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ABSTRACT

This study aims to evaluate the natural durability of imported tropical decking wood without preservative treatment. Five
hardwood species, Apitong, Basralocus, Ipe, Malas, and Merbau, were exposed to outdoor conditions for five years. Following
AWPA E7 and EI18 standards, ground-proximity (H3 conditions) and stake (H4 conditions) tests were conducted to assess
resistance to wood-decaying fungi and subterranean termites, including changes in hardness before and after exposure. In the
ground-proximity tests, all species exhibited performance ratings > 9.0, indicating negligible deterioration. In contrast, the stake
tests revealed that Basralocus, Ipe, and Merbau maintained high resistance, whereas Apitong and Malas showed lower ratings
of approximately 7.0, corresponding to a 10%-30% decay. With the exception of Malas, the remaining species experienced
little to no termite attacks during the exposure period. Furthermore, Malas and Apitong exhibited significant reductions in
hardness, with decreases > 50% in the stake tests. These results suggest that Ipe, Merbau, and Basralocus possess sufficient
durability for long-term decking applications, whereas Malas and Apitong have higher risks of decay and mechanical degradation
over time.
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1. INTRODUCTION

Wood is a renewable natural resource that has long
been used in construction and landscaping. However,
when exposed to moisture-rich environments, such as
rainfall or soil contact, wood becomes vulnerable to
biodeterioration caused by wood-decaying fungi and
subterranean termites (Blanchette, 1991; Eaton and Hale,
1993; ISO, 2007). Such biological degradation leads to
a loss of mechanical strength and functional perfor-

mance of the construction material, thereby reducing its

expected service life. Consequently, selecting the appro-
priate wood species or using preservative-treated wood
in accordance with exposure conditions is essential to
ensure the safety and durability of wooden structures.
The quantitative prediction of the service life of
wood remains a major challenge because it is influenced
by diverse environmental factors and the distribution of
biological agents responsible for its deterioration
(Brischke et al., 2024; Im and Han, 2024; Jung et al.,
2025; Kim et al., 2024; Oh et al., 2023; Oregon State

University, 2023). Numerous attempts have been made
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to estimate decay hazards by considering the geographi-
cal distribution of wood-decaying organisms. However,
these efforts have had limited success. To date, the most
common approach has been to classify decay hazards
into low, moderate, and high categories using climatic
parameters, such as temperature and precipitation (Larkin
and Laks, 2008; Morris and Wang, 2008; Theodore,
1971).

According to these classifications, most regions of
Korea, except Jeju Island, are categorized as moderate
risk (Kim and Ra, 2013, 2014; Kim ef al., 2011).
However, variations in rainfall can cause areas within
the same region to shift to higher risk categories. For
example, Seoul, the capital of South Korea, recorded
high-decay hazard levels over three separate years
(2003, 2007, and 2010), from 2001 to 2010 (Kim et al.,
2011). These findings indicate that climatic variability
strongly influences the decay risk, highlighting the need
to account for regional and temporal differences in dura-
bility assessments.

In Korea, wood used in construction and landscape
applications that require high durability is typically
classified into exterior above- (H3) and in-ground (H4)
service conditions. The H3 category represents envi-
ronments subjected to intermittent wetting, whereas H4
involves continuous contact with soil moisture or fresh-
water. Most domestically installed wooden decks are
designed to avoid direct soil contact and thus fall under
the H3 category. By contrast, in other countries, struc-
tural elements such as posts or joists installed near the
ground are required to satisfy H4 durability standards
for safety reasons (AWPA, 2017).

Preservative-treated wood has been widely used in
Korea in environments exposed to rainfall or soil
contact, with the demand rapidly increasing since the
early 2000s alongside expansion of the wooden deck
market. Copper-based preservatives with relatively low
toxicities, such as ACQ, CUAZ, and CUHDO, are com-

monly used. However, premature decay failures, which

undermine user confidence, have frequently been repor-
ted in treated materials (Ra et al., 2017).

