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The Caatinga (dryland) biome of Brazil is experiencing accentuated desertification due to deforestation
and inappropriate uses of its natural resources. Studies examining the diversity of filamentous fungi in
Caatinga soils are still scarce and the present work was designed to isolate and identify the soil fungi of
this biome in the semiarid region of northeastern Brazil. Soil samples were taken at five random sites
during the dry and rainy seasons from the soil surface and at depths of 20 cm. A total of 85 species of
filamentous fungi were identified, including species of anamorphic fungi (71 species), Zygomycota (8)
and Ascomycota (6). The most abundant genera were Aspergillus (28) and Penicillium (18). No significant

ﬁzzgszs differences were observed in the numbers of colony forming units in samples taken during either the
Caatinga rainy or dry seasons, or from surface or subsurface soils. Most of the fungi species isolated from caatinga
Penicillium soils were classified as rare. Our results indicate that anamorphic fungi dominate the soil mycobiota in
Soil the Brazilian semiarid region, with species of Aspergillus and Penicillium being most common.

Crown Copyright © 2013 Published by Elsevier Ltd. All rights reserved.

1. Introduction

Fungi are among the most diverse groups of organisms on the
planet, but they are usually associated with mega diverse groups
and are not well known (Cannon, 1997). There are about 1.5 million
fungi species spread throughout the world — although many have
restricted distributions and are limited to a particular habitat type
(Dix and Webster, 1995; Hawksworth, 2001).

Fungi are found in essentially every possible substrate and
ecosystem, and may act as saprotrophs, parasites of plants, animals,
and fungi, or be mutualistic symbionts of phototrophic organisms
such as cyanobacteria, algae, and vascular plants. Saprotrophic
fungi degrade many types of organic and some inorganic substrates
(Metting, 1993; Sylvia et al., 1998), participating actively in the
processes of biodegradation and nutrient cycling, thus helping to
maintain ecosystem functioning (Allsopp and Seal, 1986; Eggins
and Allsopp, 1975; Griffin, 1994; Hyde, 1997; Laurance and
Bierregaard, 1997).

There is a growing interest in finding life in extreme environ-
ments and examining the impacts of global climate changes on
ecosystem functioning. The ability of fungi to tolerate high or low
temperatures in extreme environments indicates that there are
species with adaptive mechanisms that can deal with considerable
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stress — and enzymes produced by both thermophiles and psy-
chrophiles have been examined for biotechnological and pharma-
ceutical purposes (Kubicek et al., 2007).

The semiarid zone in northeastern Brazil occupies approxi-
mately 800,000 km? (approximately 11% of the land area of that
country) (Drumond et al., 2004). The climate there is characterized
by a high evapotranspiration potential (2000 mm/year), and an
average precipitation of 700 mm that is concentrated into three
to five months of the year, with annual average temperatures of
23—-27 °C (Sampaio, 1995).

The predominant vegetation type in this region is known as
“caatinga” — a word derived from the Tupi Amerindian dialect:
“caa” meaning forest, and “tinga” meaning white. Caatinga is an
exclusive Brazilian biome that comprises a mosaic of thorny shrub
vegetation and seasonally dry forests that has been experiencing
rapid processes of desertification due to deforestation and the
inappropriate use of its natural resources (Drumond et al., 2004,
Leal et al., 2005; Giulietti et al., 2006). Deforestation has resulted in
decreasing plant biomass production, with resulting changes in soil
interactions and biodiversity losses (Skujins and Allen, 1986).

Little is currently known about the diversity of filamentous soil
fungi in the Caatinga biome, although Cavalcanti and Maia (1994)
isolated cellulolytic soil fungi in the semiarid region of Pernam-
buco State; Costa et al. (2006) and Santiago and Souza-Motta
(2006) reported Hyphomycetes and Mucorales in soils contami-
nated by mining activities in the semiarid region of Bahia State;
while Souza et al. (2003) and Cavalcanti et al. (2006) studied
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Fig. 1. Location of the study area.

arbuscular mycorrhizal fungi and Hyphomycetes, respectively, in
the Xing6 region.

The study of soil fungi in semiarid regions is still incipient in
spite of the pioneering work of Abdel-Hafez (1982), EI-Dohlob and
Al-Helfi (1982), Abdullah et al. (1986), and Abdullah and Al-Bader
(1990) in Saudi Arabia and Iraq, and Grishkan and Nevo (2010) in
the Negev Desert (Israel).

