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ABSTRACT

Most soil fungi grow in acid environments;
however, some of them are able to grow in
alkaline conditions. This study is based on the
need to establish a link between the ecological
studies related to the fungal diversity of the
alkaline soils of Argentina, and the development
of biotechnological processes. Saprotrophic fungi
have an enormous dispersal potential and an
efficient enzymatic system that guarantees their
biological role. They can degrade a great variety
of carbon sources from plants tissues, and their
decomposing activity is essential for the
redistribution of nutrients in the soil. The
alkalophilic and alkali-tolerant fungi that grow in
Celtis tala and Scutia buxifolia forests soils from
eastern Buenos Aires province (Argentina) have
been here described. Many of the fungal strains
tested presented the capacity of producing
amylases, cellulases, keratinases and other proteases
and chitinases at high pH levels.
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INTRODUCTION

The aim of this work was to establish a
relationship between ecological studies on fungal
diversity and the potential development of
biotechnological processes. The isolation of
alkali- tolerant and alkalophilic fungal species
from the soil of Celtis tala Gill ex Planch and
Scutia buxifolia Reiss from the coast of the
Province Buenos Aires is not only a contribution
to understanding of microbial diversity, but also a
search for microbial sources of alkali-tolerant and
alkaline-active enzymes. These enzymes are of
interest for bioconversion, food production and
industrial treatment of textile fibers and industrial
wastes. These processes are generally performed
in alkaline conditions where it is necessary to
take aggressive traditional chemical techniques.
Therefore, an environmentally- sound alternative
is using enzymes from microbial sources. So far,
there are no studies integrating microbial diversity
from alkaline soils of Argentina and the enzymes
of biotechnological interest produced by these
fungi.

Fungi perform a crucial role in the descomposition
and mineralization of both animal and plant
organic matter so they are responsible of soil
fertility. Among the microorganisms living in the
soil, fungi are the most abundant in terms of
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both their biomass and physiological activity,
contributing to 75% to 95% of the soil microbial
biomass [1]. In addition, together with bacteria,
they are responsible for 90% of the total flux of
energy from decomposition of organic matter
[2, 3]. In the ecosystem, fungi also interact either
directly or indirectly with other microorganisms,
being they a food source for bacteria, insects
nematodes and other fungi [4]. Fungi release a
great variety of exudates to the environment,
including the enzymes responsible for the
degradation of the substrates that they use, and
polysaccharides and glycoproteins that form the
matrix that protects and lubricates hyphae. These
latter compounds have adhesive properties which
keep soil particles together [5]. In places where
the availability of nutrients is limiting for the
development of plants, the presence of certain
fungi establishing mycorrhizal association is
essential for the evolution of plant communities
[6]. These fungi contribute to the stabilization of
soils, by means of the effects of aggregation and
stabilization of soil particles [7].

Diversity of soil fungi: Effect of depth and pH
on frequency and species diversity

In three types of soils from Magdalena, Buenos
Aires, Argentina (35° 117 S, 57° 17" O) was
determined and isolated a total of 84 fungal
species [8, 9]. Fifty-nine of these species were
found in the Argialboll soil (43 anamorphic
Ascomycota; 5 Zygomycota; 8 teleomorphic
Ascomycota and 2 mycelia sterilia), 61 species in
Natracualf one (48 anamorphic Ascomycota;
6 Zygomycota; 5 teleomorphic Ascomycota;
2 mycelia sterilia) and 65 in Rendoll one
(50 anamorphic Ascomycota; 8 Zygomycota;
5 teleomorphic Ascomycota; 2 mycelia sterilia).
The species isolated belonged to 43 genera, the
most numerous of which were Acremonium,
Aspergillus and Penicillium. Anamorphic forms
was the group with the highest number of species
identified, varying from 74 to 82% of the total
mycobiota identified. The teleomorphs of
Ascomycota varied between 4 and 16%,
depending of the soil type and depth.

