultures. The arrows in (a) 
represent the points at which the culture was 
diluted . The dotted line in (b) represents the preset 
turbidity value. X = the biomass concentration 

measured as optical density. 
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FIG. 3.4. Schematic dia
gram of a turbidostat: (1) 
culture vessel; (2) air + 
CO2 inlet; (3) medium inlet; 
(4) magnetic valve; (5) air 
and medium outlet; (6) 
electronic control device; 
(7, 8) measuring and 

reference photo cells. 
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FIG. 3.5, The control cycles in (a) a tur
bidostat and (b) a chemostat. 

3.3. CHEMOSTAT CULTURES 

The principle of chemos tat culture is based on 
the relationship between the specific growth rate 
and a limiting nutrient concentration that 
regulates the growth rate in such a way that it 
matches a preset constant dilution rate. The 
chemostat represents the most simple of the 
continuous culture devices, because the regula
tory mechanism is dependent on the metabolism 
of the organism. The chemostat is the only 
culture method from which data can be obtained 
on the relationship between growth rate and 
nutrient limitations of the organisms. The con
trol cycle for a chemostat is shown in Fig. 
3.S(b). The chemostat system (Fig. 3.6) consists 
of a reservoir containing the culture medium 
which has a constant concentration of the limi-

Nutrient 

--==t=, 
Culture 

FIG. 3.6. Schematic diagram of a chemostat. 

ting nutrient; a constant-flow device (pump, 
capillary with constant hydrostatic pressure) 
and a culture vessel with constant volume 
(maintained by an overflow). Culture' fluid 
leaves the vessel at the same rate as the new 
medium is fed into the vessel by the flow 
device. The culture has to be homogeneously 
mixed in the culture vessel. With algae this 
mixing may be achieved by the aeration stream, 
or mechanical means (using an impeller or, with 
a smaller culture vessel, a magnetic stirrer). 

In both chemostats and turbid os tats the rate 
of production of cells through growth is equal to 
the rate of loss of cells through the overflow. 
Hence, when the flow rate (pump rate) f = dvldt 
(where v is the culture volume) and the dilution 
rate D = flv, then at steady state: 

X =dv(X)=D X 
JL ' dt. v . 

hence 
JL = D. 

3.4. SYNCHRONIZED CULTURES 

The three techniques described above are 
used for studying the growth pattern of popu
lations of microorganisms which contain cells at 

Time 

FIG, 3,7, The changes in some growth 
parameters in a synchronized culture. 



70 Techniques in Bioproductivity and Photosynthesis 

all stages of the life cycle. In contrast, synch
ronized cultures are used for studies of in
dividual growth patterns of cells in culture, 
since in this type of culture the cells are all at 
the same stage of the cell cycle at any given 
time. The pattern of growth and the changes in 
some of the growth parameters are shown in 
Fig. 3.7. Synchronized cultures can be obtained 
using either of the following techniques: (i) in
duction of synchrony by repeated shifts in the 
environmental or nutritional conditions; (ii) 
physical separation of cells and subsequent 
reculturing of those that are at the same stage of 
the cell cycle, from a random population. 

3.5. NUTRIENT-LIMITED GROWTH 

Figure 3.8 illustrates some hypothetical 
results from a chemostat culture showing the 
relationships between biomass concentration (as 
determined by measuring the amount of limiting 
nutrient taken up), the limiting nutrient concen
tration and the production of biomass as a 
function of the dilution rate (observed growth 
rate/maximum growth rate). The production of 
biomass (which equals flow rate times biomass 
concentration-the units being weight of 
biomass produced per time interval) exhibits a 
clear maximum at a growth rate close to the 
maximal growth rate. This picture neglects the 
dependence of the relative yield (biomass 
production per unit of nutrient used) on growth 
rate. The ratios of biomass parameters (other 
than those associated with the limiting nutrient) 
to the limiting nutrient incorporated into the 
organism changes in characteristic ways at 
different growth rates. For substrates providing 
energy (organic nutrients such as sugar, etc.) the 
amount of biomass produced per unit of 
nutrient increases with increasing growth rate 
(Fig. 3.9). This is a result of a change in the ratio 
of anabolism to catabolism. If the limiting 
nutrient is an inorganic salt or an essential 
vitamin the amount of biomass produced per 
unit of limiting nutrient decreases with increas
ing growth rate (Fig. 3.10). 
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FIG. 3.8. Schematic representation of 
changes in biomass 'Concentration, 
nutrient concentration and production 

as a function of dilution rate. 