In the view of the scarcity of works examining the filamentous
soil mycota of the Caatinga biome, the present work isolated and
identified filamentous fungi soil in the municipality of Buique in the
semiarid region of Pernambuco State, Brazil.

2. Materials and methods
2.1. Study area

The study area, known as the “Chapada de Sao José”, was located
4 km from municipality of Buique, in the Vale do Catimbau National
Park (Fig. 1) (Rodal et al., 1998). The regional climate is hot and dry,
with temperatures often reaching 45 °C during the day (classified
as Bsh according to the Kdppen system), with a mean annual
temperature of 25.5 °C. Precipitation rates are shown in Fig. 2. The
soils there are mostly sandy (Jacomine et al., 1973) and the vege-
tation is a mixture of deciduous thorny plants and evergreen
shrubs, with a more species-rich semideciduous thorny vegetation
being found on higher altitude and more level “Chapada” areas;
with high numbers of endemic species (Neta et al., 2004).

The regional flora is represented by the families Anacardicaceae,
Annonaceae, Bignoniaceae, Caesalpiniaceae, Celatraceae, Chysobala-
naceae, Clusiaceae, Erythroxylaceae, Fabaceae, Lamiaceae, Lauraceae,

Lythraceae, Malpighiaceae, Mimosaceae, Myrtaceae, Nyctagenaceae,
Ochnaceae, Olacaceae, Rubiaceae, Rutaceae, Sapotaceae, Simar-
oubaceae, Sterculiaceae, Turneraceae, and Verbenaceae (Rodal et al.,
1998).

2.2. Soil collections

Soil samples were collected at five randomly chosen sites (Site I:
08° 34’ 00” S x 37° 15’ 07" W; Site II: 08° 31’ 55” S x 37° 15’ 08" W;
Site III: 08° 32’ 53" S x 37° 14/ 30” W; Site IV: 08° 32/ 49" S x 37° 15/
08" W; Site V: 08° 29’ 54” S x 37° 14’ 48" W) in the Catimbau
Valley, from the soil surface as well as at 20 cm depths, during the
dry (September and October/05) and rainy seasons (May and June/

=
o

—4—2005
m--2006

—/— Average

preciptation (mm)
O K N W B» U1 OO N 0 O

Fig. 2. Precipitation data for the study area.
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Table 1
Chemical and granulometric characteristics of the soil in the Vale do Catimbau, Buique (PE).
Collect site pH P Na* K* Ca*? + Mg*? Ca*? Al3 Granulometric
(H,0-1:2, 5) (mg/dm?) (cmol/dm?) (cmol/dm?) (cmol/dm?) (cmol/dm?) (cmol/dm?)
1 5.5 0 0.41 0.03 2.55 1.40 0.10 Sandy
Il 44 0 0.40 0.12 5.00 3.40 0.15 Sandy
11 5.9 0 0.33 0.11 7.15 4.00 0.15 Sandy
v 5.2 11 0.35 0.09 4.00 3.20 0.25 Sandy
\% 5.2 11 0.39 0.12 5.00 3.40 0.15 Sandy

06). The soil samples were collected in a bucket and subsequently
packed in plastic bags for later manipulation.

Rainfall during the periods of the soil collections totaled 2 and
0 mm in September and October/2005, and 219 and 86 mm in May
and June/2006.

2.3. Soil analyses

Chemical and granulometric analyses of the soils were per-
formed at the Physics and Soil Fertility Laboratories of the Uni-
versidade Federal Rural de Pernambuco, and determined the soil
pH, and the levels of phosphorus (P), sodium (Na), potassium (K),
calcium (Ca), magnesium (Mg), and aluminum (Al) (Table 1).

2.4. Statistical analyses

The fungi species frequencies were calculated for each sampling
site using the formula: Di = (Ni/N) x 100, where Di = the frequency
of species i; Ni = number of number of colony forming units (CFU)
of species i; N = total number of colony forming units (CFU). Ac-
cording to this formula, the species frequencies can be classified as:
<0.5% = rare, >0.5 <1.5% = occasional, >1.5 <3.0% = common,
>3.0% = abundant (Schnittler and Stephenson, 2000).

