
Abstract 
 
Background: The selection of plant species with phytoremediation potential is as essential as    
microorganisms are for the success of decontamination programs of areas affected by organic   
exploration and oil production spills. Based on a greenhouse study aimed at assessing the initial 
growth of three plant species [Mamona (Ricinus communis), Acácia (Accia holocerisea) and Mimosa 
(Mimosa caesalpiniifolia)] grown in the presence and absence of crude oil (petroleum), a study was 
carried out in order to isolate and select filamentous fungi which have potential to grow and degrade 
this contaminant.  
Results: After a growth period of 47 days of the plants, soil samples were collected for treatment, 
and only comparisons between the contamination effects on the number of colony -forming units 
(CFU) of species and genera of fungi isolates were evaluated by the Student’s t test. The presence 
of oil in the soil significantly decreased the number of CFU (44.39 x 10 3 vs. 8.83 x 102) and,       
consequently, the diversity of soil fungi. Two hundred and thirteen filamentous fungi were isolated 
from contaminated and uncontaminated soil samples. In uncontaminated soil, 12 genera and 29 
species were identified, whereas in contaminated soil eight genera and 12 species were identified. 
Penicillium was the most frequent genus found in uncontaminated soil; however, it was not isolated 
from contaminated soil.  
Conclusion: The existence of species that grow with or without the presence of oil allow inferences 
on their use as an contamination indicator or on how these hydrocarbons are degraded, having po-
tential for the treatment of environments. 
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INTRODUCTION 
 Many techniques can remediate soils 

contaminated by organic compounds, specially 

those that use plants and microorganisms, due to 

their ease growth and handling and cost, because 
they use photosynthesis as energy source and their 

metabolic (and co-metabolic) routes to degrade 

different compounds, including petroleum and their 
derivatives (Kuiper et al., 2004; Pasqualino et al., 

2006).  

 Bacteria, yeasts and filamentous fungi are 
efficient agents to degrade of a large number of 

organic substances, commonly found in effluents 

generated by oil refineries (Atagana et al., 2006; 

Santos et al., 2008), presenting as a powerful 
alternative to conventional treatment methods 

(Ururahy, 1998). Some studies have been 

developed, aiming at stimulating the activity of 
native microorganisms in the degradation of 

hydrocarbons (Hart, 1996; Evans et al., 2004) or the 

introduction of potentially active microorganism 
strains that degrade hydrocarbons at the polluted 

site (Baddock et al., 1997; Kramer., 2005). 

According to Gadd (2004), fungi secrete a great 

range of efficient enzymes into the environment, 
which are used to help with their nutrition and 

which, consequently, are responsible for the 

degradation of several refined or processed natural 
substances. However, the degradation of 

hydrocarbons in soil may be limited by the inability 

of indigenous microorganisms to efficiently 

metabolize these substances, due to a lack of 
nutrients for the degrading microbiota or to a low 

bioavailability of hydrocarbons to degrader 

microorganisms, because of their sorption into the 
soil’s mineral and organic solid phase (Johnsen et 

al., 2005). According to Chaillan et al. (2004), 

Aspergillus and Penicillium are the most commonly 
found fungi in tropical soil, which are able to 

degrade hydrocarbons. Conceição et al. (2005) cited 

that these genus form a group of microorganisms 

that definitely possess mechanisms to resist adverse 
environmental conditions, and some of them have 

the ability to degrade oil residues. Bento et al. 

(2001) has isolated Aspergillus species from diesel 
samples from refineries, storage tanks, as well as 

from fuel and injection pumps of vehicles. The 

Trichoderma genus is mentioned as being able to 
degrade hydrocarbons (Launem et al., 1995; 

Colombo et al., 1996). Silva et al. (2003) carried 

out a selection of fungi found in estuarine 

sediments which had the ability to degrade 

hydrocarbons, and they also observed the presence 
of Trichoderma, Aspergillus and Mucor genera.  