Consequently, a significant portion of preservative-
treated products has been replaced by wood—plastic
composites or imported tropical hardwoods known for
their natural durability. Although wood-plastic compo-
sites offer excellent weather resistance, the plastic con-
tent limits their environmental sustainability. Consequen-
tly, the use of imported hardwoods has steadily increa-
sed; however, many of these species have been adopted
primarily based on their favorable reputations abroad,
rather than on systematic evaluations under Korean con-
ditions. Furthermore, comprehensive durability assess-
ments that reflect local climatic and biological factors
are scarce.

In this study, long-term outdoor exposure tests were
conducted to evaluate the resistance and natural dura-
bility of representative imported decking woods that are
currently used in Korea without preservative treatment.
The results provide scientific evidence of their applica-
bility under domestic climatic conditions and serve as
fundamental data for the rational use of imported wood

species as decking materials.

2. MATERIALS and METHODS

2.1. Specimen preparation

Five tropical hardwood species—Apitong (Diptero-
carpus grandiflorus), Basralocus (Dicorynia guianensis),
Ipe (Handroanthus serratifolius), Malas (Homalium
foetidum), and Merbau (Intsia palembanica),—which are
currently used in Korea as decking materials without
preservative treatment, were purchased in the form of
decking products from domestic suppliers. Among these
species, Basralocus and Ipe originated from South
America, whereas Malas, Merbau, and Apitong are
representative of tropical hardwoods imported from

Southeast Asia and Oceania. The timbers were cut into
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500 mm-long specimens and air-dried indoors for
approximately one year prior to installation at the out-
door exposure test site. The oven-dried specific gravities
of Apitong, Basralocus, Ipe, Malas, and Merbau used in
this study were 0.70, 0.71, 1.01, 0.73, and 0.82, res-
pectively. Table 1 lists the general characteristics of the

five species.

2.2. Outdoor exposure test

From 2019 to 2024, ground-proximity and stake tests
were conducted at an outdoor exposure site near Jinju
(Fig. 1), Gyeongsangnam-do, Korea. This test field was
established in 2009 and has been used in various experi-
ments related to the resistance of wood to wood-de-
caying fungi and subterranean termites (Ra, 2023; Ra et
al., 2017; Stirling et al., 2022; Wang et al., 2014). The
site features soil with intermediate characteristics bet-
ween clay and sandy loam, which provides good natural
drainage. Moreover, this area has a high population
density of subterranean termites, offering suitable envi-
ronmental conditions for evaluating the natural weather-

ing performance and biological durability of wood.

2.2.1. Ground-proximity tests

Ground-proximity tests were conducted in accordance

with the AWPA E18 standard (AWPA, 2017). Two
concrete blocks were placed approximately 50 cm apart
and the ends of each wood specimen were supported on
the blocks to prevent direct contact with the soil. Four
specimens were placed on each pair of blocks to form
one set, and the two sets were installed inside a box-type
frame covered with shadecloth that provided 75% light
transmittance.

Five specimens per species were used, and each
specimen was randomly positioned within a box frame.
This configuration was designed to create a relatively
high-humidity environment around the specimens by
limiting evaporation of the moisture supplied by rainfall.
Such conditions effectively reproduce environments fa-
vorable for wood-decaying fungi and subterranean termite
activity, establishing a setup suitable for evaluating the
natural durability of wood under exterior above-ground

(H3) conditions.

