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ABSTRACT
Natural products have been studied in order to ensure environmental sustainability, human 
health, and diminish the use of traditional products. The objective of this study was to evaluate 
the efficiency of pure andiroba (Carapa guianensis), copaiba (Copaifera langsdorffii) and jatropha 
(Jatropha curcas) oils and enriched with iodine (I2) on the biological resistance of Pinus elliottii 
wood to dry-wood termites (Cryptotermes brevis). The oils were enriched with 1%, 3%, and 5% 
of I2 and impregnated into the wood by cold immersion. The treated samples were subjected 
to volatilization and leaching. Volatilization and leaching did not affect the loss of mass caused 
by termites, except for treatments with pure and enriched with 1% iodine copaiba oil. Leached 
samples were more damaged. The addition of iodine to the oils resulted in a greater efficiency 
against termites. Andiroba (3% and 5% I2) and jatropha oils (5%) were the most efficient, 
providing total termite mortality.
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1. INTRODUCTION

Wood consumption mainly from planted forests has 
increased as a result of its use for producing cellulose 
pulp and energy. In addition to these uses, wood has 
been used by the reconstituted panels industry and 
for producing solid products, in which the species 
of the Eucalyptus and Pinus genera have the largest 
participation in the Brazilian forest market. These woods 
have an increasing demand in the market, however they 
are more propitious to biological degradation caused 
by xylophagous organisms when compared to those 
produced by natural forests, which compromises their 
natural durability and shelf-life (Paes et al., 2010a), thus 
requiring the use of chemicals for their protection.

Termites stand out among xylophagous insects, 
mainly due to the volume of wood consumed by them. 
Those which feed on dry wood are of importance, 
especially in tropical countries. As a result, several 
studies have been developed in order to test wood 
resistance and its industrialized products to such 
insects (Oliveira et al., 2017).

Several products are employed to increase the 
natural resistance of wood against xylophagous 
organisms such as chromated copper arsenate (CCA) 
and chromated copper borate (CCB); however, these 
chemical compounds may be harmful to man and 
the environment (Bossardi & Barreiros, 2011). Thus, 
natural oils are being increasingly tested to enhance 
the biological resistance of wood such as candeia 
oil (Eremanthus erythropappus) and its by-products 
(Paes et al., 2010a; Teixeira et al., 2015), de neem oil 
(Azadirachta indica) (Machado et al., 2006; Paes et al., 
2010b, 2011, 2012) and the oil from plants of the 
Brazilian Cerrado (Medeiros et al., 2016).

These natural products can ensure the sustainability 
of the environment, human health, and decrease the use 
of traditional products that contain toxic compounds 
in their formulation (Teixeira et al., 2015), mainly by 
improving the resistance to deterioration of the wood 
provided by them. Consequently, andiroba (Carapa 
guianensis), copaiba (Copaifera langsdorffii) and 
jatropha or pinhão manso (Jatropha curcas) oils are 
used as biodiesel, biolubricants, paints, varnishes and 
furniture polishes (Gonçalves, 2001; Arruda et al., 2004; 
Duque, 2004). In addition to being used as insecticides 
and fungicides (Freire et al., 2006; Deus et al., 2011; 

Queiroga  et  al., 2012; Oliveira  et  al., 2013), they 
stimulate interest for studies on wood treatments for 
the furniture industry and civil construction.

Modern society has been paying more attention 
to environmental issues. Regarding environmental 
conservation, the search for clean technologies is constant 
in order to minimize the damage caused by the use of 
harmful and often toxic substances such as CCA and 
CCB (Appel et al., 2007; Bossardi & Barreiros, 2011).