The Kruskal—Wallis test was used to determine if there were
significant differences in the numbers of colony forming units (CFU)
with respect to the time of collection (rainy or dry season) and soil
depth (surface or 20 cm deep) considering a 5% level of significance,
using Bioestat 5.0 software (Ayres et al., 2007).

The Shannon—Wiener Diversity Index (logx: H = =
(pi) x (logapi), where pi = number of CFU of each species/total CFU)
was used to calculate the diversity of filamentous fungi in the study
area (Krebs, 1999).

Multiple regression analysis was used to analyze correlation
between the soil properties and fungi community using Statistica
6.0 (Statsoft, 2001).

2.5. Fungal isolation, purification, and identification

The method described by Clark (1965, modified) was used to
isolate the fungi according to the following procedure: 25 g of each
soil sample was diluted in 225 ml of sterile distilled water (SDW)
(1:10 w/v). Ten mL of this suspension was then added to 990 ml of
SDW (1:1000 v/v) and 1 ml of this final volume was spread on the
surface of Sabouraud agar medium plus chloramphenicol (100 mg/
1) in Petri plates, in triplicate. The Petri dishes were maintained at
room temperature (28 °C + 1 °C) for 96 h. The colonies were then
counted to determine the numbers of colony forming units (CFU),
and inoculums of the colonies formed were transferred to test
tubes containing Sabouraud agar medium plus chloramphenicol
(50 mg/1) and their growth was for 72 h. The fungi samples were
subsequently transferred to selective culture media (Czapeck Agar,
Potato Dextrose Agar, and Malt Agar) and identified by their
macroscopic (color, appearance, and colony diameters) and
microscopic (microstructural) characteristics, according to Raper

and Thom (1949), Rifai (1969), Booth (1971), Ellis (1971, 1976),
Samson (1974), Raper and Fennell (1977), Domsch et al. (2007),
Cannon and Hawksworth (1984), Schipper and Stalpers (1984), and
Pitt (1988), among others.

3. Results

A total of 85 species of fungi were identified during both the
rainy and dry seasons, at and under the soil surface, in Catimbau
Valley. The anamorphic fungi were best represented, with 71
species: Penicillium (28 species), Aspergillus (18), Fusarium (5),
Cladosporium and Trichoderma (3), Pithomyces, Humicola and Myr-
othecium (2), Curvularia, Drechslera, Monodictys, Paecilomyces, Sco-
pulariopsis, Scytalidium, Staphylotrichum and Stillbella (1 each)
(Table 2). The Zygomycota comprised 8 species (Table 3), followed
by Ascomycota with 6 (Table 4).

Table 2
Colony forming units of Anamorphic species isolated from the soil in the Vale do
Catimbau, Buique-Pernambuco.

Species Rainy Dry Total of %
S De S De CFu

Anamorphic fungi

Aspergillus aculeatus lizuka 0 0 6 0 6 0.56
A. brevipes G. Sm. 1 0 0 0 1 0.09
A. carbonarius (Bainier) Thom 0 0 1 0 1 0.09
A. duricaulis Raper & Fennell 0 2 15 6 23 2.15
A. flavus Link 0 3 0 4 7 0.65
A. fumigatus Fresen. 31 55 77 4 167 15.59
A. japonicus Saito 3 1 4 1 9 0.84
A. niger Tiegh. 0 1 9 0 10 0.93
A. niveus Blochwitz 0 0 0 1 1 0.09
A. ochraceus G. Wilh. 3 0 0 2 5 047
A. ostianus Wehmer 0 0 1 0 1 0.09
A. parasiticus Speare 0 0 1 0 1 0.09
A. puniceus Kwon-Chung & Fennell 0 0 0 1 1 0.09
A. versicolor (Vuill.) Tirab. 0 0 0 38 38 3.55
A. viride-nutans Ducker & Thrower 0 0 1 1 2 0.19
A. tamarii Kita 3 0 0 20 23 2.15
A. terreus Thom 2 42 3 9 56 5.23
A. ustus (Bain. & Sart.) 2 2 0 0 4 0.37

