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ABSTRACT — Non-renewable chemical products are still the most used for wood protection, however, they
have negative aspects. Several problems associated with the extensive use of these substances have been
reported, such as intoxication of animals and plants, and environmental contamination. This has led to a search
for alternative methods of control that cause less impact on the environment. In this context, the use of natural
products extracted from different plants can be an alternative to this industrial activity. The objective of this
work was to evaluate the efficiency of andiroba, copaiba and jatropha oils, either pure or enriched with iodine
(L), to improve the biological resistance of Pinus elliottii wood to wood-decay fungi causing brown, white and
soft rot. The andiroba and copaiba oils came from the state of Para and the jatropha oil came from Paraiba.
Thus, we performed resistance tests to accelerated decay (brown and white rot fungi) and soft rot tests in the
laboratory. We used pure natural oils and those enriched with sublimated iodine in assessing efficiency. In turn,
we evaluated the effects of volatilization and leaching on the efficiency of solutions against decaying fungi.
Pure andiroba and jatropha oils were the least efficient in controlling the Trametes versicolor fungus in the
accelerated decay biological assay. Moreover, the wood treated with pure copaiba oil (normal situation) was
classified as non-resistant for controlling Postia placenta fungus. In the soft rot test, we observed that there was
a tendency to improve the wood resistance (normal situation) with an increase in the iodine concentration (1,).

Keywords: Vegetable oils; Xylophagous fungi; Biological assays.

EFICIENCIA DOS OLEOS DE ANDIROBA, COPAIBA E PINHAO MANSO NA
MELHORIA DA RESISTENCIA DA MADEIRA DE Pinus elliottii A FUNGOS
APODRECEDORES

RESUMO — Os produtos quimicos ndo renovaveis ainda sd@o os mais utilizados para prote¢do da madeira, porém
possuem aspectos negativos. Diversos problemas associados ao uso extensivo dessas substancias sdo relatados,
como a intoxicagdo de animais e plantas e contaminagdo ambiental. Isto tem levado a procura por métodos
alternativos de controle que ocasionem menor impacto ao ambiente. Neste contexto, o uso de produtos naturais
extraidos de diferentes plantas pode ser alternativa a esta atividade industrial. O objetivo desse trabalho foi
avaliar a eficiéncia dos Jleos de andiroba, copaiba e pinhdo manso, puros ou enriquecidos com iodo (I,) para
melhorar a resisténcia biologica da madeira de Pinus elliottii a fungos apodrecedores, causadores das podridoes
parda, branca e mole. Os dleos de andiroba e copaiba foram oriundos do estado do Pard e o de pinhdo-manso
da Paraiba. Foram realizados os ensaios de resisténcia ao apodrecimento acelerado em laboratorio (fungos
de podriddo parda e branca) e ensaio de podriddo mole. Na avalia¢do da eficiéncia, os oleos naturais foram
empregados puros e enriquecidos com iodo sublimado. Foram avaliados os efeitos da volatilizagdo e lixiviagdo
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na eficiéncia das solugdes contra os fungos aprodrecedores. No ensaio biologico de apodrecimento acelerado,
os oleos de andiroba e pinhdo manso puros foram os menos eficientes no controle do fungo Trametes versicolor.
No controle do fungo Postia placenta, a madeira tratada com o oleo de copaiba puro (situagdo normal) foi
classificada como ndo resistente. No ensaio de podriddao mole observou-se que com o aumento da concentrag¢do
de iodo (I,) houve tendéncia de melhoria da resisténcia da madeira (situagdo normal).

Palavras-Chave: Oleos vegetais; Fungos xilofagos; Ensaios biologicos.

1. INTRODUCTION

Wood has good resistance to external stresses and
associated with low density and cost when compared
to other construction materials such as iron, aluminum
and steel, in addition to being a material from renewable
sources (natural or implanted forests). Thus, it is used
for structural purposes and in the flooring, furniture and
packaging industries. However, due to its biological
origin, wood is consumed (to a greater or lesser extent) by
various xylophagous organisms which use its chemical
components (cellulose, hemicelluloses, lignins, starch
and simple sugars) as a food source.

