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Summary 
1. Increased CO2 concentration in the air has a positive effect on 

mycelium growth in the cultivation of Pleurotus ostreatus, P. florida 
and P. eryngii (Agar cultures). 

2 . Between 16% and 22% CO2 in the air is the optimum for the growth of 
the 3 above-mentioned Pleurotus species. 

3. Concentrations of 36 vol.% CO2 inhibited growth of all 3 species. 
4. Both sterile and pasteurized straw substrata showed 20-25% (of vol.) 

CO2 3 days after inoculation. Mycelium growth was normal. CO2 concen­
tration stands in relation to the amount of inoculation material, tem­
perature, composition of substratum, and other environmental factors. 

5. The stimulating effect of CO2 on the growth of the Pleurotus species 
studied and their high tolerance to CO2 have a special importance in 
Pleurotus farming. 

6 . Under semianaerobic conditions with high CO2 concentration in the 
gaseous phase of substratiim, the competitive microorganisms are eli­
minated and Pleurotus mycelium can grow well in the non-sterile s\ib-
stratum. 

Carbon dioxide belongs to the most important ecological 
factors. The quantity of CO2 in the ecosystem determines bio­
logical activity and the quantity of micro-organism (Ahrens & 
Thalmann, 1970; Zadrazil, 1971, etc.). On the contrary one 
can consider the differing concentrations of CO2 in the eco­
system as a selective factor in the range of species of 
micro-organisms (MacFadyen, 1973; Zadrazil, 1973a). 

The CO2 requirement of bacteria, yeasts and moulds has long 
been recognized (Valley & Rettger, 1927; Hermann, 1963; Bronn 
& Luca, 1973). Removal of CO2 from the ecosystem can cause 
decrease of growth (La-fferty, 1963). The optimum CO2 concen­
tration varies for each type of microorganism. 
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In 1971, Walsh & Stewart proved exchanges between oxygen, 
carbon dioxide and the cellulolytical activity in some kinds 
of fungi. In 1974, Schan^l found a direct relationship bet­
ween the CO2 concentration and the exoenzymatic activity of 
wood-destroying fungi. 

The influence of CO2 on the mycelium growth and the fruit 
body building of the basidiomycetes was mainly studied with 
the Agaricus bisporus (white mushroom). In 1958, 1959 and 1972, 
Tschierpe determined that at 2% CO2 and above, the mycelium 
of Agaricus bisporus was inhibited in growth; at a concentration 
above 32 vol.%, the growth stopped. 

Rast & Bachofen (1965, 1967a, b) determined that the myce­
lium of Agaricus bisporus is able to fixate CO2. San Antonio & 
Thomas (1972, 1973) specified the optimum concentration for 
the A. bisporus as between 0.1% and 0.5% CO2 . 

In 1954 and 1956, Plunkett also recognized CO2 as the most 
important factor of the fruit body building of Collybia velutipes 
and in 1963 Niederpruem studied the same with the SchlzophyHum 
commune. 

The influence of CO2 on the growth of wood-destroying fungi 
in connection with wood protection was studied by Lambert 
(1933), Zycha (1937), Plunkett (1954, 1956), Gundersen (1961), 
Rypacek (1966), Jensen (1967) and Schanel (1970). As in the 
above-mentioned papers little information is given about the 
influence of CO2 on the Pleurotus species, we studied in the 
following the effect of different concentrations of carbon 
dioxide under various conditions as a basis for the biotech­
nology of Pleurotus production. 

METHODS 

Cultures of fungi: 

Pleurotus florida (FovoSe) - selected culture Pi own breeding 
of Pleurotus florida (Eger, 1965) 

Pleurotus ostreatus 

(Jacq. ex Fr.) Kummer - provenance Bàarn, culture P4 

Pleurotus eryngii 
(DC. ex Fr.) - own isolation - Spain, culture P5 

Experiment N0.I 

Growth of Mycelium on Agar-Plates with Different Concentrations of C02» 
Cultures in petri dishes were cultivated at 250c in incuba­
tors with different contents of CO2. Normal air (0.03% CO2) 
was used as control. 
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One half of the petri dishes inoculated in the center with 
a round inoculum of 7 mm diameter each were placed into a 
normal incubator at 25oc; the other half of the petri dishes 
was put into an incubator (Heraeus KB 600 K - C O 2 ) under a 
controllable and constant CO2 concentration. 

