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RESUMO: Rica em compostos orgânicos, a madeira é suscetível ao 
ataque de diversos agentes deterioradores por ser reconhecida como 
suprimento necessário de energia. Entre esses agentes, destacam-se 
os fungos, cujo início de ataque pode se dar ainda na árvore, antes 
do abate e nas diversas fases posteriores. Os fungos são agentes bio-
lógicos que necessitam de compostos orgânicos como fontes de ali-
mento e, por essa razão, degradam grande parte dos componentes 
químicos da madeira. As madeiras, quando atacadas por fungos, 
sofrem grandes perdas de valor, afetando suas propriedades mecâ-
nicas e estéticas. Os fungos são considerados um dos principais 
responsáveis pelos maiores prejuízos na indústria madeireira e são 
classificados como manchadores, emboloradores e apodrecedores. 
Praticamente, a madeira pode estar em uso em uma variedade de 
ambientes; sabendo-se que as condições ideais de desenvolvimento 
de um fungo são diferentes para cada espécie, a madeira ficará sus-
cetível ao ataque por diferentes espécies de fungos. Ou seja, o fato 
de uma ou mais espécies de fungos serem encontradas deteriorando 
a madeira está diretamente relacionado às condições em que ela se 
encontra. Dessa forma, torna-se importante saber como avaliar os 
ataques feitos por fungos, os sintomas a serem considerados para 
identificar o tipo de organismo e o estágio do ataque, bem como 
as medidas de controle e prevenção desses organismos.

PALAVRAS-CHAVE: biodegradação; fitopatologia florestal; 
organismos xilófagos; preservação da madeira.

ABSTRACT: Wood is rich in organic compounds; thus, it 
is susceptible to attacks by several deteriorating agents because 
they acknowledge such attacks as a necessary energy supply. 
Fungi  stand out among these agents since they can attack the 
wood in trees (before felling) and in several post-felling stages. 
Fungi are biological agents that use organic compounds as 
food sources, and that is the reason why they degrade most 
chemical components found in wood. Wood attacked by fungi 
suffers significant value loss, since these degrading agents affect 
their mechanical and aesthetic properties. Fungi — which are 
classified as staining, molding and rotting — are one of the main 
responsible for the biggest losses in the timber industry. Wood can 
be virtually used in a whole range of environments, a fact that 
makes it susceptible to attacks by different fungal species, since 
the ideal conditions for fungal development change from species 
to species. In other words, the fact that one or more fungal species 
are capable of deteriorating wood is directly related to conditions 
wood is subjected to. Thus, it is essential knowing how to evaluate 
fungal attacks, symptoms to be taken into consideration at the 
time to identify the type of attacking organism and the attack 
stage, as well as the control and prevention measures to be applied 
to these organisms. 
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Fungi are biological agents that use organic compounds as 
food sources, and that is the reason why they degrade most 
polymeric compounds found in wood. They are a group of 
organisms that lead to significant economic losses in the tim-
ber industry, as well as that hinder different wood and wood-
-derived product uses by negatively affecting their mechanical 
and aesthetic properties. 

Wood is acknowledged by several fungal species as a 
necessary energy supply because it is rich in organic com-
pounds (POPESCU et al., 2010). These organisms feed on 
plant cell wall constituents — i.e., on cellulose, hemicellu-
lose and lignin —; consequently, they lead to decreased wood 
density, mechanical and physical resistance, and life span 
(ALMEIDA, 2010).

According to SANTOS (1992), wood attacked by fungi 
undergoes changes in its chemical composition; in addition, it 
shows decreased mass and mechanical resistance, variation in 
its natural color, increased permeability, among other effects. 
As stated by KELLEY et al. (2002), wood devaluation result-
ing from discoloration and deterioration caused by fungi leads 
to significant losses in the timber industry.

Besides organic material, fungal development depends 
on other factors such as moisture content, oxygen, tempera-
ture and pH (TEIXEIRA et al., 1997; MORESCHI, 2013). 
MORESCHI (2013) believes each fungal group requires an 
ideal condition to develop; thus, wood used in a variety of 
environments is exposed to attacks by different fungal spe-
cies. In other words, the incidence of one or more fungal 
types in wood is closely related to conditions the wood is 
subjected to. 

