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A B S T R A C T

This study aimed to evaluate the decay potential of fungi isolated from plantations of Eucalyptus spp. for bio-
logical stump removal. Therefore, an accelerated decay test was performed with fungi isolated from stumps of
Eucalyptus spp.: Phanerochaete chrysosporium, Cladosporium sp., Penicillium sp., Penicillium implicatum, Resinicium
confertum, Trichoderma citrinoviride and Acremonium sp. Chemical analysis of the decayed wood was performed
on samples submitted to the most degrading fungi. A field test on eucalyptus stumps, with two methods of
inoculation and covering, was performed to evaluate the stumps deterioration by the isolated fungi. Acremonium
sp., Cladosporium sp. and P. chrysosporium showed the highest potential in the accelerated decay test. Chemical
analysis of the decayed wood indicated the selectivity of fungi for lignin. No significant variations were observed
in the field test compared to the control stumps. Biological stump removal shows both environmental and
economic potential and needs to be thoroughly studied.

1. Introduction

Plantations of Eucalyptus spp. in Brazil have been increasing in re-
cent years. According to the Brazilian Tree Industry – IBÁ (2016), the
Gross Domestic Product (GDP) of the Brazilian planted tree industry
grew by 3% in 2015, representing 1.2% of all of the wealth generated in
the country. Eucalyptus plantations represent 72% of the total area of
planted trees.

The multiple uses of eucalyptus wood are one of the factors that
contributed to this increase because this wood can be used by the
building, furniture, pulp and paper and energy industries. According to
Andrade et al. (2012), fast growth and short rotations have con-
solidated the genus as a wood supply source.

With the increasing development of the planted tree industry, it is
necessary to update the techniques that are used during the exploitation
of forest plantations to produce less expensive and more eco-friendly
alternatives. The removal of stumps of Eucalyptus spp. after harvesting
is generally performed by a mechanical process. This process is costly
and generates environmental damage, such as soil compaction and
displacement of the soil organic layer, and there are also some areas
that are not easily accessible, which makes mechanical stump removal
difficult. Moreover, damage to machine parts and implements can occur
(Dias and Arroja, 2012; Dedecek and Gava, 2005; Alonso et al., 2007;

Coder, 2014).
Thus, biological stump removal appears to be a promising alter-

native to mechanical stump removal (Silva et al., 2010; Negrão et al.,
2014). However, the natural process of biological degradation of
stumps is slow. For several years, such material remains unchanged,
making the use of this process unfeasible (Coder, 2014).

On the other hand, according to Andrade et al. (2012), the use of
selected fungi significantly increases the degradation of stumps of Eu-
calyptus spp. Moreover, this process leads to a reduction in nutrient
export, microbiota maintenance and a reduction in the negative im-
pacts on soil, thus contributing to the sustainability of planted forests
(Alonso et al., 2007).

Among the fungi with this potential, wood-decaying fungi present
the greatest potential for use. Known as white-, brown- and soft-rot
fungi, they are responsible for the majority of wood decay and use
enzymatic and non-enzymatic systems to degrade cellulose, hemi-
cellulose and lignin of the wood cell wall (Zabel and Morrell, 1992;
Schmidt, 2006; Tian et al., 2010; Ryss et al., 2011; Bari et al., 2015).

Therefore, according to the aforementioned factors, selection of
fungi that accelerate the natural decay process of stumps that remain
after forest extraction is very important. Thus, this study aimed to
evaluate the decay potential of fungi isolated from plantations of
Eucalyptus spp. for biological stump removal.
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2. Material and methods

2.1. Accelerated decay test with the isolated fungi

To evaluate the deterioration capabilities fungi, an accelerated
decay test using clonal Eucalyptus grandis x urophylla wood was con-
ducted following the American Society for Testing and Materials –
ASTM D2017 (2005). Fungi isolated from Eucalyptus spp. stumps,
Phanerochaete chrysosporium, Cladosporium sp., Penicillium sp., Peni-
cillium implicatum, Resinicium confertum and Trichoderma citrinoviride,
were used. The fungi Acremonium sp., isolated by Silva et al. (2014) and
cited as basidiomycete 1, was also used.