Thom & Church

Cladosporium cladosporioides 1 0 1 0 2 0.19
(Fresen.) G.A. de Vries
C. sphaerospermum Penz. 0 0 1 0 1 0.09
C. tenuissimum Cooke 1 3 4 0.37
Curvularia pallescens Boedijn 1 0 1 0 2 0.19
Drechslera australiensis M.B. Ellis 0 0 1 0 1 0.09
Fusarium equiseti (Corda) Sacc. 0 5 1 0 6 0.56
F. lateritium Nees 11 5 1 5 22 2.05
F. oxysporum Schitdl. 0 1 0 0 1 0.09
F. solani (Mart.) Sacc. 12 8 14 1 35 3.27
F. stilboides Wollenw. 0 0 0 2 2 0.19
Humicola fuscoatra Traaen 0 0 2 1 3 0.28
H. rugosa De Bert. 0 0 1 0 1 0.09
Monodictys castaneae (Wallr.) 0 0 2 0 2 0.19
S. Hughes
Myrothecium indicum Pavgi, 0 0 1 2 3 0.28

R.A. Singh & Dular
(continued on next page)
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Table 2 (continued )

Species Rainy Dry Total of %
S De S De CFu
M. roridum Tode 0 0 1 2 1 0.09
Paecilomyces lilacinus (Thom) 2 6 0 0 0.75
Samson
Penicillium aurantiogriseum 1 0 0 1 2 0.19
Dierckx
P. brevicompactum Dierckx 0 4 7 0 11 1.03
P. canescens Sopp 1 0 0 0 1 0.09
P. citreonigrum Dierckx 0 15 1 0 16 1.49
P. commune Thom 1 31 24 0 56 5.23
P. corylophilum Dierckx 1 0 7 0 8 0.75
P. crustosum Thom 0 0 0 1 1 0.09
P. decumbens Thom 78 81 8 0 167 15.59
P. fellutanum Biourge 0 1 0 0 1 0.09
P. glabrum (Wehmer) Westling 0 0 0 1 1 0.09
P. griseofulvum Dierckx 0 1 0 0 1 0.09
P. implicatum Biourge 1 2 0 1 4 0.37
P. janthinelum Biourge 18 5 1 1 25 233
P. lividum Westling 16 0 0 3 19 1.77
P. melinii Thom 0 1 0 0 4 0.37
P. mineoluteum Dierckx 0 4 1 0 5 047
P. pinophilum Thom 0 0 1 22 23 2.15
P. restrictum ].C. Gilman & 67 1 3 5 76 7.10
E.V. Abbott
P. roseopurpureum Dierckx 0 0 0 1 1 0.09
P. simplicissimum (Oudem.) Thom 3 3 8 0 14 1.31
P. solitum Westling 1 0 0 0 1 0.09
P. thomii Maire 0 4 0 0 4 0.37
P. turbatum Westling 0 0 0 3 3 0.28
P. variabile Sopp 1 0 0 0 1 0.09
P. verruculosum Peyronel 33 27 4 6 70 6.54
P. vinaceum J.C. Gilman & 0 0 2 15 17 1.59
E.V. Abbott
P. viridicatum Westling 0 0 0 24 24 2.24
P. waksmanii K.M. Zalessky 0o 4 0 0 41 3.83
Pestalotiopsis palustris Nag Raj 0 0 0 1 1 0.09
Pestalozziella artocarpi Nag Raj 0 0 5 0 5 0.47
Pithomyces chartarum (Berk. & 0 0 3 1 4 0.37
M.A. Curtis) M.B. Ellis
P. sacchari (Speg.) M.B. Ellis 0 0 0 1 1 0.09
Scopulariopsis chartarum (G. Sm.) 1 0 0 0 1 0.09
FJ. Morton & G. Sm.
Scytalidium lignicola Pesante 0 1 0 0 2 0.19
Staphylotrichum cocosporum 0 1 0 0 1 0.09
J.A. Mey. & Nicot
Stillbella clavispora Seifert 0 1 0 0 1 0.09
Trichoderma aureoviride Rifai 0 0 1 0 1 0.09
T. koningii Oudem. 5 1 0 0 6 0.56
T. pseudokoningii Rifai 1 0 0 0 1 0.09
Total 302 356 224 187 1071 100

R: rainy period, D: dry period, S: soil surface, De: soil depth, % distribution of specie.

Table 3
Colony forming units of Zygomycota species isolated from the soil in the Vale do
Catimbau, Buique-Pernambuco.