Thus, wood is subject to deterioration which is
carried out by xylophagous organisms, mainly by fungi
and termites (Paes et al., 2010). Fungi are the main
deteriorating agents of wood, and can be divided based
on their ability to attack the cell wall components, use
reserve substances (starch and simple sugars) and the
type of attack caused to the wood (Goodell et al., 2003;
Schmidt, 2006). However, a wood species resistance to
attack by xylophagous organisms varies between forest
species and even within the tree itself, which is provided
by the anatomical structure of the wood and by the toxic
or natural inhibiting substances contained in it (Carvalho
et al., 2015).

Some woods, mainly those from implanted forests,
have low resistance to xylophagous organisms, requiring
treatments in order to improve their performance (Paes
et al., 2005a) and meet the demand of the wood sector.
Non-renewable chemicals, especially those based on
copper, chromium, arsenic and boron are still the most
used for wood protection. However, these chemicals have
negative aspects with several problems being associated
with their extensive use, such as the intoxication
of animals and plants, as well as environmental
contamination (Bossardi and Barreiros, 2011).

Modern society has recently been concerned with
the preservation of environmental resources and human
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health. This has led to a search for cleaner technologies,
aiming to minimize the losses caused by the use of
harmful substances (Appel et al., 2006). In addition,
there is also a search for alternative control methods
which cause less impact on the environment, such as
the use of natural products extracted from different plant
species (Paes et al., 2010; Paes et al., 2012; Teixeira et
al., 2015; Medeiros et al., 2016; Brocco et al., 2017,
Balfas, 2019; Sousa et al., 2019).

Research development leads to improvements in
resistance to xylophagous organisms. The use of natural
products in wood could replace those of traditional uses
which contain toxic compounds in their formulation
(Paes et al., 2010; Teixeira et al., 2015) for treating wood
which will come into contact with humans or food. Thus,
andiroba (Carapa guianensis), copaiba (Copaifera
langsdorffii) and jatropha (Jatropha curcas) oils, which
are already used as biodiesel, lubricants, paints and
varnishes (Gongalves, 2001; Arruda et al., 2004) and
insecticides and fungicides (Freire et al., 2006; Deus et
al., 2011; Oliveira et al., 2013), could be used for such
purposes.

In some cases, plant oils and extracts need
chemicals added which are not harmful to human health
and the environment in order to have their effectiveness
improved. lodine has bactericidal, fungicidal and
insecticidal action (Costa et al., 2003), and mainly
due to its low toxicity to humans and the environment
(Takahashi et al., 1985) associated with its low solubility
in water (Moriya and Moddena, 2008), it may provide
resistance strength to wood. This is very interesting to
the industry, since the active principle will remain when
it is exposed to environmental action.

Thus, the aim of this study was to evaluate the
efficiency of andiroba, copaiba and jatropha oils, pure
or enriched with iodine (I,), to improve the biological
resistance of Pinus elliottii wood to wood-decay fungi
causing brown, white and soft rot.
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2. MATERIAL AND METHODS

2.1. Origin of oils, preparation and wood treatment

The oils used came from different regions;
andiroba and copaiba oils came from the state of Para
and jatropha oil came from Paraiba, Brazil. The Pinus
elliottii wood used in the experiment was obtained in the
form of 10 x 10 x 300 cm (width x thickness x length)
beams from plantations aged 21 years. The beams were
sawn to remove samples in the appropriate dimensions
for each biological test, and then they were selected by
discarding those with defects (knots, resin bags and
cracks), sanded, and identified.

Before treating the wood, we maintained the
specimens in an oven at 103 + 2°C until constant mass
and checked their volumes. We used the cold immersion
method for wood impregnation, in which we submerged
the samples in pure oils or enriched with 1%, 3% and 5%
of I, (I, mass:oil volume) until reaching a retention of
50 to 70 kg m>. We weighed the specimens before and
after impregnation and then they were subjected to three
situations (leachate, volatilized and normal). In the normal
situation, we used the samples after they were impregnated
with the oils for testing with xylophagous fungi.

We used the methodology described by Freitas (1970)
for the leaching test, in which the specimens are exposed
in a container with water circulation at a flow regulated
to 400 mL min! for 150 hours. After this procedure, we

Table 1 — Description of treatments and situations used in Pinus
elliottii samples.

Tabela 1 — Descri¢do dos tratamentos e situagoes utilizadas nas
amostras de Pinus elliottii.