The isolated fungi were collected in three cities of Espírito Santo
State, Brazil: Cachoeiro de Itapemirim (20°46′19″S, 41°18′07″W,
100 m), São José do Calçado (20°55′47″S, 41°37′47″W, 590 m) and
Jerônimo Monteiro (20°51′43″S, 41°27′32″W, 800 m), as described by
Costa (2014). These fungi were taxonomically classified at the Plant
Pathology Department, Seed Pathology and Post-Harvest Laboratory,
Federal University of Viçosa, Viçosa–MG, Brazil.

The brown-rot fungi Gloeophyllum trabeum (Pers.) Murrill (Madison
617) and Postia placenta (Fr.) M.J. Larsen & Lombard (Madison 698) as
well as the white-rot fungus Polyporus fumosus (Pers.) Fr. (Forintek
Canada Corp. 469 A) were compared to the isolated fungi due to their
recognized decay potential.

According to ASTM D2017 (2005) procedures, wood samples with
dimensions of 2.5 × 2.5 × 0.9 cm (radial × tangential × longitudinal)
were prepared in three pith-bark positions: at the heartwood-sapwood
boundary and at the middle and inner heartwood (Fig. 1). The test was
maintained in a climate controlled room (25 ± 2 °C, with 65 ± 5%
relative humidity) for 12 weeks. After 12 weeks, the mass loss was
evaluated and compared with the values shown in Table 1.

2.2. Chemical analysis

Chemical analysis of decayed wood was performed with the samples
submitted to the most degrading fungi, which were selected in the ac-
celerated decay test. The wood samples were transformed into sawdust
following the Technical Association of Pulp and Paper Industry – TAPPI
257 om-92 (1992). Sawdust of wood samples not submitted to fungi
attack was used as a control.

For the determination of extractives, 2 g of air-dried sawdust was
submitted to a sequence of extractions in ethanol:toluene (1:2), ethanol,

and hot water according to TAPPI T264 om-88 (TAPPI, 1996). Klason
and acid soluble lignins were measured according to Gomide and
Demuner (1986) and Goldschimid (1971), respectively. The total lignin
was obtained from the sum of the Klason and acid soluble lignins. The
holocellulose content was obtained by the difference of extractives and
total lignin.

2.3. Deterioration of stumps by isolated fungi

A field test was conducted in a 7-year-old Eucalyptus grand-
is × urophylla plantation located in Providência a rural area of
Jerônimo Monteiro, ES, Brazil (20°51′43″S, 41°27′32″W, 800 m).

To verify the decay potential in stumps, the seven isolated fungi
were employed. Thus, the remaining stumps from the first harvest
without visual signs of fungal colonization were used. The trees of the
remaining stumps were harvested 10 days before the field test.

In a laminar flow cabinet, fungal solutions were prepared using li-
quid culture media (20 g of malt extract in 1 L of sterile distilled water).
For each solution, fractions of 50 mL of the fungus developed in Petri
dishes were added. The fungal solutions were stored in a climate con-
trolled room (25 ± 2 °C, with 65 ± 5% relative humidity) for a
period of 15 days to allow mycelial growth. Afterwards, the solutions
were homogenized on a magnetic stirrer and used for the field test.

Two fungal inoculation methods were tested: spraying and in-
oculation by drilling the stumps. For each inoculation method, stumps
covered and uncovered with dark plastic bags were used to verify the
coverage effect on creating a suitable environment for fungal devel-
opment (Fig. 2D).

