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DURABILITY OF Eucalypts WOOD IN SOIL BED AND FIELD
ECAY TESTS

Pedro Nicé de Medeiros Neto'*, Juarez Benigno Paes’, José Tarcisio da Silva Oliveira?®,
Jodo Gabriel Missia da Silva’, José Clailson Franco Coelho’, Libinia da Silva Ribeiro*

ABSTRACT

This evaluated the natural resistance of wood from seven Eucalyptus trees in field decay and soil bed
tests. Two 12-year-old trees were randomly sampled per species, with 2,2 m logs being obtained from the
basal section of each tree. The samples were taken in two positions in the radial direction of the stem (middle
heartwood and transition zone; containing heartwood and sapwood). The field decay tests were installed in
three municipalities in the southern state of Espirito Santo, and the soil utilized soil from the three field decay
test areas. The field decay tests were evaluated after six, 12 and 18 months after installation and the soil bed
tests after six months. The Scott-Knott test (p < 0,05) was used in the analysis and evaluation of the tests.
The sapwood-heartwood (transition region) exhibited the greatest mass losses for the field decay and soil bed
tests. On average, for the soil bed test the lowest mass losses were observed for the soil of Vargem Alta (5,00
%), with greater mass losses observed for Sao José do Calgado (7,05 %) and Jerénimo Monteiro (9,90 %). In
the field decay test the organisms present in the soil of Sdo José do Calgado and related to the organic matter
content Eucalyptus grandis and Eucalyptus saligna more intensely.
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INTRODUCTION

Woody resources have been used to produce energy, pulp and paper, and construction material for urban
and rural environments, the furniture industry and medicinal products. Wood stands out because of its impor-
tance as a renewable and more accessible product than sources of raw materials such as fossil fuels and other
building materials. Nevertheless, as it is a material of organic origin, it is subject deterioration. However, there
are also species that produce wood resistant to attack by xylophagous organisms, which were widely used in
different works, leading to their scarcity.

The lack of native species that high resistance to biological deterioration stimulated the search for other
species which could supply the demand. Thus, reforestation with Eucalyptus and Pinus began. Few studies are
related to the natural durability of eucalypts wood in Brazil (Silva et al. 2004, Morais and Costa 2007, Paes et
al. 2015). The use of naturally durable woods has an advantage compared to chemically treated wood, since
there are no problems after their use (Sundararaj et al. 2015). According to the Brazilian Tree Industry (IBA
2019), the Eucalyptus plantations in Brazil correspond to 5,7 million hectares, therefore necessitating research
for its best use.

Laboratory and field tests can be performed in evaluating the natural resistance of wood and derivatives
to the xylophagous agents. Laboratory tests provide faster information, but the field provides that are more
realistic because wood is exposed to insects, fungi and edaphoclimatic conditions (Ali ef al. 2011, Meyer et al.
2014, Aratijo and Paes 2018). Thus, wood is exposed to a range of physical, chemical and biological agents of
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the environment and soil in field evaluations. This often poses high risks of biodeterioration by allowing the
wood to have contact with a variety of agents such as soil, insects or inoculation with microorganisms (Paes et
al. 2007, Paes et al. 2009, Brischke ef al. 2013a).

Although wood in field tests remains exposed to the edaphoclimatic and biological conditions that could
occur during their daily use, they require a longer period of time for their evaluation resulting in increased
costs (Susi et al. 2011, Paes et al. 2012). An alternative ,soil bed tests, provide results which are more similar
to the actual conditions of use when compared to traditional laboratory tests, and provide an increase in time
saving and cost reduction of the research, with the use of smaller samples compared to field trials (Paes et al.
2009, Paes et al. 2012).

Studies in recent years have been focused on finding environmentally correct products and hardwoods that
are more resistant to attack by xylophagous agents and faster and more reliable responses, because insufficient
natural resistance limits the use of wood. Thus, the objective of this study was to evaluate the natural resistance
of seven Eucalyptus wood species in soil bed and field decay tests.