Species Rainy Dry Total %
S De S De of CFU
Zygomycota
Absidia cylindrospora Hagem 4 0o 2 0 6 10.34
Cunninghamella blakeslleeana Lendn. 3 0 0 0 3 5.17
C. vesiculosa P.C. Misra 0 1 0 0 1 1.72
Gongronella butleri (Ledner) 0 13 0 26 39 67.24
Peyronel & Dal Vesco
Mucor fuscus Bainier 0 0 0 3 3 5.17
Rhizopus microsporus var. microsporus 3 0 0 0 3 5.17
Tiegh.
R. oryzae Went & Prins. Geerl. 0 0 1 0 1 1.72
Syncephalastrum racemosum Cohn ex 1 0 0 1 2 3.45
J. Schrot
Total 1 14 3 30 58 100

R: rainy period, D: dry period, S: soil surface, De: soil depth, % distribution of specie.

Table 4
Colony forming units of Ascomycota species isolated from the soil in the Vale do
Catimbau, Buique-Pernambuco.

Species Rainy Dry Total %
s De s pe °fC¢FY
Ascomycota
Chaetomium aureum Chivers 1 0 0 0 1 417
C. globosum Kunze 0 1 3 0 4 16.67
Emericela variecolor Berk. & Broome 0 o0 0 1 1 4.17
Eupenicillium brefeldianum B.O. Dodge) 1 3 0 0 4 16.67
Stolk & D.B. Scott
Neocosmospora vasinfecta var. africana 7 3 1 1 12 50.00
E.F. Sm.
Thielavia terricola (J.C. Gilman & 0 o0 0 2 2 8.33
E.V. Abbott) CW. Emmons
Total 9 7 4 4 24 100

R: rainy period, D: dry period, S: soil surface, De: soil depth, % distribution of specie.

In terms of the total number of colony forming units
(1150 x 10 CFU/g), Penicillium decumbens Thom, Penicillium
restrictum JC Gilman & EV Abbott, and Penicillium commune Thom
had 167 x 103, 76 x 103, and 56 x 10° CFU/g respectively. Greater
numbers of CFU were observed in the subsurface soil
(598 x 103 CFU) and during the rainy season (699 x 103 CFU/g).

Of the fungi isolated from the five soil sampling sites, Aspergillus
fumigatus Fresenius (14.52%), Aspergillus versicolor (Vuill.) Tirab.
(3.30%), Aspergillus terreus Thom (4.86%), Fusarium solani (Mart.)
Appel & Wollenw (3.04%), Penicillium commune Thom (4.87%),
P. decumbens Thom, (14.52%), P. restrictum (6.61%). C. Gilman & EV
Abbott, Penicillium verruculosum Peyronel (6.09%), and Penicillium
waksmanii Zaleski (3.57%) were classified as abundant.

No significant differences were observed in the numbers of
colony forming units found during the rainy or dry seasons or be-
tween the soil surface and below surface depths (H = 1.5254; gl = 3,
p = 0.6764). No correlation between soil proprieties and fungi
community was observed. The Diversity Index of fungi species in
relation to the total number of colony forming units (CFU) was 4.84
bits per individual.

4. Discussion and conclusions

Most of the species identified in this study are cited as have been
isolated from soils (Domsch et al., 2007; Ellis, 1971, 1976; Sammson
and Frisvad, 2004; Raper and Fennell, 1977). According to Cardoso
et al. (1992), microorganisms have active roles in soil dynamics in
terms of soil formation, fertility, structure, and health conditions,
through processes of reduction and oxidation, and by producing
and releasing enzymes and metabolic products that can provoke
important changes in soil properties, such as pH and its structural
and chemical composition and temperature. Nutrients important to
soil organisms (such as nitrogen, potassium, magnesium, sulfur and
calcium) can become scarce through leaching, with those losses
being regulated by rainfall rates, vegetation cover type, and soil
texture. Lauber et al. (2008) noted that soil fungal community
compositions are closely associated with soil nutrient status, and
specific changes in edaphic properties can alter microbial com-
munity compositions across a given landscape. Titus et al. (2002)
noted that nutrient accumulations at the soil surface in arid re-
gions are influenced by factors such as erosion, the soil (micro)
biota, and atmospheric and biogeochemical processes.

Soil is considered a world of asexual microfungi (anamorphic
fungi). A major proportion of soil micromycetes is active only in
low-stress habitats, and predominate wherever readily assimilable
carbon sources are available. By contrast, sexual ascomycetes are
believed to be mainly stress-selected, occupying environments
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with various stress levels that exclude many asexual fungi (Dix and
Webster, 1995; Grishkan et al., 2003).

