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Isolates of th e  snow m old fungus Typhula incarnata  from Radzików, Blonie, near W arsaw  in 
Poland form ed m any small-sized sclerotia  (<  1 m m ) a t 0°C . T his phenom enon was no t observed 
in o th er isolates from  different locations th a t  have regions w ith annual snow cover. T he form ation 
of sm all-sized sclerotia  by Polish isolates decreased w ith rising tem p era tu re , bu t th e  form ation 
of large-sized sclerotia  increased.
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H oshino T ., P roňczuk  M ., K iriaki M. and  Y um oto I. (2004): Vliv tep lo ty  n a  vývin sklerocií 
u  psychro trofn ího  d ru h u  T yphu la  in ca rn a ta  v Polsku. -  Czech Mycol. 56: 113-120

K m eny druhu  Typhula incarnata  pocházející z Radzikówa u B lonia poblíž Varšavy v Polsku 
tvořily  při tep lo tě  0°C  m noho m alých sklerocií (<  1 m m ). Tento jev  nebyl pozorován u km enů 
pocházejících z oblastí, kde sněhová pokrývka vytrvává po delší období. T vorba malých sklerocií 
u polských km enů se snižovala s rostoucí tep lo tou , zatím co tvo rba  velkých sklerocií se zvyšovala.

INTRODUCTION

Snow mold fungi are psychrophilic or psychrotrophic fungal pathogens of pe
rennial grasses and w inter cereals in the N orthern Hemisphere (Hsiang et al. 1999, 
Sm ith 1986). The genus Typhula (Basidiomycota) includes five species of snow 
m old fungi, T. incarnata  Lasch ex Fr., T. ishikariensis S. Imai, T. phacorrhiza  
(Rich.: Fr.) Fr., T. trifolii Rostr. and T. variabilis Riess. The h rst two species have 
serious economic im pact, and T. incarnata  requires less th an  three m onths of snow 
cover to  cause a serious injury to  fodder grasses and w inter cereals. Injuries caused
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by th is fungus have been observed even w ithout snow cover (Ársvoll 1973, Bruehl 
and Cunfer 1971, Detiffe et al. 1981). T. ishikariensis is a psychrophilic fungus 
and  is found m ainly in areas w ith more th an  5 m onths of snow cover (Ársvoll 1973, 
Bruehl and Cunfer 1971).

I t has been reported  th a t T. incarnata  is a  versatile pathogen w ith a different 
ecological behaviour in different environm ents (M atsum oto et al. 1995). In contrast, 
T. ishikariensis has evolved several infraspecihc tax a  adapted  to  different w inter 
clim ate (M atsum oto 1992, 1994). Size variation of sclerotia in T. ishikariensis is as 
great as th a t in  T. incarnata, b u t th is is due to  stra in  variability and the  character 
is stable w ithin the stra in  (M atsum oto et al. 2001). M atsum oto and Tajim i (1990) 
reported  th a t there is a correlation between w inter clim ate and sclerotium  size in 
T. ishikariensis. Isolates from snowy regions had large sclerotia, while those from 
regions w ith less snow had small sclerotia. This has not been found in T. incarnata.

Dynowska (1983,1984,1992) reported  T. incarnata, T. ishikariensis, T. phacor- 
rhiza, T. sclerotioides (Pers.) Fr., T. subvariabilis B erthier and T. variabilis from 
Olsztyn in northern  Poland. In April 2000, we found T. incarnata  in Radzików, 
Blonie, T. phacorrhiza and T. variabilis in Bart^zek, B art^g  in Poland. The 
w inter clim ate in Poland is variable, and consequently the  periods of snow cover 
are variable (Dynowska 1983, Proňczuk and Zagdaňska 1993). Polish isolates of 
T. incarnata  seem to  have adapted  to  shorter periods of snow cover com pared 
w ith strains from other regions. In this study, we tried  to  elucidate the variation 
in morphological characteristics of T. incarnata  from Poland, which are considered 
adap ta tions to  shorter periods of snow cover.

M a t e r i a l s  a n d  m e t h o d s

I s o l a t i o n  of  T y p h u l a  i n c a r n a t a  f r o m  o v e r w i n t e r i n g  g r a s s  l e a v e s  in  
P o l a n d

Fungal sclerotia were collected from decayed leaves or stem s of perennial 
ryegrass (Lolium perenne L.) from the P lan t Breeding and A cclim atization In
s titu te  in Radzików, Blonie, 30 km east of Warsaw, Poland on May 19-21, 2000. 
T he fungal sclerotia were placed in paper envelopes and dried a t room  tem peratu re  
during transporta tion . In the laboratory  (AIST, Japan), the  fungal sclerotia were 
surface-sterilized in 70 % (v /v ) ethanol and 0.5 % (as active chlorine) sodium  
hypochlorite solution and thoroughly washed w ith sterilized distilled w ater. They 
were then  cu t w ith sterilized razor blades, placed on p o ta to  dextrose agar (PDA, 
Difco, Becton Dickinson Microbiology Systems, MD, USA) so th a t cu t surfaces 
were in contact w ith the agar, and incubated a t 5 °C. Mycelia from growing m argins 
of the  colonies were transferred to  new PDA plates (each 9 cm in diam eter).
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F ig . 1. T h erm al dependence of m ycelial grow th ra te  of Typhula incarnata  from Poland and
Russia. O pen circles: s tra in  R - l,  closed circles: s tra in  R-2 from Poland (Radzików, Blonie), open 
triangles: s tra in  SPB-1, closed triangles: stra in  SPB-2 from R ussia (St. Petersburg).
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F ig . 2 . Effects of tem p era tu re  on sclerotium  form ation of cultures of T'yphula incarnata  in 
Po land  and Russia. A. N um ber of small-sized sclerotia ( <  1 m m ). B. N um ber of norm al-sized 
sc lero tia  ( >  1 m m ). O pen and closed circles: isolates from Poland (Radzików, Blonie), open and 
closed triangles: isolates from R ussia (St. Petersburg).
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F u n g a l  s t r a i n s  i n  t h i s  r e s e a r c h

Two strains of T. incarnata  from different sclerotia collected in Radzików, 
Poland were used in our study. A nother two strains of T. incarnata  from 
St. Petersburg in Russia were used for com parison in our research. Isolates 
from St. Petersburg were prepared from fungal sclerotia in w inter w heat from 
the  experim ental held of N. I. Vavilov Research In stitu te  of P lan t Industry. We 
obtained these fungal sclerotia on May 2000. All isolates were m aintained on PDA 
slant cultures a t 0°C.