MATERIALS AND METHODS
Studied species and wood sampling

In this study, the natural resistance in soil bed and field decay tests of seven Myrtaceae family (Eucalyptus)
species (Eucalyptus camaldulensis, E. grandis, E. urophylla, E. robusta, E. saligna, E. pellita and Corymbia
citriodora) were evaluated. For this, two 12-year-old trees of seminiferous origin with good phytosanitary
health were randomly sampled by species, representing the average diameter of each species in the forest
plantation of the CENIBRA SA company, municipality of Guanhdes, Minas Gerais State, Brazil (Latitude
18°46°16” South, Longitude 42°55°55” West and 744 meters altitude).

Logs of 2,2 m were obtained from the basal section of each tree for the tests, and samples were taken from
two positions in the radial direction of the trunk (middle heartwood and transition region of heartwood and
sapwood, containing heartwood and sapwood) due to the length of the diameter of the studied woods.

Soil bed test

The recommendations of Vinden ef al. (1982), Paes et al. (2002), Paes et al. (2009) and the American
wood Protection Association Standard E14-14 (AWPA 2014) were followed. The simulators were assembled
in lined boxes, measuring 60 cm x 60 cm x 50 cm. Each box was filled with the soil of a locality where the
field decay test was installed and maintained at 25 °C + 2 °C and 65 % + 5 % relative humidity (Figure 1).
Soils were broken down into two horizons: Horizon a = 0-10 cm deep; Horizon b = 10-20 cm deep. The soil
profile in the boxes were as follows: 15 cm of gravel followed by 25 cm from Horizon b and topped with 10
cm from Horizon a.

Figure 1: Soil bed test with the seven eucalypts wood and soils of the municipality evaluated: (a) Vargem
alta; (b) Sao José do Calgado; (c¢) Jeronimo Monteiro, Espirito Santo State, Brazil.
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Samples of 15 cm x 1,5 cm x 0,5 cm (length x width x thickness) were used in this experiment. The sam-
ples were dried in an oven at 103 °C + 2 °C until reaching constant mass. These were partially buried (2/3 of
the length) and randomly distributed in the soil bed according to a randomized block design. The soil beds
moisture contents were maintained close to the soil water holding capacity. Four ports in the boxes were used
for drainage.

Samples were analyzed after 180 days of installation by visual analysis and by the assignment of grades
used for the field test (Table 1). Mass loss was determined after conditioning 103 °C + 2 °C until reaching

constant mass.

Table 1: Criteria for assessment of the stakes in the decay field test.

Decay level Rating system Index of Condition
No attack (sound) 0 100
Surface attack 1 90
Moderate attack 2 70
Severe attack 3 40
Breaking 4 0

Source: Becker (1972).

Field decay test

For simplicity, small wood stakes and short exposure times were used (Becker 1972). The method used
specimens measuring 50,0 cm x 5,0 cm x 2,5 cm (length x width x thickness) containing the middle heartwood
or transition region of the heartwood and sapwood. The samples were held for four months at 25 °C £ 2 °C and
65 % = 5 % relative humidity.

The tests were installed in the municipalities of Jerdnimo Monteiro (JM) (Latitude 20°47°22” South, Lon-
gitude 41°23°42” West and 110 meters altitude), Sdo José do Calcado (SJC) (Latitude 21°1°31” South, Longi-
tude 41°39°20”” West and 316 meters altitude), and Vargem Alta (VA) (Latitude 20°40°17” South, Longitude
41°00°25” West and 650 meters altitude), Espirito Santo State, Brazil (Figure 2). Samples were inspected after
6, 12, and 18 months exposure. In this way, it was possible to evaluate the decay index in the wood for in pe-
riods and locations with different edaphoclimatic characteristics. Samples were taken from Horizons A and B
at the installation sites in each municipality and analyzed for the physical and chemical characteristics of the
soils (Table 2) and material for the assembly of the soil beds.
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Figure 2: Location of the municipalities where the decay field tests were installed with the seven eucalypts
wood.
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Table 2: Physical and chemical characteristics of the soils in the municipalities of Jeronimo Monteiro, Sdo
José do Calgado and Vargem Alta, Espirito Santo, Brazil'.

