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Abstract: The research project aimed at determining the effect of incubation temperature and pH of the agar medium on the mycelium 
growth of Mycogone perniciosa (Magnus) Delacroix and Verticillium fungicola (Preuss) Hassebrauk in in vitro conditions. Ten M. perni-
ciosa and ten V. fungicola isolates were applied. Mycelium growth of the above-mentioned isolates was studied on PDA agar medium 
(Merck) enriched with an extract from mushroom hyphae, at temperatures ranging from 15 to 30°C and pH from 5.5 to 7.5. Incuba-
tion temperature was found to affect the mycelium growth rate of the examined pathogens. Mycelium growth in all M. perniciosa and  
V. fungicola isolates was the fastest at the temperature of 25°C, while a temperature of 15°C inhibited their growth significantly. Myce-
lium growth of the examined pathogens also depended on medium pH. M. perniciosa mycelium developed best at pH = 5.5, whereas 
at the same medium pH V. fungicola mycelium exhibited the worst growth.
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INTRODUCTION
Wet bubble and dry bubble, caused by the Mycogone 

perniciosa (Magnus) Delacroix and Verticillium fungicola 
(Preuss) Hassebrauk mycoparasites, are diseases associ-
ated with Agaricus bisporus (Lange) Imbach cultivation 
(Umar et al. 2000; Sharma and Singh 2003). For some time 
now, the name V. fungicola has been used interchangeably 
with the name Lecanicillium fungicola (Preuss) Zare&Gams 
(Zare and Gams 2008). The above-mentioned pathogens 
occur in many regions of the world and losses caused by 
them in A. bisporus cultivations vary considerably (Gea et al. 
2003, Maszkiewicz et al. 2006; Glamoclija et al. 2008; Meyer 
and Korsten 2008). In Poland, both diseases occur quite 
frequently, especially in small mushroom growing farms. 
The frequency of the diseases is mainly due to considerable 
production fragmentation as well as inappropriate hygiene 
conditions. The development of pathogens, their virulence 
and spreading velocity, to a considerable extent depend 
on conditions prevailing in the cultivation facilities. These 
conditions are, among others, temperature and cover pH 
(Maszkiewicz et al. 2006; Fletcher and Gaze 2008).

The objective of the investigations was to determine 
the impact of the incubation temperature and agar medi-
um pH on mycelium growth of several M. perniciosa and 
V. fungicola isolates obtained from domestic and foreign 
mushroom growing houses.

MATERIALS AND METHODS 
The following isolates of pathogenic fungi were used 

in the described investigations: 
– M. perniciosa – PGM5, PGM6, PGM8, PGM9, PGM15, 

PGM16 and PGM20 derived from the collection of the 
Institute of Horticulture in Skierniewice, Poland, and 
MP10/2, MP12/4 and MP22/14 derived from the collec-
tion of the University of Life Sciences in Poznań, Poland

– V. fungicola – 16A, 23A, V25, V26 and V31, which de-
rived from the collection of the Institute of Horticulture 
in Skierniewice, Poland and V4/1, V28/11, VHL1, VHL2 
and VHI1 derived from the collection of the University 
of Life Sciences in Poznań, Poland.

The examined isolates were obtained from A. bisporus 
cultivations situated in different regions of Poland with 
the exception of V. fungicola VHL1 and VHL2 isolated 
from infected carpophores derived from Holland and 
VHI1 derived from Spain.

Experiments were carried out on sterile Petri dishes 
of 9 cm diameter on a PDA medium (Merck, pH = 6.6) 
enriched with extract from A. bisporus. The extract was 
obtained by submerging 200 g carpophores in 500 cm3 
distilled water and then breaking them up in a mixer. 
The obtained material was dried on a filter paper and the 
obtained filtrate was added to the substrate. Each 1 dm3 
substrate was enriched with a  20 cm3 extract. Following 
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a 15-minute sterilisation at a temperature of 121°C, the 
liquid medium was poured onto Petri dishes. When the 
medium solidified, it was inoculated with 4 mm in diam-
eter agar discs which were overgrown with the mycelium 
of pathogenic fungi. The discs were placed in the centre 
of the dish, in such a way that the mycelium adhered di-
rectly to the medium surface. 