Iodine, its salts and isotopes are used in medicine in 
the therapy of thyroid diseases, and in several countries 
it is added to cooking salt to prevent goiters. Moreover, 
it is a bactericidal, fungicidal and poorly water-soluble 
agent (Moriya & Módena, 2008). Due to the antifungal 
and insecticidal properties of iodine (Costa et al., 2003) 
and its low toxicity to humans and the environment 
(Takahashi et al., 1985), associated with its low solubility 
in water, it can present residual power in treated wood, 
which is of interest to the industry since the active 
principle of the product will protect the wood longer 
when exposed to environmental action.

As a result of the need to test new products in 
order to improve wood resistance to xylophagous 
organisms, the objective of this study was to evaluate 
the efficiency of pure andiroba (Carapa guianensis), 
copaiba (Copaifera langsdorffii) and jatropha or pinhão 
manso (Jatropha curcas) oils or enriched with iodine 
(I2) for improving the biological resistance of Pinus 
elliottii wood to dry-wood termites.

2. MATERIAL AND METHODS

2.1. Obtaining the vegetable oils

The andiroba (Carapa guianensis), and copaiba 
(Copaifera langsdorffii) oils came from communities 
in the municipality of Santarém (latitude 2°24’52” S 
and longitude 54°42’36” W), state of Pará, Brazil, a 
region with annual average rainfall of 1,920 mm, with 
a dominantly hot and humid climate characteristic of 
tropical forests.

The jatropha or pinhão manso (Jatropha curcas) 
oil came from the Fazenda Tamanduá, located in the 
municipality of Santa Terezinha (latitude 7°5’19” S and 
longitude 37°27’23” W), state of Paraíba, Brazil, with 
a hot and dry semiarid climate and annual average 
rainfall less than 800 mm.
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2.2. Obtaining the wood and preparing the 
samples

Pinus elliottii wood was obtained in the form of 
10 × 10 × 300 cm (width × thickness × length) beams 
coming from a plantation at the age of 21 years, located in 
the Agroindustrial Complex Pindobas Ltda., municipality 
of Venda Nova do Imigrante, state of Espírito Santo, 
Brazil, (latitude 20°20’04” S and longitude 41°08’05” W). 
The beams were mechanically processed at the Wood 
Machining and Woodworking Laboratory, Department 
of Forest and Wood Sciences, Federal University of 
Espírito Santo, located in Jerônimo Monteiro, Espírito 
Santo state, for the removal of samples measuring 
7.0 × 2.3 × 0.6 cm (longitudinal × radial × tangential), 
as recommended by the dry-wood termite test described 
by the Instituto de Pesquisas Tecnológicas (IPT, 1980).

The obtained samples were selected by discarding 
those that presented defects (nodes, resin bags and cracks), 
sanded and identified according to the treatment to be 
employed and the conditions of each test. Prior to treating 
the wood, the specimens were oven dried at 103 ± 2 °C 
until reaching a constant mass, and the masses and volumes 
(mercury displacement) were verified. The masses after the 
treatments were also obtained to determine the retention 
(kg m–3) of the product in the wood.

2.3. Impregnation and situations submitted to 
samples

The cold immersion method was used for the wood 
impregnation, in which the samples were submerged into 
the oils (Table 1) until reaching retention of 50 to 70 kg m–3. 

The treated samples were submitted to three situations 
(1 - Normal; 2 - Volatilized; and 3 - Leached).

In situation 1, the sample surfaces were dried 
after impregnation using absorbent paper, and then 
subjected to termites. In situation 2, the impregnated 
samples were subjected to volatilization according to 
the methodology described by the American Society 
for Testing and Materials (ASTM, 2008a), in which the 
woods were immersed in distilled water for 2 hours, 
followed by exposure in a forced circulation oven at 
48.9 ± 1.1 °C for 334 hours. Then they were exposed 
to the action of the insects.

For the leaching test (situation 3) the methodology 
described by Freitas (1970) was used, which consists of 
subjecting the specimens where the inflow and outflow 
of water is regulated to 400 mL min–1 for 150 hours 
in a container. After this procedure the samples were 
conditioned for 15 days (temperature of 25 ± 2 °C and 
65 ± 5% of relative humidity), and tested according to 
the dry-wood termite test.