At the following concentrations of CO2 in the air, the 
Pleurotus species were incubated: 5.0, 10.0, 16.6, 22.0, 28.8 
and 37.5 vol.%. During the period of the experiment, the 
difference of the CO2 concentration was approximately ± 0.5%. 

Analysis of the Experiments. The radial mycelium growth was 
measured in regular time intervals. The velocity of the myce­
lium growth (diameter of culture and time) was discovered as 
a linear correlation for 5 days. For each CO2 concentration 
we made 3 to 5 experiments, repeating each one four times. 
The number of measurements in Table 1 are shown under n. 

The Composition of Nutrient Media. Malt extract 5 g, soy bean 
flour 10 g, pepton 1 g, KH2PO4 0.5 g, MgS04.7H20 0.5g, FeCl3 
(1% solution) 1 ml, yeast extract 0.1 g, agar 15 g, 1 1 H 2 O , 
pH 5.2. 

Experiment No.2 

Submerged Culture. Submerged culture on the shake apparatus 
(500 ml Erlenmeyer flask with 200 ml nutrient media) was 
inoculated with Pleurotus mycelium (3 agar mycelium pieces 
of 7 mm 0). For gas addition, we used the following concen­
tration of CO2: 5, 10 and 15 vol.% of CO2 in air). The myce­
lium growth was finished after 5 or 9 days and the dry weight 
and the pH value of nutrient media were determined. 

Experiment No.3 

Production Experiment. In order to determine the CO2 production 
in sterile and pasteurized substratum (90^0, 1 h) we made 
mycelium growth experiments. In 1 1 jars 0.5 kg of straw sub­
stratum was sterilized (Zadrazil, 1973b) and inoculated with 
3 agar pieces of mycelium (0 7 mm). The CO2 concentration in 
the substratum was measured with the Drager-Gasspiirgerat type 
19/31. 

RESULTS 

The results showingf the effect of CO2 on the growth of myce­
lium (Experiment N0.I) are shown in Table 1 and Fig.1. 
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T a b l e 1 

E f f e c t o f c a rbon d i o x i d e on t h e r a d i a l myceli iom g r o w t h (mm i n 5 days ) o f 

P, ostreatus, P. florida and P. eryngii 
(n = number o f measurements ) 

V o l , % CO2 i n t h e a i r P. ostreatus P. florida P. eryngii 
i n mm n i n mm n i n mm n 

5% 6 1 . 9 20 56 .6 20 39 .3 30 

C o n t r o l ( 0 . 0 3 ) 58 .4 20 48 .1 30 34 .9 48 

10% 55 .7 46 55 .4 52 33 .4 84 

C o n t r o l ( 0 . 0 3 ) 48 . 5 52 51 .4 52 29 .4 88 

16.6% 6 1 . 5 88 60 .4 80 33 .3 104 

C o n t r o l ( 0 . 0 3 ) 49 .1 104 52 .2 112 30 .3 104 

22.0% 56 .7 150 54 .5 150 25 .4 220 

C o n t r o l ( 0 . 0 3 ) 5 3 . 0 170 4 9 . 9 180 19 .4 220 

28.8% 57 .2 136 59 .2 144 28 .7 304 

C o n t r o l ( 0 . 0 3 ) 54 .3 160 55 .4 152 30 .9 288 

37.5% 28 .7 104 31 .3 232 17 .3 136 

C o n t r o l ( 0 . 0 3 ) 4 4 . 9 160 51 .5 128 29 .8 248 

Vo Mycelium growth 
130-
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Pleurotus ostreatus 

Reurotus Florida 

Pleurotus eryngii 

CO2 concentration (Vol 7o) 
10 15 2 0 2 5 3 0 3 5 4 0 

Fig.l 
E f f e c t o f ca rbon d i o x i ­

de on t h e myce l i i im 

g r o w t h o f Pleurotus 
ostreatus, P . florida 
and P. eryngii ( c o n t r o l 
-0.03% CO2 = 100% 
Myce l ium g r o w t h ) 