 In Brazil, several vegetal species have been 

studied in order to recover degraded soils (Franco 

and Faria, 1997; Rodrigues et al., 2009). 
Leguminous forest trees with potential to associate 

with diazotrophic bacteria and mycorrhizal fungi 

have earned attention due to their more efficient 
strategy to capture N (in particular) and P, resulting 

in an accelerated growth of these species, in 

addition to an intensification of the biogeochemical 
cycle of the system and improvement in the quality 

of the degraded substrate (Franco and Faria, 1997; 

Reis, 2006). Therefore, this study was developed in 

consideration to the strong soil microbiota 
interaction with the rhizosphere of plants and to the 

poor availability of information on microorganisms 

that are able to grow in environments contaminated 
by oil. We utilize an experiment with seedlings of 

three species (Mamona (Ricinus communis), Acácia 

(Accia holocerisea) and Mimosa (Mimosa 
caesalpiniifolia)) that was growing under 

contaminated and non contaminated soil and 

attempted to isolate and select fungi lineages that 

had potential to degrade oil under contaminated 
soils. The growth ability of isolates in a culture 

medium containing 1% oil was tested, aiming at 

their application in the interaction process between 
bioremediation and phytoremediation.  

 

MATERIAL AND METHODS 

Sampling procedure 
 The samples were obtained from a 

phytoremediation experiment, performed under 

greenhouse conditions in Seropédica Municipality, 
at Rio de Janeiro State, Brazil, between September 

and October 2006. The substrate used was obtained 

from a subsuperficial soil layer (10-20 cm), found 
in the UFRRJ area. This soils was classified as a 

Planosol Ecology Serie, according to the Brazilian 

soil classification (Ramos et al., 1973) or as 

Abruptic Arenic Ochraquult, according to Soil 
Survey Staff (2006). A randomized block design 

with 4 repetitions and 6 treatments was used. The 

treatments were composed of a combination of 3 
species  (Acacia holocerisea ;  Mimosa 

caesalpiniifolia and Ricinus comunis) and two 

levels of contamination (0 and 4% oil, volume 
base). The soil was contaminated by crude oil (Ref. 

BB01-Petrobras) with the aid of a concrete mixer. 

The mixture was incubated for 15 days, in order to 

allow adaptation of the biota specialized in the 
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degradation of xenobiotics. At that moment, 
samples of contaminated and uncontaminated soil 

were collected for chemical characterization and 

correction of the relation C:N:P into 100:10:1 

values. The analyses were performed in Soil 
Fertlity Laboratory at the Universidade Federal 

Rural do Rio de Janeiro (UFRRJ). Once the results 

of the analyses were obtained, phosphate 
fertilization was made using monoammonium 

phosphate (MAP) in uncontaminated soil, and MAP 

and urea in contaminated soil, in order to adjust the 
C:N:P relations as previously mentioned and 

suggested by Deuel and Holliday (1997). Glass pots 

were used, which received 0.8 dm3 of soil, and the 

humidity level was maintained near to the field 
capacity of the soil. The seedlings, germinated in 

sandboxes, were then transplanted (2 specimens per 

pot for leguminous species, and only 1 specimen for 
mamonas, due to seedling size. 

 At each final collection of the experiment, at 

the 47th day after transplanting, soil samples were 
collected from each pot, stored into paper bags and 

sent for analyses.  

Sample Processing 

 Five grams of soil were resuspended in 45 
mL peptone 0.1 % containing 0.1 % Tween 80 

inside Erlenmeyer flasks, and then agitated for 30 

min with Shake at 150 rpm (Gomes et al., 2001; 
Markovina et al., 2005).  

Microbiota Quantification 
 Martin was the culture medium used 

(Domsch et al., 1993). Plating was made using 0.1 
mL aliquots of the respective dilutions. Later, a drop

-plating technique with 5 repetitions was used.  Petri 

plates were incubated at 25º C. Their reading was 

based on the presence or absence of Colony-Forming 
Units (CFU) after seven days (Cattelan et al., 1997). 

