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1. INTRODUCTION

Wooden materials can be used in many ways, 

such as to build log homes, interior framing, 

and wood buildings. However, wood is a com-

plex of ligno-cellulose and is susceptible to 

degradation due to microbial agents, which 

may cause significant losses. The principal 

problems of bio-deterioration are related to 

fungi (Nagaveni et al., 2011). In most cases, 

wood must be properly protected to avoid 

weathering-induced deterioration during its 

outdoor use.

In many of the current applications, decay 

resistance plays a significant role in the ability 

to use wood (Borrega et al., 2009). The preser-

vation techniques that have been extensively 

studied for the protection of wooden products 

involve treatment with copper-amine-based 

wood preservatives (Humar et al., 2007; 

Humar et al., 2007; Humar and Lesar, 2008; 

Humar and Lesar, 2009). Additionally, veneers 

treated with CCA (chromated copper arsenate) 

have been inoculated with various mono-

cultures and soil to determine how efficiently 

wood-inhabiting fungi can act on copper and 

remove it from the wood, under laboratory 

conditions (Sharp, 1975). To date, many stud-
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ies have been conducted on decay resistance 

with copper as the preservative ingredient (Ahn 

et al., 2008; Guillen et al., 2009). These wood 

preservatives are well known to protect the 

wood from wood-degrading organisms, but 

cause environmental pollution as they contain 

arsenic.

Immersion treatment of wood using the py-

roligneous liquor is an environmentally friendly 

wood preservation technique. This process is 

very simple. Wood is immersed in pyrolig-

neous liquor. The pyroligneous liquor is made 

from the liquid obtained by natural cooling of 

smoke coming out when the wood becomes the 

charcoal or by dry distillation of wood chips 

(Kim and Lee, 2013). Lee et al. (2010) re-

ported that pyroligneous liquor has the strong 

antimicrobial activities and can be applied as 

the natural fungicides and preservatives. And 

pyroligneous liquor can be utilized as effective 

source of functional food substances such as 

natural antioxidants and antimicrobial agent 

(Jung et al., 2013). This immersion treatment 

is an alternative to chemical treatment for 

wood preservation, which has sometimes been 

used to improve timber quality (Kwon et al., 

2011).

In this study, the effects of wood to decay 

caused by fungi, wood from four conditions, 

sapwood and heartwood of red pine (Pinus den-

siflora) and sapwood and heartwood of larch 

(Larix kaempferi), were investigated.

2. MATREIALS and METHODS

2.1. Materials

The sapwood and heartwood of red pine 

(Pinus densiflora Sieb. et Zucc.) and larch 

(Larix kaempferi (Lamb.) Carr.) dried at room 

temperature were used. Samples of 20 × 20 × 

20 mm for the decay resistance test were cut 

from the wood of each the two species. Ten 

samples from each of the two species were 

used for each condition. Samples were main-

tained for six weeks at a constant temperature 

and humidity (20℃ ± 1℃, 65% RH ± 2%).

2.2. Immersion treatment using the 

pyroligneous liquor

The immersion solution used for the im-

mersion treatment was the simple by-product 

pyroligneous acid (pH 3.16) from oak wood 

obtained from a hardwood charcoal manu-

facturing plant (Jirisan Cham charcoal, Gil-Li, 

Sancheong-gun, Gyeongsangnam-do province). 

The pyroligneous liquor was composed of 

various compounds in the neutral, phenolic, 

and acidic fractions derived from lignin and 

extractives (Hwang et al., 2002). The wood 

samples were immersed for 96 h and then 

maintained for 3 weeks at a constant temper-

ature and humidity (20 ± 1℃, RH 65% ± 2%). 

Changes in weight, density, and decay resist-

ance of the samples were measured.
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2.3. Weight and air-dried density

Commonly, heat treatment, alkali treatment, 

hydrochloric acid treatment, and sulfuric acid 

treatment, among others, are utilized in order to 

improve the performance of wood and lead to a 

change in density. Therefore, weight and den-

sity measurements were used as indicators to 

predict the strength of the wood. The weight of 

before and after immersion treatment for each 

specimen was measured by electronic scale. 

And measurement of density in pyroligneous 

liquor immersion-treated wood was carried out 

according to KS F 2198 (air-dried density) 

standard in constant temperature and humidity 

room (temperature 20 ± 1℃, relative humidity 

65 ± 2%). 

2.4. Decay resistance test

The brown-rot fungus, Fomitopsis palustris 

(Berkeley et Curtis), was used to examine the 

decay resistance of sapwood and heartwood red 

pine and larch. The fungi for the decay resist-

ance test were inoculated on to potato dextrose 

agar medium (Becton, Dickinson and Company 

sparks, MD 21152), which was sterilized for 30 

min at 121℃ and cooled before inoculation. 

