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ABSTRACT

International efforts to prevent illegally logged wood are expanding around the world. The “Legal Wood Trade
Promotion System” was enacted in Korea in 2019 to strengthen the legal import and distribution of commercial wood
in Korea. Since then, this system has promoted and ensured that the imported wood and wood products are legal with
respect to the country of origin, wood species, and harvested area. As verification methods, DNA analysis technology
and anatomical analysis using a microscope are mainly used in conjunction. Therefore, in this study, wood species
of plywood were identified by analyzing the anatomical characteristics of various wood products for the first time.
Douglas fir (Pseudotsuga menziesii (Mirb.) Franco.) and larch (Larix kaempferi (Lamb.) Carriere) plywoods (7, 9 ply)
were obtained from four companies that supply plywood in Korea. After cutting each company's plywood to a size
of about 1 cm’, the layers from top to bottom were separated into single layers, and three sections were observed
using an optical microscope. The results revealed that the plywood was composed of a mixture of softwood and hardwood
wood species, pine wood species, poplar wood species, or a mixture of larch and pine wood species. Identification
of wood species using microscopy is important and can enable the scientific analysis and verification of various wood
products, including plywood, imported from countries where the likelihood of indiscriminate distribution of illegal wood
and illegal logging is high.
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1. INTRODUCTION

Korea depends on imports for 83% of its demand
for wood, and accounts for the majority of exports of
wood products by reprocessing and exporting im-
ported raw materials. Contributions to global forest
protection have prompted the enactment of interna-

tional laws and timber regulations such as the Lacey

Act in the US, the European Union Timber Regulation
and, more recently, the Australian Illegal Logging
Prohibition Act (Koch et al., 2015). In order to protect
the domestic timber industry and actively participate
in international efforts, the “Act on The Sustainable
Use of Timbers” was amended on March 21, 2017,
and enforced on October 1, 2018, so that only legally

logged wood can be handled. Items subject to import
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declaration under Article 18-3 of the “Act on The
Sustainable Use of Timbers” include raw timber, sawn
timber, preserved timber, fire-retardant wood, lami-
nated wood, plywood, and wood pellets. In addition,
wood products are considered culturally valuable to
create economic value as cultural products (Han et al.,
2021). As for wood used for producing plywood, the
use of domestic deciduous larches, which reached the
harvesting age, began in earnest due to difficulties in
supply and demand owing to the rising import prices
and the outflow of foreign currency due to the imports.
The Korea Forest Service has been promoting admin-
istrative support for the supply of domestic resources,
such as announcing the standards for plywood pro-
duction using domestic wood and designating a ply-
wood production complex in December 2004 (Korea
Forest Service, 2005). Plywood is being supplied for
construction and civil engineering because it has
strong durability. According to the import status of
each major item by the Korea Forest Service, plywood
imports from Indonesia in 2021 (January-June) were
247,730 m’, signifying an increase of 1.3% compared
to the same period in the previous year (Korea Forest
Service, 2021).

In general, plywood is a wide panel made by lami-
nating and bonding an odd number of veneers such
that the wood grain direction of the veneers is perpen-
dicular to each other. All the layers are veneers but
are sometimes made with lumber or particleboard as
a core. Plywood is used in various ways, such as for
formwork, as interior and exterior materials for con-
struction, and for making furniture. In the early 1990s,
Korea's plywood industry faced an unstable sup-
ply-and-demand situation for tropical wood raw tim-
ber, exacerbating the difficulty in supply and demand
for raw materials. Hence, mixed softwood and hard-
wood plywood was used. In addition, research on
ways to improve the use and development of domestic

