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Abstract

The effect of Trichoderma aggressivum f. europaeum isolates on carpophore setting
and yielding of Agaricus bisporus strains and single-spore cultures was investigated.
Two mushroom strains — Amycel 2200 and F62, as well as four single-spore cul-
tures: Am-7/B, Am-19/S, F-23/K and F-17/B were applied. The culturing sub-
strate was infected with two T. aggressivum f. europaeum isolates designated as
KWS-4/12 and MSK-17/4. The infection of the examined strains and single-spore
cultures of the mushroom with the examined T. aggressivum f. europaeum isolates
caused considerable decline in number of set carpophores and very serious drops
in yields.
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Introduction

Reports about the occurrence of the green mould in mushroom cultivations in
Poland are quite recent and come from 2002 (Szczech et al. 2008). Investigations
of Szczech et al. (2008) showed that the most frequently species of the Trichoderma
genus isolated in mushroom farms included: T. harzianum, T. atroviride, T. aggres-
stvum and T. longibrachiatum. In addition, using the PCR technique, PCR multiplex
and RAPD, they reported that the examined 24 isolates deriving from Polish
mushroom enterprises belonged to the T. aggressivum Th2 biotype.

A number of species from the Trichoderma genus occur in substrates used for
mushroom cultivation but they do not exert a strong influence on mushroom
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yields. Species known to be relatively weakly pathogenic include: T. viride, T.
aureoviride, T. pseudokoningii and T. hamatum (Seaby 1987, Fletcher and Gaze 2008),
whereas the Th2 biotype designated at present as T. aggressivum f. europaeum (Wil-
liams et al. 2003, Seaby 1996) is very aggressive and pathogenic. All fungal species
of the Trichoderma genus produce depolymerases which cause decomposition of
mycelium hyphae of mushrooms.

Earlier investigations carried out by the authors (Sobieralski et al. 2009 b) on
the growth of some T. aggressivum f. europaeum isolates deriving from domestic
mushroom producing farms revealed that their mycelium exhibited considerably
varying growth both in the substrate and in the cover.

Material and methods

Two strains of mushroom — Amycel 2200 and F62 were used in the experiment,
as well as single-spore cultures obtained from the above-mentioned strains, desig-
nated, respectively, as Am-7/B and Am-19/S, as well as F-23/K and F-17/B.
Trichoderma aggressivum f. europaeum isolates derived from the collection of the De-
partment of Vegetable Crops of the Poznan University of Life Sciences. Two iso-
lates used in the described experiments were designated as KWS-4/12 and
MSK-17/4.

In the experiment granular mycelium of the mushroom and T. aggressivum f.
europaeum isolates prepared on wheat grain according to the recipe given by Lemke
(1971) was used. The mycelium of the examined strains and cultures was prepared
in the laboratory of the Department of Vegetable Crops of the Poznan University of
Life Sciences, which subsequently was proliferated in the Mycelium Laboratory of
Cultivated Mushrooms in Lobez.

The evaluation of carpophore setting was carried out in measuring beakers of
600 cm3 volume and 10 cm diameter. The beakers were filled in 2/3 of their height
with granular mycelium of the examined mushroom strains. A 6-cm-thick layer of
peat cover was placed on the surface of the mycelium and then incubation was car-
ried out at the temperature of 25°C and 90-95% relative air humidity until the my-
celium grew into the cover to the height of 5.5 cm. The cover was made up of
highmoor (Sphaghum) peat deacidified with chalk to pH 7.5 and thermally disin-
fected. Four days after the initiation of incubation, wheat grain overgrown with
mycelium of the examined T. aggressivum f. europaeum isolates was introduced
evenly into the cover to the depth of 2 cm (five wheat grains per each beaker). At
incubation termination, the temperature was reduced to 17-18°C. Pinheads set on
the cover surface were counted up to day 14 from the moment the temperature was
reduced. The number of set pinheads was calculated per 1 cm? of the surface.

The yield comparison of the two experimental strains and single-spore cultures
was carried out in air conditioned chambers under strictly controlled conditions.
The experiment was established in plastic boxes of 38 x 30 x 16 cm. Each box was
filled with 6 kg of cultivation substrate which was prepared from rye straw and
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chicken droppings in accordance with a Dutch method described by Griensven
(1988).