FIG. 3.9. The relationship between 
biomass production or loss of energy 
substrate through respiration as a func-

tion of the fractional growth rate. 

FIG. 3.10. The production of biomass 
on a nutrient basis (yield) for a "non
energy" nutrient as a function of the 

fractional growth rate. 

3.6. ALGAL BIOMASS PRODUCTION 

During the past 30 years considerable atten
tion has been paid to the possibilities offered by 
large-scale culturing of micro-alga as a biomass 
source of single-cell protein. The potential ad
vantages of such systems, e.g. their high pho
tosynthetic efficiency, high growth rate (dou-
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bling times of 3 to to hours), high yields (20 to 
30 g d- 1 m- 2

) using the entire plant with its high 
protein content (50 to 70% w/w), and the pos-
ibility of using brackish or saline water are 

balanced out by the disadvantages of high costs 
of production and initial investment. The high 
production costs are a result of both biological 
and technological problems that have yet to be 
olved. These will be considered in terms of 

those problems associated with the biology of 
algal biomass production and those problems 
associated with the technical and engineering 
aspects. 

3.6.1. Biological Problems 

1. Water source. Algae growing in brackish or 
aline water in ponds .are often faced with the 

problem of the increasing salinity caused by 
evaporation. Thus, when the water source is 
brackish or saline the organism of choice will be 
one that is capable of growing successfully in a 
wide range of saline conditions and thus of 
adapting rapidly to changes in salinity. 

2. Optimization of growth. It is quite clear 
that the economics of algal biomass production 
under outdoor conditions can be improved by 
increasing the amount of biomass obtained per 
unit area. This aim can be achieved by optimiz
ing growth conditions. While the nutritional 
requirements of the algae culture can easily be 
met by an excess supply of nutrients, environ
mental limitations, such as light and tem
perature, are more difficult to control in outdoor 
systems. The productivity of the system, in 
terms of dry weight produced per unit time per 
unit area, is a function of both the growth rate 
and the algae concentration, while the availabil
ity of solar radiation to a single cell in the 
culture is a function of the total radiation and 
the cell concentration. In a culture in which 
there are no other environmental limitations, the 
maximal yield will depend on the optimal cell 
concentration, so regulation of cell concen
tration is thus of the utmost importance. The 
optimal cell concentration is a function of the 
algal species, the total radiation, the degree of 
induced turbulence and other environmental 

limitations, and is in particular influenced by the 
depth of the algal culture. 

3. Contamination. In open systems, con
tamination by other algae species rriay take 
place and, therefore, the product may not 
be uniform. This problem can sometimes be 
solved by choosing growth conditions that 
give a selective advantage to the required 
algal species. 

4. Choice of the algae species. Although there 
are about 20,000 species of alga, only a few of 
them have been studied under outdoor con
ditions. The possibility of cultivating other algal 
species out of doors and their potential use for 
the production of biomass should be in
vestigated. The organism of choice should 
exhibit the following characteristics : 

(i) fast growth rate; 
(ii) wide range of tolerance to temperature 

and radiation extremes; 
(iii) high content of protein, lipids or carbo

hydrates, or selectively accumulate a 
specific metabolite (e.g. glycerol); 

(iv) ease of harvesting. 

Other requirements may be added to this list 
depending on the specific approach and 
requirements of the system. 

3.6.2. Engineering Problems 

Pond construction. Since the first experiments 
on outdoor algal biomass production, which 
took place in the early 1950s, much progress has 
been made in the field of pond construction and 
operation. One of the main components of the 
total capital investment is the cost of construc
ting a large-scale algal production unit. At 
present, the technology developed for surface 
irrigation has been applied to the manufacture 
of algal ponds in the form of wide channels 
6-8 m wide and 20-30 cm deep. The channels 
are covered with black PVC or polyethylene and 
turbulence is produced with a paddle wheel. 

Separation and dehydration. These two fac
tors seem to be the major component of the 
high energy requirement in the processing of 
algal biomass and, therefore, any improvement 
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in the process will increase the economic feasi
bility of the overall algal biomass production. 
The use of filtration or flocculation instead of 
centrifugation for separation will decrease the 
energy input. However, any of these mechanical 
techniques will yield a paste containing only 15 
to 20% dry matter. Hence, the energy must also 
be used for drying. The development of a drying 
system using solar energy seems a promising 
approach. 