G r o w t h  t e m p e r a t u r e  o f  m y c e l i a  a n d  s c l e r o t i u m  f o r m a t i o n

M ycelial discs of 5 m m  diam eter were cu t from the m argin of an  actively growing 
colony, transferred to  the  centre of PD A  plates (I. D., 9 cm), and inoculated in 
duplicate a t hve different tem peratures from 0 to  20 °C. During mycelial growth, 
the  colony diam eter was observed daily for up to  21 days after inoculation. The 
linear mycelial growth ra te  per week was calculated after the initial log period. 
A fter 2 m onths of incubation a t 0, 5, 10 and 15 °C, the  num ber and diam eters of 
sclerotia on each plate were m easured, in duplicate.

R e s u l t s  a n d  D is c u s s io n

Four pathogenic Typhula species, T. incarnata, T. ishikariensis, T. phacorrhiza 
and T. variabilis, have been found in Olsztyn in northern  Poland (Dynowska 
1983, 1984). We found a few infections of T. incarnata  in overwintering leaves 
of perennial ryegrass (Lolium perenne L.) in Radzików, Blonie, in the  central p a rt 
of Poland. We also collected sclerotia of T. phacorrhiza and T. variabilis from 
perennial ryegrass in Bart^zek, B art^g, northern  Poland. However, T. ishikariensis 
was not found in those two areas, probably because it needs a longer period (more 
th an  5 m onths) of snow cover (Ársvoll 1973, Bruehl and Cunfer 1971). Therefore, 
T. ishikariensis m ight not have adapted  to  the current warm clim ate in Poland 
(Proňczuk and Zagdaňska 1993).

T he sclerotia of T. incarnata  collected from Radzików, Blonie were red to  dark 
brown in colour and globose to  oval in shape and were formed on the  surface and 
inside leaves. The average size of 100 sclerotia was 0.51-0.79 (av. 0.62) x 0.39-0.47 
(av. 0.44) mm. The morphology of sclerotia was alm ost the same as th a t  described 
by Dynowska (1983, 0.45-3.5 x 0.5-2 mm), bu t the average sclerotium  size was 
sm aller th an  those in o ther localities (3-4 mm: B erthier 1976 from unknown 
localities, 0.5-4.5 x 0.5-2 mm: Ito  1955 from Japan , 0.5-2 x 1.5-4 mm: Rem sberg
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Fig. 3. M orphology of colonies o f T yp h u la  in ca rn a ta  on PDA, g row n  a t  0 °C over a  period  
of 1 m onth . A. S tra in  R -l from  Poland (Radzików, Blonie). B. S tra in  SPB-1 from  St. P etersburg , 
Russia.
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1940 from Finland). Host plants of this fungus had been only slightly dam aged by 
fungal infections, suggesting th a t snow mold diseases caused by T. incarnata  do 
not have a  great im pact on overwintering grasses in Radzików, Blonie.

Figure 1 shows the therm al dependence of mycelial growth rates of several 
isolates collected in Poland and one o ther locality (St. Petersburg, Russia). Isolates 
from Poland and R ussia showed the same optim um  growth tem perature, 10 °C. The 
same results were obtained from isolates from other countries (e.g. Sm ith 1986). 
However, mycelial growth rates of Polish isolates were faster th an  those of Russian 
isolates. In addition, Polish isolates formed m any small-sized sclerotia (<  1 mm) on 
PD A  a t 0 °C (Fig. 2A and Fig. 3A). The same results were obtained by using other 
cu ltural m edia such as corn meal agar, lim a bean agar, m alt ex tract agar, oat meal 
agar and tom ato  juice agar (d a ta  not shown). We did not observe a high production 
of small-sized sclerotia from other isolates of T. incarnata  in our cultural collection 
from various localities such as Japan , Russia and Nordic countries (Faroe Islands, 
G reenland, Iceland and Norway). Wu and Hsiang (1999) and Kim et al. (1992) 
reported  th a t T. incarnata  produced abundant sclerotia a t tem peratures ranging 
from 0 to  15 °C. A sim ilar p a tte rn  was observed in the form ation of normal-sized 
sclerotia (>  1 mm) of Polish isolates (Fig. 2B). However, the  form ation of 
small-sized sclerotia decreased w ith increasing cultivation tem perature.

T. ishikariensis biotype C, which is highly adapted  to  the condition of short 
snow cover in Japan , is also known to produce small-sized sclerotia (Honkura 
et al. 1986). However, the  sclerotium  size of T. ishikariensis is not dependent 
on environm ental conditions including culture tem perature. On the o ther hand, 
sclerotium  production of Polish isolates of T. incarnata  was greatly changed by 
low tem peratures. Small and large sclerotia of T. incarnata  from Poland did not 
show any differences in morphological characteristics (rind p a tte rn  and basidiocarp 
form ation, d a ta  not shown). Therefore, small-sized sclerotia of T. incarnata  
probably had the  same ecological role as th a t of large-sized sclerotia.
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