Inoculation with T. aggressivum f. europaeum isolates was carried out 10 days after
the inoculation of the substrate in boxes with the mushroom mycelium. Mycelium
of the examined T. aggressivum f. europaeum isolates was introduced into the sub-
strate on wheat grains — 100 cm? per box. The substrate was then mixed thor-
oughly with the mycelium and subjected to further incubation carried out at 25°C
and air relative humidity of 85-90%. Once the substrate became overgrown with
the mushroom mycelium, a covering layer of 5 cm was applied. The cultivation
process was carried out in accordance with the principles typical of mushroom cul-
tivation. Mushrooms were harvested for six weeks. The described experiment was
established in a completely randomised design in four replications and two cultiva-
tion cycles.

Results

The infection of the investigated strains and single-spore cultures of A. bisporus
with T. aggressivum f. europaeum isolates resulted in a considerable reduction in
number of set carpophores (Figs. 1, 2). The only exception was the Amycel 2200
strain infected with the MSK-17/4 T. aggressivum f. europaeum isolate in which the
number of set carpophores (1.9 pcs/cm?) was similar to the number of pinheads
set by this strain on uninfected substrate (2.3 pcs/cm?). On the other hand, in the
case of Am-7/B and Am-19/S single-spore cultures infected with KWS-4/12 and
MSK-17/4 isolates, the infection caused significant reduction in the number of set
carpophore pinheads in comparison with non-infected cultures (Fig. 1).
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Fig. 1. Number of carpophore pinheads of the Amycel 2200 strain and Am-7/B and Am-19/S
single-spore cultures non-infected and infected with KWS-4/12 and MSK-17/4
Trichoderma aggressivum f. europaeum isolates
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Fig. 2. Number of carpophore pinheads of the F62 strain and F-23/K and F-17/B single-spore cultures
non-infected and infected with KWS-4/12 and MSK-17/4 Trichoderma aggressivum f. europaeum isolates

Also the F62 strain, as well as single-spore F-23/K and F-17/B cultures in the
case of their infection with KWS-4/12 and MSK-17/4 isolates responded by reduc-
tion of the developed carpophore pinheads number (Fig. 2).

In the case of the examined strains and single-spore cultures, the infection with
T. aggressivum f. europaeum isolates caused a very considerable yield decrease (Figs.
3, 4). On the non-infected substrate, the Amycel 2200 strain yielded 64.3 g per 100
g DM and this yield was higher than that of single-spore Am-7/B (54.7 g per 100 g
DM of the substrate) and Am-19/S (37.2 g per 100 g DM of the substrate) cultures.
The infection with the KWS-4/12 and MSK-17/4 T. aggressivum f. europaeum isolates

—~ 707643
°
2 -
3 60 7 54.7
Q
(% —
[0} 50 1
£
5 i 372
S
a
é’ 301 24.1 200
‘é 204 18.4 63 2
2 8.4 78
o .
2
0 T T T T T T T T TD TD T T%
N & O &
. & : e & < & ] S
& @ & ® LIRS RS N2
ot oF ot ot o
S § Q7 4§ o o
rﬁ/ rﬂ/ @f\ & :\Cb >
& PN S &

Fig. 3. Yielding of the Amycel 2200 strain and Am-7/B and Am-19/S single-spore cultures
non-infected and infected with KWS-4/12 and MSK-17/4 Trichoderma aggressivum f. europaeum isolates
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Fig. 4. Yielding of the F62 strain and F-23/K and F-17/B single-spore cultures non-infected
and infected with KWS-4/12 and MSK-17/4 Trichoderma aggressivum f. europaeum isolates

caused very high yield losses ranging from 24.1 g per 100 g DM of the substrate in
the Amycel 2200 strain infected with the KWS-4/12 isolate to 7.8 g per 100 g DM of
the substrate in the single-spore Am-19/S culture infected with the MSK-17/4 iso-
late (Fig. 3).