In the light of SHIROUZU et al. (2016), fungi are the 
main lignocellulosic-material decomposers among xylopha-
gous organisms — phylum Basidiomycota is the most rel-
evant one of them. These organisms are very efficient in 
decomposing wood due to their enzymatic ability to degrade 

molecules (SILVA, 2014). However, wood can be damaged 
in different ways; the attacked material can be only stained, 
or fully decomposed, by fungi (KOLLMANN et al., 1968; 
ROCHA, 2001).

As maintained by ZIGLIO (2015), two groups of 
fungi — i.e., staining and rotting — are associated with 
wood, and they just differ from each other in the macroscopic 
aspect observed in attacked wood. BLANCHETTE (2000) 
reported these organisms are classified based on the strategy 
they adopt to decompose wood constituents. 

Staining fungi do not degrade cell wall components; 
thus, there is virtually no wood mass or mechanical prop-
erty loss (MORESCHI, 2013). The action of these fungi 
only affects wood aesthetics due to discolorations or stains 
(Fig. 1A), which may be superficial or deep; however, they 
significantly reduce the quality and the commercial value 
of wood (BLANCHETTE, 2000; COELHO et al., 2007; 
BRITO, 2014). In other words, staining fungi have little 
ability to deteriorate wood constituents (SILVA et al., 2014). 
Ophiostoma (Fig. 1B) and Grosmannia are the genera repre-
senting this group (LUNDELL et al., 2014).

Another group of fungi is capable of causing soft rot. 
This group is featured by the ability to degrade polysaccha-
rides often found in the outer sapwood layers in a relatively 
slow and superficial way; it is often resistant to wood preserva-
tives. Wood undergoing advanced deterioration stages caused 
by these fungi becomes soft when it gets wet, it presents cracks 
due to shrinkage when it gets dry, and it gets powdery when it 
is rubbed (Fig. 2) (PORTO, 2010). Trichoderma, Phialophora, 
Paecilomyces, Aspergillus and Xylaria are the genera comprising 
the main fungal species belonging to this group (LUNDELL 
et al., 2014).

Brown rot is caused by fungi that often have high deterio-
ration ability (SILVA, 2014). These fungi prefer cellulose and 
hemicellulose, and they do not affect lignin (KEREM et al., 

Source: KUNCA (2009); BILLING (2006).
Figure 1. (A) Appearance of wood attacked by staining fungi; (B) staining fungus species Ophiostoma piceae (Munch) Syd. & P. Syd.
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1999; RILEY et al., 2014). Wood attacked by these fungi 
becomes dry, powdery, as well as presents dark brown color 
and acquires burnt and cracked appearance (Fig. 3A) (EATON; 
HALE, 1993; LUNDELL et al., 2014).

Wood attacked by brown-rot fungi presents significant 
resistance loss even at early decay stages (MARTÍNEZ et al., 
2005). The aforementioned author stated that basidiomycetes 
are the only causative agents of brown rot; among them, one 
finds the following species: Coniophora puteana (Schumach.: 
Fr.), Gloeophyllum trabeum (Pers.) Murrill. (Fig. 3B), Laetiporus 
sulphureus (Bull.) Murrill., Piptoporus betulinus (Bull.) P.Karst., 
Postia placenta (Fr.) M.J. Larsen and Lombard. and Serpula 
lacrymans (Wulfen) P. Karst.

White-rot fungi are distributed in nature in milder cli-
mate regions (ESPOSITO et al., 1993). They are basid-
iomycetes capable of degrading all cell wall components, 
including lignin; they easily stick to the wood and cause dis-
coloration in the attacked material (BLANCHETTE, 2000). 
Wood attacked by white-rot fungi loses mass, as well as its 
physical and mechanical resistance, due to collapse (Fig. 4A); 
however, such a loss is slower than that resulting from attacks 
by brown-rot fungi (GARCIA, 2006; MODES et al., 2012). 
In line with BLANCHETTE (2000), the ability of these 
fungi to metabolize large amounts of lignin in wood is unique 
among microorganisms. 