In inoculation by spraying, a spray bottle containing 25 mL of the
fungal solution was used for each stump (Fig. 2A). For inoculation by
drilling, a wood boring drill was used (Fig. 2B) to create a hole in the
centre of the stump and four holes perpendicularly distributed at the
heartwood-sapwood boundary (Fig. 2C). With a syringe, 5 mL of the
fungal solution was introduced into each hole.

For each fungus, 16 stumps were inoculated: eight stumps for each
inoculation method, four of which were covered with a plastic bag.
Eight stumps without the fungal solution that had the same coverage
and boring situations were used as a control sample.

After four months, degradation of the stumps was evaluated with a
dynamic penetrometer (Andrade et al., 2012). Thus, the depth of the
resulting penetration of one impact produced by the penetrometer rod
was measured. This evaluation was conducted at four points on the
stump surface: three distributed at the heartwood-sapwood boundary
and one in the centre of the stump.

A Stress Wave Timer was also used to evaluate the degradation of
the stumps using the propagation velocity of stress waves. Therefore, a
hammer hit and a transducer were used to generate and receive the
signal, respectively. In each stump, six measurements distributed in two
perpendicular positions were performed without the presence of bark.
The propagation velocity of the stress waves (V) was calculated based
on the time (t) it took the wave to travel the distance (d) between the
transducers using the following equation: V = d/t.

2.4. Analysis and evaluation of the results

A completely randomized two-way factorial design was used for the
accelerated decay test and field test with the isolated fungi. The means
and standard deviations were used for the chemical analysis of the
decayed wood.

The Scott-Knott test (p ≤ 0.05) was used for the factors and sig-
nificant interactions detected by the F test (p≤ 0.05). The mass loss
percentage data (ML) were transformed by arcsin [square root (ML/
100)] to meet the necessary conditions for the use of parametric tests.

Fig. 1. Wood positions from which samples were obtained and their respective dimen-
sions. Key: 1: inner heart wood; 2: middle heartwood; 3: heartwood-sapwood boundary.

Table 1
Degradation class of decay fungi..
Source: Adapted from ASTM D – 2017 (2005)

Mass loss (%) Residual mass (%) Class of degradation

0–10 90–100 Slightly degrading
11–24 76–89 Moderately degrading
25–44 56–75 Degrading
≥45 ≤55 Highly degrading
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3. Results and discussion

3.1. Accelerated decay test with the isolated fungi

Significant differences among the fungi, wood position and inter-
action between the fungi x wood position were indicated by analysis of
variance. In the comparison of the mass loss for each fungus among the
positions tested (Table 2), the fungi G. trabeum, P. placenta, P. fumosus,
P. chrysosporium, Penicillium sp. and P. implicatum did not differ among
the wood positions, indicating that different positions did not influence
degradation by these fungi.

However, the wood positions showed significant differences for the
other fungi tested, with the heartwood-sapwood boundary showing the
greatest mass loss. Significant differences for all of the positions tested

were found only for Acremonium sp., which showed a reduction in mass
loss in the middle and inner heartwood of 44.31% and 57.88%, re-
spectively, in comparison to the heartwood-sapwood boundary position
(Table 2).

The effect of the wood position on the fungal decay potential was
observed by Bhat et al. (2005), Moya and Berrocal (2010) and Paes
et al. (2015). Generally, degradation by wood-destroying organisms is
higher at external positions that contain sapwood. However, for some of
the fungi tested, it was observed that the internal positions were de-
teriorated similarly to the external ones, indicating their potential for
the deterioration of stumps.

In the comparison of mass loss for each wood position, there were
no significant differences among the fungi G. trabeum, P. placenta and
Acremonium sp. at the heartwood-sapwood boundary position (Table 2).

Fig. 2. Assembly steps of the field test: spraying a fungal solution on
stumps (A); drilling the stump with a wood boring drill (B); drilled stump
(C); and a stump covered with a plastic bag (D).

Table 2
Comparison between the average mass loss due to the wood position and tested fungi with their respective degradation classes.

