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Some Factors Affecting Growth of Mycogone perniciosa
Magn. Causing Wet Bubble in Cultivated Mushroom,
Agaricus bisporus (Lange) Sing.
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Abstract : 1. The mycelial growth and sporulation of Mycogone perniciosa was compared
-on modified Czapek’s media deficient in carbon source, nitrogen source, K,Mg, P or the heavy
metal elements. The mycelial growth was significantly reduced in solution cultures lacking Mg,
K or P and only a trace of growth occurred in solutions lacking carbon source or nitrogen
-source. Most sparse sporulation and smaller chlamydospores than on any of deficient agar media
.occurred on agar media dificient in carbon source or nitrogen source.

2. In both potato dextrose agar and malt extract solution, growth of the fungus was optimum
at 25°C, and undetectable at 10°C and 35°C.

3. Optimum pH for growth of this fungus was 7.0.

4. This fungus was killed in soil when exposed to 50°C or higher for 20 minutes or more.

mushrecom growing in these areas.

Although various fungicides were applied for the

Introduction control of the disease to the infected area,

Wet bubble disease on cultivated mushroom,
Agaricus bisporus (Lange) Sing. caused by Mycog-
«one pernictosa Magn. which was reported in 1971 for
the first time from commercial farms in Suck Sung
Mpyun area, South Choong Chung province in Korea
-spread into Ick San Gun, Chun Boock province and

became the most important limiting factor for the

results were not satisfactory.

Thus, it is considered that utilization of some
factors suppressing the development of M. perniciosa
together with using fungicides can be expected to
prevent or minimise effectively the epidemics of
the disease.

Some factors affecting the growth of this fungus

have been discussed previously by a few workers.
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Lambert (1920) reported that the most vigorous
growth was made between 21°C and 28°C. Tresc-
how (1941) indicated that the optimum tempera-
ture for this fungus was 22°C, alco Dough and
Hung (1971) reported that optimum temperature
for growth of this fungus was 25°C. According to
Trechow (1941), the optimum pH for the fungus
was 6.7, whereas Dough and Hung (1971) stated
that optimum pH was 4. 4. Lambert(1920) suggested
that vigorous cultures of M. perniciosa {ail to sur-
vive exposure to temperatures higher than 42°C for
periods of more than 6 hours. Wuest, Faker and
Conway (1970) stated that Mycogone sp. was killed
in soil treated at 54.4°C of aerated steam for 30
minutes.

Present experiments were undertaken to check
the results of other workers and to obtain further
information on the some environmental factors
affecting growth of M. perniciosa with reference

to control of wet bubble in Agaricus bisporus.

Materials and Methods

Effects ef nutrition on mycelial growth

and sporulation.

The basal medium was modified Czapek’s liquid
medium to which microelements(Cu, Zn, Mn) were
added. The formula for the basic nutritional soluti-
on was as follows; Sucrose:30g, NaNO;:2. 0g, MgSO,
+7H:0:0. 5g, K,HPO,:1. 0g, KCI:0.5g, FeSOQ,. 7H:0 :
0.001g, CuSO4 5H:0 : 0.001g, ZnSO,. 7TH;O : 0.001g
MnSO,. 7H2O : 0. 001g ; and distilled water to make
1 litre of madium.

To prepare culture solutions minus known essent-
ial elements, the following omissiens and substituti-
ons were made in the basic solution ; Minus carboh-
ydrate, sucrose omitted; minus nitrogen source, Na-
NO; omitted; minus Mg, MgSO, omitted and K:SO,
substituted; minus K, K:HPQ, and KCl omitted, and
Na;HPO, and NaCl substituted; minus P, K;HPO,
omitted and K;SO, substituted; minus heavy metal
elements, salts containing Fe, Cu, Zn and Mn omitted.

a) Growth in liquid culture solution—50ml portio-
ns of nutrient solution were placed in 250ml Erlen-

myer flasks, were autoclaved in 121°C for 20 min-

utes. Spore inoculum, prepared on potaio sucrose
agar was collected - from clant cultures that had
been incubated for 17 days at 25+1°C.

Spores were separated from the mycelia by asept-

ically filtering them through two layers of cheesec-
lot?.
Cne ml of spore suspension was abded to each
flask prior to incubation. After the media were ino-
cu'ated, the flasks were incubated at 254-1°C in still
culture. Each treatment comprised 4 replicates.

After 13 days of incukation, the contents of the
flask were transferred to a 50ml centrifuge tube,
centrifuged for 5 minutes at 1,500 r.p.m., then the
suspension was rinsed. The mycelial mat placed in
preweighed aluminum cup, dried for 24 hours at:
80~90°C and weighed.

b) Growth on agar culture—Since agar is a comp-
lex polysaccharide sulfate ester and redial growth
measurements cn colid med'a ignore tangential gro-
wth of fungus, agar cultures were used to observe
the sporulation of th's fungus. 2% agar media was
made with powder agar cf the complete nutrient

solution and all' solutions deficient in €'ements.
The inoculum discs, 6mm in diameter,were cut from.
the advancing margin of 6 day-old culture on pota-
to sucrose agar and placed in the center of each
plate. All plates were maintained at 24+1°C and
experiments were repeated twice with 7 plates of
each treatment.

