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Measurement of Photosynthetic Rate of a Cultured
Benthic Blue-green Alga: Tolypothrix sp. '
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Abstract Photosynthesis of a cultured benthic blue-green alga Tolypothriz sp. was measured un-
der light and temperature conditions using oxygen light-dark bottle method and ' C light-dark bottle
method. Respiratory rates of the alga were also measured at different temperatures. Photosynthetic rates
increased with increasing temperatures. Respiratory rates did not show significant differences among dif-
ferent temperatures. Photosynthetic rates were almost the same under light intensities lower than 400
pEm?s". Comparing the oxygen and '*C method, the photosynthetic quotient Q (moles O, per moles
C) of Tolypothriz sp. in these experiments was about 1.11. The method for the measurement of photo-
synthests of such kind of benthic alga was improved in this paper.
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Photosynthesis of planktonic algae which are major primary producers in aquatic ecosystems

1) Thus much attention has been focused on

is an important basis of production in the ecosystems
the studies of photosynthesis of phytoplankton from an ecological point of view. The measurement
of primary production based on the photosynthesis of phytoplankton has already become one of the
principal subjects for oceanographers as well as limnologists'>*'. When the 0, and ™C light and
dark bottle techniques were applied, several assumptions were, however, necessary for interpreta-
tion of the results, and these are still open to much discussion'* ™

In short time experiments a good agreement between gross oxygen production and carbon up-
take, calculated from "“C uptake, is usually found™* .

Most of these studies dealt with planktonic matter. There are very few research focusing on
benthic alage, especially on benthic blue-green algae. In many shallow lakes as well as small riv-
ers, the benthic algae are the major primary producers. In the large, shallow Borax l.ake of
northern California, epiphytic algae are the major source of organic matter. Because the littoral
area is small, the attached alga-contribution is reduced but still constitutes nearly one-half of total
primary productivity. In Marion Lake the primarily epiphytic algae dominate the lake systemm .
Therefore the measurement of photosynthesis of benthic algae become more interesting for the
aquatic ecosystem studies™" .

Tolyporthriz sp. is a benthic filamentous blue-green alga and a good food source of zoob-
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First Step: Preparation of 8 stock solutions

enthos such as Ostracodes. """ But, once it is cultured in the laboratory, it becomes big colony and
can hardly be separated. The methodological problems for measuring the photosynthetic rates of
this alga are presented. This study intends to improve the method and try to find the relationship

between photosynthetic rates and light intensity and temperature of this alga.

1 Material and Methods

Tolypothrir sp. were cultured at 20°C and at a light condition of about 200 yEm~

laboratory. The component of the culture medium is shown below:

Solution Reagent Concentration(g*L")

1.......... KeHPO . oo 40

2. MgSO,*TH,O.................... 50

K JPRR NagHCO5. ..o 50

4....... ... Citricacid. . ..................... 50

K T CaCl, 2H,O..................... 5

6.......... Ferric ammonium citrate. .......... 50

/P EDTA-Nay.............oo ... 5

8. Microelements solution
HyBOs. oo 2.86
MnClL4H,O.................. 1.81
ZnSO,TH,O.................. 0.222
Na,MoO, ' 2H,0................ 0.39
CuSO,*SH,O. . ... 0.079
Co(NO,;),*6H,O............... 0.0494

Second Step: Preparation of 1 L. of Mother Solution

Solution Volume (ml.)
L 20
2 e 30
K 2P 8
S 2.4
S 7.2
O 2.4
T e 4
B 20

Third Step: Preparation of 1 L of algal culture medium

— Use 100 ml. of Mother Solution
— Use 50 mL of old algal solution
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— USe 850 ml. of distilled water

The big colonies (about 3mm in diameter) were used in the experiment. Several pre-experi-
ments were carried out for determining the alga biomass and choose the experimental conditions:

(1) Fresh weight and dry weight correlation: Ten groups of colonies {from one to ten colo-
nies) which have almost same size were picked out. For the fresh weight determination, single
colonies were dipped shortly on filter paper to remove adherent water and then weighted quickly
on a Mettler ME22 balance. Dry weight was measured after drying at 50'C for one hour. The
correlation between fresh weight and dry weight was calculated.

(2) Fresh weight and chlorophyll a correlation: Ten groups of colonies (from one colony to
ten colonies) which have almost same size were picked out. After the fresh weight determination,
chlorophyll a was measured (90% hot ethanol)™™. The correlation between fresh weight and
chlorophyll a. was calculated.

(3) Pre-experiments for comparing the filtered lake water and culture medium and choosing
the number of colonies for experiment: Oxygen light bottles were used in these pre-experiments.
Two initial bottles, two light bottles with lake water filtered through 1 pm net and two with cul-
ture medium were prepared for comparing the medium and the lake water. After adding alga colo-
nies and exposing for three hours, the oxygen was determined by Winkler technique. Two initial
and three light bottles (with 3 colonies, 7 colonies and 11 colonies) were used for choosing a suit-
able colony number. The rest of the procedures was the same as above.

The oxygen light-dark bottle method was used for measuring photosynthesis and respiration
(58.5 ml. Jenaer glass bottle) . The "C light-dark bottle method was used for measuring carbon
uptake at the same time (38 ml. Jenaer glass bottle). Five different temperatures (5C, 10°C,
15C,20°C,25C )and six different light intersities (45, 90, 140, 210, 260, and 410 pEm ™ *s™")
were selected for the experiments (Four 40W fluorescent lamps were used as light source). In the
incubator, three different light intensities either 46, 140 and 210 pEm %s™'or 90, 260 and 410
pEm™%s7! were set at a time for each temperature. Each time, two oxygen initial bottles, two
oxygen dark bottles, three "“C light bottles (each light intensity one light bottle) and one 'C
dark bottle were used. The main experiments were carried out with the following procedure:

@ Fill filtered lake water (1 um net) to the bottles, add *C solution (4 1 Ci per bottle) to
the '"C light and dark bottles. Another 100 ml. water was used for measuring pH and alkalini-
ty.