Local Soil pH K' ‘ P* | Ca"” | Mg™ ‘ H+AI® |CEC| C | OM BS
I;::;E (H:0) mg-dm” cmol-dm™ akg! %
(cm)

M A(0-10) 7.8 82,0 14,0 | 420 | 0,9 0,3 561 | 10,8 | 186 94,7

il
S0 TB(1020) | 62 | 32,0 | 20 | 1,40 | 0,5 L7 | 1,98 | 2.1 | 3.60 | 538
SIC A(0-10) 57 142,0 5,0 1,90 0,9 45 3,26 10,2 17,6 41,3

soill ' "B71020) | 49 | 60,0 | L0 | 0,90 | 04 53 | 1,75 | 51 | 88 | 215
VA | A0-10) | 57 | 880 | 1,0 | 0,70 | 0,4 | 30 | 1,33 | 50 | &6 | 307
soil | B(1020) | 54 | 430 | 10 | 060 | 02 | 40 | 141 | 23 | 40 | 185

CEC: effective cation exchange capacity; OM: organic matter; BS: Percent base saturation.

Three replications for each position and from each tree were installed per location. The recommendations
of Becker (1972) in Table 1 were used in the evaluation of the attack intensity by deteriorating agents.

Analysis and evaluation of the results

A randomized complete block design was used to compare the natural resistance of the woods in the soil
bed and field decay tests, with a split plot scheme with three replicates (block), with the plots (species) and
subplots (pith-bark position).

When necessary, the deterioration condition data (rating) were transformed into \/rating +0,5 and the
(mass loss

100
by Steel and Torrie (1980), were used to normalize the distribution of the data (Lilliefors test) and to
homogenize the variances (Cochran and Bartlett test). The Scott-Knott test (p < 0,05) was used in the analysis
and evaluation of the tests for the factors and interactions detected as significant by the F-test (p< 0,05).

mass loss data into grcsin j to enable statistical analyses. These transformations, suggested

RESULTS AND DISCUSSION
Soil bed tests

The soil bed test filled with soil from the municipality of Jeronimo Monteiro did not show a significant
interaction for the mass loss between the positions and the eucalypts wood evaluated. The mass losses between
the eucalypts wood were statistically the same (Table 3). The wood from the middle heartwood showed less
mass loss when compared to that from the transition region.

Table 3: Average values of mass loss and decay index (DI) of the species and positions evaluated in soil bed
test, for soils from Jerénimo Monteiro, Sdo José¢ do Calgado and Vargem Alta, Espirito Santo municipalities,

Brazil.
Place | Variables Species Positions
Es Eg Eu Ep Ec Ce Er Hw Tw

JM Mass loss 9,37A 13,32A 8,93A 9,66A 9,98A 10,69A 7,34A 7,90B 11,90A
Decay 0,83A 1,00A 0,00B 0,00B 0,00B 0,00B 0,00B 0,33A | 0,19A
index
SJC Mass loss | 11,87A | 11,91A | 4,78B 5,28B 6,42B 4,92B 4,15B 5,99B 8 10A
Decay 2,67A | 2,00A 0,17B 0,17B 0,00B 0,00B 0,00B 0,71A | 0,72A
index
VA Mass loss | 4,32A 5,39A | 435A | 587A 5,66A | 6,87A | 2,59A | 4,23B 5,79A

Decay 0,00C 1,00A 0,00C 0,50B 0,00C 0,00C 0,00C 0,24A | 0,19A
index

ES: Eucalyptus saligna; Eg: Eucalyptus grandis; Eu: Eucalyptus urophylla; Ep: Eucalyptus pellita; Ec: Eucalyptus camaldulensis; Cc:
Corymbia citriodora; Er: Eucalyptus robusta; Hw: Heartwood; Tw: transition wood. Means followed by the same letter across species
and positions do not differ at p < 0,05 (Scott-Knott test).
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Regarding decay index, the positions were statistically similar, and the E. grandis and E. saligna woods
had the highest deterioration (scores). Although this assay is more realistic than the ones in the laboratory, they
mainly occur in the presence of soft rot fungi, which cause the wood to deteriorate more slowly than those
causing white and brown rot (Shmulsky and Jones 2011). This probably resulted in the similarity of the mass
losses among the studied woods.

Regarding the soil of Sado José do Calgado, there was no significant interaction between the species and the
evaluated positions. For the positions tested, the middle heartwood showed the lowest mass losses, while these
were statistically similar in relation to the decay index. For the evaluated species, E. grandis and E. saligna
exhibited the greatest mass loss and decay index scores, while the other species were statistically the same.

