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ABSTRACT

With the aim of observing the impact produced by copper-mining activities on soil fungi, samples were
collected from an area at the Caraiba Mining, in the State of Bahia, Brazil. Thisareawas divided in six sub-
areas. one had native vegetation and was used as control, while the others varied according to degrees of
impact. The samples, collected during the dry and the rainy seasons, were submitted to serial dilutions and
placed on Petri disheswith Sabouraud medium plusantibiotic. Sixty five speciesand 16 generaof Hyphomycetes
were identified: Acremonium, Acrophialophora, Aspergillus, Cladosporium, Chrysosporium, Curvularia,
Fusarium, Humicola, Malbranchea, Myrothecium, Paecilomyces, Penicillium, Scolecobasidium,
Saphylotrichum, Silbella and Trichoderma. Acrophialophoralevis, Crhysosporiummerdarium, Curvularia
verruculosa, Malbranchea chrysosporoidea, Penicillium adametzii, Saphylotrichum coccosporum and
Stilbella sebacea were isolated for thefirst timein Brazil.
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INTRODUCTION

The soil is one of the most important habitats for
microorganismsand filamentous fungi and yeastsare the major
contributorsto soil biomass. Forming agroup of organotrophic
organisms responsible primarily for the decomposition of
organic compounds (18), the fungi participate actively on
processesrel ated to biodeterioration and biodegradation (2,11),
contributing for nutrient cycling and, consequently, for the
maintenance of ecosystems.

Several groups of fungi can be isolated from soil, such as
Zygomycetes, Ascomycetes and anamorphic fungi (4,9). The
Hyphomycetes can be distingui shed because they have abroad
geographical distribution and can be found in several
substrates, including soil (1,5).

However, there are few studies about the isolation of fungi
from soil in areas affected by heavy metals. Silva et al. (22)
regarded the potential of infectivity of arbuscular mycorrhizal
fungi (AMF) insoil of CaraibaMining, Bahia, Brazil; Fassatiova

(16), isolated micromycetesin uranium mining in Czechod ovakia;
Nordgren et al. (17), isolated microfungi from soil in an area
polluted by heavy metal in Sweden and Arnebrant et al. (3),
informed the copper tolerance by microfungi isolated from
polluted and unpolluted forest soil in Sweden.

This research represents the first survey of the
Hyphomycetes isolated from soil of a copper mining area in
Brazil, aiming to eval uate the effects of siteand season on fungal
colonization.

MATERIALSAND METHODS

Sudy area

The Caraiba Mining is located at Pilar, Municipality of
Jaguarari, BahiaState, Brazil (9°51' 43" Sand 39°53' 50" W) isthe
biggest mining of northeastern Brazil where copper isextracted.
Theannual precipitation is400 mm and therainy seasonisfrom
November to April, with an average temperature of 25°C. The
vegetation is characterized by typical xerophytic vegetation,
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called caatinga and the sail is of two types: sand-clay and clay.
Theclimateisclassified astropical semi-arid.

The studied area was divided into six sub-areas: |- A site
that received the waste product, formed by the rock powder
from which the metal was extracted. In this place there were no
plants except during the rainy season. 11- A place around the
industrial area, characterized by absence of native plant species
and the presence of many pioneer species, which dominate the
area after the removal of the native vegetation. I11- Low-grade
deposits, someforming pilesashigh as 20 m. Few pioneer plants
have been found in this sub-area. V- A preserved caatinga,
considered as the control sub-area, with many native species.
V- interface between the caatinga and the waste product area,
where some plants were dry and defoliated. VI- A site for
extracting top soil for purpose of land fill (22).

Soil sampling

Soil sampleswere collected from the 5-20cm depth, during
the dry (August/1998) and rainy (February/1999) seasonsfrom
six sub-areas, five affected by mining and one with native
vegetation of “caatinga’ preserved. In each sub-area seven
soil sampleswere collected to make acompound (Fig. 1). These
samplesweretaken preferentially from the rhizosphere of plants
chosen at random. The analysis of the soil was done by the Sail
Laboratory of EMBRAPA/CPATSA (15) (Tablel).

| solation and identification of fungi

Soil samples were diluted and plated, using Clark’s (7)
method, modified asfollows: 25 g of each samplewasdiluted in
225 mL of ditilled sterilized water. From thissuspension, 10 mL
were added to 990 mL of water and fromthis, 1 mL wasspreadin
Petri dishes, in triplicate, containing Sabouraud Agar plus
chloramphenicol (100 mg/L) and maintained at room temperature
(28°C+2°C) for 72 hours. Inoculum of theformed colonieswere
transferred to Czapek Agar (Cz), Potato Dextrose Agar (PDA)
and Malte extract Agar for identification, using current
taxonomical literature(6,9,12,13,19,20).
Satistical analysis

The Tukey test (Vx + 1) was used to evaluate differences
between numbers of coloniesisolated from each sub-areaduring
the dry and rainy seasons (14). The grouping test of Scott-
Knot (21) was utilized to evaluate which species were more
predominant in this research. The data were evaluated to a 5%
of significancelevel.