2.4. Dry-wood termites test

The samples treated and submitted to the described 
situations (normal, volatilized or leached) were 
subjected to dry-wood termites (Cryptotermes brevis 
Walker), according to the methodology described by 
the IPT (1980). For this, four replicates per treatment 
(Table 1) and situation were used. The samples were 
grouped two by two, forming a set. A polyvinyl chloride 
(PVC) container with a diameter of 3.5 cm and 4.0 cm 
of height was fixed with paraffin in each set. Next, 
40 termites were introduced into each container, being 
39 worker termites and one soldier termite. Each set 
was arranged in a Petri dish to prevent insects from 
escaping (Figure 1). The test was performed in an air-
conditioned room (27 ± 2 °C and 65 ± 5% of relative 
humidity) for 45 days.

At the end of the experiment, the remaining termites 
were removed from the containers and counted again 
to evaluate the percentage of mortality and damage 
caused to the samples. To the damage was attributed 
a score: 0 (no damage – none), 1 (superficial damage), 
2 (moderate damage), 3 (considerable damage), 4 (severe 
damage). The number of holes was also evaluated as 
recommended by the IPT (1980), as well as the loss of 
mass caused by termites to the samples (ASTM, 2008b), 
corrected for the loss of operational mass.

Table 1. Discrimination of the treatments used in the 
samples of Pinus elliotti.

Treatment Discrimination
1 Control (untreated wood samples)
2 Pure andiroba oil
3 Andiroba oil + 1% iodine
4 Andiroba oil + 3% iodine
5 Andiroba oil + 5% iodine
6 Pure copaiba oil
7 Copaiba oil + 1% iodine
8 Copaiba oil + 3% iodine
9 Copaiba oil + 5% iodine

10 Pure jatropha oil
11 Jatropha oil + 1% iodine
12 Jatropha oil + 3% iodine
13 Jatropha oil + 5% iodine
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2.5. Statistical analysis and evaluation of results

The design was completely randomized with a 
factorial arrangement. The study evaluated the effects of 
the treatments (13 levels) and situations (three levels), 
a 13 × 3 factorial, totaling 39 treatments.

Data normality (Lilliefors test) and homogeneity 
of variances (Cochran test) were verified. In order to 
conduct a statistical analysis, the percentages of mass 
loss and mortality were transformed into arcsen [root 
(loss of mass or mortality/100)] and damage (score) 
in root (score + 0.5). These transformations suggested 
by Steel & Torrie (1980) were necessary to conduct 
homogeneity of the variances. The Scott-Knott test 
(p < 0.05) for the factors and interaction detected as 
signified by the F-test (p < 0.05) were employed for 
the analysis and evaluation of the tests.

3. RESULTS AND DISCUSSION

The analysis of variance of the mass loss data of the 
test specimens showed significant results by the F-test for 
the treatments, situations and for the interaction between 
these factors, which were sawn and analyzed (Table 2).

An improvement in the resistance of Pinus wood was 
observed when treated with the tested oils and solutions 
(enriched with I2). When analyzing the interaction 
between the treatment factors and the situation, it 
can be noted that the mass losses of the samples were 
generally not affected by volatilization or leaching, 

except for treatments 6 and 7, which correspond to 
pure copaiba oil and copaiba oil enriched with 1% I2.

The treatments with andiroba oil, both pure (treatment 
2) and enriched with 1%, 3% and 5% I2 (treatments 
3, 4 and 5) and jatropha oil (treatments 10 to 13) did 
not statistically differ from one another in the three 
situations. The same did not occur for pure copaiba 
oil (treatment 6) or copaiba oil enriched with 1% I2 
(treatment 7). This may have occurred due to the 
ease of leaching or volatilization of copaiba oil in the 
impregnated wood, indicating that it should not be used 
in treating wood that is subject to inclement weather, 
except when enriched with 3 or 5% I2.

