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Several suggestions have been made to explain the regular appearance 
of the characteristic diatom mass-vegetation in early spring and late autumn 
months on the stony shores of Lake Balaton (e.g. G. E n t z  and S e b e s t y é n  
1946, 301, F e l f ö l d y  1958 etc.).

No definite answer has been hitherto given to the question of seasonal 
appearance of the diatom belt. I t  was suggested that it might be attributed 
to the effect of low temperature but no exact measurements were made to 
verify this supposition. Moreover in work previously mentioned (F e l f ö l d y  
l.c.p. 336), both the results of preliminary experiments and literary data 
being considered, the role of temperature as a factor did not appear important.

In this paper experiments on the effect of temperature will be dis­
cussed in detail.

Materials and methods

The material for photosynthetic measurements was collected on 31st 
March 1960, on the shore of the Lake from stones yellow with diatom covering. 
(Diatoma elongatum var. tenuis-zone, see F e l f ö l d y  1958, 332, 334.) The mass 
of diatoms was washed from the stone surface with a brush into a larger 
porcelain dish containing lake water. The suspension obtained in this way 
was filtered into a beaker through a dense bronze sieve. After a short sedi­
mentation of 1 — 2 minutes (the heavy inorganic particles sink for the most 
part to the bottom of the beaker), the reddish-brown diatom suspension was 
decanted into centrifuge tubes. Thereafter the experimental suspension 
containing 650 cells pro pt\ was prepared by washing the diatom cells with 
fresh lake water by centrifuging at low speed and resuspending them in fil­
tered Balaton-water. (Delta filter paper No 368.) In this suspension Diatoma 
elongatum var. tenuis dominates constituting about 95% of total cell number. 
For associate species see F e l f ö l d y  1958, 334.

Photosynthesis was measured manometrically. 10 ml suspension was 
put into the usual W a b b u b g  vessels and the released 0 2 was measured five 
times at every 30 minute at temperatures 10, 20, 25, 30^0,1° C, and at c. 
7000 lux light intensity. A fresh sample of cells was used for each run of 
determinations; the stock cell suspension was kept in water bath at the tem­
perature of the next experiment. An adaptation time of 150 minutes was



found sufficient at each temperature. The results are given in /d 0 2/ l  mg chlo­
rophyll a/hour units. The estimation of pigments was performed by the 
method of R ic h a r d  and T h o m p s o n  (B a r n e s  1959, 242 — 244).

Aliquots of experimental suspensions were filtered through ’’Delta” 
filter paper No 368 with suction. To minimize pheophytin formation, the filter 
papers with the adherent diatom cells were kept exposed for a short interval 
(up to three minutes) to hot water vapour (K r e y  1939, G e s s n e r  1944). 
Pigment extraction was made with aqueous acetone (90%) in which the 
samples were allowed to stand for 12—15 hours, to obtain complete extraction. 
Thereafter the solutions were carefully filtered, and filled up to known volume. 
Their transmittancies were measured at 665, 645, 630 millimicrons by B e c k ­
m a n  D. U. spectrophotometer.

The concentration of chlorophyll a (Ca) is
Ga =  15,6 A665 2,0 A645 0,8 A630

w h e re  A  =  lo g 10 1/T  (a b s o rp tio n  a t  d if fe re n t  w a v e  le n g th s  m e n tio n e d  ab o v e )

Table 1
Photosynthetic power of diatom  

suspension a t  various tem peratures

Temperature [ A  02/l mg chlorophyll a
°0 one hour

10 390,0
15 408,1*
20 384,8
30 76,6

Results and discussion
The results of photosynthetic measurements are illustrated in Table 1. 

According to these data a flat optimum can be studied between 10 and 20 °C. 
On basis of literary data at our disposal it is assumed that a temperature 
optimum so low is not common for algal photosynthesis. Whereas the cold 
resistance of bacillariophytes is rather known (G e s s n e r  1955, 171, F o tt  
1959, 104), results based on experiments with pure cultures show' always 
optima at higher temperatures. B a r k e r  (1935) has found optimal photo­
synthesis at 27 —33°C in his study in twTo Nitzschia species. In his work 
with Nitzschia putrida, R ic h t e r  (1911) demonstrated optimum growth for the 
species at 24 to 25°C. W a l l a c e  (1955) stated that the optimum growth 
of three species of fresh-water diatoms (Nitzschia filiformis, N. linearis and 
Gomphonema parvulum) occurred at 22 to 30°C. For photosynthesis of 
other unicellular algae temperature optima of about 27 — 30° or higher was 
demonstrated experimentally (L ttmry et ál. 1954). R o d h e  (1948), working 
with natural populations, similar to those applied in our investigations, found 
a growth optimum at 5 to 10°C in Melosira islandica ssp. Helvetica and he 
concluded that the annual periodicity of this species was due to both tempera­
ture and light.