Radical growth measurements were made 5 and
8 days after inoculation. In addition, the plates w-
ere observed at regular intervals under a microscope
for the amount of sporulation of chlamydospores.

and conidiospores.

Effect of temperature en
mycelial growth

a) Growth on agar media—10ml of autoclaved
potato sucrose agar medium were added to each
Petri dish. Discs 5mm in diameter, cut from the
outer margin of a potato sucrose agar culture of
the fungus were placed in the center of each plate.
The plates were incubated at 5°C intervals through
tke range of 10°C to 35°C with 5 replicates, and
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radical growth measurements were taken 7 days
after inoculation.

b) Growth in liquid culture solution—100ml of
malt extract soluticn were zdded to each 200m) Erle-
nmeyer flask. Each flask was incculated with 1 ml
of spcre sucpencion and each trestment replicated
4 times.

After they were incubated for 12 days under qui-
scent condiiion, the mycelizl mais were transferred
to pre-weighed filter raper(TOYO ROSHI KAISHA,
No.6), wasched with distilled water to remove the
surplus of nutrient solution, and dried in a drying
oven at £G°C for 40 heurs to cons‘ent weight. The
dried material was then weighed o determine yield

of the fungus from the culture medium

Effect of pH on mycelial growth

The pH of the media was adjusted between 4 to
7.6 by addition of Citrate-phosphate buffer solution
(Colowick and Kaplan, 1955) into Yeast starch
solution.

The 0.5ml of spere suspension of M, perniciosa
wag inoculated to L0m! of medium in 250ml Erlen-
meyer flask with four repicates in each treatment.

They were grown for 216 days at 25°C  in still
culture, growth was recorded as the oven-dry wei-
ght of the mycelial mats.

Thermal death point

Test-tubes were packed with 40g of soil (sandloa-
m 3:loam 7) wetted with potato sucrose solution.
They were sterilized in an autoclave at 121°C for 2
heurs. Conidial suspension in the amount of 1 ml
of M. perzicosa wes inoculated into each sterilized
test-tube. After the i{ncculation, test-tubes were
placed in an incutator at 25°C for 20 days.

The tempersture in the water bath varied at
10°C intervals ranging from 40°C to 80°C. The
exposure time in each water bath temperature were
10,20, 40 and €0 minutes. The timing commenced
when the soil heated to the treatment temperature.
Following treatment with four replicates, the inoc-
ulated and treated soil was placed on a plate of

potato sucrose agar and incubated for 4 days to

chigin the thermal death point of the fungus.

Resuits and Discussions

Effects of nutrition e¢n mycelial
growth and sporulation

Mycelial growth of M. perniciosa was the best:
in the complet> liguid medium and was saticf-
actery in the coluticn minus heavy metal elements.
When carbcn or nitrogen source were lacking, only
a trace of growth occurred and growth was signi-
ficantly reduced in eolutions lacking the essential
elements Mg, K, P. Cn the other kand, the fastest
radical growth occurred on agar medium deficient.
in K, but mycelal density was more sparse than
that on complete agar medium. The mycelial grow-
th and density on agar media deficient in Mg or
heavy metals were about equal to those on complete-
agar medium.

The radical growth on agar medium lacking in
P was the slowest but was more dense than those
on carbon source, nitrogen source or K deficient
agar medium. On agar medium lacking in carboa.
source, the mycelial growth was comparatively slow,
most sparse and difficult to see as well as that on the
water agar. The amount of sporulation of chlamydo--
spore and conidiospore was abundant on complete
agar medium and on Mg or heavy metals deficient:
agar medium, whereas the most sparse sporulation
and smaller chlamydospores than on any of above:
agar media occurred on agar medium deficient in

carbon source or nitrogen source, all of which were

‘of comparable amounts of sporulation and spore sizes.

On agar medium dificient in P, in the early stage,
chlamydospore formation retarded to some extent
and was very sparse as well as that on carbon
deficient agar medium, but amount of sporulation
was gradually increased as the colony aged.

According to preliminary experiments, malt extr-
act solution and Czapek’s solution were very satisf-
actory for growth, but the growth in Petri mineral
Also,

growth of this fungus was most rapid in Czapek’s

solution lacking a carbon source was poor.

solution supplemented by 3% sucrose, and somew-

hat inhibitive at higher concentration, while the



Kor. J. Mycol. Vol. 2, No. 1, 1974

Table. 1. Mycelial growth and sporulation of Mycogone perniciosa in modified Czapek’s solution
and on agar culture minus indicated elements.

 weig i i t of
Dry weight Radius of Relative amount o

media mycelial mats(mg) colony (inm) (l}fe]ﬁ;z:ﬁgerés)lty : ,?:1)}31;1:1131:—1011 c(l))oni Tio-
a b) dospore spore

Complete 140 68. 0 5 4 4
medium ‘

Minus C 3 64.0 1 2 1
~Minus N 16 65.6 2 2 2
Minus Mg 56 68.7 5 4 4
-Minus K 32 71.1 3 3 2
Minus P 48 62.8 4 3 3
Minus heavy 111 68.3 5 4 4
metals

L.S.D.os 25.5

a) Dry weight of mycelial mats in liquid culture after 13 days.

b) Radius colony on agar culture 5 days.