needleleaf trees has been conducted, and anatomical

studies are also being conducted on evaluating their
suitability for making pulp and paper materials
(Marbun et al., 2019; Kim et al., 2020). For domestic
and imported wood that are difficult to distinguish
with the naked eye, DNA analysis technique, a new
wood species identification method, is conducted si-
multaneously to compliment wood anatomical
analysis. This is because a standardized DNA ex-
traction method needs to be established based on the
various processing types of wood and the elapsed peri-
od of wood according to the distribution process. It
is difficult to identify the species of processed im-
ported wood with the naked eye, and DNA analysis
is more useful because it enables the species-level
identification of samples compared to wood anatomi-
cal techniques, which enables only genus-level identi-
fication (Jang et al., 2014). Therefore, for wood prod-
ucts that are difficult to identify via microscopy, DNA
analysis is used. The prominent characteristics of ply-
wood manufactured using softwood and hardwoods
are the distribution of knots and its influence on the
strength of immature wood, the different cambiums by
region, estimation of planting and harvesting time, and
the relatively low production yield (Jin, 1994; Park et
al., 2015; Yoo et al., 2021). A study in 1999 examined
the possibility of manufacturing plywood using do-
mestic softwood Larch and using it for constructing
wooden structures, with the aim of promoting in-
dustrialization by improving the added value of the
domestic wood industry (Lee et al., 2018). In the ply-
wood manufacturing process, adhesive performance is
a major factor that influences the quality of the
plywood. In addition to the filler of the adhesive for
plywood, the adhesive strength of the plywood is not
only affected by the resin content of the surface but
also largely depends on the penetration of the adhesive
into the wood (Ko and Roh, 2015; Roh and Kim,
2018). Adhesive penetration into the wood tissue is

in the order of ray cells, tracheid, and vessels in soft-
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woods, and in the order of pore, ray cells, and fiber
in hardwoods. The species used to make plywood are
Katsura, Beech, Cypress, Zelkova, Maple, Chestnut,
Cherry, Cedar, Pine, Abies, Oak, Walnut, Machilus,
Sawara cypress, Apitong, Ash, Ebony, Mahogany,
Padouk, Larch, Red lauan, Teak, etc. (Kim, 2008).
Korean Pine trees are commonly used not only to
manufacture plywood but also to extract their compo-
nents (Min et al., 2019).

Koch (2015) stated that wood identification is very
important for consumer protection as lower grade al-
ternative wood is being imported at a noticeably in-
creasing rate. Also, the necessity of anatomical analy-
sis of wood to identify major species was raised in
France considering that the supply of tree species for
plywood manufacturing has diversified. Findings of
such analysis can be used as basic data detailing the
anatomy and characteristics of the species of wood to

be used for repairing wooden cultural assets (Passedat

et al., 2009; Han et al., 2016; Lee and Bae, 2021). In
this study, species identification of plywood was per-
formed to reveal the importance of the anatomical analysis
of wood products according to the distribution of legal
wood and the anatomical characteristics of mixed light

hardwood plywood distributed in Korea.

2. MATERIALS and METHODS

2.1. Materials

Samples were obtained from four companies trading
plywood from major domestic plywood producers.
Douglas fir (Pseudotsuga menziesii (Mirb.) Franco.)
and Larch (Larix kaempferi (Lamb.) Carriere) ply-
woods of standard size [14.5(15) x 1,220 x 2,440 mm]
sold by each company were purchased and analyzed.
The species with the highest sales volume among 7

ply and 9 ply was selected (Fig. 1).

Company Type Douglas fir plywood (purchase) Type
o I ———T N =
A 1
B 2
C 3
D 4

7 ply

Fig. 1. Four companies supplying softwood plywood in Korea.
A company 1(Pseudotsuga menziesii), 1-1(Larix kaempferi); B company 2(Pseudotsuga menziesii), 2-1(Larix kaempferi);
C company 3(Pseudotsuga menziesii), 3-1(Larix kaempferi); D company 4(Pseudotsuga menziesii), 4-1(Larix

kaempferi)
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2.2. Experimental methods

Softwood plywood (Douglas fir and Larch) was cut
to about 1 cm® in size to identify the species of each
layer. This was immersed in distilled water for about
2 days, and all the layers were separated from the face
to the back using a cross-sectional view (Fig. 2). Sections
with a thickness of 15-20 ym were prepared from the
separated veneer using a sliding microtome. The three
prepared sections were stained with 1% safranin
(Jourez et al., 2001), dehydrated with increasing con-
centrations of ethyl alcohol (50%, 70%, 90%, 95%,
and 99%), and then observed under an optical micro-

scope (Imager Al, Carl Zeiss, Germany).