Treatment Description of treatments
1 Control (wood without treatment)
2 Andiroba Pure
3 Andiroba enriched with 1% lodine
4 Andiroba enriched with 3% lodine
5 Andiroba enriched with 5% lodine
6 Copaiba Pure
7 Copaiba enriched with 1% lodine
8 Copaiba enriched with 3% lodine
9 Copaiba enriched with 5% lodine
10 Jatropha Pure
11 Jatropha enriched with 1% lodine
12 Jatropha enriched with 3% lodine
13 Jatropha enriched with 3% lodine
Situation Description of situation
1 Leached
2 Volatilized
3 Normal

SilF

conditioned the samples for 15 days (temperature of 25 +
2°C and 65 + 5% relative humidity - RH).

We employed the American Society for Testing and
Materials - ASTM D-1413 (2008) methodology for the
volatilization test, in which we immersed the samples
in distilled water for 2 hours, followed by exposure in
a forced circulation oven at 48.9 + 1.1°C for 334 hours.

We then performed accelerated decay and resistance
to soft rot fungi tests after the samples were impregnated
(normal situation) or subjected to volatilization and
leaching. The tested treatments and situations are
described in Table 1.

2.2. Accelerated decay test

We followed the specifications of ASTM D-1413
(2008) to perform the accelerated decay test, in which
we tested six 1.9cm-edge cubic samples per treatment
used (Table 1). We did not compare fungal attacks to
each other.

Next, we prepared 600 mL flasks filled with 300 g
of soil of pH 7.1 and water retention capacity of 26%.
We corrected the humidity in the soil used to fill the
containers to 130% of the retention capacity by adding
93 mL of distilled water, and added two Pinus elliotti
wooden feeder strips. We sterilized the flasks in an
autoclave at 103 kPa and 121°C for 30 minutes.

After cooling, we inoculated pure culture fungi
fragments of Gloeophyllum trabeum (Pers.) Murrill
(Mad. 617); Postia placenta (Fr) M.J. Larsen &
Lombard (Mad. 698), which causes brown rot; and
Trametes versicolor (L.) Lloyd (Mad. 697), which
causes white rot. Next, we added the test specimens at
the rate of two per flask after approximately one month,
when complete colonization of the microorganism in the
feeders and in the soil was noticeable.

Table 2 — Classification of mass loss in a resistance test to
xylophagous fungi.

Tabela 2 — Classificacdo da perda de massa em ensaio de
resisténcia a fungos xilofagos.

Mass Loss (%) Residual Mass (%)

Resistance Class

0-10 90 — 100 Highly Resistant
(HR)
11-24 76 — 89 Resistant (R)
25-44 56 —-75 Moderately
Resistant (MR)
>45 <55 Non-Resistant
(NR)

Source: ASTM D - 2017 (2008).
Fonte: ASTM D - 2017 (2008).
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The test was kept in an air-conditioned room (25 +
2°C and 65 + 5% RH) for 12 weeks. After this period, we
removed the samples from the flasks and removed the
fungi mycelia under running water using a soft bristle
brush in order to further analyze the mass loss caused in
the wood (corrected by the operational loss), which we
evaluated according to ASTM D-2017 (2008) (Table 2).

2.3. Resistance test to soft rot fungi

We used the methodology described by the Institute
for Technological Research/Wood Division - IPT/
DIMAD D-5 (1980) for the resistance test to soft rot
fungi, which recommends the use of 3.0 x 1.5 x 0.5 cm
specimens (longitudinal x radial x tangential). This test
aims to subject the material to natural microflora action
existing in organic soils (“garden” soil). The specimens
were buried in organic soil removed under natural forest.

The specimens were treated with andiroba, copaiba
and jatropha oils, either pure or enriched with 1%, 3%
and 5% I, (I, mass:oil volume), in addition to being
subjected to the three situations mentioned [(leachate,
volatilized and normal (samples only impregnated)], as
shown in Table 1. In this test, we filled 600 mL flasks
with 300 g of soil with a pH of 5.3 and water retention
capacity of 31.87%. We adjusted the moisture content
of the soil to 100% of the water retention capacity
according to the methodological recommendation, and
added 80 mL of distilled water.

After this procedure, we added two specimens
to each flask. The test remained in an air-conditioned
room (25 + 2°C and 65 £+ 5% RH) for 120 days. We used
10 samples per treatment; six of these were buried in
natural soil, and four in sterile soil (103 kPa and 121°C
for 30 min).

We removed the specimens from the flasks after
120 days and also removed the fungi mycelium, then
placed the specimens in an oven (103 + 2°C) until
they reached their constant mass and weighed them to
assess the mass loss (ASTM D - 2017, 2008), which was
corrected according to the samples buried in sterile soil.