¢) Relative density of mycelia on agar culture after 8 days.
1 : Highly sparse 2 : Sparse 3: Moderate 4 : Dense 5 : Highly dense

d) Relative amount of eporulation of chlamydospore and conidiocpore on agar culture after 9 days
1: Highly sparse 2: Sparse 3: Moderate 4 : Abundant

-growth in colution minus sucrose was very meager.
Therefore, it is evident that the nutritional requir- 10k - 200
~emente of this fungus are definite and the growth
‘is cingnificantly inhibitive not only carbon source
or nitrogen source deficiency but in the mineral
-elements. The results of thzse studies demonstrate
that avoiding the use of soil containing  excessive
~organic matters and mineral elements might be

_helpful in reducing the occurrence of wet bubble. - 120

Effect of temperature on mycelial growth.

Hycelial growth rate (mm/dey)
o~
¥

In both solid and liquid cultures, growth of the
fungus was most rapid 25°C, very slow at 15°C
but undetectable at 10°C and 35°C (Fig.1). 2F

Lambert (1930) reported that M. perniciosa grew
“most vigorously when subjected to temperature bet-
ween 21°C and 28°C, which is above the normal i N

- - R - SO—
:range of temperature for growing mushroom. Acco- 1015 20 25 30 35

rding to Treschow(1941), the optimum temperature Temperature (°C)
for the growth of M. perniciosa was 22°C and no Fig. 1. The effect of temperature on growth of
fungus developed at 8°C. Dough and Hung (1971) Mycogone perniciosa in liquid (e------ °)

creported that growth of M. perniciosa was best at and on solid medium (e ——eo)

Dry weight of mycelum (mg)



Han, Kim, Jun and Shin: Factors Affecting Growth of Mycogone perniciosa

temperature of 25°C, Last and Gandy (1941) indic-
ated that the cropping temperature should be main-
tained below 15.5°C. Flegg (1968) reported that
there was no difference in the weight of the crop
when the cropping temperatures were 13.9 or 16.7°
C but 19.5°C resulted in a reduced yield when com-
pared with 16.7°C. The results of this
indicate that during the cropping the temperature
should be kept at 15°C or lower for high yield of

mushroom as well as reducing the incidence of this

experiment

disease.
Effect of pH of medium on mycelial
growth.

M. perniciosa grew well in a neutral solution of
pH 7 (Fig.2).
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Fig.2. The effect of pH on mycelial growth of

Mycogone perniciosa

The result of this test is contray to the finding

of Dough and Hung (1971) who showed that opti-
mum pH for growth of M. perniciosa was 4. 4.
Treschow (1941) reported that the optimum pH for
M. perniciosa was determined as 6.7.

Lambert and Humfeld (1939) concluded that an
approximately neutral soil (pH 7.0) gave better
mushroom yields than excessively acid or alkaline
soils, but that any pH value between pH 5.5 and

8.0 seemed suitable, also Allison and Kneehone

(1962) reported that a pH of 5.5 to 7.5 is not =
limiting factor in the suitability of either the com-
post or the casing soil for the production of mush-
rooms. Therefere, the optimum pH level of M. per-
niciosa is similar to that of A. b&isporus and the
results of this study lead to the conblusion that
artificially altering the pH of a casing soil for the

pervention of this disease is pointless.

Thermal death point

This fungus was killed in soil when exposed tor
temperatures 50°C or higher for 20 minutes or
more (Table 2).

Table 2. The thermal death point of Mycogone

perniciosa in soil when exposed to diff--
erent temperature for different lengths

of time.

Treated Mycogone recovery

from the heat-treated scil a)

minutes  40°C 50°C 60°C 70°C 80°C
10 S
20 -
40 T
60 + - - - =

a) 4 replicates/treatment, +: Recovery on Potato-

sucrose agar —: Non recovery

Lambert (1930) reported that in agar custure M.
perniciosa was killed by exposure to temperature
of 42°C for 6 hours Whest, Baker and Conway"
(1970) stated that
mushroom pathogens could not bs isolated from soil
treated at 54.4°C for 30 minutes.

the difference of thermal

Mycogone sp. and some other-

The reason for-
death points and time
among the reports may be assumed to be the differ--
ence of testing methods and materials, In additien,
when a soil, naturally contaminated with Mycogone
sp., was steamed at 80°C or higher for 30 minuts,
only 4 infected sporophores or sclerodermoid masses
were appeared in the beds cased with steamed soil
but 1,222 in beds with untreated ones.

Occurrence of small amount of wet bubble in bed
cased with steamed soil might be due to a part of

soil not thoroughly exposed with the aerated steam:
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or accidental contamination. It is considered that
for satisfactory disinfection of this disease the casi-
ng soil should be thoroughly exposed for 20 minutes

or more at a temperature of 50°C or higher.
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