Fungus Mass loss (%)
Wood position

H-S boundary Degrad. classa Middle heartwood Degrad. class Inner heartwood Degrad. class

G. trabeum 32.62 aA D 31.84 aA D 37.02 aA D
P. placenta 32.77 aA D 33.46 aA D 34.63 aA D
P. fumosus 20.25 bA MD 17.31 bA MD 19.76 bA MD
Acremonium sp 28.52 aA D 15.88 bB MD 12.01 cC MD
P. chrysosporium 11.30 cA MD 10.31 cA SD 11.14 cA MD
Cladosporium sp. 10.20 cA SD 2.57 dB SD 3.06 dB SD
T. citrinoviride 7.41 dA SD 2.67 dB SD 2.10 dB SD
R. confertum 5.73 dA SD 2.48 dB SD 2.62 dB SD
Penicillium sp 0.69 eA SD 0.97 eA SD 0.41 eA SD
P. implicatum 0.55 eA SD 0.27 eA SD 0.79 eA SD

Means followed by the same lowercase (column) or uppercase (line) letter do not differ (Scott-Knott p > 0.05).
a SD: Slightly degrading, MD: Moderately degrading, D: Degrading.
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The mass loss caused by Acremonium sp. was similar to that of the
wood-decaying fungi with recognized potential (G. trabeum and P.
placenta), making it a promising fungus for the degradation of stumps.
Silva et al. (2014) studied the potential of Acremonium sp. (basidio-
mycete 1) to decay eucalyptus wood and found an average mass loss of
28.43% at the sapwood position, which was similar to the results found
in this study.

Among all of the fungi isolated in this study, P. chrysosporium and
Cladosporium sp. showed the best performances and did not differ from
each other at the heartwood-sapwood boundary position, with mass
losses that were 65.51% and 68.87% lower compared to P. placenta
(Table 2), respectively.

At the middle heartwood position, the fungi G. trabeum and P. pla-
centa again caused the greatest mass loss, differing from the other fungi.
Deteriorations caused by P. fumosus and Acremonium sp. were similar
and were greater than that caused by P. chrysosporium. Compared to
Acremonium sp., P. chrysosporium showed a reduction of 35.07% in its
decay potential (Table 2).

G. Trabeum and P. placenta caused the highest mass loss in the inner
heartwood, followed by P. fumosus. At the same wood position,
Acremonium sp. showed a decay potential that was 7.24% higher than
that of P. chrysosporium; however, no significant differences were found
(Table 2). Silva et al. (2014) found an average mass loss of 5.48% in
eucalyptus heartwood deteriorated by Acremonium sp. (Basidiomycete
1), which is lower than the value found in this study.

In addition to Acremonium sp., P. chrysosporium also showed decay
potential, since their average mass losses did not vary among the wood
positions.

It was also found that G. trabeum and P. placenta were classified as
degrading at all positions. Acremonium sp. was considered to be de-
grading only at the heartwood-sapwood boundary position and was
classified as moderately degrading at the other wood positions. The
fungus P. chrysosporium was also classified as moderately degrading at
the boundary and inner positions, while it was classified as slightly
degrading at the middle heartwood position (Table 2).

The low degradation caused by the fungus T. citrinoviride can be
explained by the fact that the decay test conducted is specific for
brown- and white-rot fungi and the fungi of this genus are reported in
the literature as causing soft-rot (Shrestha et al., 2009). Therefore, it
would be necessary to conduct specific tests for these fungi to obtain
their effective decay potential.

3.2. Chemical analysis

The fungi R. confertum, Acremonium sp., P. chrysosporium,
Cladosporium sp. and T. citrinoviride showed the highest mass loss in the
accelerated decay test, and the test samples decayed by these fungi
were used in the chemical analysis, which indicated changes in the
chemical composition of decayed wood (Table 3).

In the control samples, the highest proportion of extractives was
obtained at the heartwood-sapwood boundary position. According to
Hillis (1971), the higher content found in this region is caused by fresh
biochemical changes of reserve substances.