The mass losses of the wood treated with jatropha 
oil were lower for both the leached and volatilized 
conditions (treatments 10, 11, 12 and 13), statistically 
differing from other treatments. This indicates that 
this oil was more resistant to the volatilization and 
leaching effects, being more efficient than the others 
when exposed to such situations, regardless of the 
amount of I2 added to it.

An analysis of variance of the test data from the 
samples showed significant results by the F-test only 
for the treatments and the situation. A beneficial effect 
in the treated wood can be verified by the reduced 
damage in the specimens when compared to the control. 
In relation to the scores attributed to the damage caused 
by dry-wood termites, the greatest damage occurred 
in the wood without treatment, being considered as 
moderate to severe damage (Table 3). Usually a score 

Figure 1. Resistance test to dry-wood termites (A) and detail of the assembly formed by the set of Pinus elliottii 
samples (B).
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of 4 (severe damage) is attributed to untreated pine 
wood, since it is considered susceptible to the termite 
used in the test (IPT, 1980).

The moderate to considerable damage observed 
for the non-impregnated Pinus elliottii wood may be 
related to the age of the trees and the proportion of 
late wood (summer wood) in the tested wood, which 
presents greater resistance to scarification, however 

with greater mass loss (Table 2), thus requiring the 
removal of a smaller volume of woody material to 
satisfy the insects’ food need.

No significant difference between the damage to the 
control (control) and treatment 6 samples corresponding 
to pure copaiba oil was observed. The lowest waste was 
attributed to wood treated with andiroba oil, both pure and 
enriched with 1%, 3% and 5% (treatments 2, 3, 4 and 5), 

Table 2. Comparison between mean mass losses caused by dry-wood termites as a function of the tested treatments 
and situations.

Treatment
Situation/Mass Loss (%)

1 - Normal 2 - Volatilized 3 - Leached
1 - Control 10.98 aA 12.17 aA 11.82 aA

2 - Pure andiroba oil 5.66 bA 6.51 bA 7.05 bA
3 - Andiroba oil + 1% I2 5.83 bA 5.86 bA 6.74 bA
4 - Andiroba oil + 3% I2 6.23 bA 6.23 bA 6.30 bA
5 - Andiroba oil + 5% I2 7.05 bA 6.25 bA 6.66 bA

6 - Pure copaiba oil 4.08 cC 6.09 bB 7.86 bA
7 - Copaiba oil + 1% I2 5.39 bB 7.07 bA 6.84 bA
8 - Copaiba oil + 3% I2 6.74 bA 6.92 bA 6.82 bA
9 - Copaiba oil + 5% I2 6.58 bA 7.60 bA 6.89 bA
10 - Pure jatropha oil 4.04 cA 4.94 cA 5.33 cA

11 - Jatropha oil + 1% I2 4.69 cA 4.42 cA 5.12 cA
12 - Jatropha oil + 3% I2 5.39 bA 4.62 cA 4.91 cA
13 - Jatropha oil + 5% I2 5.39 bA 5.05 cA 5.89 cA

Means followed by the same lowercase letter in column or uppercase letters in the line do not differ from one another by the 
Scott-Knott test (p > 0.05).

Table 3. Comparison between mean damage (score) caused by dry-wood termites as a result of the tested treatments.