The specimens buried in the soil from the municipality of Vargem Alta showed no significant interaction
between the eucalypts wood and the positions tested. When comparing the evaluated positions, the resulting
woods from the transition region exhibited the largest mass losses. The mass loss among the eucalypts wood
were statistically similar. In relation to the decay index, the tested positions were statistically similar, while
when analyzing the species, E. grandis showed the highest deterioration scores, followed by E. pellita, and the
other studied woods showed similar values.

In general, the lowest mass losses of were observed for the Vargem Alta soil, except for C. Citriodora and
the greatest mass losses were observed for the Jerdnimo Monteiro soil, except for E. saligna (Figure 3).
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Figure 3: Mass loss of the species and positions evaluated in soil bed test, for soils from Jeronimo Monteiro,
Sdo José do Calgado and Vargem Alta, Espirito Santo municipalities, Brazil.

Field decay test

For the meteorological data of the three municipalities where the field trials were carried out, the highest
mean precipitation during the evaluated period was observed for Sao José do Calgado (81,55 mm), followed by
Vargem Alta (74,22 mm) and Jerdnimo Monteiro (67,94 mm). For the average temperature, the highest value
was for Jeronimo Monteiro (23,28 °C), followed by Sdo José do Calgado (21,78 °C) and Vargem Alta (19,27
°C). These two climatic factors directly influenced the biodeterioration of wood.

In the field decay test carried out in the municipality of Jeronimo Monteiro, no statistical difference was
observed between eucalypts wood and analyzed positions; however, it can be seen that E. saligna, E. grandis
and E. camaldulensis had a progressive increase in the deterioration scores during the three evaluations. The
transition region exhibited the highest scores when compared to the test specimens obtained from the heart-
wood samples, but both were statistically the same. For the behavior results, they followed the same trend
previously observed for the decay index (Table 4).

This natural similarity was probably created for resist the weathering and attack of xylophagous agents
with respect to the evaluation time in the field, which occurred over one year and six months. According to
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Silva and Castro (2014), eucalypts wood has a useful life of between three and four years in the construction of
fences, fencepost or stakes without preservative treatment. Thus, the variations in the natural durability among
the species studied will be more important in the course of the next months. The same tendency in decay index
can be observed for the evaluated eucalypts wood previously exhibited for the soil bed test, which represent a
similarity between the two performed tests.

A statistical difference was observed between the two positions evaluated after 12 and 18 months in the
municipality of Sdo José do Calgado, in which the transition region exhibited the highest decay index values,
being more susceptible to edaphoclimatic and biological factors (Table 4).

Table 4: Decay index (DI) values and behavior of the species evaluated in decay field test in the municipali-
ties of Jeronimo Monteiro, Sao José do Calgado e Vargem Alta to exposure times and positions in trunks.