* On basis of 12 m easurem ents only.



97

The temperature coefficient, that is to say, the ratio of the rate of 
photosynthesis at a given temperature to the rate thereof at temperature 
which is 10° lower (Q10),is always greater than 2 between 5—15°C. The Q10 
of different Chlorella strains are: 2,07 (N o d d a c k  and K o p p  1940 ap. T h o m a s  
1955), 4,3—5,0 (W a r b u r g  1919), 4,4—5,8 (E m e r s o n  1929, B a l y  1940). In 
our experiments performed at 10—15°C Q10 =  2,1, but above 15°C Q10 was 
less than 1. The effect of temperature on the photosynthetic process is very 
complex and some adaptation phenomena should also be taken into conside­
ration (H a r d e r  1924, G e s s n e r  1955, 142—146), nevertheless the signifi­
cant role of lower temperature of water in the development and existence of 
periphytic diatom mass vegetation might be regarded as established on basis 
of our experiments. Our earlier statement, therefore ( F e l f ö l d y  1958), that 
low temperature is not so important in the life of these plant societies must 
be abandoned.

Summary

The photosynthesis o f the periphytic diatom  mass vegetation  growing 
on th e ston y  shores o f Lake B alaton  was m easured b y  the m anom etric m ethod  
o f W arburg in  filtered  Balaton-w ater, a t 10, 15, 20 and 30° C tem peratures 
and at c. 7000 lu x  ligh t in ten sity . A f la t  optim um  could be observed betw een  
10—20°C.

The im portance o f  low  tem perature, as an ecological factor, controlling  
the appearance and ex istence o f these periphytic diatom  coverings in  early  
spring and la te  autum n is supported by these experim ental results.

G rateful acknow ledgem ent is m ade here to  Olga Se b e st y é n  for fruitful 
discussion in  connection w ith  th e m anuscript and to  Zsuzsa  F . K alkó for th e  
E nglish  translation.
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A H Ő M ÉRSÉK LET HATÁSA A BALATON-PART KÖ VEIN  ÉLŐ TERM ÉSZETES 
KOVAMOSZAT-POPULÁCIÓ FOTOSZINTÉZISÉRE

Felföldy Lajos 

Ö s s z e f o g l a l á s

A B alaton eróziós partszakaszainak hu llám járta  kövein élő jellegzetes megjele­
nésű sávban ta lálható  kovam oszat töm egvegetáció koratavaszi és késő őszi megjelené­
sének okát k u ta tv a  az alacsony hőm érséklet igen kézenfekvő h a tásá t irodalm i adatok  
és előzetes kísérletek alap ján  nem  ta r to ttu k  fontosnak (F e l f ö l d y  1958).

A kérdés tüzetes megvizsgálására az I960 m árcius végén és április elején szépen 
kia lakult kovam oszat sávból m árcius 31-ón m in tá t gyű jtö ttünk , melyből 650 sejt//il 
sűrűségű szuszpenziót készítettünk  szűrt Balaton-vízzel és ennek 10 ml-ében m egm értük 
a fotoszintézis m értékét W a rbu rg  m anom etriás módszerével 10, 20, 25, 30 ± 0 ,1  0°-on, 
kb. 7000 lux megvilágítás m ellett. Az eredm ényt pl 0 2/ l  mg a-klorofill/óra egységben 
ad juk  meg. A pigm ent m eghatározást R ich a rd  és T ho m pso n  módszerével végeztük 
(B a r n es  1959). Az acetonos k ivonat abszorpcióját Bec km an  D. U. spektrofotom éterrel 
m értük.

Az 1. Táblázat-han ta lá lható  eredm ények szerint 1 — 20 0° között a  fotoszintézis­
nek  lapos m axim um a van. E gysejtű  algák esetében ilyen alacsony hőm érsékleti op ti­
m um ot eddig nem  ism ertünk. Bár a  hőm érséklet hatása  a  fotoszintézisre nagyon kom pli­
k á lt és bizonyos adaptálódási jelenségek is szám ításba jöhetnek, kísérleteink alap ján  az 
alacsony hőm érséklet fontos szerepe a balatoni kovam oszat öv kialakulásában és fenn­
m aradásában  kétségtelen.
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