RESULTS

Sixteen genera and 65 species of Hyphomycetes were
isolated out of 1293 fungal colony forming units (CFU).
Aspergillus was the genus with the highest number of species
(25 species), followed by Penicillium (18), Acremonium (4),
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Figure 1. Collecting sitesin the Caraiba copper mine, Jaguarari,
Bahia State (upper right inset). 1 Site that receives the waste
product, 2 site that receives the lowgrade deposits, 3 the
interface between the caatinga and waste product area, 4 the
surrounding of industrial area, 5 the site for extracting topsoil
for the purpose of land filling, 6 preserved caatinga.

Paecilomyces (3), Fusarium, Trichoderma and Cladosporium
(2). Acrophialophora, Chrysosporium, Curvularia, Humicola,
Malbranchea, Myrothecium, Scolecobasidium, Staphylotrichum
and Silbella had one species each (Table 2).

Of the six sub-areas studied, sub-area IV (control) had the
highest number of species (33), followed by sub-areas |1 (27),
11 (24), VI (21),V (12) and | (10). Sub-arealV a so presented the
highest number of CFU (399), followed by sub-areas|| (296), 111
(240), V1 (206), 1 (112) and V (40).

Aspergillusterreuswasisolated in all sub-areasduring both
seasons, with the exception of the rainy season in sub-area l.
Aspergillus fumigatus and Fusarium solani wereisolated from
soilsof almost al sub-areas, with exception of sub-areasV and
I, respectively. Paecilomyces lilacinus had the highest number
of CFU (119), followed by Penicillium adametzi (106), P.
fellutanum (97) and Acremonium roseolum (90).
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Table 1. Chemistry and granulometric analysisfrom soil of the six sub-areasfrom CaraibaMining, Jaguarari, Bahia. P*- available P
by Mehlich method.

Cu Mn Zn Fe K Mg Ca Al pH (H,0) Granulometria%

Sub-areas  P*
cmol.dm® meg.100g™* of soil 125 Sand Silt Clay

I 26 4334 534 57 4344 006 14 52 000 82 ¢ 3 4
Il i) 862 334 20 659 02 59 105 0M4 69 60 24 16
11 167 6067 440 52 1681 027 59 71 o001 73 G¢) 21 10
v M 27 464 22 B6 030 37 80 006 6.2 62 24 14
\Y 179 4454 478 50 3371 061 18 60 000 78 61 K3 4
\Y/ % 304 486 16 524 02 54 94 07 71 65 19 16

Table2. Total (T) of fungal colony forming units (CFU) of Hyphomycetes speciesisolated from soil of CaraibaMining in six sub-
areas (I, I1, 11,1V, V and V1), during the dry (D) and rainy (R) seasons.

SUB-AREAS/SEASONS
SPECIES | I 1l \Y; \Y

<
—

Acremonium fusidioides (Nicot) W. Gams
Acremonium kiliense Gritz
Acremoniumterricola (J.H. Mill., Giddens & A.A. Fogter) W. Gams
Acremoniumroseolum(G. Sm.) W. Gams
Acrophialophora levis Samson & T. Mahmood
Aspergillus asperescens Stolk

A. awamori Nakaz.

A. carneus (Tiegh.) Blochwitz

A. deflectus Fennell & Raper

A. duricaulis Raper & Fennell

A. flavipes (Bainier & Sartory) Thom & Church
A. flavofurcatus Bat. & Maia

A flavusLink

A. fumigatus Fresen.

A. japonicus Saito

A. niger Tiegh.

A. niveus Blochwitz

A. nutans McLennan & Ducker

A. ochraceus G, Wilh.

A. parasiticus Speare

A. penicillioides Speg.

A. sclerotiorum GA. Huber

A. sulphureus (Fresen.) Thom & Church

A. sydowii (Bainier & Sartory) Thom & Church
A. tamarii Kita

A. terreus Thom

A. terreusvar. aureus Thom & Raper

A. ustus (Bainier) Thom & Church

A.versicolor (Vuill.) Tirab.