3. RESULTS and DISCUSSION

3.1. Anatomical characteristics

3.1.1. Characteristics of the three sections of
the plywood

Analysis of the multiple types of plywood with the

face .
cross band -
cross band -

core
cross band
cross band

back ===~

Fig. 2. Plywood separation.

highest sales volume in domestic plywood companies
was performed based on the thickness of the plywood
and the number of veneers. Larch was included in the
main forest plantation species detailed in the Basic
Forest Policies that began to be implemented in 1973.
Since 2000s, its new uses as structural lumber and
laminated wood have been established, making it a
representative timber resource dominating the era of
domestic timber (Bae et al., 2012). Hemlock, Douglas
fir, and Spruce imported from North America were all
called “Pinus menziesii” in the Korean raw wood mar-
ket in the 1960s and 1970s. This is because the bark
of all three species was similar to that of a pine tree.
However, Douglas fir is the correct name, not “Pinus
menziesii” or “Pinus koraiensis”, another name for
“Pinus menziesii.”

In Table 1, 1 and 1-1 are the same company, as
are 2 and 2-1, 3 and 3-1, and 4 and 4-1. The plywood
from company 1 (7 ply) was made with a Pinus spe-
cies of the Pinaceae family. The cross section of the

face layer was indistinguishable as it was too thin to

Table 1. Wood properties of useful wood species from Korea

Species Country of production Distribution company (ply) Softwood-Hardwood Wood composition
1(7) Softwood Face unknown, Pinus species
2(9) Hardwood Populus species
P. menziesii Korea - -
3(7) Softwood Pinus species
4(7) Softwood Mix Pinus species
1-1(7) Softwood Mix L. kaempferi, Pinus species
Overseas 2-1(9) Softwood-Hardwood L. kaempferi, Populus species
L. kaempferi -
country 3-1(9) Softwood-Hardwood L. kaempferi, Populus species
4-1(7) Softwood Mix L. kaempferi, Pinus species
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perform hand-cutting. The remaining layers 2-7 were
observed to be made with a Pinus species of the
Pinaceae family (Fig. 3). The tissue components of tra-
cheid, vertical and horizontal vessels, the epithelial
cells, ray parenchyma, and ray tracheid found in Pinus

species were identified. The characteristic tissues were

Cross sections

1 ply
(face)
- Face unknown

2 ply
(cross band)
- Pinus species

3 ply
(cross band)
- Pinus species

4 ply
(core)
- Pinus species

5 ply
(cross band)
- Pinus species

6 ply
(cross band)
- Pinus species

7 ply
(back)
- Pinus species

the ray tissues in the radial section with pinoid pits.
The tangential section was composed of uniseriate and
fusiform rays (Jeong and Park, 2008; Eom 2005; Kim
et al., 2018; Kwon, 2020). The sample from company
1-1 (7 ply) was made of a mixture of softwood, and

the layers were observed to be made of Larch (1, 3,

Radial Tangential

8 s

se e WS &

Fig. 3. Light microscope images on the plywood 3 sections(1).
Figure legends: tracheid, epithelial cells, parenchyma cells, cross-field pits, axial
-radial intercellular canals(1~7)
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5, and 7 layers) and Pine (2, 4, and 6 layers) (Fig.
4). As a larch of the Pinus species, there were vertical
vessels in the cross section, the ray tissues in the radial
section had ray parenchyma and a ray tracheid with