An increase in the total extractive content was observed at the
heartwood-sapwood boundary position that was decayed by
Acremonium sp., P. chrysosporium and Cladosporium sp. compared to the
control samples. This increase (32%) can be explained by the highest
mass loss caused by these fungi, promoting a higher amount of break-
down and increasing the solubility of the major components of wood.

In addition to changes in the major components of wood, biological
degradation of wood can also increase the content of soluble extractives
due to the increase of free sugars, which is caused by the enzymatic
action of fungi on hemicellulose (Silva et al., 2014). These authors also
stated that this increase can vary with the deterioration level and type
of fungi tested. Istek (2006) and Malakani et al. (2014) also found an
increase in wood extractives in response to a fungal attack, attributing
this fact to the breakdown of cell wall constituents, increasing the so-
lubility of extractives by the employed solvents.

Changes in extractives caused by fungi in the middle and inner
heartwood were lower compared to control samples, which may be
explained due to the lowest mass loss at these wood positions, except
for with the fungus P. chrysosporium, which caused an increase in the
content of extractives at these positions (Table 3). As shown in Table 2,
only P. chrysosporium showed no significant differences at these wood
positions; therefore, its behaviour with regard to the extractives was
similar at the different positions tested.

In terms of the total lignin content, no variations among the posi-
tions tested were observed in the control samples. Overall, a decrease in
the total lignin content was observed at the heartwood-sapwood
boundary position, where the highest mass loss occurred. The lowest
values of the total lignin content at this position were observed in wood
decayed by R. confertum, Acremonium sp., and P. chrysosporium, with
reductions of 10.95, 10.61, and 13.21%, respectively, compared to
control samples, while Cladosporium sp. and T. citrinoviride promoted
reductions of 5.64 and 8%, respectively, compared to control samples
(Table 3).

Table 3
Chemical composition of samples after fungal attack in an accelerated decay test.

Fungus Wood positions Mass loss (%) Total extractives (%) Total lignin (%) Holocellulose (%)

R. confertum H-S bound. 5.73 2.57 (0.02) 28.37 (0.39) 70.34 (1.43)
Middle heart. 2.48 2.76 (0.05) 32.18 (2.06) 65.06 (2.10)
Inner heart. 2.62 3.10 (0.03) 32.47 (0.28) 64.43 (0.31)

Acremonium sp. H-S bound. 28.52 4.82 (0.67) 28.48 (0.33) 66.71 (1.00)
Middle heart. 15.88 2.78 (0.03) 32.08 (0.18) 65.14 (0.15)
Inner heart. 12.01 2.04 (0.30) 30.67 (0.30) 67.30 (0.61)

P. chrysosporium H-S bound. 11.30 4.85 (0.42) 27.65 (0.47) 67.50 (0.05)
Middle heart. 10.31 5.41 (0.56) 29.92 (1.75) 64.67 (2.22)
Inner heart. 11.14 5.71 (0.42) 30.97 (0.18) 63.32 (0.38)

Cladosporium sp. H-S bound. 10.20 4.66 (0.07) 30.06 (1.13) 65.28 (1.20)
Middle heart. 2.57 2.41 (0.49) 32.61 (0.65) 64.98 (0.16)
Inner heart. 3.06 2.81 (0.22) 31.57 (0.28) 65.61 (0.49)

T. citrinoviride H-S bound. 7.41 3.76 (0.04) 29.31 (0.23) 66.93 (0.20)
Middle heart. 2.67 2.44 (0.40) 34.06 (1.31) 63.50 (1.70)
Inner heart. 2.10 2.69 (0.49) 32.73 (1.89) 64.58 (2.38)

Control H-S bound. – 3.61 (0.67) 31.86 (1.96) 64.53 (2.62)
Middle heart. – 2.99 (0.15) 31.71 (0.89) 65.30 (0.75)
Inner heart. – 2.21 (0.19) 33.03 (0.03) 64.63 (0.02)