Treatment Damage (Score) Classification
1 - Control 2.45 a Moderate to considerable damage

2 - Pure andiroba oil 0.33 c None to superficial damage
3 - Andiroba oil + 1% I2 0.25 c None to superficial damage
4 - Andiroba oil + 3% I2 0.31 c None to superficial damage
5 - Andiroba oil + 5% I2 0.52 c None to superficial damage

6 - Pure copaiba oil 1.66 a Superficial to moderate damage
7 - Copaiba oil + 1% I2 1.18 b Superficial to moderate damage
8 - Copaiba oil + 3% I2 1.06 b Superficial to moderate damage
9 - Copaiba oil + 5% I2 1.27 b Superficial to moderate damage
10 - Pure jatropha oil 1.22 b Superficial to moderate damage

11 - Jatropha oil + 1% I2 0.70 c None to superficial damage
12 - Jatropha oil + 3% I2 1.12 b Superficial to moderate damage
13 - Jatropha oil + 5% I2 0.89 b None to superficial damage

Means followed by the same letter do not differ from one another by the Scott-Knott test (p > 0.05).
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which did not statistically differ (from each other). 
When copaiba oil was enriched with iodine, it resulted 
in less damage to the wood when compared to control 
and treatment 6. The addition of iodine in the case of 
termites can cause difficulties for them to scarify the 
wood, causing damage to the insects’ jaw; a similar 
effect to that caused by silicates.

The damage observed for impregnated samples 
was lower than that found by Oliveira et al. (2017) for 
the wood of seven species of Eucalyptus coming from 
trees at 16 years, thus proving the improvement in the 
resistance of the impregnated samples, regardless of 
the oil and I2 percentage used.

Regarding the situation, the greatest damage 
was observed for wood subjected to leaching and 
volatilization (Table 4), since the samples submitted 
to such situations lose protective substances present 
in the oils, allowing greater attack by insects.

A score of 4.0 (severe damage) was attributed 
by Gonçalves & Oliveira (2006) for the attack of 
Cryptotermes brevis to Pinus sp. wood, in addition to 
two holes in the samples of this wood being observed 
and termite mortality was 17.50%, which differed 
from other species such as Australian cedar, cacunda, 
cupiúba, cedar rose and pequi. Oliveira et al. (2017) 
found severe damage (score 4) to Pinus sp. wood 
subjected to the same species of termites, with 15 holes 
and mortality of 34.4%, which was similar to that in 
the wood of seven Eucalyptus species at 16 years of age.

Regarding the natural resistance of Eucalyptus 
grandis at four different ages (10, 14, 20 and 25 years) to 
the attack of dry-wood termites (Cryptotermes brevis), 
Silva et al. (2004) found that wood was highly susceptible 
to attack regardless of age, evidencing the low natural 
resistance of this species. The damage found for all the 
ages was similar to those found for Pinus elliottii wood, 
with a score of 4.0. The damage caused to Eucalyptus 
grandis wood was 3.0, 3.0, 3.2 and 4.0 for the ages of 
20, 25, 14 and 10 years, respectively.

With regard to termite mortality, an analysis of 
variance of the data showed significant results by the 
F-test for treatments, situations and for the interaction 
between treatment and situation, in which the wood 
was sawn and analyzed by the Scott-Knott test (Table 5).

Table 4. Comparison between mean damage (score) for 
the dry-wood termite test for each situation.

Situation Damage (Score)
3 - Leached 1.19 a

2 - Volatilized 1.05 a
1 - Normal 0.75 b

Means followed by the same letter do not differ from one 
another by the Scott-Knott test (p > 0.05).

Table 5. Comparison between mortality rates of dry-wood termites for the tested treatments and situations.

Treatment
Situation/Mortality (%)

1 - Normal 2 - Volatilized 3 - Leached
1 - Control 73.75 dA 55.00 cB 42.50 dB

2 - Pure andiroba oil 93.75 bA 96.00 aA 95.00 aA
3 - Andiroba oil + 1% I2 98.75 aA 91.25 aA 96.25 aA
4 - Andiroba oil + 3% I2 100.00 aA 92.50 aB 95.00 aB
5 - Andiroba oil + 5% I2 100.00 aA 95.00 aA 97.50 aA