piceoid or cupressoid pits, and the tangential section

Cross sections

1 ply
(face)
- L. kaempferi

2 ply
(cross band)
- Pinus species

3 ply
(cross band)
- L. kaempferi

4 ply
(core)
- Pinus species

5 ply
(cross band)
- L. kaempferi

6 ply
(cross band)
- Pinus species

7 ply
(back)
- L. kaempferi

was composed of uniseriate and fusiform ray tissues.
In addition, it had horizontal and vertical epithelial
cells (Han, 2017). The sample of company 2 (9 ply)
shown in Fig. 5 was made with Populus species of

the willow family (1-9 ply). It was made with Populus

Radial Tangential

TNl
i |"
I | ,\u‘m‘,‘h

Fig. 4. Light microscope images on the plywood 3 sections(1-1).

Figure legends: tracheid, epithelial cells, parenchyma cells, cross-field pits, axial
-radial intercellular canals(1, 3, 5, 7)

Figure legends: ray tracheid, axial intercellular canals, piceoid pits or
cupressoid pits, ray parenchyma cells, epithelial cells(2, 4, 6)
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Cross sections

1 ply
(face)
- Populus species 7

2 ply
(cross band)
- Populus species

3 ply
(cross band)
- Populus species

4 ply
(core)
- Populus species

5 ply
(cross band)
- Populus species

6 ply
(cross band)  °
- Populus species §

7 ply
(cross band)
- Populus species

8 ply
(cross band)
- Populus species

9 ply
(back)
- Populus species

Fig. 5. Light microscope images on the plywood 3 sections(2).
Figure legends: diffuse porous wood, perforation plate, simple perforation,
axial parenchyma(1~9)
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Type Cross sections Radial Tangential
1 ply
(face) s
- L. kaempferi i‘!’{.’f;
2 ply

(cross band)
- Populus species

3 ply
(cross band)
- L. kaempferi

4 ply
(core)
- Populus species

5 ply
(cross band)
- L. kaempferi

6 ply
(cross band) 3
- Populus species §

7 ply
(cross band)
- L. kaempferi

8 ply
(cross band)
- Populus species

9 ply
(back)
- L. kaempferi

Fig. 6. Light microscope images on the plywood 3 sections(2-1).

Figure legends: tracheid, epithelial cells, parenchyma cells, cross-field pits, axial -
radial intercellular canals(1, 3, 5, 7, 9)

Figure legends: diffuse porous wood, perforation plate, simple perforation,
axial parenchyma(2, 4, 6, 8)
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species of the willow family (1-9 ply). It was a dif-
fuse-porous wood with pores of almost constant diam-
eter evenly distributed in the cross section throughout
the annual rings. The vessel element had a simple per-
foration plate. The rays consisted only of uniseriate
rays, and parenchyma cells were arranged longitudi-

nally (Jeon, 2020). The sample of company 2-1 (9

Cross sections

1 ply
(face)
- Pinus species

2 ply
(cross band)
- Pinus species

3 ply
(cross band)
- Pinus species

4 ply
(core)
- Pinus species

5 ply
(cross band)
- Pinus species

6 ply
(cross band)
- Pinus species

7 ply
(back)
- Pinus species

ply) had a mixture of Larch (1, 3, 5, 7, and 9 layers)
and Poplar (2, 4, 6, and 8 layers) ply (Fig. 6). The
characteristic tissue structure was identical to Fig. 3
and 4. The sample of company 3 (7 ply) was observed to
be made of a Pinus species of the Pinaceae family
(Fig. 7), and that of company 3-1 (9 ply) was made
of Larch (1-8 ply) and Poplar (9 ply) (Fig. 8), i.e.,

Radial Tangential

Fig. 7. Light microscope images on the plywood 3 sections(3).
Figure legends: tracheid, epithelial cells, parenchyma cells, cross-field pits,
axialradial intercellular canals(1~7)