Two separate experiments in a completely random 
design, in five replications and two series were estab-
lished. In the first trial, the impact of incubation tempera-
ture on the growth of pathogenic fungi was examined. 
The following incubation temperatures were applied:  
15, 20, 25 and 30°C. In the second trial, media of varying 
pH were employed. The following pH values were ap-
plied: 5.5, 6.0, 6.5, 7.0 and 7.5. Medium pH was regulated 
using 1% citric acid and 0.1 n NaOH. In this case, the in-
cubation was carried out at a temperature of 25°C. In both 
experiments, measurements of the mycelium colony di-
ameter were taken after 21 days of incubation. 

The assessment of the investigation results was per-
formed with the assistance of the analysis of variance for 
factorial experiments at α = 0.05 by the Keuls-Newman 
test.

RESULTS AND DISCUSSION
Incubation temperature was found to affect myce-

lium growth of both examined pathogens (Figs. 1, 2). 
The mycelium of all the examined V. fungicola isolates 
developed best at a temperature of 25°C, poorer at a tem-
perature of 20°C, and its worst growth was recorded at 
15°C. An incubation temperature of 30°C caused total 
mycelium growth inhibition of all the tested isolates, 
with the exception of isolate VHI1. The response of all  
V. fungicola isolates to the incubation temperature was 
similar with only slight deviations, and with the exception 
of isolate VHI1. The mycelium of this isolate continued to 
grow even at the temperature of 30°C, whereas tempera-
tures of 20 and 15°C clearly reduced the growth rate of 
the mycelium in comparison with the remaining isolates. 
Geels et al. (1988) reported that temperatures above 20°C 
strongly accelerated infestation of the cultivation with the 
pathogen. Gams and Zaayen (1982) as well as Zaayen and 
Gams (1982) emphasised the fact that two forms of V. fun-
gicola can occur in the cultivation of  A. bisporus, differing 
from each other by the optimal temperature of mycelium 
growth. In the case of V. fungicola var. fungicola, the opti-
mal temperature of mycelium growth ranges from 20 to 

Fig. 1.	 Influence of temperature on the mycelium growth of some V. fungicola isolates

Fig. 2.	 Influence of temperature on the mycelium growth of  some M. perniciosa isolates
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24°C, whereas for the V. fungicola var. aleophilum – from 
24 to 27°C. Both the above forms are very similar mor-
phologically and differences between them are, primar-
ily, of a physiological nature. It appears that all of the 
V. fungicola isolates tested in our experiments belonged 
to the first of the above-mentioned forms, and the opti-
mal temperature of their mycelium growth was close to 
that quoted by the above researchers, whereas the VHI1 
isolate exhibited traits of the V. fungicola var. aleophilum. 
Juarez del Carmen et al. (2002) demonstrated that isolates 
of V. fungicola var. fungicola and V. fungicola var. aleophilum 
grew similarly at a temperature of 23°C, while at a tem-
perature of 30°C, they recorded growth only in the case 
of the V. fungicola var. aleophilum mycelium. The member-
ship of the examined isolates from our experiments to 
the above-mentioned forms could only be confirmed by 
detailed morphological and molecular studies (e.g. PCR). 
In the case of all the examined M. perniciosa isolates, their 
mycelia developed best at a temperature of 25°C and only 
slightly worse at the temperature of 20°C. On the other 
hand, the applied temperature of 15°C slowed down the 
rate of mycelium growth, significantly. This corroborates 
information given by Lambert (1930) who claimed that 

a temperature of 24°C is optimal for the growth of this 
pathogen. Glamoclija et al. (2008) conducted studies on 
the morphology of different M. perniciosa isolates and 
considered 25°C as the temperature optimal for their de-
velopment. Also Tan et al. (1994) concluded that the above 
temperature was optimal for the growth of M. perniciosa 
mycelium. An incubation temperature of 30°C was found 
to considerably reduce mycelium development of all the 
examined M. perniciosa isolates. It appears that in the case 
of occurrence in the cultivation of both of the discussed 
diseases, their development could be checked by reduc-
ing temperature to 15°C or lower. Nair and Macauley 
(1987) found that decreasing temperature from 20°C to 
14°C decreased the development of V. fungicola. On the 
other hand, Bech et al. (1989) reported that in France, in 
the situation of mushroom cultivation in underground 
bunkers where the temperature amounted to 15°C, dis-
eases caused by M. perniciosa and V. fungicola occurred 
much less frequently than in traditional cultivation at the 
temperature of 16–19°C. 