6 - Pure copaiba oil 50.00 eB 78.75 bA 58.75 dB
7 - Copaiba oil + 1% I2 72.50 dA 63.75 cA 60.00 dA
8 - Copaiba oil + 3% I2 71.25 dB 95.00 aA 76.25 cB
9 - Copaiba oil + 5% I2 87.50 cA 83.75 bA 83.75 bA
10 - Pure jatropha oil 85.00 cA 45.00 cB 60.00 dB

11 - Jatropha oil + 1% I2 88.75 cA 90.00 aA 82.50 bA
12 - Jatropha oil + 3% I2 95.00 bA 80.00 aA 93.75 aA
13 - Jatropha oil + 5% I2 100.00 aA 76.25 bB 93.75 aA

Means followed by the same lowercase letter in column or uppercase letters in the line do not differ from one another by the 
Scott-Knott test (p > 0.05).
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By analyzing the interaction, it was verified that 
the control (treatment 1) had lower mortality, thus 
confirming the effect of the treatments with the oils 
since the mortality percentage of termites submitted to 
the treated wood was higher. Thus it can be concluded 
that the oils and solutions with I2 were possibly toxic 
to termites (Table 5), in accordance to the reports of 
Gonçalves et al. (2013) and Paes et al. (2013), who 
found that species with higher levels of extractives 
(in the case of this study, the oils tested) or ashes 
(in the case I2) caused higher mortality of the insects.

It can be highlighted that the increase of the 
iodine concentration in the oils increased the termites’ 
mortality, proving the insecticidal action of this product. 
The treatments with andiroba oil (treatments 2, 3 and 5) 
had no effect of volatilization and leaching, as well as 
treatments 7, 9, 11 and 12. Overall, termite mortality 
under the normal situation was higher than in other 
situations (leached or volatilized).

A total of 100% of termite death was verified 
when androba oil was enriched with 3 and 5% 
I2 (treatments 4 and 5, situation 1). These results did 
not differ statistically from treatment 13, situation 
1, demonstrating that jatropha oil was also lethal to 
termites when enriched with 5% I2. As reported by 
Costa et al. (2003), this proves the efficiency of iodine 
compounds against xylophagous termites.

A mass loss of 18.13% and mortality of 12.50% was 
found for Pinus taeda wood, for which was attributed a 
score of 3.0, indicating a considerable damage according 
to the IPT (1980) and low wood resistance.

Brocco et al. (2017) obtained values of 1.76% of 
mass loss, in addition to a damage (score) of 2.28 for 
untreated Pinus elliottii wood. Termite mortality 
was classified as moderate, with a mean of 44.50%. 
All samples were perforated, with the number of holes 
ranging from 1 to 2.

No holes were found in samples of wood treated 
with oils or solutions, except for a sample treated with 
pure copaiba oil in the leached situation. The Pinus 
elliottii wood used as a control (leached situation) 
averaged one hole per sample. No holes were found 
for normal and volatilized situations.

Thus, even in cases where the treated samples were 
subjected to leaching or volatilization, the oils and I2 
concentrations improved the biological resistance of 

Pinus elliottii wood to dry-wood termites. The results 
obtained are of interest for the protection of wood since, 
in addition to providing adequate protection, the tested 
products have low harmfulness to humans, which is 
a positive factor for this branch of activity because 
dry-wood termites preferentially attack residential 
and office furniture.

4. CONCLUSIONS

The lowest mass losses were found for the treatment 
with pure jatropha oil or enriched with I2, regardless 
of the proportion used, and its protective effect was 
not influenced by volatilization or leaching.

The lowest damage was observed for the treatment 
with pure and enriched andiroba oil (regardless of the 
I2 concentration), as well as for the jatropha oil + 1% 
I2. The damage was higher in the samples subjected 
to volatilization or leaching.

Wood treated with andiroba oil enriched with 3% 
and 5% I2 provided total mortality to termites, as well 
as jatropha oil with 5% I2. This proves the efficacy of 
these oils on the tested dry-wood termites and the 
improvement in their efficiency with the addition of I2.
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