2.4. Statistical analysis and evaluation of the results

We used a completely randomized design with a
factorial arrangement in the biological tests. Next, we
evaluated the effects of the treatments (13 levels) to
which the samples were submitted (three levels) with 13
x 3 factorial (Table 1), totaling 39 treatments. We did not
compare the fungi to each other.
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We verified the data normality (Lilliefors test, p <
0.05) and the homogeneity of the variances (Cochran
test, p < 0.05). We transformed the percentage values
of the mass loss into arcsen [root (mass loss/100]
when necessary. This transformation was suggested by
Steel and Torrie (1980), and was necessary to enable
homogeneity of the variances. We used the Scott-Knott
test (p < 0.05) for the factors and interactions detected as
being significant by the F-test (p < 0.05).

3. RESULTS

3.1. Accelerated decay test

Thetestresults for the Gloeophyllum trabeum fungus
strain used were discarded because it had unsatisfactory
growth, even in the flasks which contained the control
samples produced with Pinus elliotti. This probably
occurred due to a lack of subculturing in the fungi
sample, which caused little vigor and low development
in the flasks during the soil-block test recommended by
ASTM D-1413 (2008).

The analysis of variance of the mass loss related to
the accelerated decay laboratory test for the Trametes

Table 3 — Comparison between the mass loss averages and
classification of the wood resistance for each treatment
and situation for the Trametes versicolor fungus.

Tabela 3 — Comparagdo entre as médias de perda de massa e
classificagdo da resisténcia da madeira para cada
tratamento e situagdo, para o fungo Trametes versicolor.

Treatment Mass loss (%) Classification
1 18.42 a R
2 15.58 b R
3 8.83 ¢ HR
4 8.81¢c HR
5 8.71c¢ HR
6 945c¢c HR
7 934 ¢ HR
8 8.82 ¢ HR
9 10.23 ¢ HR
10 15.85b R
11 9.29¢ HR
12 8.88 ¢ HR
13 9.29¢ HR
Situation Mass loss (%) Classification
1 9.80 b HR
2 11.60 a R
3 11.25a R

Averages followed by the same letter do not differ (Scott-Knott; p > 0.05). HR
- Highly resistant; R - Resistant (ASTM D - 2017, 2008). T1....T13, treatments
(Table 1). Situation 1: leached; Situation 2: volatilized; Situation 3: normal.
Meédias seguidas pela mesma letra ndo diferem entre si (Scott-Knott; p >
0,05). HR - Altamente resistente; R - Resistente (ASTM D - 2017, 2008). T1....
T13, tratamentos (Tabela 1). Situagdo 1: lixiviado,; Situagdo 2: volatilizado;
Situagdo 3: normal.
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Table 4 — Comparison between the average mass loss of treatments and situations for the Postia placenta fungus.

Tabela 4 — Comparagdo entre as médias de perda de massa dos tratamentos e situagoes para o fungo Postia placenta.

Situation / Loss of Mass (%)
Treatment — — —
Leached (1) Volatilized (2) Normal (3)

1 58.17 aA (NR) 57.76 aA (NR) 56.69 aA (NR)
2 49.07 bA (NR) 39.17 bB (MR) 35.63 bB (MR)
3 39.09 cA (MR) 28.71 cA (MR) 33,91 bA (MR)
4 29.20 cA (MR) 11.30 dB (R) 24.15 cA (R)
5 17.33 dA (R) 10.38 dA (HR) 20.73 cA (R)
6 11.42 dC (R) 32.93 ¢B (MR) 50.61 aA (NR)
7 9.51 dB (HR) 26.63 cA (MR) 18.31 cA (R)
8 8.70 dB (HR) 31.06 cA (MR) 39.66 bA (MR)
9 8.64 dB (HR) 15.79 dB (R) 29.00 cA (MR)
10 46.53 bA (NR) 42.24 bA (MR) 40.82 bA (MR)
11 34.24 cA (MR) 32.98 cA (MR) 24.68 cA (R)
12 30.49 cA (MR) 11.18 dB (R) 29.67 cA (MR)
13 14.81 dA (R) 10.33 dA (HR) 15.68 cA (R)

Averages followed by the same letter do not differ (Scott-Knott; p > 0.05). HR — Highly resistant; R — Resistant; MR — Moderately resistant; NR — Non-resistente

(ASTM D - 2017, 2008). T1....T13, treatments (Table 1).