Medium pH was found to affect the mycelium growth 
of both the examined pathogens (Figs. 3, 4). Growth of the 
V. fungicola mycelium was similar within the entire range 

Fig. 3.	 Influence of medium pH on the mycelium growth of some V. fungicola isolates

Fig. 4.	 Influence of medium pH on the mycelium growth of some M. perniciosa isolates
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of the applied pH values of the medium, with no appar-
ent differences between the experimental isolates. The 
only exception was pH = 5.5, where the mycelium was 
found to grow worse than in the case of the remaining 
reaction values. The authors failed to find in the available 
literature, data about optimal pH values for V. fungicola 
mycelium growth. Thapa and Jandaik (1986) reported 
that sprouting of V. fungicola spores was best at pH values 
ranging from 5.0 to 5.5. In addition, the above research-
ers also found that within the above pH rate, the sprout-
ing hyphae were characterised by the greatest length. It is 
difficult to account for the discrepancies between the re-
sults of our research and those of the above-mentioned 
researchers. In the case of M. perniciosa, mycelium devel-
oped best at pH = 5.5, irrespective of the examined isolate. 
Within the remaining range of the medium pH values, 
the mycelia of all isolates developed at similar rates. The 
obtained results confirm the findings of Tan et al. (1994), 
that the optimal pH for the development of M. perniciosa 
mycelium ranges from 5 to 5.6.

CONCLUSIONS
1.	 Incubation temperature influenced mycelium growth 

of the examined M. perniciosa and V. fungicola isolates. 
The temperature most favourable for the mycelium 
development of both pathogens was 25°C, while 
a temperature of 15°C checked their growth signifi-
cantly.

2.	 The VHI1 isolate of V. fungicola showed high resis-
tance to the incubation temperature of 30°C.

3.	 Within the examined range of the medium pH, pH = 5.5  
was found to be the most favourable for the mycelium 
development of the examined isolates of M. perniciosa, 
and limited the growth of V. fungicola isolates.

REFERENCES
Bech K., Jacobsen B.D., Kovacs G., Grabbe K., Hilber O. 1989. 

Investigations on the influence of temperature on growth 
and spore formation of Mycogone perniciosa and Verticillium 
fungicola, two pathogenic fungi of the cultivated mush-
room. Mush. Sci. 12 (2): 739–751.

Fletcher J.T., Gaze R.H. 2008. Mushroom Pest and Disease Con-
trol. Manson Publishing, London, UK, 192 pp.

Gams W., van Zaayen A. 1982. Contribution to the taxonomy and 
pathogenicity of fungicolous Verticillium species. I. Taxono-
my. Neth. J. Plant Pathol. 88 (2): 57–78.

Gea F.J., Tello J.C., Navarro M.J. 2003. Occurrence of Verticillium 
fungicola var. fungicola on Agaricus bitorquis mushroom 
crops in Spain. J. Phythopathol. 151 (2): 98–100.

Geels F.P., van de Geijn J., Rutjens A.J. 1988. Pests and diseases.  
p. 361–422. In: “The Cultivation of Mushrooms” (L.J.LD. 
van Griensven, ed.). Horst, Netherlands, 515 pp. 

Glamoclija J., Sokovic M., Ljaljevic-Grbic M., Vukojevic J., Milen-
kovic I., van  Griensven L. 2008. Morphological characteris-
tics and mycelial compatibility of different Mycogone perni-
ciosa isolates. J. Microsc. 232 (3): 489–492.

Juarez del Carmen S., Largeteau-Mamoun M.L., Rousseau T., 
Regnault-Roger C., Savoie J.M. 2002. Genetic and physi-
ological variation in isolates of Verticillium fungicola caus-

ing dry bubble disease of the cultivated button mushroom, 
Agaricus bisporus. Mycol. Res. 106 (8): 1163–1170.

Lambert E.B. 1930. Studies on the relation of temperature to the 
growth, parasitism, thermal death  points, and control of 
Mycogone perniciosa. Phytopathology 20 (1): 75–83.

Maszkiewicz J., Dmowska E., Ignatowicz S., Lewandowski M., 
Szymański J. 2006. Ochrona Pieczarki. Praca zbiorowa pod 
red. J. Maszkiewicza. Hortpress, Warszawa, 144 pp.