Isolation and Identification 
 The isolation and identification were based 

on the macroscopic and microscopy morphological 

study made in Potato Dextrose Agar medium 

(BDA) and, whenever necessary, the 
microorganisms were inoculated in media 

according to each group and/or their sporulation 

was stimulated in Saccharose Glucose Agar (SGA) 
and Oatmeal Agar (AA). Additionally, they were 

also based on alternating lighting cycles (12/12), 

incubation period and slide culture (Domsch et al., 
1980; Barnett et al., 1999; Davet and Rouxel, 2000; 

Watanabe 2002). For identification of species, 

specific bibliographies were consulted, such as 

Raper and Fennell (1965), Klich and Pitt (1988), 
Pitt (2000), Samson et al. (2000) and Klich (2002). 

Fungal colonies selected for identification were 

picked and stored in tubes containing Malt Extract 
Agar (MEA) at 4o C.  

Selection of Oil-Tolerant Fungi in Solid Medium 

 The potential fungi degrader was tested 
according to the methodology used by Conceição et 

al. (2005), modified. The experiments were 

performed on Petri plates containing Mineral 

Medium (MM), added with 1 % oil after 
autoclaving. In the sequence, the plates were 

incubated in the dark for 7 days at 25o C. At the end 

of this incubation period, colony growth was 
observed. The entire experiment was carried out in 

duplicate. Fungal growth was relatively quantified 

into no growth (-), small (+), medium (++) and 

large (+++) by visual qualification based on a 5 mm 
inoculum, with readings made on the 7th culture day 

(Fig 1).  

Statistical Analyses 
 For statistical analyses, the sources of 

variation were the presence or absence of 
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Descriptive Scale of Relative Fungal Growth (CFR) 

- + ++ +++ 

 
Fig 1: Tolerance scale of fungi in mineral medium (MM), added with 1% oil for 7 days at 25° C. 



contaminants in the medium. For the purpose, the 

Student’s t test at 5% was used to detect differences 
in the fungi diversity among the treatments. Based 

on this assumption, even if the samples were 

collected from pots containing distinct vegetal 
species, these collections seemed very similar in 

form and number and represented an opportunity of 

isolation of a higher number of species or genera, in 
comparison to collections from pots containing only 

one vegetal species. 

 

RESULTS 
 The contamination of Planosol by oil 

modified significantly and negatively the number of 

CFUs; in average, the CFUs in uncontaminated and 
contaminated soil samples corresponded to 44.39 x 

103 and 8.83 x 102, respectively (Figure 2).    

 Fig 2: Number of colony fungi units (CFU)
(average ± standard error) in non-contaminated 

(NCS) and contaminated (CS) soil. * Significant 

difference between treatments with t-Student test at 

5% of probability. 
 Two hundred and thirteen filamentous fungi 

were isolated from contaminated and 

uncontaminated soil samples. Twelve genera and 29 
species were identified in uncontaminated soil, and 

the greatest fungi diversity was found in Class 

Ascomycetes. On the other hand, 8 genera and 12 

species were identified in contaminated soil. 
Penicillium spp. was the genus more frequently 

found in uncontaminated soil; however, it was not 

isolated from contaminated soil.  
 The Aspergillus flavus, A. niger, 

Cladosporium cladosporioides, Curvularia clavata, 

Fusarium roseum, F. solani, Mucor mocrosporus 

and Trichoderma harzianum species developed in 
both contaminated and uncontaminated soil 

conditions. On the other hand, the Trichoderma 

pseudokoningi, T. koning, Pythium ultimum, 
Rhizopus sp. and Mucor circinoides species were 

found in contaminated soil only (Table 1). 