Uses of algal biomass. Today it seems that 
the idea of using algal biomass as a protein 
source for general human consumption is not 
practically feasible. It is, however, thought that 
biomass production systems should be 
developed for such diverse purposes as: waste
water treatment; production of fish food; 
production of commercial chemicals, such as 
glycerol, mannitol or lipids; production of bio
chemicals and extraction of pigments such as 
natural dyes; and production of energy by fer
mentation of the biomass. 

Reviewing the past 30 years of research on 
algal biomass production, we feel that a regional 
approach, i.e. the exploitation of local resources 
to solve local problems, seems to be more 
promising than the application of algal biomass 
production to the solution of global problems. 

3.7. WHERE TO OBTAIN ALGAL CULTURES 

I. The Culture Collection of Algae, Depart
ment of Botany, Indiana University, 
Bloomington, Indiana, U.S.A. 

2. The Culture Centre of Algae and Protozoa, 
Storey's Way, Cambridge, England. 

3. The Culture Collection of Algae and 

Microorganisms, Institute of Applied 
Microbiology, University of Tokyo, Bun
kyo-ku, Tokyo, Japan. 

4. Universitaet Goettingen, Botanisches In-
stitut, Algae Sammlung, Goettingen 
Federal Republic of Germany. 
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APPENDIX 

A.3.1. Occurrence of Pigments in the Various 
Classes of Algae 

Chlorophyll Carotene 
Xanthophyll 

Ph yco- Fuca-
a b c d e bilin a {3 Lutein xanthin 

Cyanophyceae + - - + - + (+) 
Euglenophyceae + + - (+)+ + 
Pyrrhophyceae + + + + + 
Chrysophyceae + - + ? ? + + ? + 
Xanthophyceae + + - + - + 
Chlorophyceae + + - + + + 
Phaeophyceae + - + - - - + + + 
Rhodophyceae + - - + - + + + + 
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A.3.2. Useful Definitions on Algal Cultures 

D = dilution rate = the flow rate (f) = dv/dt 
divided by the culture volume. 

Dc = critical dilution rate-when the specific 
owth rate is at a maximum and any increase in 

ihe flow rate will result in a wash-out of the 

g = mean generation time and in a continuous 
- ulture equals the retention time. The retention 
rime (td ) in a homogeneously mixed culture is on 
the average equal to 0.693 (In 2) divided by the 
pecific growth rate (IL). 

IL = specific growth rate = dx/dt.X. 
Y = growth yield = the increase in biomass 

reSUlting from consumption of a given amount 
of substrate = dx/ds. 

Productivity = the rate of production of 
iomass in terms of dry weight per unit of time 

per volume. -

A.3.3. Technical Problems 

The user of chemostat or turbidostat cultures 
should be aware of the following technical 
problems: 

Chemostats 

1. Non-exponential washout due to bad mix-

Chamber volume 
Commercial name (in ml) 

Redgwick Rafter 1.0 
Palmer Malony 0.1 
Speirs Levy 

hemacytometer 10- 3 x 4 
Improved N eaubouer 10-4 x 2 
Petroff Houser 2 x 10- 5 

ing or growth of high density of cells on solid 
supports within the vessel, e.g. walls, stirrers. 

2. Variation in the flow rate due to 
perishability of tubing in the peristaltic pumps 
or formation of deposits in cylinder pumps or 
fluctuations in temperature and hydrostatic 
pressure in the capillaries. 

3. Inhomogeneous biomass due to differen
tiation into sexual or resting stages. 

Turbidostats 

1. Wall growth as above, or condensation 
within the light path. 

2. Fluctuations in the performance of flow 
devices. 

General 

1. Contamination of air supply, particularly 
by oil drops if a pressurized air supply is used. 
This problem can be overcome by use of suit
able filters. 

A.3.4. Analytical Techniques 

Cell counting. In determining cell-division rate 
or correlating the increase in one of the cell 
components to cell number, the need for cell 
counting is quite obvious. The following table 
describes the most common commercial cell
counting devices available. They are used 
mainly in laboratory cultures. For counting 
natural diluted popUlations the use of an in
verted microscope and settling chambers is 
recommended. An alternative is to concentrate 
the algae and refer to the table for easy counting 
of cell concentration. 