On the report of MARTÍNEZ et al. (2005), the follow-
ing species are some of the main representatives of white-rot 
fungi: Trametes versicolor (L.) Lloyd. (Fig. 4B), Polyporus 
squamosus (Huds.) Fr., Irpex lacteus (Fr.) Fr., Phanerochaete 
chrysosporium Burds., Heterobasidium annosum (Fr.) Bref., 
Ganoderma australe (Fr.) Pat., Phlebia tremellosa (Schrad.) 
Nakasone and Burds., Ceriporiopsis subvermispora (Pilát) 
Gilb. and Ryvarden., Pleurotus spp. and Phellinus pini (Brot.) 
Bondartsev and Singer.

As a rule, fungi-associated deterioration stages have dif-
ferent features. According to MENDES; ALVES (1988), the 
initial symptoms of an attack on wood differ from the ones 

seen at the most advanced stages; however, the longer the 
deterioration time, the easier the symptom identification pro-
cess. Briefly, aspects such as smell, color, texture, as well as 
significant wood strength and density decrease, indicate fun-
gal attack on wood (BRITO, 2014).

Color change is one of the first visible symptoms in wood 
attacked by fungi. It precedes wood chemical decomposition 
and is featured by the emergence of dark brown or purple 
stripes or bands. Dark brown spots or light stains can emerge 
on sawn wood depending on the fungal type (MENDES; 
ALVES, 1988). 

Wood softening is another symptom of fungal attack; 
the attacked material presents brittle texture, which makes it 
impossible to remove whole pieces of it. It happens because 
fibers break whenever one attempts to remove a piece of wood 
and it makes the wood look like it had already been macer-
ated (MENDES; ALVES, 1988). These fungi are capable of 
degrading cellulose and hemicellulose, although in a slow and 
superficial way; the surface of attacked wood gets softened and 
presents transverse cracks (GONZAGA, 2006). The attacked 
region in the wood presents loss of weight and mechanical 
resistance (MORESCHI, 2013).

Besides discoloration, weight loss is another feature 
associated with wood decay progress (MENDES; ALVES, 
1988). The aforementioned authors believe it is necessary 
taking great care at the time to assess this symptom because 
the tree growth rate can affect wood color and specific den-
sity, which is often seen in fast-growing species, mainly in 
conifers. As stated by RITTER; MORRELL (1990), in some 
cases, the attacked material presents visual features of healthy 
wood depending on the fungal type; however, in most cases, 
wood density decreases from 1 to 5%, and wood resistance 
can decrease by 60%. 

Change in smell is a feature of rotting fungi attack on 
wood, since they give it an unpleasant odor. The attacked wood 
starts presenting a characteristic smell, which is remarkably 
similar to that of airless and humid places. This smell is one of 

Source: CARVALHO et al. (2018).
Figure 2. Wood attacked by soft-rot fungi, at advanced deterioration stages.
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the most significant symptoms used at the time to acknowl-
edge (MENDES; ALVES, 1988).

Temperature, moisture, low levels of total toxic extracts 
in the wood and nutrients are the main factors enabling fun-
gal attack on wood (OLIVEIRA et al., 1986). If tempera-
ture, oxygen, pH and moisture content in the wood present 
adequate fungal development conditions, all one needs to do 
to limit, and even prevent, the activity of these organisms is 
to manipulate any of these variables (MORESCHI, 2013).

The source of nutrients in wood can be eliminated through 
the application of preservative products (MENDES; ALVES, 
1988). Preservative treatments increase wood resistance to 
xylophagous organisms due to the application of chemical 
preservatives (LELIS et al., 2001). This procedure consists 
in incorporating toxic chemicals to the fungi into cellular 
elements of the wood in order to avoid fungal and insect 
attacks (MENDES; ALVES, 1988). However, it is necessary 

taking some precautions, such as periodic preventive mainte-
nance and/or corrective maintenance interventions, in order 
to assure satisfactory wood preservation procedures (LELIS 
et al., 2001). 