* Numbers in parentheses are standard deviations.
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The lowest values of the total lignin content at all of the tested
positions was obtained by P. chrysosporium compared to control sam-
ples, indicating its preference for lignin. According to El-Gammal et al.
(1995) and Istek et al. (2005), the fungus P. chrysosporium has special
enzymes that are highly selective for lignin, while cellulose is slightly
changed. Istek et al. (2005) studied the degradation of Abies bornmül-
leriana and Fagus orientalis by the white-rot fungus P. chrysosporium and
found significant losses in the lignin content. Compared to control
samples these losses represented 15% and 23% reductions, respectively.

Silva et al. (2014) studied the decay potential of two basidiomycetes
isolated from 5- to 6-year-old decayed eucalyptus stumps and found
10% and 2% reductions in the lignin content of E. grandis × urophyla
sapwood and heartwood, respectively, which is close to the results
found in this study for Acremonium sp.

No reduction in the holocellulose content was observed compared to
control samples, indicating the selectivity or preference of the isolated
fungi for lignin. According to Ferraz et al. (2008) and Jawjit et al.
(2007), fungi with this selectivity can be used for biopulping, which
consists of treating wood chips used in the paper industry with lignin-
degrading fungi. This biological pre-treatment increases the suscept-
ibility of lignin to solubilization by pulping liquor, facilitates defi-
brillation and pulp refining, and results in savings of reagents and en-
ergy.

3.3. Deterioration of stumps by isolated fungi

3.3.1. Decay evaluation using a dynamic penetrometer
Significant differences of the penetration depth values among the

fungi tested and the interaction between fungi and inoculation methods
were indicated by analysis of variance. In the comparison between
fungi inoculated in drilled and covered stumps (Table 4), only Acre-
monium sp., Cladosporium sp. and T. citrinoviride promoted penetration
averages that were significantly higher than the control samples, which
did not differ from each other. For these fungi, the levels of penetration
achieved in the stumps were 5%, 11% and 11%, respectively, which
were higher than the control stumps.

For the drilled and uncovered stumps, the highest depth achieved by
the dynamic penetrometer was for stumps inoculated with Acremonium
sp. The average depth reached was 7.4% higher compared to the con-
trol stump, although there was no significant difference. Similar to the
above observation, in the treatments in which fungi were inoculated by
spraying, in both covered and uncovered stumps, the higher average
penetration did not differ from control samples (Table 4).

Comparing the inoculation methods for each fungus tested, higher
averages for P. implicatum and P. chrysosporium were achieved in in-
oculation of stumps by spraying and were not influenced by the

coverage conditions. These averages were 16.2% (P. implicatum) and
12.6% (P. chrysosporium) higher compared to the treatment with drilled
stumps. This fact can be explained by the higher contact area covered
by the spraying method, while the other inoculation method remained
concentrated near the holes.

No significant differences were found between the treatments for
the fungi R. confertum, Acremonium sp., and Penicillium sp. and control
stumps. For Cladosporium sp., treatment with drilled and covered
stumps obtained the highest penetration average, which was 10.5%
higher compared to the other treatments employed. Regarding the
fungus T. citrinoviride, treatments with drilled and covered stumps as
well as with sprayed and uncovered stumps were statistically similar
and superior to the other treatments (Table 4).

Regardless of the treatment used, a deeper penetration was expected
when the stumps were covered as this treatment presents a suitable
environment for fungal development. However, deeper penetration was
only observed in the drilled stumps inoculated with Acremonium sp.,
Cladosporium sp. and T. citrinoviride.

Andrade et al. (2012) used a dynamic penetrometer to evaluate the
potential of isolated fungi for biological stump removal and observed
that stumps inoculated with the fungus Pycnoporus sanguineus, which is
known for its degradation capability, showed similar results compared
to control samples. However, when the stumps were covered, the fungi
employed were able to reduce resistance to the penetrometer impact,
indicating that the use of a cover provided a suitable environment for
fungal development.