It may be observed that a CO2 concentration in the air of 
up to 28 vol.% vol. stimulates the growth of Pleurotus ostreatus 
and P . florida. P. eryngii is the exception with a limit for 
stimulation of about 22%, by 28% CO2 mycelium is inhibited. 
The highest concentration during our studies of 37.5 vol.% 
reduced mycelium growth in all three Pleurotus species by 
about 40% as compared with a control at 0.03% CO2• (see Table 
1 and Fig. 1) 
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T a b l e 2 

E f f e c t o f CO2 c o n c e n t r a t i o n on t h e myceli iam g r o w t h (6 r e p e a t s / e x p e r i m e n t s ) 

i n submerged c u l t u r e (P . florida, s t r a i n P I ) 

5-day g r o w t h pH o f c u l t u r e 9 -day g r o w t h 

myce l ium a t end o f 

w e i g h t i n mg e x p e r i m e n t mg pH 

Gas w i t h , a i r _ 576.4 5.3 

c o n t r o l ±100.0 ± 0 . 2 1 

A i r + 5% CO2 299 .3 5 .9 673 .0 5 .8 

± 8 0 .0 ± 0 . 0 8 ± 8 0 . 0 ± 0 . 1 4 

A i r + 10% CO2 333.5 5.7 778 .9 5.8 

± 5 0 . 0 ± 0 . 0 1 ± 1 5 0 . 0 ± 0 . 1 5 

A i r + 15% CO2 349 .8 5 .6 766 .9 5.8 

± 4 0 . 0 ± 0 . 0 8 ± 1 5 0 . 0 ± 0 . 1 3 

Similar results with a stimulating effect of CO2 on the 
submerged cultures. Experiment No.2 (Table 2 ) , were noticed. 

The influence of CO2 on mycelium growth remained in the 
same sequence in all the experiments. With increasing CO2 
concentration in the air, also the mycelium weight of the 
various cultures increased. 'But the average differences be­
tween the repetitions were bigger than the difference between 
the variants of the experiments. In this case, one can only 
speak of a tendency. The pH changes by the addition of gas 
to the submerged culture show quite an insecure correlation 
to the mycelium growth. 

In order to prove that the Pleurotus mycelium grows under 
practical conditions at high concentrations of CO2/ the CO2 
content in inoculated substrata (sterile and pasteurized) was 
measured. The air was analyzed at regular intervals, the 
results being shown as Fig.2. In order to test the activity 
of various mycelium masses, two quantities of inoculation 
material were introduced into the substratum. Three days 
after inoculation, the CO2 concentration in both cases had 
already risen to over 20%. As excepted, the case with 10% 
inoculum showed a greater concentration than the case with 
5%. 4 and 6 days respectively after inoculation, CO2 concen­
tration had reached a maximum, then decreased, finally 
showing no material alteration from the 13th to the 31st day. 
After 13 days the substratum was well permeated. 

In a temperature experiment (mycelium growth at 25 and 30^C) 
with 1%oinoculation material, the CO2 concentration climbed 
slowly and continuously, reaching a maximum after 20 days, 
at 250c this was 30% and at 30OC, 35% CO2 (Fig.3). After this 
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Fig. 2 
Effect of spawn quantity 
{Pleurotus florida) on 
CO2 concentration in 
wheat straw during the 
mycelium growth. 
A. 10% spawn 
B. 5% spawn 

0 2 4 6 8 10 12 14 16 18 20 22 24 
days 

Fig.3. 
Effect of temperature on 
CO2 concentration in wheat 
straw substratum during the 
mycelium growth (l%o spawn) 
A. Pleurotus florida 30^C 
B. Pleurotus florida 25^0 
C. Pleurotus eryngii 30^C 
D. Pleurotus eryngii 25^0 

time, the CO2 concentration declined. In the 30^C system the 
decline was more rapid than in the 25^0. Similar temperature 
effects were noted with p. eryngii, but with lower CO2 con­
centration and slower growth. Here the CO2 did not reach the 
optimum concentration for growth. 

