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 ABSTRACT

  A preliminary qualitative analysis was carried 
out on fungal composition of  leaf litter of Salix herbacea 
growing on Gran Sasso, Monti della Laga (TE), the 
highest mountain of the Apennines. Direct isolation in 
humid chamber and culture of soil on plates were used as 
methods. The most isolated genera were Acremonium, 
Cladosporium, Lecanicillium, Mucor, Penicillium and 
Pestalotia. Lag period and radial growth of the colonies 
were recorded at different temperatures from -1 to 45ºC. 
and the optimal temperature for growth and sporulation 
was detected for each isolate. Most of the isolated strains 
were psychrotolerant mesophyle and capable to grow 
within a 1ºC to  +30ºC range, except for a thermotolerant 
strain of Penicillium that could grow at 45ºC .They 
exhibited a wide range of thermal tolerance together 
with their ability to grow in habitats which are commonly 
submitted to great changes in temperature similar to those 
occurring in alpine climate. Data presented in this paper 
can be useful to understand the ecological requirements of 
the fungal components of high mountain ecosystems that 
are often subject to monitoring in the investigation of the 
effects of global climatic changes.

INTRODUCTION

 Alpine climate areas are considered extreme 
environments, where temperatures can be extremely 
low for long periods and organisms highly adapted with 
short summer period for growth (Müller & Magnuson, 
1987). Alpine summer daylight is considerably short 

although light intensity is high and therefore sunlight may 
appreciably warm the ground and rock. Therefore alpine 
environment can be subject to rapid and extreme changes 
of temperature, especially at the microhabitat level. The 
fungal component of alpine environments (Mosca, 1957, 
1960; Dal Vesco,1974; Piontelli & Caretta,1974; Bisset & 
Parkinson, 1979 a, b, c; Piontelli et al., 1986), like that of 

RESUMEN

 Se realizó un análisis cualitativo de la composi-
ción fúngica de hojas de la litera de Salix herbacea que 
crece en Gran Sasso, Monti della Laga(TE), en la alta 
montaña de los Apeninos. El método utilizado fue el ais-
lamiento directo en cámara humeda y el cultivo del suelo 
en placas. Los géneros más aislados fueron: Acremonium, 
Cladosporium, Lecanicillium, Mucor, Penicillium y 
Pestalotia. Se registró la fase lag y  el crecimiento radial 
de las colonias  a diferentes temperaturas, desde-1 hasta 
45°C y se detectó la temperatura óptima de crecimiento y 
esporulación para cada aislado. La mayoría de las cepas 
aisladas fueron mesófilas psicrotolerantes y capaces de 
crecer en un rango de 1°C a +30°C, excepto una  cepa 
de termotolerante de Penicillium  que pudo crecer   hasta 
45°C. Ellas presentaron un amplio rango de tolerancia 
térmica, destacandose su especialidad para crecer en los 
hábitats caracterizados por altos cambios de temperatura 
semejante a los del clima alpino. Los datos presentados 
en este trabajo pueden ser usados para entender los re-
querimientos ecológicos de los componentes fúngicos de 
los ecosistemas de alta montaña sujetos a monitoreo en 
las investigaciones de los efectos del cambio climático 
global.

Boletín Micológico Vol. 20 : 91 - 95    2005

91



polar regions (Del Frate & Caretta, 1990; Bergero et al., 
1999; Onofri et al., 2000, 2004; Tosi et al., 2005), seems 
to be different in its species composition from that of other 
biogeographical regions. A lot of taxa that are widespread 
and dominant in temperate regions are absent in the tundra 
and alpine areas. Structure and composition of the fungal 
community changes with altitude, e.g. richness of species 
decreases (Schinner & Gstraunthaler, 1981). Strains of a 
single species from different climatic areas have different 
thermal requirements. In polar areas fungal strains are 
ecophysiologically highly adapted at low temperatures 
and most of them are psychrofilic and psychrotolerant; 
the only thermotolerants are those from the heated area of 
Antarctic volcanoes. (Zucconi et al., 1996; Bergero et al., 
1999).  The knowledge of fungi from cold extreme areas 
can be important when these areas are often monitored for 
the effects of global warming (Cattle & Crossler, 1995) 
being highly sensitive to climatic changes and offering a 
unique opportunity to study the effect of climatic changes 
on a global scale. To this purpose, experiments of climatic 
manipulated condition were conducted in Antarctica to 
study the effects of artificial warming and UV radiation 
on soil fungi. Quantitative and qualitative changes were 
recorded after 3 years of conditioning (Tosi et al., 2005). 
Climate evolution may force the nival species of plants 
and their associated fungi to find shelter in small areas 
of extreme climate conditions, where their expansive 
capacity would be close to nil (Grabherr et al., 1995, 2001; 
Chlebicki, 2002).
 Salix herbacea (dwarf willow) is one of the 
endangered species of the Italian mountains as a conse-
quence of climatic warming. It is an arctic-alpine relict 
species with a disjoined distribution (Pignatti, 1982; 
Chlebicki, 2002) and the Gran Sasso is the southernmost 
limit of its distribution area in Italy. Italian alpine 
environments have been poorly investigated by mycolo-
gists (Buratti et al., 2001; Tosi et al., 2002a, b); no data are 
available on filamentous fungi associated with the Italian 
population of Salix herbacea. 
 In this paper qualitative results on fungal species 
isolated from the leaf litter of Salix herbacea growing 
on the summit of Gran Sasso (Apennine, Central Italy), 
are presented. Thermal requirements for growth and 
sporulation of the isolates are also given. 