In the Argialboll and Rendoll soils, this group
was more abundant in the lower horizons. The
Zygomycota showed similar values. In the

Argialboll and Rendoll soils they presented a
higher number of species in the upper horizons. In
contrast, in the Natracualf one, most of the species
of Ascomycota were found in the upper horizons,
whereas most species of Zygomycota were more
abundant in the deeper horizons. On the same
way, Giri et al. [10] found that the species
distribution is regulated by the availability of
organic matter and by the relationship between the
oxygen and carbon dioxide present in the pore
spaces of the soil at different depths. Fungal
species tolerant to carbon dioxide are distributed
in the deeper horizons [11]. In addition, 41 of the
isolated species were present in the three types of
soil of Celtis tala and Scutia buxifolia forest, but
their  distribution patterns were different
depending on the soil type, the soil pH, and the
isolation method used, showing: i) typical species
of alkaline soils like Clonostachys rosea,
Paecilomyces lilacinus, Verticillium albo-atrum,
and species of Acremonium and Aspergillus;
ii) species related to calcareous soils like
Trichoderma sp.; and iii) species that were isolated
only in the Natracualf soil like Neosartorya
stramenia and Neurospora tetrasperma (Table 1).
The components belong to fungal communities
identified such as Ascomycota (anamorphs and
teleomorphs) and Zygomycota are in agreement
with those obtained previously for the same forest
soils [12, 13] as well as for agricultural soils of
the same region [14]. The species number of
teleomorphs of Ascomycota isolated was higher
than that obtained in other works carried out in
Rendolls of Magdalena, Argentina [12] and in
calcic soils from Greece [15].

Technically, the soil system is formed by all the
horizons (from the layer formed by dead leaves to
the basal rock). Nevertheless, the researchers of
soil fungi communities have limited mainly their
studies to the horizon in the top 2-10 cm of the
profile [16], because most of the fungal
descomposition activity occurs in the upper
horizons. Therefore, little is known about the
structure of fungal communities in deeper horizons.
Burges [17] points out that the distribution of
fungi in the soil is not homogeneous; there are
numerous factors that condition the growth and
settlement of different fungal communities. The
differences observed in the physico-chemical
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conditions of the soil as depth increases determine
changes in these communities. It has been
observed that the horizons richer in organic
matter, contained a higher species number and
fungal biomass. Therefore the vertical distribution
of the fungal communities may be attributed to
the decrease in the availability of carbon observed
in the deeper layers [15, 18, 19, 20]. Meanwhile
Aon and Colaneri [21] showed that the
biochemical activities tend to be higher in the
most superfical layers of agricultural soil (0-8 cm)
according to the concentration of nutrients, in
particular, the availability of oxygen. On the other
hand, the organic substrates in the different
horizons of the soil are present in different
degrees of decomposition and humification;
therefore, the knowledge of the capacities of
decomposition of the fungal species might also
contribute to the characterization of their
distribution pattern.

The previous results obtained by Eliades et al. [8]
have shown that Penicillium and Trichoderma
species are the most representative ones in the
fungal communities of the upper horizons of
calcic soils (Rendoll). On the other hand, species
of Acremonium, Aspergillus and Cladosporium
cladosporioides showed higher frequencies in the
deeper horizons. However, these tendencies were
not observed in sodic soils (Natracualf). Grishkan
and Nevo [22] pointed out that the fungal
diversity in a soil from Israel shows variations as
depth increases and that this would be largely
related to the conditions of the soil (temperature,
humidity, and exposure to light). They concluded
that the predominant species in the upper layers,
i.e. in those with highest exposure to the light,
were dematiaceous fungi and that, as depth
increases, the main species were Aspergillus and
Penicillium, since the deeper horizons are
protected from diseccation and light. In previous
studies carried out in alkaline soils from
Argentina, the distribution of species of
Aspergillus and Penicillium and dematiaceous
species did not follow a pattern related to the
different degree of exposure to light but rather to
the conditions of pH [8, 9, 13]. Garret [22]
pointed out that many species tend to decrease as
depth increases, but that others are habitually
found in the lower horizons. Most Zygomycota

are usually confined to the upper horizons,
whereas species of Acremonium, Oididendron,
Paecilomyces, Penicillium and, Sagenomella are
commonly found at higher depths [24].