The specimens were decayed for 60 days in 

constant temperature and humidity room 

(temperature 30 ± 2℃, relative humidity 70%) 

after decay operation.

Observation for decay resistance was con-

ducted, and photographs taken, every week after 

inoculation. After the decay resistance test, 

weight loss were measured for the different 

condition. 

Weight loss ratio (Pwl) was calculated according 

to the equation (1): 

 Pwl = 










×(%) ························· (1)

where W1 is weight before decay resistance test, 

W2 is weight after decay resistance test.

2.5. Observation of immersion-treated 

wood with scanning electron mi-

croscopy (SEM) 

Samples used for scanning electron micro-

scopy (SEM) were cut into 2 mm (T) × 10 mm 

(R) × 1 mm (L) pieces after immersion-treat-

ment with pyroligneous liquor and the decay 

resistance test. To prepare for SEM, samples 

were freeze-dried and gold-coated prior to ex-

amination with a Hitachi S-2400 SEM. SEM 

images were obtained at accelerating voltage 

5 kV at 500 magnification.

3. RESULTS and DISCUSSION

3.1. Weight changes of immersion-treated 

wood

Table 1 shows the mean values for weight 

and air-dried density of sapwood and heartwood 

from two species before and after immersion 

treatment using pyroligneous liquor (pH 3.16).

The weight changes were indicated in im-

mersion-treated wood using pyroligneous liquor. 

The change ratios of weight of red pine wood 

at immersion conditions at immersion-treated 

sapwood and immersion-treated heart wood in-
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creased 1.37 and 1.35%, respectively. And 

change ratios of weight of larch wood at the 

same condition also increased 2.04% and 

1.14%, respectively. It seems that hysteresis ef-

fect in the adsorption and desorption of pyrolig-

neous liquor by wood (Chen et al., 1968). 

3.2. Density changes of immersion-treated 

wood

The density changes wear indicated in im-

mersion-treated wood using pyroligneous liquor. 

The change ratios of density of red pine wood 

at immersion conditions at immersion-treated 

sapwood and immersion-treated heart wood in-

creased 1.82 and 1.82%, respectively. And 

change ratios of density of larch wood at the 

same condition also increased 2.04% and 

1.82%, respectively. For both species, weight 

and density after immersion treatment were 

increased. The increasing ratios of weight and 

density wear higher in immersion-treated sap-

wood using the pyroligneous liquor than in im-

mersion-treated heartwood using the pyrolig-

neous liquor.

3.3. Decay resistance

Table 2 shows the characteristics of decay re-

sistance for sapwood and heartwood from two 

species after immersion treatment. Coverage by 

fungal hyphae was very slow in wood im-

mersion-treated using the pyroligneous liquor 

until 10 days. These results of naked-eye ob-

Species Treatment conditions
Weight (g) Density (g/cm3)

Before After Pv (%) 2) Before After Pw (%) 3)

Pinus 

densiflora

Sap

wood 

Control
4.31

(0.62)

4.31

(0.62)
0 a 1) 0.54

(0.07)

0.54

(0.07)
0 a

Immersion-treated 

wood

4.38

(0.66)

4.44

(0.65)
1.37 b

0.55

(0.08)

0.56

(0.06)
1.82 b

Heart

wood

Control
4.45

(0.52)

4.45

(0.52)
0 a

0.56

(0.07)

0.56

(0.07)
0 a

Immersion-treated 

wood

4.44

(0.47)

4.50

(0.45)
1.35 b

0.55

(0.06)

0.56

(0.07)
1.82 b

Larix 

kaempferi

Sap

wood 

Control
3.38

(0.38)

3.38

(0.38)
0 a

0.49

(0.05)

0.49

(0.05)
0 a

Immersion-treated 

wood

3.93

(0.36)

4.01

(0.35)
2.04 b

0.49

(0.04)

0.50

(0.04)
2.04 b

Heart

wood

Control
4.39

(0.51)

4.39

(0.51)
0 a

0.55

(0.07)

0.55

(0.07)
0 a

Immersion-treated 

wood

4.40

(0.46)

4.45

(0.47)
1.14 b

0.55

(0.06)

0.56

(0.07)
1.82 b

1) Means with the same letter are not significantly different at a P-value of 0.05 according to Duncan’s new multiple range test.
2) 

Pv is percentage of weight change after immersion treatment,
3) 

Pw is percentage of density change after immersion treatment,

Parenthesis is standard deviation.

Table 1. Weight and density changes of pyroligneous liquor immersion-treated wood
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Pinus densiflora Conditions 1 day 3 day 10 day 60 day

Sap

wood

Control

Immersion-treated 

wood

Heart

wood

Control

Immersion-treated 

wood

Larix kaempferi Condition 1 day 3 day 10 day 60 day

Sap

wood

Control

Immersion-treated 

wood

Heart

wood

Control

Immersion-treated 

wood

Table 2. Naked-eye observation of decay resistance for immersion-treated (96 h) wood using the pyroligneous 

liquor
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servation indicated that decay resistance was 

higher in immersion-treated wood than in the 

control. Similar trends were observed in both 

red pine and larch wood.