Exposure | Variables Species Positions
(mt::t;s) Es | Eg | Eu | Ep | Ec | Ce | Er Hw | Tw
Jerdnimo Monteiro
6 DI 0,33 0,33 0,00 0,00 0,17 0,17 0,17 0,09 0,24
(rating) A A A A A A A A A
Behavior | 96,67" | 96,67 | 100,00 [ 100,00 | 98,33 | 98,33 | 98,33 | 97,62 | 99,05
index A A A A A A A A A
12 DI 1,33 1,50 1,00 1,00 1,17 1,50 1,50 119 1,38
(rating) A A A A A A A A A
Behavior | 83,33 80,00 | 90,00 | 90,00 | 86,67 | 78,33 80,00 86,19 81,90
index A A A A A A A A A
18 DI 1,50 1,67 1,00 1,00 1,33 1,50 1,50 1,28 1,43
(rating) A A A A A A A A A
Behavior | 80,00 | 76,67 | 90,00 | 90,00 | 83,33 | 78,33 | 80,00 | 84,28 | 80,95
index A A A A A A A A A
Sao José do Calgado
6 DI 1,83 2,17 1;17 0,33 117 0,50 2,50 1,24 1,52
(rating) A A A A A A A A A
Condition | 73,33 | 51,67 | 81,67 | 96,67 | 80,00 | 93,33 | 5500 | 78,09 | 73,81
index A A A A A A A A A
12 DI rating) | 2,67 3,17 2,51 1,67 2,67 1,83 3,50 2,33 2,81
A A A A A A A A A
Condition | 50,00 | 30,00 | 51,67 | 75,00 | 50,00 | 71,67 | 20,00 | 56,19 | 43,33
index A A A A A A A A A
18 DI 2,67 3,33 3,00 1,67 2,67 2,33 3,50 2,47 3,00
(rating) A A A A A A A B A
Condition | 50,00 | 25,00 | 38,33 75,00 | 50,00 | 58,33 20,00 52,86 37,62
Index A A A A A A A A B
Vargem Alta
6 DI 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
(rating)
Condition | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00
Index
12 DI 1,50 1,00 1,33 1,33 1,67 1,50 1,83 1,33 1,57
(rating) A A A A A A A A A
Condition | 78,33 | 90,00 | 83,33 | 81,67 | 73,33 | 7833 | 71,67 | 82,86 | 76,19
Index A A A A A A A A A
18 DI 1,50 1,50 2,17 1,33 1,67 1,50 2,00 1,43 1,90
(rating) A A A A A A A B A
Condition | 78,33 | 80,00 | 6500 | 81,67 | 7500 | 7833 | 66,67 | 81,43 | 68,57
Index A A A A A A A A A

ES: Eucalyptus saligna; Eg: Eucalyptus grandis; Eu: Eucalyptus urophylla; Ep: Eucalyptus pellita; Ec: Eucalyptus camaldulensis; Cc:
Corymbia citriodora; Er: Eucalyptus robusta; Hw: Heartwood; Tw: transition wood.
Means followed by the same capital letter in the lines of species and positions in each local do not differ (Scott-Knott; p < 0,05).

This is probably related to the presence of sapwood in this position, which contributes to higher moisture
contents in the wood due to its higher permeability, in addition to the chemical compounds that can be leached,
thus contributing to the attack from xylophagous agents (Brischke and Meyer-Veltrup 2015).

This natural similarity was probably created for resist the weathering and attack of xylophagous agents
with respect to the evaluation time in the field, which occurred over one year and six months. According to
Silva and Castro (2014), eucalypts wood has a useful life of between three and four years in the construction
of fences, fencepost or stakes without preservative treatment. Thus, the variations in the natural durability
among the species studied will be more important in the course of the next months. The same tendency in wear
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can be observed for the evaluated eucalypts wood previously exhibited for the soil bed test, which represent a
similarity between the two performed tests.

A statistical difference was observed between the two positions evaluated after 12 and 18 months in the
municipality of Sdo José¢ do Calcado, in which the transition region exhibited the highest wear values, being
more susceptible to edaphoclimatic and biological factors (Table 4). This is probably related to the presence
of sapwood in this position, which contributes to higher moisture contents in the wood due to its higher per-
meability, in addition to the chemical compounds which can be leached, thus contributing to the attack from
xylophagous agents (Brischke and Meyer-Veltrup 2015).

There was a disparity between the middle heartwood and the transition region after 18 months of evalua-
tion, and no statistically significant difference was observed among the tested woods. In general, the E. grandis
and E. robusta species exhibited greater decay index, and the C. citriodora and E. pellita woods showed the
lowest values during the three evaluations.

In the field decay test conducted in the city of Vargem Alta, it was noticed that there was a statistical dif-
ference between the two positions evaluated only in the third evaluation (18 months), with lower decay index
and higher behavioral scores for the median heartwood (Table 4). This is related to the longer exposure time of
the material to the edaphoclimatic and biological conditions of the region.

The evaluated species were statistically similar. This result is probably because they come from the same
genus, with the exception of C. citriodora, and thus exhibit similar characteristics of natural durability in rela-
tion to the weathering and the biodeterioration caused by the xylophagous agents. Among these, the E. grandis,
E. urophylla and E. robusta woods showed increased wear throughout the evaluations.