Meyer L., Korsten L. 2008. A nested PCR for the detection of My-
cogone perniciosa causing wet bubble disease of white but-
ton mushrooms. Mush. Sci. 17 (1): 554–564.

Nair N.G., Macauley B.J. 1987. Dry bubble disease of Agaricus 
bisporus and A. bitorquis, and its control by prochloraz-
manganese complex. New Zealand J. Agri. Res. 30 (1): 
107–116.

Sharma V.P., Singh Ch. 2003. Biology and control of Mycogone 
perniciosa Magn. causing wet bubble disease of white but-
ton mushroom. J. Mycol. Plant Pathol. 33 (2): 257–264.

Tan Q., Wang l., Wang Y., Wang J. 1994. A study on biological 
characteristics in isolates of Mycogone perniciosa Magn. Acta 
Edulis Fungi 4 (2): 1996–2001.

Thapa C.D., Jandaik C.L. 1986. Spore germination behavior of 
Verticillium fungicola (Preuss) Hassebr. under different en-
vironmental conditions. p. 405–410. In: Proc. Int. Symp. Sci. 
Technical Aspects Cult. of Edible Fungi, Pennsylvania State 
University, PA, USA, 15–17 July 1986.

Umar M.H., Geels F.P., van Griensven L.J.LD. 2000. Pathology 
and pathogenesis of Mycogone perniciosa infection of Agari-
cus bisporus. p. 561–567. In: Proc. 15th Int. Cong. Sci. and 
Cult. of Edible Fungi, vol. 2, Maastricht, Netherlands. 15–
19 May 2000.

van Zaayen A., Gams W. 1982. Contribution to the taxonomy and 
pathogenicity of fungicolous Verticillium species. II. Patho-
genicity. Neth. J. Plant Path. 88 (2): 143–154.

Zare R., Gams W. 2008. A revision of the Verticillium fungicola spe-
cies complex and its affinity with the genus Lecanicillium. 
Mycol. Res. 112 (7): 811–824. 

POLISH SUMMARY

WPŁYW TEMPERATURY I PH NA WZROST 
GRZYBNI IZOLATÓW MYCOGONE 
PERNICIOSA I VERTICILLIUM FUNGICOLA 
POCHODZĄCYCH Z POLSKICH 
I ZAGRANICZNYCH PIECZARKARNI

Badania miały na celu określenie wpływu temperatu-
ry inkubacji oraz odczynu pożywki agarowej na wzrost 
grzybni Mycogone perniciosa (Magnus) Delacroix i Verticil-
lium fungicola (Preuss) Hassebrauk, w warunkach in vi-
tro. Wykorzystano 10 izolatów M. perniciosa pozyskanych 
z pieczarkarni, z różnych rejonów Polski (8 izolatów) oraz 
Niemiec (2 izolaty), a także 10 izolatów V. fungicola (7 kra-
jowych i 3 z terenu Hiszpanii i Holandii). Wzrost grzybni 
wymienionych izolatów badano na pożywce agarowej 
PDA (Merck) wzbogaconej wyciągiem z owocników pie-
czarki w temperaturze od 15 do 30°C (co 5°C) i pH od 5,5 
do 7,5 (co 0,5 pH). Stwierdzono wpływ temperatury inku-
bacji na szybkość wzrostu grzybni badanych patogenów. 
Wzrost grzybni u wszystkich izolatów M. preniciosa i V. 
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fungicola był najszybszy w temperaturze 25°C. Odporność 
V. fungicola na temperaturę 30°C była różna dla izolatów 
pochodzących z Polski i Holandii oraz dla jednego izola-
tu z Hiszpanii. Temperatura 15°C znacząco ograniczała 
wzrost wszystkich badanych izolatów M. perniciosa i V. fun-
gicola. Wzrost grzybni badanych patogenów zależał od od-

czynu pożywki. Grzybnia M. perniciosa rosła najlepiej przy  
pH = 5,5, a wyższe wartości powodowały nieznaczne 
zmniejszenie szybkości wzrostu u wszystkich badanych 
izolatów. W przypadku V. fungicola słabszy wzrost grzybni 
stwierdzono tylko przy pH pożywki wynoszącym 5,5.	