Cell-counting Devices 

Depth Objectives for CeIl size Cell concentration 
(mm) magnification (mm) counted easily 

1.0 2.5-10 50-100 30-107 

0.4 10-45 5-150 102_105 

0.2 10-20 5-75 104_107 

0.1 20-40 (phase) 2-30 105_107 

0.02 40-100 (phase) 0.5-5 J05_J08 

Dry weight. For direct estimation of biomass 
concentration or for measurement of biomass 
production the most common technique used is 
determination of dry weight. Although it is a 
simple method, certain steps should be taken 
carefully. 

1. Sampling. Insure that stirring of algal sus
pension is adequate and that pipetting is 
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done quickly to prevent algal settling dur
ing the process of sampling. 

2. Washing. Washing of samples is important 
to insure the removal of salt and other 
particles (care should be taken to avoid 
osmotic shock, in particular with marine 
algae or algae grown on media of high 
osmotic potential). 

3. Drying. Samples should be dried to a con
stant weight. 

4. Cooling. Samples must be cooled in dry air 
before being weighed. 

The procedure for dry weight determination is 
as follows: 

1. Separation of algal cells from water by 
centrifugation or by filtration through 
fibreglass or a nitrocellulose filter. 

2. Drying of samples to a constant weight. 
(Too short a period of drying will result in 
incomplete removal of water; too long a 
period may cause oxidation in the dry 
material.) 

Expression of results. The results of-dry-weight 
determination are expressed per unit of volume or 
in outdoor ponds per illuminated area of algal 
culture. 

Chlorophyll determination. The Unesco 
method as detailed below is generally used in 
phytoplankton studies. In physiological studies 
some modifications are made: 

1. centrifugation instead of filtration; 
2. using hot methanol for extraction of green 

algae and 80% acetone for blue-greens. 

The Unesco method is as follows. (This may 
differ in detail from methods described elsewhere 
in this manual. However, adoption of this stan
dard method by people working in the field of 
algology enables direct comparison of results 
from vai-ious laboratories.) 

This procedure was agreed to by a SCOR/UN
ESCO working group and has been published by 
Unesco in Monographs on Oceanographic 
Methodology. 

METHOD 

CONCENTRATION OF SAMPLE 

Use a volume (Note a) of sea water which contains 
about 1 /-Lg chlorophyll a. Filter (N ote b) through a filter 
(Note c) covered by a layer of MgC03 (Note d). 

STORAG E 

The filter can be stored in the dark over silica gel at 1°C 
or less for 2 months but it is preferable to extract the 
damp filter immediately and make the spectropho
tometric measurement without delay. 

EXTRACTION 

Fold the filter (plankton inside) and place it in a small 
(5-15 m!) glass, pestle-type homogenizer. Add 2-3 ml 
90% acetone. Grind 1 min at about 500 rpm. Transfer to 
a centrifuge tube and wash the pestle and homogenizer 
2 or 3 times with 90% acetone so that the total volume is 
5-10 m!. Keep 10 min in the dark at room temperature. 
Centrifuge (Note e) for 10 min at 4000-5000 g (Note f) . 
Carefully pour into a graduated tube so the precipitate 
is not disturbed and if necessary dilute (Note g) to a 
convenient volume (Note h). 

MEASUREMENT 

Use a spectrophotometer-with a band-width of 30 A 
or less, and cells with a light path of 4-10 cm (Note i). 
Read the extinction (optical density, absorbance) at 
7500 (Note j), 6630, 6450, and 6300 A against a 90% 
acetone blank. 

CALCULATION 

Subtract the extinction at 7500 A from the extinc
tions at 6630, 6450, and 6300 A. Divide the answers by 
the light path of the cells in centimetres. If these 
corrected extinctions are E6630, E6450, anq E6300 the 
concentrations of chlorophylls in the 90% acetone 
extract as /-Lg/ml are given by the SCOR/UNESCO 
equations. If the values are multiplied by the volume of 
the extract in millilitres and divided by the volume of 
the seawater sample in litres, the concentration of the 
chlorophylls in the sea water is obtained as /-Lg/litre 
(= mg/m3). 