 For tolerance tests in MM, a medium that is 
poor in carbon source, this was an alternative to 

observe fungal growth under extreme conditions 

and for a possible utilization of oil as carbon 

source. Aspergillus niger, Cladosporium 
cladosporioides and Curvularia clavata either did 

not grow (-) in the medium, were considered 

sensitive to oil or were not able to use oil as carbon 
source. Their absence could be interpreted as a 

contamination indicator. A certain variation was 

observed regarding the non-growth and growth 
index of some A. flavus, Fusarium roseum, F. 

solani, Trichoderma harzianum, T. koningi and T. 

pseudokoningii isolates. The 21.4 Aspergillus flavus 

isolate, 7.5 Fusarium roseum isolate, 18.2 
Trichoderma harzianum isolate and 13.4 T. koningi 

isolate showed the highest growth index (Table 2).  

 

DISCUSSION 

 It is likely that the microorganisms evaluated 

may have co-metabolized the existing hydrocarbons 

under the conditions offered, even if they may have 
used a second carbon source to maintain their 

growth and reproduction while hydrocarbons were 

simultaneously degraded. 
  Studies on the isolation of filamentous fungi 

in environments containing oil or its subproducts 

found a very similar diversity of genera to that 
found in our study, such as: Fusarium, Candida, 

Aspergillus and Penicillium (Cerniglia, 1997; Bento 

et al., 2005; Chaillan et al., 2004).  Araujo and 

Lemos (2005), in their study with soils 
contaminated by 5 % oil were able to isolate several 

species from the Aspergillus, Penicillium, 

Paecilomyces and Fusarium genera which, in their 
majority, were able to degrade petroleum 

hydrocarbons. Later, Reiche and Lemos (2006) 

isolated several filamentous fungi from soil, which 
were able to degrade crude oil. In this study, 

degradation was tested by means of mineral 

medium containing crude oil and mineral medium 

containing crude oil plus glucose. Ravelet et al. 
(2000) isolated many fungi species that were able to 

degrade polycyclic aromatic hydrocarbons. The 

species isolated were Coniothyrium fuckelii, 
Fig 2: Number of CFUs in samples from contaminated (SC) 

and uncontaminated (SNC) Planosols. 
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Gliocadium virens, Mucor racemosus, M. 
racemosus var. sphaerosporus, Penicillium 

simplicissimum, P. janthinellion, Phialophora alba, 

Phialophora hoffmannii, Scopulariopsis brumptii 

and Trichoderma hazianum.  
 Mollea et al. (2005) used fungi to optimize 

the degradation of PAHs and they demonstrated 

that T. harzianum was not able to biodegrade 

PAHs, whereas Penicillium chrysosporium, under 
the same testing conditions, biodegraded PAHs. 

These results differ from our findings, according to 

which Trichoderma species were able to grow in 

mineral medium containing crude oil and 
Penicillium species were not able to grow in soil 

contaminated by crude oil. Microorganisms may 

not degrade a certain contaminant at first, but this 
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Table 1: List of fungi species isolated from uncontaminated soils and soils contaminated by 4% oil. 

SNC SC 

Acremonium sp.   

Aspergillus flavus Aspergillus flavus 

A. fumugatus   

A. niger A. niger 

A. oryzae   

A. penicilioides   

A. terreus   

Cladosporium cladosporioides Cladosporium cladosporioides 

Curvularia clavata Curvularia clavata 

Dictyoarthrinium sacchari   

Eurotium chevalieri   

Fusarium oxysporum   

F. roseum Fusarium roseum 

F. semitectum   

F. solani F. solani 

Monocillium sp.   

  Mucor circinoides 

Mucor hiemalis   

M. microsporus M. microsporus 

Penicillium chrysogenum   

P. citreonigrum   

P. decumbnes   

P. funiculosum   

P. islandicum   

P. janczeniskii   

P. restrictum   

P. rostratum   

P. simpliciccimum   

P. viridicatum   

  Rhizopus sp. 