Surface treatment is a way to protect wood from being 
attacked by these organisms. This method consists in applying 
the preservative product to the outermost part of the wood 
— by brushing, injecting or spraying it in order to prevent 
the attack on the newly exposed wood — or as a complemen-
tary procedure to be carried out a few years after the initial 
treatment. It is effective when the application is performed 
before biodeterioration starts and it presents limited effective-
ness after internal biodeterioration is established. It is often 
used to treat fissures, splittings, cracks, delaminations and 
mechanical damages in wood regions presenting holes or cuts 
resulting from field work during construction, maintenance 
or rehabilitation processes (RITTER, 1990). 

Source: MORESCHI (2013); QUINTANILHA (undated).
Figure 3. (A) Appearance of wood attacked by brown-rot fungi; (B) brown-rot fungal species Gloeophyllum trabeum.

Source: SMITH (2020); VOLK (2010).
Figure 4. (A) Appearance of wood attacked by white-rot fungi; (B) white-rot fungal species Trametes versicolor.
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Fumigants are used to mitigate established internal dete-
rioration processes. This treatment uses specialized chemical 
preservatives, in their liquid or solid form, which are inserted 
in pre-drilled holes. Fumigants volatilize into toxic gases for 
a certain period and move through the wood to eliminate 
xylophagous organisms (RITTER, 1990). Some examples 
of fumigants comprise Phosphine (PH3), Methyl Bromide 
(CH3Br), Sulfuryl fluoride, Chloropicrin, Vapam and Vorlex 
(FLORIAM, 2009).

Humidity control is one of the simplest and most 
economic methods used to minimize wood deteriora-
tion risks. Wood exposed to reduced humidity levels can 
reach lower moisture content than the one necessary for 
the development of most fungi (RITTER, 1990). In line 
with the aforementioned author, it is a practical and effec-
tive maintenance technique used to increase the life span 
of the wood in service. 

According to MORESCHI (2013), artificial wood dry-
ing is the most efficient fungal control method; however, it 
depends on the log yield rate of the company and is restricted 
to the use of appropriate dryers. However, drying can be nat-
urally achieved, although this method often ends up keep-
ing favorable conditions for fungal development for longer 
periods-of-time.

Oxygen is another factor that can be manipulated, because, 
although fungi can develop in wood at oxygen concentrations 
lower than 20%, their development can be reduced, or even 
prevented, at very low, or in lack of, oxygen concentrations 
(MENDES; ALVES, 1988). 

The most used practices to eliminate oxygen from wood 
surface comprise immersing the material in water, burying it 
to a depth where there is no soil aeration or keeping it under 
intermittent water spraying in order to isolate the wood from 
free oxygen through a water layer on the surface of the piece 
(MORESCHI, 2013). 

The optimal pH range for fungal development lies between 
4.5 and 5.5, since the minimum pH is 2.0 and the maximum 
one is slightly higher than 7.0. The pH adjustment practice is 
only justified if the material to be protected is of high value 
due to costs with products used in this process (MORESCHI, 
2013). MENDES; ALVES (1988) stated the ideal temperature 
for fungal development ranges from 25 to 30°C, although fun-
gal attacks can happen at temperatures ranging from 0 to 40°C. 
However, the aforementioned authors claim that temperature 
control is unfeasible. 

In light of the foregoing, control procedures aimed at 
preventing fungi from settling and developing in wood can 
be based on the manipulation of factors capable of favoring 
their development. As mentioned by FURTADO (2000), such 
control can be achieved through correct wood drying, storage 
under adequate temperature and humidity conditions, and 
through the application of preservative products. 

Xylophagous fungi are seen as one of the main factors 
responsible for significant economic losses in the timber 
industry, since they affect physical, mechanical and aesthetic 
wood properties. The fact that one, or more, fungal species 
can be found in wood is explained by favorable conditions, 
since fungal agents can attack the wood in trees (before fell-
ing) and in several post-felling stages. It is highly necessary 
adopting control measures, both preventive and curative, 
aimed at wood preservation and conservation, to assure 
greater durability of the material in use and to avoid losses 
in the timber industry. 

Studies about these fungal groups should be conducted 
to help improving the knowledge about the ecology and biol-
ogy of the species to allow preventive measures to be taken. 
In addition, knowledge about the evaluation of fungal attacks 
allow appropriate curative measures to be taken based on the 
analysis of symptoms aimed at identifying the type of attack-
ing organism and the attack stage.
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