Meédias seguidas pela mesma letra ndo diferem entre si (Scott-Knott; p > 0,05). HR - Altamente resistente; R - Resistente; MR - Moderadamente resistente; NR - Nao

resistente (ASTM D - 2017, 2008). T1....T13, tratamentos (Tabela 1).

versicolor fungus showed that only the effects of
the treatments and situations tested (Table 1) were
significant by the F-test. The mass loss values of the
treated wood differed statistically from the control
(18.42%), indicating that the solutions prepared with the
oils contributed to an increase in the wood resistance to
the decay caused by the tested fungus (Table 3).

The analysis showed that the attack by the Trametes
versicolor fungus on wood differentiated according to
the employed solutions (Table 3). The wood protection
with the addition and increase of iodine concentration
for the tested oils generally showed trends to improve,
with the exception of copaiba oil.

The analysis of variance on the mass loss of the
laboratory accelerated decay test for the Postia placenta
fungus showed significant results by the F-test for the
treatments, situation and interaction between treatments
and situations, which were analyzed by the Scott-Knott
test (Table 4).

In treatment 6, pure copaiba oil, situation 3
(50.61%), the treated wood did not statistically differ
from the control, which reached a mass loss value of
56.69% in this situation (situation 3 - normal). This
indicated that the fungus strain used was vigorous and
capable of decaying the samples if they were not treated.
According to the enrichment, it is generally noted that
there was a decrease in the average mass loss in the
three studied situations (1 - leachate, 2 - volatilized
and 3 - normal), demonstrating fungicidal action of the
solutions enriched with I, (Table 4).
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3.2. Soft rot assay

The mass loss variance analysis showed significant
results by the F-test for the treatments, situation and
interaction between treatment and situation, which were
analyzed by the Scott-Knott test (Table 5).

It appears that the greatest mass losses were found
for untreated Pinus elliotti wood (control) in the leached
(1), volatilized (2) and normal (3) situations, with values
0f 6.67; 13.28; and 14.25%, respectively (Table 5).

4. DISCUSSION
4.1. Accelerated decay test

4.1.1. Trametes versicolor fungus assay

For Trametes versicolor (Table 3) we observed
that the highest mass loss averages were obtained in
wood treated with pure andiroba (treatment 2) and
jatropha (treatments 10) oils, being 15.58% and 15.85%,
respectively, and as such are considered resistant
by ASTM D-2017 (2008). Copaiba oil did not have
significant differences between pure and iodine enriched
treatments (1%, 3% and 5%). The averages obtained for
this oil enables inserting them in the highly resistant class,
ASTM D-2017 (2008). According to Zabel and Morreal
(1992), Goodell et al. (2003), and Schmidt (2006), the
low mass loss caused by T. versicolor in the P. elliotti
wood can be explained by the low ability of white rot
fungi to attack coniferous wood. However, some white
rot fungi attack both coniferous and hardwoods.

Revista Arvore 2020;44:e4430



Table 5 — Comparison between the average mass loss of treatments
and situations for soft rot fungus.

Tabela 5 — Comparagdo entre as médias de perda de massa dos
tratamentos e situagoes para fungo de podriddo mole.

Situation / Loss of Mass (%)

Treatment
Leached (1) Volatilized (2) Normal (3)
1 6.67 aB 13.28 aA 14.25 aA
2 4.48 aB 2.45cC 7.55 bA
3 6.42 aA 2.89 cB 3.06 cB
4 3.04 bA 2.44 cA 2.79 cA
5 3.70 bA 221 cB 0.57 dC
6 1.95cB 5.79 bA 4.49 bA
7 2.85bA 1.88 cA 3.11 cA
8 1.88 cA 1.76 cA 2.24 cA
9 1.29 ¢cB 1.23 dB 2.74 cA
10 3.61 bB 4.17 bB 6.15 bA
11 2.14 cB 4.79 bA 5.38 bA
12 2.50 cA 0.78 dA 1.63 dA
13 2.87 bA 2.24 cA 1.29 dA

Averages followed by the same letter do not differ (Scott-Knott; p > 0.05).
T1...T13, treatments (Table 1).

Médias seguidas pela mesma letra ndo diferem entre si (Scott-Knott; p > 0,05).
T1....T13, tratamentos (Tabela 1).