3.4. Weight loss after decay resistance test

Fig. 1. The average values of weight loss for 

sapwood and heartwood of two species after the 

decay resistance test (20 × 20 × 20 mm).

The weight loss of red pine wood after the 

decay resistance test at immersion conditions of 

the sapwood control, immersion-treated sap-

wood, and control, and immersion-treated heart-

wood decreased to 22.27%, 8.56%, 20.00%, 

and 6.44%, respectively. The weight loss of 

larch wood after decay resistance test under the 

same conditions also decreased to 21.79%, 

8.03%, 11.16%, and 5.17%, respectively. 

Weight loss after the decay resistance test also 

dropped with the immersion treatment. The 

lowest weight loss was identified as the im-

mersion-treated larch heartwood. Also, Rutiaga 

et al. (1995) reported that the ethanol extract in 

pyroligneous liquor inhibited fungal growth. In 

addition, the termiticidal activity is affected by 

the phenolic and acidic fractions of the pyrolig-

neous liquor (Yatagai et al., 2002). The weight 

losses were higher in the red pine wood than in 

the larch wood.

3.5. Anatomical observation by scanning 

electron microscope

Fig. 2. SEM micrographs of control Pinus 

densiflora wood and immersion-treated wood 

(96 h) using pyroligneous liquor. (A) and (B) 

are images of the sapwood while (C) and (D) 

are images of the heartwood. Immersion-treated 

sapwood and heartwood revealed higher an-

ti-fungal activities in SEM images. Padhiar and 

Alvert (2011) previously reported this possi-

bility with evidence from anatomical studies. 

The presence of hyphae decreased in all sam-

ples after immersion treatment (Fig. 2). 

(A) Pinus densifora (B) Larix kaempferi

Fig. 1. Weight loss of specimen of before and after decay resistance test for wood immersion-treated (96 h) us-

ing the pyroligneous liquor.
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Fig. 3. SEM micrographs of control Larix 

kaempferi wood and immersion-treated wood 

(96 h) using pyroligneous liquor. (A) and (B) 

are images of the sapwood while (C) and (D) 

are images of the heartwood. A crack was ob-

served along the pit border of the bordered pit 

in the control and immersion-treated wood. This 

phenomenon is known to be caused by the de-

composition of the hyphal cell wall. 

Additionally, the fungi penetrated the wood 

through the pit apertures (A, B, C and D in 

Fig. 2 and 3). In all conditions, the hyphae in 

larch were observed to be less dense than in 

red pine. Red pine wood is known to be a low 

decay resistance species (Lee et al., 2007). 

Conversely, larch is known to be a high decay 

resistance species. This may be explained by 

the different phenol content from the extractives 

and the larger size of heartwood ratio compared 

to the red pine wood. The influence of phe-

nolics on wood decay resistance was demon-

strated previously for larch heartwood 

(Gierlinger et al., 2004).

Classification  Sapwood (Radial surfaces)

Pinus densiflora

(A) Control (B) Immersion-treated wood

 Heartwood (Radial surfaces)

(C) Control (D) Immersion-treated wood

Fig. 2. SEM micrographs (500×) of Pinus densiflora for radial section (500×) in control of sapwood (A), 

immersion-treated sapwood (B), control of heartwood (C), and Immersion-treated heartwood (D).
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4. CONCLUSION

This study was conducted to confirm the 

ability to enhance the decay resistance of sap-

wood and heartwood after immersion treatment 

by using pyroligneous liquor. The volume and 

weight of wood from the two species studied 

decreased after the immersion treatment for 96 

h. Weight and density of wood across all con-

ditions increased after immersion treatment. 

Further, the rate of coverage by fungal hyphae 

reduced for the immersion-treated heartwood 

when the pyroligneous liquor was used. Weight 

loss after the decay resistance test also de-

creased after the immersion treatment. The 

weight losses were lower in heartwood than 

those in sapwood. In particular, weight loss af-

ter fungal decay was maintained to a greater 

extent in the immersion-treated heartwood. 

There was a decrease in the observation of hy-

phae after immersion treatment. Therefore, im-

mersion treatment using pyroligneous liquor ef-

fectively increased the resistance of wood to 

decay caused by fungi. 

Classification  Sapwood (Radial surfaces)

Larix 

kaempferi

(A) Control (B) Immersion-treated wood

 Heartwood (Radial surfaces)

(C) Control (D) Immersion-treated wood

Fig. 3. SEM micrographs (500×) of Larix kaempferi for radial section (500×) in control of sapwood (A), 

immersion-treated sapwood (B), control of heartwood (C), and immersion-treated heartwood (D).
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