2.2.2. Stake tests

Stake tests were conducted according to the AWPA
E7-09 standard (AWPA, 2017). Each specimen was
installed with approximately 250 mm of its lower end
embedded in the soil. Five specimens per species were
used, spaced approximately 30 cm apart to avoid inter-

ference between the specimens. The test site contained

Table 1. Physical properties and natural durability classification of selected tropical wood species

Species Total extractives (%) Air-dry density (kg/m®) EN 350 durability class"
. Class 2-3
Apitong 312 700-900 (durable to moderately durable)
Basralocus 5-10 700-850 Class 2 (durable)
Ipe 5-15 1,000-1,100 Class 1 (very durable)
Class 2-3
Malas 312 650-850 (durable to moderately durable)®
Merbau 10-25 800-900 Class 172

(very durable to durable)

Y Durability class according to EN 350 (CEN, 2016).
? Resistance to fungal decay (heartwood).
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Fig. 1. Ground-proximity and stake tests at the outdoor

naturally occurring populations of subterranean termites
and maintained favorable conditions for their activity,
including adequate soil moisture, temperature, and mi-
crobial presence. Consequently, this environment repre-
sents a high-risk condition (H4 exposure class) where
wood decay and termite attacks can occur simultaneou-
sly, making it suitable for evaluating the durability of

wood in contact with the ground.

2.2.3. Wood durability evaluations

After completing the outdoor exposure tests, the
degree of attack by wood-decaying fungi and subterra-
nean termites was evaluated using the AWPA E7 and
E18 methods (AWPA, 2017). Each specimen was visually

exposure site.

inspected, and a rating of 10 was assigned when no
visible damage was observed, whereas a rating of 0 was
assigned when the specimen was completely destroyed
(Table 2).

2.2.4. Wood hardness measurements

The hardness of all samples before and after exposure
was measured using a Shore D hardness tester in accor-
dance with the ASTM D2240 standard. The indenter was
pressed against the specimen surface until full contact
was achieved and was maintained for 15 s before recor-
ding the hardness value. The initial (untreated) hardness
was measured on the left side of each specimen and the

post-treatment hardness was measured on the right side.
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Table 2. Grading system for evaluation of wood against decay and termite attack

Rating Condition Performance index

10 Sound No sign or evidence of decay or termite attack
Some areas of discoloration and/or softening associated with superficial

9.5 Trace-suspect microorganism attack
Trace of surface nibbles by termites

9 Slight attack Up to 3% of cross-sectional area affected

8 Moderate attack 3%-10% of cross-sectional area affected

7 Moderate/severe attack 10%-30% of cross-sectional area affected

6 Severe attack 30%-50% of cross-sectional area affected

4 Very severe attack 50%=-75% of cross-sectional area affected

0 Failure Sample has functionally failed

Data from AWPA (2017).

The hardness-loss ratios were calculated based on these

values.

3. RESULTS and DISCUSSION

3.1. Wood-use environment in Korea

According to the KMA (2025), Korea has a warm
and humid temperate monsoon climate, with an annual
mean temperature of approximately 13.7C and an average
annual precipitation of approximately 1,326 mm. More
than half of the total rainfall occurs during the summer
months (June-August). In particular, the relative humidity
during summer frequently exceeds 70%-80%, allowing
continuous moisture retention on and within the wood
surfaces. Under these conditions, the risk of biological
deterioration caused by wood-decaying fungi and sub-
terranean termites increases significantly.

Previous studies have consistently demonstrated that
proper temperature and adequate moisture availability
enhance the abundance and activity of wood-decaying
fungi and termites, resulting in increased rates of wood
decay (Miller and Goodell, 1981; Viitanen et al., 2010;
Zabel and Morrell, 2020). Most wood-decaying fungi

cease or greatly slow their growth at temperatures < 10T,
whereas their activity is most vigorous within the 15C—
35T range. A temperature range of 25C-30C is con-
sidered optimal for the growth of both brown- and
white-rot fungi. When temperatures increase to > 40T,
mycelial growth is strongly inhibited, and prolonged ex-
posure leads to spore inactivation. The average summer
temperature in Korea (24C-26C) closely coincides with
the optimal range for fungal growth. Consequently,
during the rainy season, high temperatures and humidity
maintain an elevated moisture content in the wood for
extended periods, creating an environment that is highly
favorable for spore germination and mycelial penetration.