One of the main factors that probably influenced greater deterioration in Sao José do Calgado among the
three evaluated municipalities is related to the organic matter content in the soil, especially in the B horizon
with a value of 8,80 %, notably superior when compared to the content present in the municipality of Jeronimo
Monteiro (3,60 %) and Vargem Alta (4,00 %).This favors the greater availability of nutrients in the soil, which
provides favorable conditions for the development of xylophagous agents (Corassa et al. 2013, Carvalho et
al. 2016).

The importance of moisture content is related to fungi and termites, in which fungi generally do not attack
wood with moisture contents below 20 %, and precipitation enables water storage in the soil, which increases
the risk of biodeterioration of material (Melo ef al. 2010, Tomazeli et al. 2016). This culminated with higher
deterioration values of the wood evaluated in S3o José do Calgado, which exhibited higher rainfall rates during
the experiment.

Regarding temperature, this affects the metabolic activities of fungi such as digestion, assimilation, res-
piration, translocation, and syntheses performed by enzymes. The rates of metabolic reactions increase with
increasing temperature, to the extent that any reaction becomes limiting at this speed, or the heat causes dena-
turation of the enzymes, being the ideal temperature for the development of (for example) fungi at around 22
°Cto 36 °C (Li et al. 2013, Bouslimi et al. 2014).

The effect of temperature was verified with lower wear values for the wood from the test installed in Var-
gem Alta, which exhibited lower average temperatures than the other locations. In general, it was observed that
the municipality of Sao José do Calcado presented the most favorable conditions for the natural deterioration
of the wood (temperature and humidity), which resulted in higher wear values, as can be seen in Table 5.

Table 5: Average decay index rating as a function of exposure time and position on the trunk for the three
municipalities where the decay field tests were installed.

Local Exposure time (months)
06 12 18
Decay index (rating) | Decay index (rating) | Decay index (rating)
Heartwood | Transition | Heartwood | Transition | Heartwood | Transition
M 0,09B 0,24B 1,19B 1,38B 1,28 B 1,43B
Ne 1,24 A 1,52 A 233 A 2,81 A 248A 3,00 A
VA 0,00 B 0,00 B 1,33B 1,57B 1,43B 1,90B

Means followed by the same capital letter in the columns do not differ (Scott-Knott; p< 0,05).
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As observed, the edaphoclimatic influence must be especially evident in relation to the moisture con-
tent of the wood and the temperature of the environment. However, several other factors may influence the
deterioration during the field test such as competition and antagonism among xylophagous agents, chemical
composition and permeability of wood, distance between sources of infection, organic matter content and soil
physical and chemical properties, which potentially retard or intensify the biodeterioration of wood (Brischke
and Meyer-Veltrup 2016).

The soil of Sdo José do Calcado soil yielded a lower pH value on average. In general, wood decaying fungi
develop under more acidic conditions; pH with intervals between 3 and 6 (Brischke et al. 2013b), which fa-
vored a greater fungal attack in the woods installed in this municipality, in addition to the presence of termites.

According to Nicholas and Crawford (2003), the main soil nutrients required for fungi are nitrogen, phos-
phorus, potassium, magnesium and calcium. Thus, it can be observed that the soil in the municipality of Var-
gem Alta exhibited a lower average index, practically in all these chemical elements, and consequently resulted
in the least decay index for the woods among the three evaluated municipalities. Thus, the natural durability
of wood in soil-contact tests is influenced by a number of edaphoclimatic or biological factors that occur in
isolation or the combination of both (Brischke ef al. 2014).

It was generally observed that the decay indices obtained in the accelerated field and field simulator tests
were very similar among the evaluated eucalypts wood. This validates the reduction of the evaluation time, and
consequently of costs, when field simulators are used. Similar results were obtained by Nicholas and Crawford
(2003) when assessing the durability of wood between these two biological tests.

CONCLUSIONS

For the soil bed test, the transition region of the stem showed the highest mass losses, regardless of soil
origin and evaluated wood and in field decay test no statistical difference was observed between eucalypts
wood to mass loss.

For the soil bed test, in general, the lowest mass losses of were observed for the Vargem Alta soil, except
for Corymbia Citriodora and the greatest mass losses were observed for the Jeronimo Monteiro soil, except for

Eucalyptus saligna and in field decay test the organisms present in the soil of Sao José do Calgado and related
to the organic matter content Fucalyptus grandis and Eucalyptus saligna more intensely.
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