Most fungi grow in acid soils; however, some of
them are able to grow in alkaline conditions. The
fungal especies were grouped according Nagai
et al. [25] definition: 1) alkalophobic strains,
which could not grow at pH 10; ii) alkali-tolerant
ones, which grew at pH 10; and iii) alkalophilic
ones, which could grow at pH up to 10, but not at
pH 5-6. Because of their complex interaction with
other factors, and the local variation, the pH
effects are hard to evaluate. Although fungi also
have the ability to change the environment pH
during their growth, in vitro they grow better in a
pH ranging from 5 to 7. Some species grow,
although more slowly, at extreme pH values. This
capacity is related to the maintenance of an
adequate internal ionic balance and pH [26].
Extreme environmental conditions such as high or
low pH may inhibit fungal growth as well as
enzyme activity and stability mainly because of
the effect that H+/OH— concentration has on the
availability and ionic forms of nutrients, the
ionization of the enzymes active sites, and/or
protein denaturation [25, 27, 28].

In calcareous soils like Rendolls, which usually
pH varies between 7.5 and 8.5, alkalinity is
usually originated in the presence of CaCOs;,
whereas in sodic Natracualf soils, with pH >8,
alkalinity is due to the dominant presence of the
Na® ion in the interchange complex. Alkaline
soils, i.e. those without sodium, can lead to a
deficiency in certain nutrients such as iron, zinc,
manganese and boron in the plants, whereas the
presence of sodium can lead to aireation problems
due to the deterioration of the physical structure,
which, in turn, can induce changes in the
availability of nutrients [29]. The decomposing
action of soil fungi is essential for the contribution
of organic matter to the ecosystems of saline
soils [30]. Several authors such as Warcup [31],
Stenton [32], Mukerji [33], Pugh and Dickinson
[34], Rai et al. [35] and Nagai et al. [25, 36] have
analyzed the fungal composition of alkaline soils.
In most of these studies, the range of pH used in
the isolation medium varied from acid to neutral.
Since these acid media are not appropriate for the
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growth of some alkalophilic fungi, it is necessary
to take into account that the pH of the isolation
medium is key for the evaluation of the total
diversity of the fungal species. In this sense other
authors such as Vardavakis [15], Cabello and
Arambarri [12] have studied the mycobiota of
soils with high contents of calcium carbonate.

In previous works on the fungal composition of
the soil of Celtis tala and Scutia buxifolia forests
of Magdalena, Province of Buenos Aires,
Argentina [8, 12, 37] it was found a specific
pattern of alkalophilic and alkali-tolerant fungal
species associated with these calcareous soils,
independently of the degree of disturbance. It was
also observed that the variation in the pH of the
isolation medium influenced the frequency of
appearance of species and differences were
detected in the composition of the communities
according to the different pHs used for their
isolation (6, 8 or 11). The specific differences
found when using different values of pH in the
isolation medium, suggests an adaptive response
of the mycobiota, which might be also expressed
in their natural habitat, with significant
consequences for the ecosystem [12]. Besides, the
changes in pH in natural conditions can alter the
frequency distribution of these species [17].
Acremonium spp., Acrostalagmus luteo- albus,
Clonostachys rosea, Clonostachys sp, Cylindro-
carpon didymun, C. olidum, Doratomyces micro-
sporus, D. stemonitis, Fusarium spp., Humicola
fuscoatra, H. grisea and Paecilomyces lilacinus
were found to be more frequently isolated at
pH 8 and 11. The species of Penicillium and
Trichoderma were isolated at acid pH. This fact is
in agreement with Gams [38] who point that the
species of Penicillium prefer low pH wvalues
whereas the species of Trichoderma present a
positive correlation with the content of calcium in
the soil. Among Ascomycota, the species of
Talaromyces were isolated only up to pH 8 in all
the soils. However, Neosartorya stramenia was
isolated at pH 11 in the deeper horizon of the
Rendoll [12]. Among the species of Zygomycota,
Absidia spinosa and Mortierella sp. were isolated
more frequently at pH 6 and 8. The species of
Aspergillus, such as A. niger, A. sidowii, A. terreus
and A. ustus, showed higher frequencies at pH 11.
Acremonium murorum, which is an alkalophilic