@ Pick out alga colonies from the culture medium (about 8 colonies per bottle), measure the
fresh weights and add the colonies to each bottle.

® Expose the bottles in the incubator for 3 hours.

@ After exposure, the algae in the *C experiment bottles were filtered through 0. 22pm
Sartorial cellulose acetate filter, then use 1600-TR. Li.quid Scintillation Analyzer to count the ra-

dioactivity. Use Winkler method (0.005N Na,S,0,) to titrate dissolved oxygen.

® Calculate the photosynthetic and respiratory rate from oxygen method and the carbon up-
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take rate from ' C method. Compare the results of these two techniques.

2 Results

Relationship between fresh weight and dry weight, fresh weight and chlorophylla are pre-
sented in Figure 1a, 1b. Both of the figures showed a good relationship (r* >0.96). So, it is
possible to use the fresh weight or dry weight for this filamentous colonial algae as the basis for

the following measurements.
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Fig.1 Regressions between fresh weight and dry weight(a)
and between fresh weight and Chlorophyll-a (b)
Results of pre-experiment No. 3 are shown in Tab. 1. It appears that using filtered lake water
is better than using medium. Seven or more colonies are suitable for the experiments.

Tab.1 Results of pre-experiments to choose experimental conditions of Tolypothriz sp.

tems Ini. bot. Light bot. Freshweight Dryweight P/B Ratio
/mgQ, L") [mgO,-L7") (mg) /mg /mgQ0; -mg~' (DW)

lake 7.99 8.685 11.732 0.921 0.755
water 8.69 13.105 1.021 0.686
Culture 5.79 5.97 10.588 0.838 0.215
Medium 6.05 10.868 0.859 0.303

Initial Light bottle 3 Light bottle light bottle

bottle colonies 7 colonies 11 colonies
Oy/mg-1.7! - 7.32 7.57 8.32 8.44

Photosynthesis-light curves of Tolypothriz sp. constructed for different temperatures are
shown in Figure 2. From both oxygen and the 'C results, the photosynthetic rates are almost

7 -1y .
s ) in each temperature, al-

the same under different light intensities (from 46 to 410 pEm"~
though there is more {l uctuation at high temperature than at low temperatures. No light inhibia-
tion occurred at the highest light intensity used. Respiratory rates from the oxygen measurements

were not significant different in each temperature( r* = 0.2018, Figure 3). From the oxygen
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Fig.2 Photosynthesis-light curves of Tolypothriz sp.{(a.Oxygen output, b.Carbon uptake)
gross photosynthetix rates, it can be seen that higher rates was obtained as temperature increased.
Photosynthesis-temperature curves (Figure 4)
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r’=0.2018

o
=
<

Respiratory rates / mg.mg™h™'(dw)
5
s
1

\.

that the P/B-ratio increase with increasing tempera-
ture. There is no big difference in each light inten-
sity.

The regression between oxygen method (Oxy-

gen output) and ' C method (carbon uptake) is

presented in Figure 5. From the result, it seems o ° i

that carbon uptake for measuring photosynthesis is 0 | ] T . <
) 0 5 10 15. 20 25

closed to oxygen gross production(r* =0.77). The Temperature / C

photosynthetic quotient Q, defined as oxygen out-
. Fig.3 Regression between respiratory rates
put divided by carbon uptake (moles O, per moles .
and temperature of Tolypothriz sp.

C), is about 1.11 in these experiments.

3 Discussion

As Tolypothrix sp. is a benthic blue-green alga, the photosynthetic rhythm is different as

11, productivity values of littoral alage are

the planktonic algae. From the description of Wetze
difficult to compare from one lake to another, or even seasonally within a lake, because of the di-
versity of techniques employed. Thus, the results of this study are also difficult to compare with
other cultured studies such as Arugam. The methods used in the experiments are relatively new
and a lot of technique problem appeared during the experiments. For example, from the pre-ex-
periment results it seems that it is possible to use the fresh weight as the basic biomass for compar-

ison but it is very difficult to handle the weighing of fresh weight of Tolypothrix sp. The fluctua-
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Tolypothriz sp. (Oxygen output) N carbon uptake of Tolypothrix sp.

tion of the results in this experiment might be because of the difference of specific activity of alage
changing during the culture. It was not so easy to find alga material of the same specific activity
{or the experiments methodological problems effect the results.

The photosynthetic rates are almost the same under different light intensities because the
light intensities used in the experiments were not ligh enough to saturate photosynthesis. Light
intensity of natural day-light is about 2500 xEm ™ *s™'. It is noteworthy, as Kann points out, that

o1 Normally, high light intensity can be found in

Tolypothrix is a typically genera of streams
streams. Therefore, Tolypothrix sp. may be regarded as a high light intensity species.

From the photosynthesis-temperature curves (Figure 4), it is clear that temberature is a ma-
jor factor controlling photosynthesis of Tolypothrix sp.

Respiration of Tolypothrix sp. in these experiments seem to be rather high (about 6% —
35% ) when compared with results from natural phytoplankton or laboratory culture. 2.2 phe
reason could be, that respiration is higher in benthic algae than in phytoplankton, as Straskraba
(1970) observed. ™’

The photosynthetic quotient Q (moles O, per moles C) theoretically should be 1 but in these

experiments, it was about 1.11 similar to observations from cultures of Selenatrum capricornutum
at low light intensities(Q=1.14~1.35). izl
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