For pure oils, it is noted that the lowest mass loss was
for wood treated with copaiba oil (9.45%) (treatment 6),
being highly resistant (HR). There are some substances
which are found in this oil that are specific to the
different species of the Copaifera genus, which excludes
the possibility of being found in other oils or species. Its
biological activity is due to its chemical composition,
which is mostly composed of sesquiterpenes. It has been
found that the percentage of this compound can vary
from 30 to 90% in the total composition of this product
(Revilla, 2001; Leite and Pastore Junior, 2003).

The way in which terpenes act in controlling
microorganisms has not yet been fully clarified, however
itis assumed that this action may be related to a rupture of
the membrane through bonds with lipophilic compounds
(Cowan, 1999). These compounds have already been
described as having several biological activities such as
anesthetic, antibiotic, anthelmintic, anti-inflammatory
and sedative (Craveiro and Machado, 1986).

We expected that the normal situation (3) would
have lower mass losses, however we noted that the
volatile situation (2) was statistically equal to the normal
situation, and the two differed from situation 1 (leachate)
(Table 3). We observed differences of 12.88% for the
leached situation treatments when compared to the
normal situation. This can be explained by the existence
of compounds such as chlorine in the water used which
was from the public network, and which may have been
absorbed by the samples.
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For treatments (tannins + copper sulfates; tannins +
CCA; tannins + arsenic trioxide) in relation to untreated
samples, Vital et al. (2001) also found that there were
gains in wood strength (ranging from 88 to 94%) for the
situation in which the samples were leached. Moreover,
there was a gain in mass loss of approximately 50% for
the treatment with tannins + arsenic trioxide when the
mass loss of those leached was compared to that of the
non-leachate.

4.1.2. Postia placenta fungus assay

For Postia placenta (Table 4), we found that the
samples treated with oils enriched with 5% I, obtained
the lowest mass loss averages in the three situations,
except for the treatment with copaiba oil, for which we
found a mean of 18.31% when enriched with 1% iodine
(treatment 7, situation 3); however, it did not differ
statistically from the mass loss of the wood treated with
this oil enriched with 5% I, (treatment 9). In situation 2,
we observed the lowest average mass loss was for wood
treated with jatropha oil with 5% I, (10.33%), which did
not differ from treatments 4, 5, 9 and 12 of this situation.

For wood treated with jatropha oil (situation 3), we
found that the greatest mass loss was obtained for pure oil
with an average of 40.82%, being considered moderately
resistant, statistically differing from treatments 11, 12
and 13 for which we found mass losses of 24.68; 29.67;
and 15.68%, respectively.

We also found that higher mass loss averages were
obtained for the three situations (Table 4) with treatments
with pure oils, thus, the enrichment contributed to
greater wood protection. According to ASTM D-2017
(2008), treatments 1 (situations 1, 2 and 3), 2 (situation 1),
6 (situation 3) and 10 (situation 1) were considered
non-resistant (NR). Treatments 3, 5, 10, 11 and 13
had similar behaviors in the three studied situations
(leachate, volatilized and normal), while treatments 7,
8 and 9 (situation 1) and 5 and 13 (situation 2) were
considered highly resistant (HR).

We noted that the efficiency of pure andiroba oil
was affected by leaching, with a mass loss of 49.07%
(treatment 2, situation 1), being classified as non-
resistant. Higher mass losses observed for this situation
are probably due to dragging of compounds present in
the oil, leaving them less protected against the fungus
action. Vital et al. (2001) explained that wood treated
with solutions affected by leaching will probably lose
efficiency if used in contact with the soil or subjected to
bad weather.
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The Pinus wood changed its color to brownish-
black after being attacked by the fungus. This situation
occurred since brown rot fungi digest and assimilate
cellulose and hemicelluloses, leaving the lignin which
acquires a darker color, as it is a component which
is little or not assimilable by these fungi (Zabel and
Morreal, 1992; Goodell et al., 2003; Schmidt, 2006).

When evaluating the efficiency of natural products
in the treatment of Pinus caribaea wood on the action
of Postia placenta fungus, Teixeira et al. (2015)
found that neem oil (Azadirachta indica) provided a
protective effect, but significantly inferior to the other
evaluated products, which were the natural terpene
residues of candeia (Eremanthus erythropappus)
and bisabolol resin. Although neem oil provided the
greatest mass loss, it was considered efficient since
the treated samples lost an average of 16.94% of
their mass, which corresponds to 59.72% less when
compared to non-treated wood (42.05%) (Teixeira et
al., 2015). Therefore, there are natural products which
are effective against xylophagous fungi and can be
indicated for wood protection.

