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Th e same experimental design was used to study 
the impact of temperature on interaction patterns. 
Th ree replicates were made for each combination 
of the six L. edodes and 23 Trichoderma strains. As 
controls, the growth behavior of each of the L. edodes 
and Trichoderma strains was examined in single cul-
tures under the conditions mentioned above (three 
replicates each).

Based on morphological observations and the 
results of BLAST searches for the ITS1-5.8S-ITS2 
rDNA region, 14 out of the 23 Trichoderma strains 
could be identifi ed as Trichoderma harzianum Rifai, 
which represents the anamorphic state of Hypo-
crea lixii Pat. Th e similarity to strains recorded in 
GenBank was between 96 and 100%. Four of the 
isolates could be assigned to Trichoderma koningii 
Oudem. (GenBank similarity 97–99%). One of the 
isolates belongs to T. citrinoviride Bissett (GenBank 
similarity 100%) or with a similarity of 99% to T. 
reesei E.G. Simmons. Th e sequence data for the 
remaining isolate did not allow a closer determina-
tion. All identifi ed Trichoderma species are known 
to be associated with the green mold epidemic of 
commercially grown Agaricus bisporus and/or Len-
tinus edodes.

Reproducible antagonistic interaction types ex-
hibiting a relatively constant appearance of colonies 
were categorized into three main types (IT 1–3) 
according to the level of their interaction or the ag-
gressivity of the individual Trichoderma species: 

 • IT 1: a high antagonistic action (mycoparasitism) 
was characterized by strong growth suppression 
of the shiitake colony immediately after contact 
with the opponent, leading to complete over-
growth within 4–5 days in the most unfavourable 
cases. Th is antagonistic action fi nally lead to the 
lysis of host mycelia. Ninety percent of the tested 

Trichoderma strains caused this type of interac-
tion. 

 • IT 2: medium antagonistic action (passive an-
tagonism) was characterized by restricted growth 
of shiitake with a distinct, reddish-brown, on 
average 6 mm broad inhibition zone between 
the two colonies. 

 • IT 3: a low antagonistic action was defi ned by 
suspended growth of the shiitake colony within 
the fi rst days. But after 3-4 days the mycelium of 
L. edodes overgrew the mycelia of the Trichoderma 
strains. 

Th ese interaction types strongly varied with the 
applied incubation temperature: growth rates of 
the opponents or the aggressivity of individual 
Trichoderma strains distinctly changed at lower and 
higher temperatures (15 °C and 30 °C). Th is shows 
that much more knowledge about antagonistic prop-
erties of the involved biotypes (diff erent strains with 
distinguishing interaction behavior belonging to the 
same species) of both L. edodes and Trichoderma spp. 
is needed.

Th e results clearly suggest that harvested losses 
in commercially grown shiitake depend on both the 
production strain used and the individual properties 
of Trichoderma biotypes. Considering the exploding 
market for shiitake and other cultivable mushrooms, 
it is a promising aim to elucidate the biodiversity of 
potential pathogens and to uncover their mode of 
action. But reliable and easily applicable tools for an 
accurate identifi cation of Trichoderma species or their 
biotypes are still missing. Moreover, the establish-
ment of an international databank on green mold 
epidemics would be highly appreciated by commer-
cial mushroom growers and scientists as well.