  Pythium ultimum 

Talaromyces sp.   

Trichoderma aureoviride   

T. harzianum Trichoderma harzianum 

Verticillium lecanii   

  T. koningii 

  T. pseudokoningii 

SNC: Uncontaminated Soil; SC: Contaminated Soil. 



Table 2: Tolerance of fungi isolated from contaminated soil, in MM containing 1% oil and incubated for 7 days at 25° C. 

Fungus Isolate Growth Index 

Aspergillus niger 21.3 - 

  19.4 - 

A. flavus 7.3 - 

  13.3 + 

  14.1 + 

  17 + 

  19.1 ++ 

  20 ++ 

  21.4 +++ 

Cladosporium cladosporioides 16.1 - 

  22.1 - 

Curvularia clavata 18.l - 

Fusarium roseum 4.1 + 

  4.2 ++ 

  4.4 + 

  4.6 + 

  4.7 ++ 

  7.1 + 

  7.5 +++ 

  7.6 + 

F. solani 7.3 + 

  12.3 ++ 

  13.7 ++ 

Mucor circinoides 2.3 CM 

M. microsporus 6.7 CM 

Pythium ultimum 2.1 CM 

Rhizopus sp. 4.2 CM 

Trichoderma harzianum 5.4 ++ 

  5.16 - 

  7.4 - 

  12.4 ++ 

  17.5 - 

  18.2 +++ 

  19.5 ++ 

  19.6 + 

  21.5 - 

T. koningii 13.4 +++ 

  14.3 + 

  17.1 + 

  19.3 + 

  21.1 + 

T. pseudokoningii 7.2 ++ 

CM: Dead Culture.     
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can happen after a certain period. These 

characteristics are associated with the adaptation of 
growth enzymes of biodegrading populations and 

with genetic mutations (Brito et al., 2004). 

 Colony growth rate assessments have been 
used to investigate the growth of filamentous fungi 

and to determine their effects on crude oil 

(Meysami and Baheri, 2003; Chaillan et al., 2004). 
Based on studies of the potential bioaugmentation 

effect on the removal of petroleum-based 

pollutants, Santos et al. (2008) obtained satisfactory 

results for fungal isolates used in the degradation of 
different pollutants through colony growth. In our 

study, we propose a methodology to be used as a 

tool to determine the biodegradation potential of 
fungal isolates, based on the development of 

colonies in relation to time. 

 Fungi are potential degraders under adverse 
conditions, such as in environments with low pH 

and poor in nutrients. They are present in any 

contaminated system and may use oil compounds 

and their recalcitrant derivatives as an energy 
source. Moreover, when compared with yeasts and 

bacteria, they have a higher ability to adapt to 

media with a low water activity.  
  

CONCLUSIONS 
 Biological recovery processes of soils 

contaminated by hydrocarbons and/or their 
derivatives have been based on the stimulation of 

native microorganisms and, in some cases, on the 

increase of the microbial population, through 
incorporation of native/exogenous organisms. 

Success has been rarely achieved in the latter case, 

owing to the fact that many microorganisms 
available in the market are not native. These 

microorganisms do not seem to be competitive in 

comparison with the native microbial population, 

which is already adapted to the environment. One 
alternative would be the isolation of species from 

contaminated soil and their posterior growth and 

reintroduction into the same system. The problem is 
that conventional isolation methods are only able to 

extract a small part of viable microorganisms from 

the environment, thus limiting the achievement of 
species of interest. This fact will lead to a future 

development of better studies with these fungi, as 

well as with those that grow in both conditions, for 

specific purposes of use in biodegradation. 
 In our study the Penicillium was the most 

frequent genus found in uncontaminated soil; 

however, it was not isolated from contaminated 

soil. The existence of species that grow with or 

without the presence of oil allow inferences on their 
use as an contamination indicator or on how these 

hydrocarbons are degraded, having potential for the 

treatment of environments. 
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