According to Raymundo and Tauk-Tornisielo (1997), when there
are only small numbers of plants growing in the soil abiotic factors
such as temperature and water content can negatively interfere
with soil fungi diversity, as was corroborated by Peuke and
Rennenberg (2004).

Although research efforts have been scarce in areas of Brazilian
Caatinga, the results of the present study were similar to those
reported from other arid regions. In a study of the soil fungi in Saudi
Arabia, Abdel-Hafez (1982) reported 80 species of filamentous
fungi, with species of the genera Aspergillus and Penicillium
demonstrating the greatest diversity — and these results corrobo-
rated those of the present study in terms of those taxa. The studies
of Abdullah and Al-Bader (1990) on the thermophilic and ther-
motolerant mycota of the soils in Iraq likewise noted a predomi-
nance of Aspergillus species. Mouchacca (2005) presented a list of
fungi found in arid regions in the Middle East between 1940 and
2000 and noted the prevalence of anamorphic fungi and Ascomy-
cota (70%), with high numbers of species of Penicillium (17) and
Aspergillus (7) — likewise corroborating the results of the present
research; Grishkan and Nevo (2010) reported 186 species of fila-
mentous fungi from the Negev Desert (Israel), with anamorphic
fungi being the most abundant (128 species). Loro et al. (2012)
studied the incidence and diversity of fungal endophytes in semi-
arid in Venezuela compared with others arids regions.

There have been relatively few studies of the soil fungi of the
semiarid region of Brazil. Cavalcanti and Maia (1994) studied
cellulolytic soil fungi in the semiarid region of Pernambuco State
and observed high diversity of the anamorphic fungi, including
Aspergillus niger, A. versicolor, Aspergillus ustus, Curvularia palescens,
Humicola fuscoatra, Penicillium pinophilum, P. verruculosum,
P. waksmanii, and Pithomyces chartarum, many of which were also
encountered in the present study. Cavalcanti et al. (2006) reported
96 species from the Xing6 region in the semiarid Brazilian north-
east (of which 49 were also found in the present study), with a
predominance of species of the genera Aspergillus and Penicillium.
Costa et al. (2006) reported the occurrence of Hyphomycetes in
soils affected by mining activities in the semiarid region of Bahia
State (BA) with a predominance of Aspergillus and Penicillium; the
high numbers of colony forming units of Penicillium found
corroborate the present results. Santiago and Souza-Motta (2006)
reported finding species of Mucorales in the same region, as well as
Absidia cylindrospora, Cunninghamella elegans, Rhizopus micro-
sporus, Rhizopus oryzae, and Sincephalastrum racemosum in the soil
from Catimbau Valley, Buique, Pernambuco State, Brazil.

Aspergillus and Penicillium were the most abundant genera in
the present study, and it is known that many species of both genera
can survive in dry environments (Dix and Webster, 1995).

In their study of conidial fungi in Australian tropical forests
by direct observations of leaves and the filtration of 4.11—4.73 pn
particles, Paulus et al. (2006) found that the Shannon—Wiener
diversity indices of fungi on six species of plants collected varied
from 2.96 to 3.76. Jones et al. (2006) reported diversity indexes
ranging from 3.44 to 3.31 in Atlantic Forest sites in Pernambuco
State (Brazil). According to Washington (1984), this index will not,
in practice, exceed 5.0 for biological communities.

The fungi isolated in the present study were predominantly
cosmopolitan anamorphic fungi frequently encountered in the
Atlantic Forest (Schoenlein-Crusius and Milanez, 1998), Tropical
Savanna (Raymundo and Tauk-Tornisielo, 1997), and Caatinga (Maia
and Gibertoni, 2002) ecosystems of Brazil. The presence of these
fungi must certainly reflect the dynamics and complexity of the
abiotic factors affecting these soils, and certain species would be
expected to be specific to certain soil conditions (Kang and Mills,

2006; Lodge, 1997). Additionally, not all of the fungi present in a
soil sample may grow on the culture media offered, while others
could be favored (Bing-Ru et al., 2006; Kirk et al., 2004).

The results of this study indicate that anamorphic soil fungi
predominate in the study site in the semiarid region of Brazil, with
many species of Aspergillus and Penicillium — although additional
studies will be needed to determine the full extent of the soil fungal
diversity to be found there.
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