species [25], presented the highest frequencies at
higher pH levels and also evidenced an
augmentation as depth increased in all types of
soil [8, 9]. These findings are of great interest
since most fungi are dominant in acid soils
because these low-pH environments are not
appropriate for the proliferation of bacteria or
actinomycetes; thus, fungi monopolize the use of
organic substrates and degradation activity [39].
Cabello and Arambarri [12] observed that species
of this genus were isolated mainly from acid
culture media.

The pH of the isolation medium influences the
number of species isolated. In the three types of
soil the number of species isolated was higher in
the deeper than 20 cm, in all the pHs of the
isolation medium. The number of species isolated
showed a decrease as the pH of the isolation
medium increased.

Fungal abilities for enzyme production

Saprotrophic fungi have a great dispersal potential
and an efficient enzymatic system that guarantees
their biological role [38]. They can degrade a
large variety of carbon sources, from simple
sugars, such as hexose or pentose, to molecules
more difficult to use, such as disaccharides,
starch, pectin and fats, and have an essential role
in the decomposition of structural polymers of
plants, such as cellulose, hemicellulose and lignin.
In soils with pH values between 7.2 and 10, there
are species able to grow in highly alkaline
environments. This adaptive capacity suggests
that they are able to secrete alkaline-tolerant
or alkaline-active enzymes required for the
degradation of the substrates present in the soil.

There is currently a growing trend to replace some
traditional chemical processes by biotechnological
processes that involve the use of microorganisms
and/or their enzymes, since they not only
constitute a less aggressive alternative for the
environment, but are also economically more
viable. The development of enzymatic products of
microbial origin is usually based on an initial
screening of a large number of microorganisms
adapted to different environmental conditions,
with the aim to obtain enzymes with physical
and biochemical characteristics for the particular
application that wants to be carried out. These enzymes
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are currently looked for in microorganisms that
inhabit extreme environments [40].

The enzymatic abilities of the species isolated
from a soil, varied according to the type of isolate
tested, wich could be related with the subculturing
time and the culture media used [41, 42].
Amylolytic, cellulolytic and proteolytic activities
of the especies isolated from Celtis tala and
Scutia buxifolia forests soils, were determined at
two pH levels (6 and 9) (Table 2). Of the species
tested 21% showed amylolytic activity in plate at
alkaline pH [9]. Between them Fusarium species
did not produce amylases with the culture
conditions used, nevertheless the species of
Aspergillus tested showed good amylolytic activity
at pH 9. Meanwhile Hankin and Anagnostakis
[43] observed activity in the species of Fusarium
and did not detect amylolytic activity in species of
Aspergillus. The cellulolytic ability of 55 soil
fungi species was tested by Eliades [9] who found
that 17% showed positive activity. Meenakshi
[44] studied in detail the production of different
alkaline enzymes produced by fungi and by
Actinomycetes isolated from the soil and dead
leaves in Thailand. This screening showed a
higher percentage of cellulolytic activity in plate
at alkaline pHs, 26% of the species tested showed
positive activity. However, when this activity was
evaluated in culture medium, only two showed
activity. Meanwhile Soderstrom [45] determined
that 52% of the species tested were able to
degradate cellulose but at neutral pH values.

Of the species tested on their capacity to produce
proteases, 54% presented positive activity at both
6 and 9 pH. Meenakshi [44] determined that 52%
of the species tested on their capacity to produce
proteases in vitro at pH 9.4 showed positive
activity. Soderstrom [45] isolated 60 fungal
species from a forest soil and separated them by
their ability to use different substrates. He found
that 85% of the species used proteins at neutral
pHs. Hankin and Anagnostakis [43] pointed out
that species of Aspergillus, Fusarium, and Mucor
produced proteases in vitro assays at pH 6.0.
Eliades [9] demostrate that species of Zygomycota
showed no enzymatic activity in vitro at pH 9,
which is consistent with the alcalophobic
character of these fungi.