The examined F62 strain gave yields of 74.5 g per 100 g DM of the substrate in
the case of the non-infected substrate, whereas, under the same conditions, the
F-23/K and F-17/B single-spore cultures recorded much lower yields of 50.1 g per
100 g DM of the substrate and 31.7 g per 100 g DM of the substrate, respectively.
The infection with KWS-4/12 and MSK-17/4 T. aggressivum f. europaeum isolates
caused very significant yield decrease. Yield of strains and single-spore cultures in-
fected with the above-mentioned isolates ranged from 40.2 g per 100 g DM of the
substrate in the F62 strain infected with the MSK-17/4 isolate to 12.5 g per 100 g
DM of the substrate in the single-spore F-17/B culture infected with the
KWS-4/12 isolate (Fig. 4).

Discussion

No information is available in literature on the subject regarding the response
of mushroom single-spore cultures to the infection with Trichoderma isolates. The
performed investigations showed that the employed KWS-4/12 and MSK-17/4 T.
aggressivum f. europaeum isolates caused very serious reduction in the amount of
formed pinheads in the investigated mushroom strains and single-spore cultures.
Only in one case, i.e. infection of the Amycel 2200 strain with the MSK-17/4 iso-
late, number of set pinheads was similar as in the non-infected substrate.
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The obtained results fully confirmed information available in literature con-
cerning high pathogenicity of Trichoderma isolates occurring in mushroom
cultivations (Williams et al. 2003). Earlier experiments performed by the authors
(Sobieralski et al. 2007) showed considerable variations in mushroom sin-
gle-spore cultures regarding yielding and morphological traits. There are data in
the literature on the subject concerning variations in single-spore cultures regard-
ing: mycelium growth and carpophore morphology, response to the medium and
yields (Kneebone et al. 1976). The strains and single-spore cultures used by the au-
thors were characterised by similar response to infection with T. aggressivum f.
europaeum isolates. However, it appears that the application in the described inves-
tigations of higher numbers of mushroom single-spore cultures may result in se-
lection of cultures which respond to the infection with the above-mentioned
isolates with smaller yield decrease. Experiments carried out by the authors in re-
cent years (Sobieralski et al. 2009 a) showed that brown strains of mushroom re-
sponded to infections with T. aggressivum f. europaeum by lower yield declines than
white strains. Therefore, it can be assumed that the application of some breeding
methods may lead to obtaining strains of mushroom which respond to infection
with Trichoderma isolates with lower yield drops.

Streszczenie

WPLYW INFEKCJI IZOLATAMI TRICHODERMA AGGRESSIVUM
F. EUROPAEUM NA WIAZANIE OWOCNIKOW I PLONOWANIE
PIECZARKI DWUZARODNIKOWE] (AGARICUS BISPORUS)

Celem badan byto okreslenie wptywu infekcji izolatami Trichoderma aggressivum
f. europaeum na wigzanie owocnikéw oraz plonowanie pieczarki. Uzyto dwoch od-
mian pieczarki: Amycel 2200 i F62 oraz czterech kultur jednozarodnikowych:
Am-7/B, Am-19/S, F-23/K i F-17/B. Infekcji dokonano dwoma izolatami T. aggres-
sivum f. europaeum, oznaczonymi jako KWS-4/12 oraz MSK-17/4.

Oceng¢ wigzania owocnikéw prowadzono w zlewkach miarowych o pojemnoéci
600 cm?3 i $rednicy 10 cm. Infekcja badanych odmian i jednozarodnikowych kultur
pieczarki badanymi izolatami powodowala przewaznie znaczne zmniejszenie licz-
by zawigzanych owocnikow.

Poréwnanie plonowania przeprowadzono w komorach klimatyzowanych. Uzy-
to podtoza uprawowego na bazie stomy zytniej i pomiotu kurzego. Uprawe prowa-
dzono w skrzynkach plastikowych o wymiarach 38 x 30 x 16 cm napelnionych
podiozem w iloéci 6 kg. Infekcja badanych odmian i kultur jednozarodnikowych
pieczarki izolatami T. aggressivum f. europaeum powodowata bardzo znaczne zmniej-
szenie plonu.
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