NOTES 

(a) The amount of chlorophyll a should be less than 
10 /-Lg, otherwise a second extraction with 90% acetone 
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might be necessary. With ocean water about 4-5 litres 
of sample should be used; with coastal and bay waters, 
sometimes one-tenth of this amount is 
sufficient. 

(b) Use no more than two-thirds of full vacuum. 
(c) Satisfactory filters include paper (Albet), cel

lulose (Cella "grob"), and cellulose ester (0.45-0.65 fLm 
pore-size); the filter should be 30-60 mm in diameter. If 
these filters clog with inorganic detritus, use Schleicher 
& SchOll 575. 

(d) Add about 10 mg MgC03/cm2 filter surface, 
either as a powder or as a suspension in filtered sea 
water. 

(e) A swing-out centrifuge gives better separation 
than an angle centrifuge. 

(f) If a stoppered, graduated centrifuge tube is used, 
the extract can be made up to volume and the super
natant carefully poured or pipetted into the spec
trophotometer cell. 

(g) If turbid, try to clear by adding a little 100% 
acetone or distilled water or by centrifuging again. 

(h) This depends on the spectrophotometer cell 
used. The volume should be read to 0.1 ml. 

(i) Dilute with- 90% acetone if the extinction is 
greater than 0.8. 

(j) If the 7500 A reading is greater than 0.005/cm light 
path, reduce the turbidity as in Note g. 

Co = 11.6 E665 - 1.31 E645 - 0.14 E630 

Cb = 20.7 E645 - 4.34 E665 - 4.42 E630 

Cc = 55.0 E630 - 4.64 E665 - 16.3 E 645 • 

Turbidity. Turbidity is often used as a rapid and 
reliable parameter for determination of algal 
growth. The optical extinction of a well-mixed 
culture is determined at a wavelength between 
450 and 650 nm, or in a colorimeter using a yellow 
or green filter. Care should be taken to ensure that 
the algae are not clumped (gentle homogenization 
may be necessary) or that they sediment during 
the measurement. 

A.3.S. Culture Media 

If cultures are ordered ask for the details of 
the media ' used for the given culture at the 
centre. Some useful media are as follows: 

AlIens's Medium 

For each 1000 ml of medium required, add the 
following to 966 ml of glass-distilled water: 

NaN03 

K2HP04 
MgS04.7H20 
Na2C03 

CaCh 
Na2Si03 . H 20 
Citric acid 
Trace elements* 
*Detailed below. 

1.5g 
5 ml 
5ml 
5ml 

lOml 
lOml 
1 ml 
1 ml 

Stock 
g/200 ml H20 

1.5 
1.5 
0.8 
0.5 
1.16 
1.2 

Adjust pH to 7.8. Solidify, if desired, with agar 
(10 g/l). 

Medium for Anacystis nidulans 

Stock solutions 

1 M MgS04 . 7H20 
1 M CaCh . 2H20 
4M NaCI 
0.04 M N a2Mo04 . 2H20 
2M KN03 

1 M K 2HP04 
Metals solution A5 
Fe-EDTA 

Metals solution A5 
H 3B03 

MnCh .4H20 
N a2Mo04 • 2H20 
ZnS04.7H20 
CuS04 . 5H20 

Fe-EDTA solution 

g/l 
246.5 
147.0 
233.7 

10.0 
202.2 
174.2 

g/I 
2.86 
1.81 
0.252 
0.222 
0.079 

Medium 
mlll 
0.5 
0.1 
0.5 
0.1 

10.0 
12.0* 

1.0 
1.0 

Dissolve 16 g EDT A (free acid) and lOA g 
KOH in 186 ml dist. water. Mix this solution 
with other containing 13.7 g FeS04 . 7H20 (with 
low Mn content) in 364 ml dist. water. Bubble 
air through the mixture to oxidize Fe++ to Fe+++ 
(3-4 h). Final pH should be about 3. 