After cellulose, chitin is the second most abundant
compound in the biosphere [46]. It is the main

compound of the cytoskeleton of insects and an
essential structural component of the cell wall of
fungi. Based on genomic data, Seidl [47] was able
to establish that bacteria produce between two and
four chitinases, whereas the fungal genome
contains genes that can express between 10 and
25 different chitinases. Eliades [9], determinate
the chitinolytic activity in plate of 32 fungal
species isolated from alkaline soils and
demostrate that 28 % of the strains tested were
able to degradate cromogenic substrate Chitin
Azure. In all the strains the degradation was
evident both 6 and 9 pH. The reason why fungi
possess so many chitinases is not well known.
However, three potential physiological roles of
these enzymes are currently being studied. These
include: the degradation of the external chitin
present in the remainings of dead hyphae and
exoskeletons of arthropods, the use of degradation
products as nutrient sources, the remodeling of
fungal cells during hyphal growth, branching,
fusion and autolysis and, finally, competition and
defense against other fungi or arthropods. Seidl
[47] also pointed out that there are diverse
subgroups of chitinases and certain species
present a higher number of enzymes involved in
the degradation of chitin than others. Among the
species analyzed on their capacity to degrade
Chitin Azure, Metharrhizium anisopliae, a species
which has been reported to be entomopathogenic,
showed positive activity [48]. Seidl [47] found
that Stachybotrys elegans and M. anisopliae
express specific chitinases in the culture medium.

Eliades et al. [41] determined the capacity to
produce keratinolytic enzymes from crude extracts
obtained from solid and liquid media. In this
study Acremonium murorum, Acremonium sp.1,
Aspergillus niger, Aspergillus sidowii,
Chrysosporium sp., Cladosporium cladosporioides,
Cylindrocarpon didymun, Cylindrocarpon olidum,
Metarrhizium anisopliae, Neurospora tetrasperma,
Paecilomyces lilacinus, Periconia minutissima
and Westerdikella dispersa showed keratinolytic
activity. These species could thus be of interest
for the isolation of alkaline proteases that can
efficiently degrade keratine. None of the species
tested showed differences depending on the
culture medium analyzed. The values of activity
found in saprotrophic species isolated from the
soil were similar to those obtained for Trichophyton
ajelloi, a human dermatophyte [49, 50]. The ability
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to produce proteolytic enzymes that degradde
keratine is widely distributed among the members
of the fungal community of alkaline environments.
The characterization of the enzymatic pool could
be of interest in leather technology not only for
the removal of hair but also for other humid
processes (such as soaking and re-liming), where
the non-colagenic proteolytic action is of great
importance. In addition, a faster disorganization
of the keratine fibers may shorten the time of
composting in the degradation process of the hair
residue [49, 50].

It should be pointed out that it would be of
interest to find out saprotrophic, non-pathogenic
organisms able to produce these enzymes in
an environment where alkalinity is a natural
condition and where they can express their
maximal enzymatic capacity.

CONCLUSION

We propose that the fungal species isolated from
alkaline soils, such here studied, is a contribution
to the knowledge of the fungal diversity with
biotechnological potential. In this sense, this
finding shows a review about ability to produce
alkaline enzymes by autochtonous soil fungi from
Celtis tala and Scutia buxifolia forests and related
regions. At present there are no meaning full data
available that integrate the knowledge of the
mycobiota associated with alkaline soils in
Argentina and the enzymatic abilities with
biotechnological interest from those fungi.

From these data is evidence that some species
have a great potential for producing several enzyme
activities like Acremonium spp., Aspergillus spp.,
Stachybotrys chartarum, Westerdikella dispersa,
while others only showed few enzyme abilities
like Zygomycota.

The detection of alkaline enzymatic activities in
most of the strains isolated in alkaline soils,
indicates that the fungi here have an enzymatic
pool suitable for their growth and development in
extreme environments.
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