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Abstract

The impact of infection with Trichoderma aggressivum f. europaeum on yield of two
strains of Pleurotus eryngii, i.e. B50 and B124, was investigated. The substrate par-
tially overgrown with mycelium of the P. eryngii strains, after 10 days of incubation
was inoculated with four different T. aggressivum f. europaeum isolates. All the exam-
ined isolates caused a significant yield reduction of the investigated strains of king
oyster mushroom while they did not exert a significant impact on carpophore mor-
phological features.
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Introduction

King oyster mushroom (Pleurotus eryngii), despite of its excellent taste, is a rela-
tively little known mushroom species. Under natural conditions P. eryngii develops
its carpophores on roots of burnt deciduous trees (Zervakis et al. 2000). It can also
be found as a facultative parasite on dying plants of field eryngo – Eryngium
campestre (Stamets 1993).

Pleurotus eryngii is very popular in Italy, Spain and the United States (Lelley
1991). The mushroom is cultivated on large scale in China, Japan and Korea
(Chang and Miles 1991, Royse and Sanchez-Vazquez 1999).

At present, the most serious threat to oyster mushroom production in Poland
constitute the so called green moulds of the Trichoderma genus. These fungi cause
considerable losses in oyster mushroom and common mushroom farms as well as
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in spawn manufacturing farms. Extensive investigations are being conducted in
many research centres in the world to find ways of the pathogen control, but so far
no effective methods have been developed to control fungi of Trichoderma genus in
the production of cultivated mushrooms. Non-aggressive T. harzianum isolates
found in mushroom-growing houses include Th1 and Th3 biotypes (Seaby 1987,
Fletcher and Gaze 2008). The aggressive biotype of T. harzianum – Th2 – is usually
designated as T. aggressivum f. europaeum, whereas the Th4 – as T. aggressivum Th4
(Seaby 1996, Williams et al. 2003). The Th4 biotype occurs in North America. Ag-
gressive biotypes of the Trichoderma genus, i.e. Th2 and Th4, are distinguished by
their bigger growth rate from morphologically similar T. harzianum and T. atroviride
isolates (Samuels et al. 2002).

The objective of the study was to determine the influence of infection with T.
aggressivum f. europaeum isolates on yield and morphological features of two strains
of the king oyster mushroom.

Material and methods

Experiments on yielding were established in four replications using random de-
sign. Two cultivation cycles were conducted and each replication comprised one
block (cultivation unit) of 3 kg weight. King oyster mushroom strains B50 and
B124 deriving from the gene bank of the Department of Vegetable Crops of Poznań
University of Life Sciences were used in the experiment.

The substrate used in the experiment was a mixture of beech sawdust and
wheat straw (80:20% vol.) of 65% moisture. The substrate was prepared at the
Farm of Mushroom and Spawn Production in Łobez near Jarocin. The substrate
was packed into PP (polypropylene) foil bags with filter (0.02 m). Bags with the
substrates were sterilized at 121°C for 2 h. After cooling to ca 21°C the substrate
was subsequently inoculated with the mycelium of the above-mentioned P. eryngii
strains. Next, cultivation blocks weighting approximately 3 kg were transferred
into the incubation chamber in which temperature of 24–25°C was maintained. Af-
ter 10 days of incubation, the substrate was inoculated with Trichoderma isolates.
Granular mycelium of Trichoderma isolates was prepared on wheat grain according
to the recipe recommended by Lemke (1971). In order to ensure uniform distribu-
tion of the inoculum, a metal tube and a dispenser were used to inject the substrate
with Trichoderma mycelium on wheat grain. The following Trichoderma isolates were
used in the experiment:

1) T. aggressivum f. europaeum – 361 – Vienna University of Technology
(Austria),

2) T. aggressivum f. europaeum 100526 – Fungal Biodiversity Centre CBS
(The Netherlands),

3) T. aggressivum f. europaeum KMS-12/3 – Łobez near Jarocin (Poland),
4) T. aggressivum f. europaeum MSI-10/14 – Kłoda near Rydzyna (Poland).
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Every 3 kg cultivation block was inocu-
lated each time with the mycelium of the
above-mentioned isolates in four different
places, uniformly in the entire bulk of the
substrate. In total, approximately 28 g (4 ×
7 g) of grain inoculum containing mycelium
of a given Trichoderma isolate were used.

Once the substrate became overgrown
with mycelium, it was transferred to the
cultivation facility in which the tempera-
ture of 17–19°C, relative air humidity of
80–85% and CO2 concentration below 750
ppm were maintained. The facility was ad-
ditionally lit using fluorescent light (Day
Light) of approximately 600 lx intensity
during 10 h per day. The harvest was car-
ried out as the carpophores matured, at the
moment when the cap edges became
straight. Carpophores were separated from the substrate by breaking them off deli-
cately. The harvest weight included whole carpophores together with the stems.

Morphological characters were carried out on five carpophores from each repli-
cation and the results were discussed on the basis of mean values obtained from
two cultivation cycles. Morphological features were assessed in accordance with
the diagram presented in Figure 1. Measurements were performed with the assis-
tance of slide callipers with up to 1 mm accuracy.

Results concerning yielding and biometric measurements were analysed using
analysis of variance for two-factor experiments at = 0.05 level of significance.
The obtained results were discussed on the basis of mean values from two cycles
for cultivation experiments. No significant differences occurred between means
from two cycles.