The high tolerance of Pleurotus species to CO2 is demon­
strated by this example, and the results could be reproduced 
in differently organized experiments. Carbon dioxide produc­
tion is nevertheless dependent on the ingredients in the sub­
stratum (unpublished). 

DISCUSSION 

From the results the stimulating effect of CO2 on the mycelium 
growth of 3 Pleurotus species is evident. With an increase 
of the CO2 concentration from 0.03% to 16%, the mycelium 
growth of both P. ostreatus and P. florida was stimulated. 
P. eryngii still showed a positive result at 22.0% CO2 and 
a growth decrease at 28% CO2. P. ostreatus and P. florida 
were inhibited at a higher concentration. 

By repeating various experiments, the results were repro-
duceable and in agreement with those of Schanel (1970). He 
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determined that p. ostreatus shows the best growth at 10 vol.% 
CO2 (120.4%), only 108% at 20% C O 2 , and at 30% CO2 a de­
pression of 83% against the control level (100%). 

Under different conditions in submerged culture similar 
increases of mycelium growth were shown. 5%, 10% and 15% CO2 
in the air increase the yield of mycelium. On aeration with 
normal air the results were partly positive, partly negative 
compared to nonaerated cultures and those supplied with CO2/ 
respectively. The results of the daily growth (mg/day) did 
not correspond as much as in the case of agar cultures. The 
different results can be explained with the special behavior 
of Basidiomycetes in submerged culture. The mycelium growth 
depends on the special conditions of cultivation. We obtained 
different types of growth (secondary spore production) and 
reproduction rates in an experiment with Pleurotus and other 
Basidiomycetes under similar conditions. The germination and 
growth of secondary spores have most probably influenced the 
yield of mycelium in the submerged culture. 

We could also prove the special tolerance of the Pleurotus 
mycelium toward high CO2 concentrations both in sterile and 
pasteurized straw substratum. 3 days after the inoculation 
there was a CO2 concentration of more than 20%; the mycelium 
developed quickly and normally. In a closed system, the CO2 
concentration reached 3 5%. The high resistance of Pleurotus 
and the stimulating effect of CO2 on the growth of Pleurotus 
mycelium are the most important bio-technical factors in 
industrial Pleurotus production. 

The mycelium growth develops under semianaerobic conditions 
with a high content of CO2 in the gaseous part of the substra­
tum. This fact does not exclude the necessity of oxygen for 
the mycelium growth. In 1974, Zadrazil determined the rela­
tion between mycelium growth and the decrease of oxygen in 
the nutrient media. The high concentration of CO2 in the 
substratum not only has a stimulating effect on the mycelium 
growth of the Pleurotus species but also an inhibitive effect 
on other species in the non-sterile straw substratum (see 
Zadrazil, 1973). 

Pleurotus cultures (pasteurized substratum which have 
grown under semianaerobic conditions were free from other 
aerobic organism. On the other hand, those cultures which 
have grown under the same conditions, but fully aerobic, were, 
apart from Pleurotus mycelium, occupied by "weed fungi". 

In this case the CO2 is the most important factor in Pleu­
rotus culture. With a high concentration of CO2/ the ability 
of reproduction of the production is secured and saves the 
high expenditure of work of the sterile technique. 

In mass production of mycelium on solid media, the contents 
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of CO2 could be regulated from the beginning of cultivation 
by adding and circulating C02-enriched air. Thus the tempe­
rature of CO2 and O2 could be regulated and kept at an opti­
mum level during the cultivation. 

The fruit body building of Pleurotus species in comparison 
to the period of mycelium growth is a real aerobic process. 
The decomposition of the cellulose-lignin-complex is directly 
related to the exchange of air (Zadrazil, 1974). Under aerobic 
conditions, the substratum was decomposed more rapidly than 
under semianaerobic conditions. In 1974, Zadrazil summarized 
the complex of cultivating conditions of Pleurotus production. 

The experiments regarding CO2 fixation of Pleurotus 
species will be continued. 
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