The ecological activity of subterranean termites also
strongly depends on temperature (Cao and Su, 2016).
Most termite species show a sharp decrease in activity
at temperatures < 15C, while exhibiting the highest
feeding and nesting behaviors between 25T and 35C.
When temperatures are > 35T, survival rates decrease,
and exposure to temperatures > 40T leads to high mor-
tality. Therefore, the average summer temperature in
Korea is favorable for termite activity. In the southern
regions, where the Jinju outdoor exposure site is located,

soil temperatures often remain > 10T even during winter,
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allowing termite colonies to survive throughout the year.

3.2. Wood-decay hazards in Jinju

The outdoor exposure site in Jinju, with an average
annual temperature of approximately 13.4C and an
annual precipitation of approximately 1,540 mm, repre-
sents climatic conditions close to the national average.
Although the interannual temperature variation is relati-
vely minor, the annual precipitation fluctuates substan-
tially. During the 2019-2024 exposure period, the lowest
precipitation was recorded in 2022 (966 mm), whereas
the highest was recorded in 2023 (2,305 mm). As wood-
moisture content is a critical factor governing fungal
growth, such variability in precipitation is expected to
significantly affect the decay performance. The monthly
climatic data from March 2019 to February 2024 are
summarized in Table 3.

The decay hazard under above-ground exterior condi-

tions was evaluated using the Scheffer Climate Index
(Theodore, 1971). This index, based on temperature,
precipitation, and the number of rainy days, provides a
quantitative estimate of decay risk. Regions with index
values < 35 are classified as low hazard, whereas values
> 65 indicate high hazard. Most regions in Korea,
except Jeju Island, fall within the moderate-hazard range
(35-65).

In Jinju, the index value was 66.3 in 2020, when the
annual precipitation reached 1,812.3 mm, corresponding
to a high-hazard classification. In contrast, in 2022,
when precipitation decreased to 966.2 mm, the index
value decreased to 42.1, indicating a moderate hazard.
Although precipitation strongly influences decay risk,
the index is not directly proportional to the total rainfall
because the number of rainy days is also a determining
factor. Therefore, in years with high precipitation, the
Jinju site may shift to a high-decay hazard category.

Assessment of decay hazards under ground-contact or

Table 3. Mean monthly temperatures and precipitation at the outdoor exposure test site (March 2019-February

2024)
Year Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov  Dec
Temperature (T) 0.9 3.7 84 124 184 215 249 264 221 16.1 29 3.0
200 Precipitation (mm) 13.52 435 420 114.6 1323 243.7 234 654 3522 1774 415 1057
Temperature (T) 3.0 4.5 87 114 182 23 227 273 207 145 9.1 1.3
2020 Precipitation (mm) 105.7 46.1  41.1 679 110.1 2342 5875 356.7 200 28.6 256 9.2
Temperature (T) 0.6 4.8 98 136 176 222 262 260 219 159 8.4 25
202 Precipitation (mm) 15.8 249 1592 822 1169 101.7 3593 3202 1224 462 443 1.9
Temperature (T) 0.4 1.4 87 143 188 227 265 263 218 15.1 9.9 0.2
202 Precipitation (mm) 0.0 0.0 1159 695 09 1213 218 1573 166.6 223 878 6.6
Temperature (T) 0.6 39 102 135 177 227 256 273 235 151 9.0 35
2023 Precipitation (mm) 67.3 273 48.0 101.5 364.0 303.3 5045 439.6 2784 7.1 651 987
2024 Temperature (T) 1.7 5.1 7.9 15 182 227 267 283 255 169 102 23

Precipitation (mm) 31.5 201.2 994

204.1 2283 1265 3503 151.0 853 0.1

Y Mean monthly temperature.
? Monthly precipitation.