Results

The infection of B50 strain of P. eryngii with Trichoderma isolates caused signifi-
cant yield losses (Fig. 2). The yield of the non-infected B50 strain reached 38 g per
100 g of the substrate DM. The highest yield decrease caused by the infection with
Trichoderma isolates was observed in the case of infection with KMS-12/3 isolates
when the yield dropped to 11 g per 100 g of the substrate DM. The smallest yield
decline of the B50 strain was recorded when the substrate was inoculated with the
100526 isolate and the recorded yield amounted to 24 g per 100 g of the substrate
DM.

The infection of B124 strain with Trichoderma isolates caused very high yield
losses. The yields of the non-infected B124 strain reached 48 g per 100 g of the sub-
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Fig. 1. Measurement scheme of carpophore
morphological features



strate DM. The highest yield decrease was observed in the case of KMS-12/3 iso-
late infection when the yield dropped to 14 g per 100 g of the substrate DM. It
should be emphasised that infection of the B124 strain with the remaining
Trichoderma isolates resulted in quite considerable yield losses (Fig. 3).

Cap diameters of B50 strain not infected and infected with Trichoderma isolates
were similar. It was only when the strain was infected with the KMS-12/3 isolate
that the carpophore cap diameter was significantly smaller (48 mm) in comparison
with the remaining treatments (Fig. 4).
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Fig. 2. Yielding of the B50 strain infected and not infected with four different Trichoderma isolates

Fig. 3. Yielding of the B124 strain infected and not infected with four different Trichoderma isolates



The carpophore stem length of B50 strain infected and not infected with
Trichoderma isolates was very similar. Only when this strain was infected with the
KMS-12/3 isolate the stem length was significantly smaller than after infection
with all the remaining Trichoderma isolates (Fig. 5).

The stem diameter value was similar for all experimental combinations. The in-
fection of B50 strain with Trichoderma isolates did not influence the thickness of
carpophore stems with the exception of KMS-12/3 isolate which affected the stem
diameter of B50 strain (20 mm; Fig. 6).
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Fig. 4. Diameter of the cap carpophores of the B50 strain infected and not infected
with Trichoderma isolates (mm)

Fig. 5. Length of the stem carpophores of the B50 strain infected and not infected
with Trichoderma isolates (mm)



The infection of B124 strain with Trichoderma isolates did not exert a significant
impact on its cap diameter. The carpophore cap diameter of the non-infected B124
strain and of those infected with Trichoderma isolates was very similar and ranged
from 56 to 60 mm (the differences were not statistically significant; Fig. 7).

The carpophore stem length of B124 strain infected and not infected with
Trichoderma isolates was very similar. Infection with the Trichoderma isolates did not
affect the thickness of carpophore stems (Fig. 8).

The infection of B124 strain with Trichoderma isolates did not exert a significant
impact on the stem thickness of carpophores, either (Fig. 9).
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Fig. 6. Diameter of the cap stems of the B50 strain infected and not infected
with Trichoderma isolates (mm)

Fig. 7. Diameter of the cap carpophores of the B124 strain infected and not infected
with Trichoderma isolates (mm)



Discussion

At present, aggressive isolates of the Trichoderma genus cause huge losses in
cultivations of oyster mushrooms (Yu 2002). However, there is no information in
the available literature on the subject regarding the effect of T. aggressivum f.
europaeum isolates on yielding of P. eryngii. Earlier studies by Sobieralski et al.
(2009) revealed varying aggressiveness of Trichoderma isolates to Agaricus bisporus.
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Fig. 8. Length of the stem carpophores of the B124 strain infected and not infected
with Trichoderma isolates (mm)

Fig. 9. Diameter of the cap stems of the B124 strain infected and not infected
with Trichoderma isolates (mm)



Isolates of T. aggressivum f. europaeum used in the experiment caused significant
yield losses, both in B50 and B124 strain. The obtained results confirmed reports
of several researchers regarding high pathogenicity of the aggressive Trichoderma
isolates (Williams et al. 2003).

Infections with Trichoderma isolates used in the experiment usually did not ex-
ert a significant impact on morphological features of P. eryngii carpophores.

Conclusions

1. Infestation of the cultivation substrate with T. aggressivum f. europaeum
isolates caused very significant yield decrease of the examined P. eryngii strains.

2. Infection of mushroom cultivation with T. aggressivum f. europaeum iso-
lates usually did not exert a significant impact on carpophore morphological fea-
tures of P. eryngii.

Streszczenie

WPŁYW IZOLATÓW TRICHODERMA AGGRESSIVUM F. EUROPAEUM
NA PLONOWANIE I CECHY MORFOLOGICZNE

BOCZNIAKA MIKOŁAJKOWEGO (PLEUROTUS ERYNGII)

Celem badań było określenie wpływu infekcji izolatami Trichoderma aggressivum
f. europaeum na plonowanie oraz cechy morfologiczne owocników dwóch odmian
(B50 i B124) boczniaka mikołajkowego (Pleurotus eryngii). Podłoże przerośnięte
częściowo przez grzybnię badanych odmian boczniaka po 10 dniach inkubacji in-
okulowano czterema izolatami T. aggressivum f. europaeum, oznaczonymi jako 361,
100526, KMS-12/3 i MSI-10/14. Wszystkie badane izolaty powodowały istotne
zmniejszenie plonu badanych odmian P. eryngii. Porażenie podłoża w uprawie P.
eryngii badanymi izolatami T. aggressivum f. europaeum nie wywierało istotnego
wpływu na cechy morfologiczne owocników.
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