A. viridinutans Ducker & Thrower

OO0 O0OWMOFRO0OO0O0D00O00000000O00O00O0O0OROOR |0
cNoNoNeNoNoNeNoNoNoNoNeloNoNeNolCecNoNoNoNoNeNoNoNo N NoNe Nl b5y
coovwowwoPRooooRBoownvmoihoooooooo~N~Noooo|O
RPOROMNOOOO0OO0OO0OO0OO0DO0OO0OO0OO0ORODOOROOOOOOOO|XT
OCO0OONMOODO0OO0OO0OO0OO0OO0OROOWOONODOROOOOWOR|O
NOOoOOooooooooNoOoOwwooORrUIOoOOOpoooo|XD
cOcoNOwOoOOoOhhrwoBoowNBooooorwnvmooooo|O
OOWONROOOOROORRNRLRBOFRFOODOOODOOOOOO|XT
OONORMNODOOOOOOROODO0OO0OO0OO0OO0OO0OO0OO0OO0OORrROONO|DT
OCOMORNOODOOODOO0OO0OO0OO0O0O0O00O0OO0OORMAODOOOOOO|T
O0O0O0OWOO0OO0OO0O0OORORPRFRORMNODOOODORODOMOOOO|T
OcoooRrooococococowmBdorwBRoooooooooo|x
EE8BdMVRErworB8rrB8JoIJEERFPoNONMRB8wNN
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Cladosporium cladosporioides (Fresen.) GA. de Vries
Cladosporium sphaer osper mum Penz.
Curvulariaverruculosa Tandon & Bilgrami ex M.B. Ellis
Chrysosporium merdarium

Fusarium lateritium Nees

F. solani (Mart.) Sacc.

Humicola fuscoatra Traaen

Malbranchea chrysosporioidea Sigler & JW. Carmich.
Myrotheciumverrucaria (Alb. & Schwein.) Ditmar
Paecilomycesfarinosus (Holmsk.) A.H.S. Br. & G. Sm.
Paecilomyces lilacinus (Thom) Samson

P. variotii Bainier

Penicillium adametzi K.M. Zalessky

P. corylophilum Dierckx

P. decumbens Thom

P. fellutanum Biourge

P. glabrum (Wehmer) Westling

P. implicatum Biourge

P. janczewskii K.M. Zalessky

P. janthinellum Biourge

P. lividum Westling

P. montanense M. Chr. & Backus

P. pinophilum Thom

P. purpurescens (Sopp) Biourge

P.restrictumJ.C. Gilman & E.V. Abbott

P. solitum Westling

P. spinulosum Thom

P. verruculosum Peyronel

P.vinaceum J.C. Gilman & E.V. Abbott

P. waksmanii K.M. Zalessky
ScolecobasidiumhumicolaGL. Barron & L.V. Busch
Saphylotrichum coccosporum JA. Mey. & Nicot
Stilbella sebacea (Ellis& Everh.) Seifert
Trichoderma harzianumRifai

T. koningii Oudem.
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Acrophialophora levis, Chrysosporium merdarium,
Curvularia verruculosa, Malbranchea chrysosporoidea,
Penicillium adametzii, Staphylotrichum coccosporum and
Stilbella sebacea wereisolated for thefirst timein Brazil.

The numbers of coloniesin the sub-areas|V and |1 differed
from the sub-areas| and V, whilethesub-areas| |1 and V1 did not
differ of the rest of the sub-areas. There were no statistically
significant differencesin thetotal number of colonies compared
between rainy and dry seasons or when the two seasons were
compared within the same sub-area (Fig. 2). The test of Scott-
Knot showed that Paecilomyces lilacinus, Penicillium
adametzii, P. fellutanum and Acremonium roseolum were
distinguished in relation to CFU.

DISCUSSION

The Caraiba Mining in northeastern Brazil is characterized
by having atypical vegetation called caatinga. Caatingaconsists
of a dry environment with xerophitous plants. The genera
isolated in the mining areaare commonly present in the soil (9).
Aspergillus and Penicillium were the genera with the highest
number of species, 25 and 19 species respectively and were
considered by Dix and Webster (8) the genera with the best
ability of survivingin dry environment.

