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Factors Affecting Growth of T7richoderma spp.
with Special Reference to Control of Green
Mildew in Agaricus bisporus.

Won Mok Park*. Dong Soo Kim*,
Yong Hwan Park*. Hoo Sup Chung.**
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Abstract

Four species of Trickoderma causing green mildew of Agaricus bisporus were isolated from 38

spots of mushroom growing areas in Korea. These are T. koningi, T. lignorum, T. glaucum and

an unidentified species, and their frequencies of occurrence are 50%, 32%,

13% and 5% respecti-

vely. All of these species grew well in potato dextrose, Waksman’s and Richard’s solution, and

preferred acid (pH. 4) to neutral.

The temperature in mushroom house should be kept at 15°C during cropping period, not only for

the high yield of mushroom but also for the prevention of green mildew of mushroom caused by

Trichoderma spp.

T'. lignorum was killed in soil on an exposure of 60 minutes at 70°C and when exposed for 30

minutes at 80°C. Peak heat procedure of compost eliminated T. lignorum and T. koningi.

Introduction

1t is a well established fact that many Trichoderma
spp. produce a toxic substance which kills many soil
borne micro-organisms®1.  Trichoderma spp. grow
rapidly in mushroom compost and casing soil, when
the conditions are favorable. The mushroom growers
often suffer heavy damage from these fungi.

Much research have been done with Trichoderma
spp. as mushroom pathogens. Kneebone & Merek®
reported that there were at least 3 species of Tricho-
derma which attack Agaricus bisporus, a cultivated

mushroom. Weindling & Emerson™ obtained the

highest yields of a toxic substance from the culture
of T. lignorum grown in a highly acid medium (pH.
3 to 4.). Park, et al® indicated that the highest yield
of mushroom was produced in casing soil at pH 7.5.
Flegg® showed that the temperatures in the range of
14° to 19°C produced high yield and good quality of
mushroom. Park & Park!® reported that beginning
15 days after casing, the keeping of a temperature of
15°C during the cropping period resulted in a high
yield of mushroom. Wuest, et al'® indicated T'. viride
could be eradicated in the soil by an exposure of 30
minutes at 54.4°C. Lambert & Ayers” reported that
T. koningi was killed in 4 hours at 60°C. Rasmussen!?

reported that the one of the effects of peak heat of
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compost was pasteurization of compost.

The present experiments were conducted to determ-
ine the frequencies of important Trichoderma spp.
causing green mildew of A. bisporusin Korea and the
effect of environmental factors on the control of the

green mildew.
Materials and Methods

Mycelial growth of Trichoderma spp.

Eight different liquid media were used to grow the
two species, T. lignorum and T. koningi. Ingredients
of each medium per 1000ml of dstilled water were as
follows:

a. Potato Dextrose: Potato 200g, Dextrose 20g.

b. Malt Extract: Malt extract 20g.

c. Corn Meal: Corn meal 20g, Pepton 20g, Dextrose
20g.

d. Yeast Starch: Yeast extract 4g, Soluble starch 15g,
K-HPO, 1g, MgSO47H;0 0.01g.

e. Waksman’s Solution: Glucose 10g, Pepton 5g, KH;
PO, 1g, MgSO47H,0 0.5g.

f. Czapek’s Solution: NaNQO; 3g, K;HPO, 1g, KClI
0.5g, MgSO7H,0 0.5g FeSO,.7H:O 0.01g, Sucrose
30g.

g. Petri Mineral Solution: Ca (NOj); 0. 4g, MgSO,7H,0
0.15g, KH,PO, 0. 15g, KCI 0. 06g.

h. Richard’s Solution: KNO; 10g, KH;PO, 5g, MgSO,.
7H,0 2.5g, FeCl 0.02g, Sucrose 50g.

Conidial suspensions in the amount of 0.2ml of each
of the two species of Trichoderma were used separa-
tely to inoculate into the each of eight media. Each
test tube contained 25ml of the medium with four
replicates. After inoculation, the test tubes were held
for 20 days in an incubator at 25°C. During this
period the cultures were agitated 3 times daily. The
mycelial mats in the test tubes were placed on filter
papers (Toyo Roshi Kaisha, No. 5). The filter papers
and myecelial mats were dried for 30.minutes at 105°C
in a drying oven. The dried material was then weig-
hed to determine yield of the fungi from the different

culture media.

The effect of pH of medium on myecelial
growth.

9

The pH of the media was adjusted between the
range from 4 to 8 by the use of a buffer solution (cit-
rate-phosphate)? into Richard’s solution. The 0.2ml
of conidial suspension of T. lignorum was inoculated
to 100ml of the medium in 250 ml Erlenmeyer flask
with four replications. They were grown for 10 days
in an incubator at 25°C. During this period the cult-
ures were agitated 3 times daily. Dry weight of the

fungus was obtained as described previously.

The effect of temperature on symptom

appearance,

A. bisporus were grown in 850 cm? box, in a mus-
hroom house with the temperature at about 25°C dur-
ing spawn growth. The conidial suspension of T.
lignorum mixed with the casing soil, just before casing.
To induce symptoms the temperature was maintained
at about 15°C during first flush and then it was raised
to about 22°C for 2 days at beginning of second flush.
The temperature was dropped again to 18°C after the
2 days at 22°C. Each test-plot consisted of four rand-
omized replicates. The numbers of the healthy and
diseased mushrooms were counted to determine the

relationship of the symptoms to temperature.
Thermal death time of T. lignorum.