- 400 -



J. Korean Wood Sci. Technol. 2026, 54(4): 395-405

freshwater exposure conditions is more complex because
of regional differences in fungal and termite biodiversity,
as well as soil and climatic variability. Since 2004,
multiple stake and ground-proximity tests have been
conducted at the Jinju site. Untreated hemlock and
spruce specimens typically fail within two years owing
to fungal decay and termite attacks (Ra, 2023; Ra et al.,
2017). Given the high density and aggressive activity of
termites at the site, severe deterioration frequently occurs

within one year of exposure.

3.3. Outdoor exposure test

The results of the ground-proximity and stake tests
conducted over a five-year period are listed in Table 4.

In the ground-proximity tests, all five species exhi-
bited damage ratings > 9.5, indicating that almost no
wood-decaying fungi or subterranean termite attacks
occurred. A rating > 9.5 suggests that the specimens
showed little to no visible deterioration, or only minor
initial signs of attack, which were classified based on
slight discoloration of the wood surface. However, in the
stake tests, Basralocus, Ipe, and Merbau maintained decay
resistance ratings > 9.0, demonstrating good performan-
ce under ground-contact conditions, whereas Merbau
and Apitong showed severe decay caused by wood-de-
caying fungi.

These differences can be attributed to the combined

effects of the heartwood extractive composition, chemical
structure, and leaching characteristics (Eaton and Hale,
1993; Oh et al., 2023; Romagnoli et al., 2013; Scheffrahn,
1991). Ipe and Merbau contain high concentrations of
biologically active extractives, particularly naphthoqui-
nones (lapachol and deoxylapachol) in Ipe, and phenan-
throquinones and coumarins in Merbau, which provide
strong antifungal properties and ensure stable durability
under both above- and in-ground exposure conditions
(Hillis and Yazaki, 1973; Oh et al., 2023; Romagnoli et
al., 2013). Basralocus contains substantial levels of
phenolic extractives, primarily highly polymerized con-
densed tannins (catechin—epicatechin units), which inhi-
bit fungal enzymatic activity and interact with proteins
and metal ions, thereby providing relatively high resis-
tance even under H4 exposure conditions.

In contrast, Malas and Apitong have relatively low
total extractive contents (approximately 2-5 and 1%-4%,
respectively), and the accumulation of highly active
phenolic or quinone-type compounds is limited (Oh et
al., 2023; Osborne, 1970). Moreover, the extractives
occurring in these species contain higher proportions of
low-molecular-weight phenolic and water-soluble consti-
tuents, making them more susceptible to leaching. In the
ground-proximity tests (H3), the wood was not directly
embedded in the soil; therefore, strong water flux or
continuous saturation did not occur, and the leaching of

extractives was minimal. Malas and Apitong maintained

Table 4. Decay and termite rating of ground-proximity and stake tests after five years of exposure

Ground-proximity test

Stake test

Wood species

Decay Termite Decay Termite

Apitong 9.6 (0.2)V 9.7 (0.3) 7.5 (3.0) 9.6 (0.2)
Basralocus 9.8 (0.3) 9.7 (0.3) 9.6 (0.2) 9.6 (0.2)
Ipe 9.8 (0.3) 9.7 (0.3) 9.6 (0.2) 9.7 (0.3)
Malas 9.6 (0.2) 9.6 (0.2) 7.0 (2.3) 8.0 (2.3)
Merbau 9.7 (0.3) 9.6 (0.2) 9.7 (0.3) 9.7 (0.3)

) SDs are in parentheses.

- 401 -



Jong-Bum RA

the protective effects of their initial extractives and
showed high durability under H3 conditions. However,
in the H4 stake tests, the wood remained in continuous
contact with the soil, where repeated saturation—desa-
turation cycles (poor drainage-wetting cycles) and water
accumulation in the microvoids promoted progressive
extractive leaching. In such environments, water-soluble
and low-molecular-weight extractives are rapidly deple-
ted, resulting in loss of the phenolic compounds res-
ponsible for inhibiting fungal colonization. For Malas
and Apitong, the deficiency of highly polymerized
tannins or quinone-type compounds and the high pro-
portion of easily leachable extractives indicates that once
these materials are lost, the structural defense mecha-
nisms are substantially weakened.