Medium for Chlamydomonas reinhardtii 

NH4 CI 
MgS04.7H20 
CaCh.2H20 
K 2HP04 
KH2P04 

Hutner's trace elements 
(see next page) 

Distilled water 

Minimal 
medium (g) 

0.05 
0.02 
0.01 
0.72 
0.36 
1 ml 

1 litre 

High salt 
minimal 

medium (g) 
0.50 
0.02 
om 
1.44 
0.72 
1 ml 

1 litre 

*K2HP04 solution. Place 12 ml of 1 M K2HP04 , to 
which 0.84 g NaHC03 had been recently added, in a 
separate tube. Sterilize (20 min, 1 atm) and leave to 
cool. Mix both solutions under aseptic conditions. 
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Hutner's trace elements solution 
EDT A 
ZnS04.7H20 
H 3B03 

MnCh.4H20 
FeS04.7H20 
COCh.6H20 
CuS04.5H20 
(NH4)6M070 24 .4H20 
Distilled water 

(g) 
50.0 
22.0 
11.4 
5.1 
5.0 
1.6 
1.6 
1.1 

750ml 

Boil, cool slightly , and bring to pH 6.5-6.8 with 
KOH (do not use NaOH). The clear solution is 
diluted to 1000 ml with distilled water and should 
have a green color which changes to purple on 
standing. It is stable for at least one year. 

For heterotrophic acetate mutants the media 
may be supplemented with sodium acetate at a 
concentration in the medium of 0.20%. 

Medium for Chlorell!l 

KN03 
KH2P04 

MgS04.7H20 
CaCh 
H 3B03 

FeS04.7H20 
ZnS04.7H20 
MnCh.4H20 
Mo03 
CuS04.5H20 
Co(N03h . 6H20 
EDTA 

The pH of the medium is 6.8. 

Medium for Euglena 

To 1000 ml of pyrex-distilled water add: 

gIl 
1.25 
1.25 
1.00 
0.0835 
0.1142 
0.0498 
0.0882 
0.0144 
0.0071 
0.0157 
0.0049 
0.5 

Sodium acetate 1.0 g 
Beef extract 1.0 g 
Tryptone 2.0 g 
Yeast extract 2.0 g 
CaCh 0.01 g 

If desired, may be solidified by adding 15 g agar. 

Medium for Spirulina 

NaCI 
MgS04 .7H20 
CaCh 
FeS04.7H20 
EDTA . 
K2HP04 
NaN03 
K 2S04 

NaHC03 

g/l 
1.0 
0.2 
0.04 
0.01 
0.08 
0.5 
2.5 
1.0 

16.8 

and 1 ml/l of A5 and B6 as below: 

A5 
H 3B03 

MnCh·4H20 
ZnS04.7H20 
CuS04 . 5H20 
Mo03 

B6 
NH4N03 
K2Cr2(S04)4 . 24H20 
NiS04.7H20 
N a2S04 . 2H20 
Ti(S04)3 
Co(N03h . 6H20 

Sea water media (f/2) 

Nutrients 
NaN03 
NaH2P04 
NaSi03 

Vitamins 
Vitamin BIZ 

Biotin 
Thiamin. HCI 

Trace metals 

Zn 
Mn 
Mo 
Co 
Cu 
Fe 
EDTA 

gIl 
2.86 
1.81 
0.222 
0.074 
0.015 

g/l 
229.6 x 10-4 

960 X 10-4 

478.5 X 10-4 

179.4 X 10-4 

400 X 10- 4 

439.8 X 10-4 

g/l 
75 

5 
15 

5 X 10- 7 

5 X 10-7 

1 X 10- 4 

J.LM (final concentration) 

0.08 
0.9 
0.03 
0.05 
0.04 

11.7 
'11.7 

Zn, Mn, Co and Cu may be added as chlorides 
or sulphates, and Mo is added as Na2Mo04. Fe 
and EDT A is conveniently supplied as Fe
EDT A. After autoclaving the seawater together 
with the nutrients the media has to rest for a 
few days to allow CO2 to redissolve and the pH 
to decrease. The vitamins have to be prepared 
as a stock solution and sterile filtered (0.2 J.Lm). 
The trace metals should be autoclaved as a stock 
solution separately, because otherwise pre
cipitation might result. After addition of vitamins 
and trace-metals to the media the pH has to be 
adjusted to 7.4 (note that the pH in seawater is 
8.2). 

Some differences between fresh water and 
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saline algae systems (cultures or natural popu
lations) : 

Fresh water Salt water 
Typical limiting nutrients 

in nature C,P N 

Typical planktonic algae Chlorophytes Diatoms 
Blue-green algae Dinoflagellates 

(B lue-green algae) 

Typical pH 7 8.2 

Method of concentration Centrifugation Filtration 
Filtration 

77 