3.3.2. Decay evaluation using a stress wave timer
No significant differences were found in statistical analysis for stress

wave propagation. The averages of the propagation velocities of stress
waves (m s−1) are presented in Table 5. Overall, despite the presence of
fungal colonization in the stumps (Fig. 3), the changes promoted by the
treatments tested were similar to those of the control stumps. In-
oculated stumps were expected to be less resistant than control samples
after four months of exposure, and the higher propagation velocity of
stress waves will be able to confirm their degradation once the stress
wave method is capable of detecting sensitive changes in wood decayed
by fungi (Teles, 2014).

The propagation velocity of the stress waves in the decayed wood
tends to be higher than in healthy wood. When propagated in wood, the
waves move along the damaged tissue and its empty spaces, de-
termining its internal condition. Thus, an increase in propagation ve-
locity directly reflects a loss in mechanical strength of wood, indicating
increased decay (Zabel and Morrell, 1992; Teles, 2014).

According to Reis and Reis (1997) and Coder (2014), because it is a
biological material, the remaining stump is subject to the variation of

Table 4
Comparison between the average penetration due to fungi and treatments tested.

Fungus

Penetration (cm)
Inoculation methods

Drilling Spraying

Covered
stumps

Uncovered
stumps

Covered
stumps

Uncovered
stumps

P. implicatum 1.11 bB 1.05 bB 1.25 aA 1.26 aA
R. confertum 1.18 bA 1.11 bA 1.26 aA 1.18 aA
Acremonium sp. 1.23 aA 1.30 aA 1.26 aA 1.20 aA
P. chrysosporium 1.15 bB 1.15 bB 1.34 aA 1.25 aA
Cladosporium sp. 1.30 aA 1.21 aB 1.14 bB 1.18 aB
Penicillium sp. 1.21 bA 1.21 aA 1.10 bA 1.12 aA
T. citrinoviride 1.30 aA 1.17 aB 1.06 bB 1.27 aA
Control 1.17 bA 1.21 aA 1.27 aA 1.26 aA

Means followed by the same lowercase (column) or uppercase (line) letter do not differ (Scott-Knott p>0.05).
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its resistance to wood-destroying organisms, which varies with en-
vironmental conditions and the characteristics of the wood. The death
of a stump has a fundamental importance in its deterioration process
and may be linked to soil and climate conditions. These authors em-
phasize that the reduction of the physiological vigour of the remaining
stumps is more intense in poor soils and dry seasons.

The above-mentioned authors also highlight that the physiological
vigour of the remaining stumps can last after the tree is cut and can
induce the growth of adventitious points. While physiological activity is
still present, a number of defence mechanisms are active, which can
delay the appearance of pests and progress of deterioration until the
stump vigour is reduced.

Regardless of the treatments tested, the presence of sprouting was
observed in some stumps during the field test, indicating their physio-
logical vigour. Due to the above facts, the development and advance-
ment of deterioration in stumps may have been impaired, requiring
more exposure time than used in this study to allow stump death or the
use of techniques and products to accelerate the death in the remaining
stumps.

4. Conclusions

Among the fungi isolated from eucalyptus stumps, Acremonium sp.
showed the best potential, similar to fungi with recognized deteriora-
tion capabilities. Although not as expressive, the isolated fungi P.

chrysosporium and Cladosporium sp. also showed a decay potential.
The selectivity of fungi isolated by lignin was observed, highlighting

their potential for use in studying biopulping. Although the visual
presence of fungi was observed in the stumps, no significant variations
were observed in the field test. The short period of exposure and phy-
siological vigour of the stumps may have contributed to this result and
should be observed for further studies. Biological stump removal shows
both environmental and economic potential and needs to be thoroughly
studied.
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