There are studies which prove that antimicrobial
activities of vegetable oils are provided by the chemical
composition and the functional groups present in them;
however, each of these has its peculiarity and specific
action on microorganisms, whether they are bacteria,
fungi or protozoa (Reschke et al., 2007; Valeriano et al.,
2012).

4.2. Soft rot assay

There were trends in improving the wood resistance
with the enrichment of iodine (1) in situation 3 - normal
(Table 5), which was confirmed by the decrease in mass
loss. Pure oils in this situation (3) obtained the highest
mass losses with values of 7.55; 4.49; and 6.15% for
andiroba, copaiba and jatropha oils (treatments 2, 6 and
10), respectively.

The lowest mass loss average (0.57%) in the normal
situation was found for treatment 5, which corresponds
to andiroba oil enriched with 5% L. This treatment did
not statistically differ from jatropha oil enriched with
3% and 5% I, with the latter two not being influenced
by leaching or volatilization.

The mass losses in treatments 4, 7, 8, 12 and 13
in situations 1, 2 and 3 showed similar behaviors. We
observed that the treatments with pure andiroba oil
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enriched with 1% [, (treatments 2 and 3), respectively,
did not statistically differ from the control in the leached
situation (1).

Both pure and enriched with I, andiroba oil
(treatments 2, 3, 4 and 5) did not differ (volatilized
situation). There was an improvement in the wood
resistance treated with copaiba oil when enriched with
12 (situations 2 and 3), because there was a decrease in
mass loss as the concentration of this element in the oil
increased.

Mass losses were found in a study when analyzing
the behavior of Pinus wood submitted to the soft rot
test, varying between 2 and 5%, with it being possible to
observe that the degradation of this wood was inferior to
teak sapwood (Zectona grandis), thereby evidencing the
resistance of conifers in relation to hardwoods (Brocco
et al., 2017). The results of mass loss found by Brocco
et al. (2017) was lower than that in the present study
(14.25%) in the normal situation (situation 3). The
method proposed by IPT/DIMAD D-5 (1980) used in
the experiment considers that only mass losses equal to
or greater than 3% are attributed to the attack of soft rot
fungi.

We found mass loss values of 24.32% when
carrying out the soft rot test with Pinus elliotti wood. In
an experiment in which other species were used, it was
noted that the most resistant woods were Myracrodruon
urundeuva, Schinopsis brasiliensis and Aspidosperma
pyrifolium with mass losses of approximately eight
times smaller when compared to Pinus wood, with
these values corresponding to 2.48; 2.98; and 2.71%,
respectively. In addition, the most deteriorated were
Tabebuia aurea and Amburana cearenses (24.26 and
22.78%), with mass losses close to that found for the
Pinus sp. control (Paes et al., 2005b).

The wood used in this experiment showed a darker
color after being subjected to the decay test, and this was
noticed after comparing it with a sample not attacked by
soft rot fungi. Goodell et al. (2003) and Schmidt (2006)
reinforce that the wood attacked by these fungi has a
darker surface layer and has small cracks parallel and
perpendicular to the grain. There are other characteristics
which were visualized by Savory in 1954, cited by Zabel
and Morreal (1992), that the surface is macroscopically
softened and microscopically the attack is greater inside
the secondary cell wall when the wood is attacked by
these fungi.
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5. CONCLUSIONS

Pure andiroba and jatropha oils were the least
efficient for controlling the Trametes versicolor fungus
in the accelerated decay biological assay. In addition, the
leachate situation promoted less mass loss. The wood
treated with pure copaiba oil (normal situation) was
classified as non-resistant in the control of the Postia
placenta fungus.

In the soft rot test, we observed that there were
tendencies to improve the wood resistance (normal
situation) with an increase in the iodine concentration
(L). Therefore, the product can be used to treat wood
against soft rot fungi.

The tested natural oils (pure or enriched with 12)
provided improvements in the decay resistance of Pinus
elliottii wood, even when subjected to aging situations
(leaching and volatilization). This indicates that they
have persistence in the wood and could be used for wood
treatment in places of exposure with less risk to humans.

Although the laboratory test indicated the
properties and efficiency of natural products, tests are
required in field conditions of decay or service in order
to have exact conclusions and prove the true efficacy of
the oils and solutions tested, which demands more time
and higher costs.
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