MATERIALS AND METHODS

 Litter samples of Salix herbacea L. were collected 
in July 2001, in a nival valley at ca. 2400 m.s.l. on the 
west slope of Corno Grande (Gran Sasso National Park, 
Monti della Laga, Te, Italy), the highest mountain in the 
Apennines. A total of 10 samples consisting of ca. 10 g of 
litter were aseptically collected from  a  100 m × 100 m  
area. The sampling sites were at least 10 m from each other. 

All the samples were separately stored in sterile plastic bags 
and transported to the laboratory at 2°C, then analyzed. 
Three isolation media were used: sterile moist filter paper, 
Potato Dextrose Agar (PDA) and Malt Extract Agar (MEA, 
Sigma Aldrich, Steinheim, Germany). Streptomycin 
sulphate and potassium penicillin G were added to achieve 
final concentrations of 30 ppm and 20 ppm, respectively. 
Sprinkle plate was used as isolation technique. The plates 
were prepared by uniformly distributing 0,5 g litter of each 
sample directly on the surface of the medium. For each 
medium, each sample was distributed onto six plates and 
incubated at 8 or 20°C (three plates each). A total of 180 
plates were prepared. Isolations were made after one week 
of incubation for 1 month. Taxonomic identifications were 
performed in the laboratories of the authors. Cultures were 
stored on Sabouraud’s «conservation» medium in glass  
screwed-caps vials at 2 °C.
 The influence of temperature on the growth rate, 
sporulation and lag period (period preceding growth after 
inoculation) was tested for each isolate. Four plates (50 
mm in diam.) containing 10 ml of PDA, were inoculated 
(punctiform inocula) with the same strain and incubated 
in refrigerated or heated air incubators, at -1, 8, 15, 20, 
25, 30, 37, 45°C (32 plates for each strain). Cultures were 
protected from desiccation by the use of plastic bags. At 
different temperatures the growth rate of each fungus was 
daily recorded by measuring the diameter of the colony 
and mean value and standard deviation of four growth rate 
measurements were calculated. The radial growth of the 
colonies was recorded for a 30 day total. 
 Lag periods and occurrence of sporulation were 
also estimated at the testing temperatures in each isolate.

RESULTS   AND  DISCUSSION

 More than 100 strains of filamentous fungi were 

Table 1. Isolated fungal taxa from Salix herbacea leaf  
litter
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A. murorum C. oxysporum L. lecanii

M.hiemalis P. chrysogenum

 P. citrinum Pestalotia sp.

L. longisporum

Fig. 1. Thermal preferences of the 
isolated strains from the leaf litter 
of Salix herbacea

Table 2.   Number of days 
preceding growth (lag 
period) in all temperatures 
tested; O=optimum; S= 
start of sporulation; the 
range of temperature for 
growth is  in  grey.

isolated from the litter of Salix herbacea, belonging to 
10 genera and 12 species, listed in Tab. 1. Besides, many 
colonies of coelomycetes were directly observed growing 
in plates. No differences in fungal species composition 
were recorded among the 10 sampling sites. From a 
qualitative point of view fungal assemblage colonizing 
Salix herbacea litter seems to be quite poor. Most of 

the recorded species have a worldwide distribution, e.g. 
Acremonium murorum, Alternaria alternata, Botrytis 
cinerea, Epicoccum nigrum. Cladosporium oxysporum 
and C. cladosporioides were the most frequently isolated 
species. Some of these isolated seem to be highly 
specialized; Lecanicillium lecanii showed a strong 
nematophagous activity in Petri dish and L. longisporum 
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is often reported from insects (Zare & Gams, 2001). Data 
on thermal preferences, occurrence of sporulation and lag 
periods of the isolates are shown in Tab.2. Radial growth 
rate of the colonies and range of testing temperature are 
plotted in Fig. 1. According with Kirk et al. (2001), most 
of the strains can be classified as psychrotolerant, being 
able to grow at -1°C, with an optimum temperature for 
growth at 20-25°C. The strain of Penicillium citrinum can 
be considered psychrophile having 15°C as an optimum 
temperature for growth, and able to grow at -1°C. On the 
contrary the strain of P. chrysogenum is thermotolerant 
being able to grow at 45°C, with optimum at 15-20°C.  
All the tested fungi, a part from P. chrysogenum, failed 
to grow at 37°C or over. Cladosporium oxysporum, A. 
murorum, and Pestalotia sp. failed at 30°C. Lag periods 
of each tested strain are reported in Table 2 and they 
show the start of the fungal metabolic activity at different 
temperatures. For all the isolates the shortest lag periods 
are between 15 and 30°C and under these conditions 
sporulation occurs reflecting the mesophilic preference 
of the strains. Generally speaking, microfungi with high 
growth rates in narrow temperature ranges could be well 
adapted to thermally stable environments. Conversely, 
microfungi with wide temperature ranges would be well 
adapted to wide temperature variations in the environment. 

Assuming the curves width at half of the maximum growth 
rate to be an indicator of the adaptation of the species to 
environmental thermal instability, as proposed by Zucconi 
et al. (1996), it could be claimed that some species were 
more suitable than others. Acremonium murorum, Leca-
nicillium lecanii and P. citrinum seem to be less adapted 
to the thermal instability. They could represent some of 
the unstable species of the alpine environment, highly 
influenced by climatic change. Studies about the alpine 
mycota and collection of data on its thermal tolerance 
could be very important in climatic change monitoring 
programmes that have high mountain environments as 
models and it must be considered in refining projections 
of global climatic change effects. 
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