The sub-area IV (control) should the highest number of
speciesand CFU, 33 and 399, respectively. In contrast, the sub-
area |, the most affected by copper mining, had the lowest
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Figure2. Differencesin the number of thefungal colony forming
units (CFU) between dry and rainy seasons of each studied
sub-area of the Caraiba Mining, BA. Differences were not
statistically significant.

number of species(10) and CFU (112). Similarly, in sub-areaV,
had 12 speciesisolated and 40 CFU and in sub-arealll had 24
speciesand 240 CFU. Thelow number of speciesand propagules
inthe sub-areas|, 111 and V may be due to the high pH or high
concentrations of Cu or Fe (Table 1). Silvaet al. (22), working
with AMF in the same area of the present study, also observed
low number of sporesin the sub-areas| and V. Nordgren et al.
(17), Arnebrant et al. (3) and Durall and Parkinson (10) observed
strong effects of heavy metals on the community structure of
soil fungi along with reduction on biomass. Our data are in
accordance with Dix and Webster (8), who reported reduced
number of viable propagules in soils with high pH. Another
factor that can influence the number of coloniesin soil isthe
plant diversity. In sub-area | (with waste product), only four
speciesof fungi and 11 CFU wereisolated during the dry season,
when no plant species were found, whereasin the rainy season
seven specieswereisolated with 101 CFU, when some pioneer
plantswerefound. In sub-areaV (theinterface), which had low
numbers of colonies in the dry and rainy seasons, the plants
were dried and without leaves. Dix and Webster (8) mentioned
that roots and the age of the plants stimulate the growth of
microorganisms when compared to soil without vegetation.

Acremonium roseolum, Siilbella sebacea and Trichoderma
koningii wereisolated only in sub-areal, which might indicate
that these species are not good competitors but good survivors.

Aspergillus flavus, A. fumigatus, A. terreus, A. versicolor,
Fusarium solani and Humicola fuscoatra isolated frequently
inthe mining, were a so found commonly by Fassatiova(16) in
auranium mine.
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Paecilomyces farinosus, presented in the Caraiba Mining
with 8 CFU, wasasoisolated by Nordgreenetal. (17) inabrass
mill where Cu and Zn were the dominant elements. The same
authors observed that P. farinosus was more frequent with an
increase in copper concentration. Arnebrant et al. (3), working
with copper tolerance by microfungi, tested 22 species of
Hyphomycetes isolated from polluted and unpolluted forest,
and observed that P. farinosus was the species most copper
tolerant. The authors also observed that the majority of the
species of Penicillium tested were moderately copper tolerant
and thisincluded P. montanense and P. spinulosum,which were
alsoisolated in this research. Paecilomyces lilacinus had more
CFU (119), oneof whichinthe sub-areal and 118 in sub-arealll,
all during the rainy season.

The species identified (Table 2) were deposited in Culture
Collection (URM) of the Department of Mycology of the
“Universidade Federa de Pernambuco”, and may be utilized in
future researchesfor the recuperation of mining degraded areas
and in processes of bioremediation.
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RESUMO

Hyphomycetesde solo de uma area de mineracéo de
cobreno Estado da Bahia, Brasil

Com o objetivo de observar o impacto produzido pelas
atividades da mineragéo de cobre em fungos do solo, amostras
foram col etadas de uma area daMineracao Caraibano Estado da
Bahia, Brasil. Estaéreafoi divididaem seis sub-areas: umacom
vegetagcdo nativa, usada como controle enquanto as outras
variavam de acordo com os graus de impacto. As amostras,
coletadas durante os periodos de estiagem e chuvoso, foram
submetidas a dilui¢des sucessivas e col ocadas em placas de Petri
contendo meio Sabouraud acrescido de antibidtico. Sessenta e
cinco espéciese 16 génerosde Hyphomycetesforamidentificados:
Acremonium, Acrophialophora, Aspergillus, Cladosporium,
Chrysosporium, Curvularia, Fusarium, Humicola, Malbranchea,
Myrothecium, Paecilomyces, Penicillium, Scolecobasidium,
Saphilotricum, Silbella e Trichoderma. Acrophialophora
levis, Chrysosporium merdarium, Curvularia verruculosa,
Malbranchea chrysosporoidea, Penicillium adametzii,
Staphylotrichum coccosporum e Stilbella sebacea foram
isoladas pelaprimeiravez no Brasil.

Palavras-chave: ecologia, areaimpactada, micologia, fungos
de solo
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