Test tubes were filled with a mixture of soil and

conidial suspension. Four test tubes were then
dipped in a water bath for 30 minutes and the other
four for 60 minutes. The temperature in the water
baths varied at 10°C intervals through the range of
40°C to 90°C. The timing of the period commenced
when the soil heated to the treatment temperature.
Following treatment, the inoculated and treated soil
was placed on potato sucrose agar (PSA). and incu-
bated for 5 days, to obtain the thermal death point of

the fungus.

The effect of peak heat of compost on
control of Trichoderma spp.

The room and compost temperature was kept initi-
ally at 60°C for 12 hr. after which the temperature
was kept at 40°C for 5 days. The heat source was
steam. Test tubes were filled to about 80% of their
capacity with fragments of compost infested with T,
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lignorum and T. koningi, The test tubes were inserted
into the compost during peak heat procedure. After
that exposure, the fragments of compost in the test
tubes were placed on the PSA. and incubated for 5
days at 25°C to determine the effect of such treatment

on the growth of pathogens.

Results and Discussions

Frequencies of Trichoderma spp.
invading A. bisporus.

To investigate the frequencies of Trichoderma spp.
causing green mildew of A. bisporus, Trichoderma
spp. were isolated from diseased fruit bodies and casing
soils at 38 mushroom growing areas through Korea.
Trichoderma spp. were isolated on the acidified PSA.
The identification was done by colony types and
color®®. on Czapek's agar. The results indicated that
there are 4 species of Trichoderma from A. bisporus
in Korea. They are T. koningi, T. lignorum, T,
glaucum and one unidentified species, and their frequ-
encies are 50%, 32%, 13% and 5% respectively. Early
studies on Trichoderma spp. showed that there were
at least 3 species of Trichoderma which damaged
mushrooms®, It is considered that T.koningi and T.
lignorum are the most important species in Korea,

because of their high frequencies of occurrence,
Mycelial growth of Trichoderma spp.

Trichoderma grows well in most media tested. Am-

ong the natural media, potato dextrose was the best

Table 1. Dry weight of mycelia grown in various
liquid media for 20 days at 52°C.

Med:a T komngz T lzgnarum
Potato Dexcrose 76(mg) 92(mg)
Malt Extract 25 22
Corn Meal 51 55
Yeast Starch 31 62
Waksman 52 45
Czapek 22 29
Petri Mineral 2 2
Richard 48 59
L.S.D.o.05 12 8.9

and among the synthetic media, Richard’s and Waks-
man’s solution were very satisfactory for growth, but
the growth in Petri mineral solution was meager.
(Table 1).

The poor growth in Petri minera]l solution might be
due to the lack of carhon sources. Therefore decreasi-
ng the organic matters from casing soil might be

helpful in reducing the damage from Trickoderma.

The effect of pH of medium on mycelial
growth.

Trichoderma grew rapidly in acidic solution. The
optimum pH level for T. lignorum whereas mushroom

(A. bisporus) was a reverse relationship. (Fig. 1).
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Fig. 1. The effect of pH on yield of A. bisporus

(Kor. J. Pl. Prot. 10:59-62) and mycelial

growth of T. lignorum.
mushroom preferred near neutral acidity (pH 7.5).
Thomas!® reported that the addition of lime to casing
soil aided in preventing development of green mold
which reduces mushroom yields. Weindling & Emer-
son'® reported that the highest yields of an antibiotic
substance were obtained from a culture of 7. lignorum

grown in a highly acid medium(pH 3 to 4). It has

been reported that the highest yield of mushroom can



be obtained at neutral casing soil (pH 7 to 8)%. The
results of these studies indicate that the neutralization
of casing soil is very important, not only for mushro-

om yield, but also for the prevention of Trichoderma.

The effect of temperature on symptom
appearance,

The present experiments showed that when mushr-
oom grew at 15°C, the appearance of symptoms of
Trichoderma was 4.8%, while the room temperature
was raised to 22°C for 2 days in beginning of second
flush, the symptom appearance increased to 53.1%
during second flush. This showed that the effect of
temperature on disease occurance was very important
and during cropping the temperature should be kept
at 15°C for high yield of mushroom as well as preve-
nting the disease. For spring cropping, the cropping
should be finished before the air temperature rise to
20°C. Park & Park!® indicated the optimum tempera-
ture during cropping period was 15°C, also Flegg®
showed that the temperature in the range 14°C to 19°C

produced mushrooms which grew faster and larger.

Thermal death time of T. lignorum.

Trichoderma lignorum was killed when exposed for
60 minutes at 70°C and when exposed for 30 minutes
at 80°C. (Fig. 2). Beck & Rasmussen! stated that
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Fig. 2. The survival percentage of 7. lignorum at

various temperatures.

Trichoderma and some other mushoom pathogens in
soil could be disinfected by exposing the soil to 60°C

for 5 hours. Lambert & Ayers” reported that Trich-

oderma koningi was killed when exposed 4 hours at
60°C. The reasons for the differences of thermal death
points and times among the reports be assumed the
difference of testing methods, soil conditions and isol-
ates used. It is considered that for satisfactory disinf-
ection, the soil should be exposed for 30 minutes at a

temperature of 80°C to steam sterilization.

The effect of peak heat of compost on
control of Trichoderma spp.

Exposures to the peak heat procedure eliminated T.
lignorum and T. komingi. Rasmussen'V also reported
the one of the effects of peak heat was pasteurization
of compost. The present experiment showed complete
eradication of Trichoderma spp. in compost by peak
heat. It is considered the peak heat is very satisfactory

process to sterilize compost.
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