Termite attacks were minimal in all species except
Malas, and when observed, the damage remained super-
ficial. Morrell (2011) reported that Ipe and Merbau
stakes exposed in Hawaii showed exceptionally high
performance against termite attacks, with a rating of 9.7
according to the AWPA E9 standard. This trend is
consistent with the results of the current study, in which
Ipe and Merbau cultivars exhibited strong resistance to
subterranean termites and fungal degradation.

Termite susceptibility may also be associated with the
mechanical properties of wood, particularly its hardness
(Table 5). In the ground-proximity tests, the hardness of

all the species was > 60; however, a pronounced decrease

in hardness was observed after the stake tests (Fig. 2).
Following exposure, hardness decreased in the following
order: Ipe, Basralocus, Merbau, Malas, and Apitong,
with Apitong exhibiting the lowest values.

Despite this trend, termite damage occurred predomi-
nantly in Malas, whereas little to no termite attacks
were observed in Apitong, which exhibited the lowest
post-exposure hardness. This discrepancy suggests that
termite resistance cannot be explained by mechanical
properties alone but is also influenced by the presence
of wood extractives with anti-termite activity (Zalsabila
et al., 2024).

No termite attacks were observed in the ground-pro-
Ximity tests, whereas termite damage was observed in
the stake tests. This difference is likely attributable to
both the substantial reduction in hardness and leaching
of termite-deterrent extractives during prolonged ground
contact under stake test conditions.

These findings indicate that Malas are not inherently
preferred by subterranean termites; rather, limited termite
attacks appear to be a secondary consequence of the
decay-induced weakening of the wood surface. Com-
bined, these results suggest that termite resistance in
these tropical hardwoods is governed not only by extrac-
tive chemistry and biological activity but also by changes
in mechanical performance, particularly a decrease in

surface hardness under in-ground exposure conditions.

Table 5. Shore-D hardness values of Apitong, Basralocus, Ipe, Malas, and Merbau measured before and after

ground-proximity and stake tests

Wood species Control Ground proximity take tet
test Above-ground Ground line In-ground
Apitong 64.93 (7.33) 61.15 (5.82) 49.85 (2.05) 33.38 (2.96) 17.95 (3.51)
Basralocus 80.86 (2.63) 74.00 (5.88) 73.60 (3.79) 51.93 (7.10) 48.03 (1.40)
Ipe 90.9 (2.6) 83.79 (6.33) 84.03 (2.13) 66.87 (4.15) 62.65 (4.33)
Malas 77.29 (8.45) 62.55 (14.47) 59.40 (2.15) 42.50 (3.30) 36.83 (3.07)
Merbau 81.57 (6.83) 65.18 (8.18) 64.60 (3.14) 55.13 (5.03) 55.83 (3.27)
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Fig. 2. Residual hardness ratio comparisons after the ground-proximity and stake tests, with the residual
hardness in the stake tests measured at the ground-line level.

4. CONCLUSIONS

In the ground-proximity tests, all five species—
Merbau, Malas, Basralocus, Apitong, and Ipe—showed
excellent resistance to wood-decaying fungi and subterra-
nean termite attacks. In the stake tests, Ipe, Basralocus,
and Merbau exhibited high resistance to both decaying
fungi and termite attacks, whereas Malas and Apitong
were visibly affected by fungal decay and termite
damage.

Based on these results, Merbau, Apitong, and Ipe
demonstrated sufficient resistance under H4 (ground
contact) conditions and can therefore be considered
suitable for use as decking materials. In contrast, Malas
and Apitong were likely to perform well under H3
(above-ground exposure) conditions; however, their decay
risk increased significantly during long-term service,

particularly under sustained moisture exposure.
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