- 582 -



Analysis of Anatomical Characteristics for Wood Species Identification on Commercial Plywood in Korea

Type

1 ply
(face)
- L. kaempferi

2 ply
(cross band)
- L. kaempferi

3 ply
(cross band)
- L. kaempferi

4 ply
(core)
- L. kaempferi

5 ply
(cross band)
- L. kaempferi

6 ply
(cross band)
- L. kaempferi

7 ply
(cross band)
- L. kaempferi

8 ply
(cross band)
- L. kaempferi

9 ply
(back)

- Populus species

Cross sections

i
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s
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Fig. 8. Light microscope images on the plywood 3 sections(3-1).

Figure legends:

Figure legends:

tracheid, epithelial cells, parenchyma cells, cross-field pits,
axial - radial intercellular canals(1~8)

diffuse porous wood, perforation plate, simple perforation,
axial parenchyma(9)
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only the back layer of the sample of company 3-1
was identified to be a Populus species. The sample
of company 4 (7 ply) shown in Fig. 9 was observed to
be a Pinus species of the Pinaceae family, and that
of company 4-1 (7 ply) shown in Fig. 10 had Larch
(1, 3, 5, and 7 layers) and Pine (2, 4, and 6 layers) ply
(IAWA, 1989, 2004; Jeong and Park, 2008; Eom,

Cross sections

1 ply
(face)
- Pinus species

2 ply
(cross band)
- Pinus species

3 ply
(cross band)
- Pinus species

4 ply
(core)
- Pinus species

5 ply
(cross band)
- Pinus species

6 ply
(cross band)
- Pinus species

7 ply
(back)
- Pinus species

2015; Eom, 2018). Their anatomical description was
identical.

In conclusion, the layers of Douglas fir plywood
from different companies did not match, but the layers
of Larch plywood from every company did match.

Therefore, since the “deception of tree species”

occurs in the production or distribution of plywood,

Radial Tangential

Fig. 9. Light microscope images on the plywood 3 sections(4).
Figure legends: tracheid, epithelial cells, parenchyma cells, cross-field pits,
axial - radial intercellular canals(1~7)
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this will play an important role in protecting the 4. CONCLUSION

wood industry by identifying the species used in do-

mestically distributed and imported plywood and In this study, plywood distributed by domestic dis-
provide reliable measures. tributors was compared and analyzed based on ana-

tomical characteristics. The Douglas fir and Larch ply-

Cross sections Radial Tangential

1 ply
(face)
- L. kaempferi

2 ply
(cross band)
- Pinus species

3 ply
(cross band)
- L. kaempferi

4 ply
(core)
- Pinus species

5 ply
(cross band)
- L. kaempferi

6 ply
(cross band)
- Pinus species

7 ply
(back)
- L. kaempferi

Fig. 10. Light microscope images on the plywood 3 sections(4-1).

Figure legends: tracheid, epithelial cells, parenchyma cells, cross-field pits,
axial - radial intercellular canals(1, 3, 5, 7)

Figure legends: tracheid, epithelial cells, parenchyma cells, cross-field pits,
axial - radial intercellular canals(2, 4, 6)
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woods of the four companies were found not to be
made of a single species but rather a mixture of soft-
wood and hardwood. Further, the species used for
making the face layer to the back layer were found
to be different.

Among the domestically manufactured plywoods
sold as Douglas fir, three 7 ply plywoods were made
of Pinus species and one 9 ply plywood was made
of Populus species. Among the Larch plywoods manu-
factured overseas, two 7 ply plywoods were not made
from a single tree species but rather a mixed species
of Larix and other Pinus species and two 9 ply ply-
woods were made of mixed species of Larix and
Populus species. This study provides basic data for
tree species identification for wood and wood products

imported and distributed in Korea.
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APPENDIX

(Korean Version)

FU HF YB] SEAEL AT AVAA 54 2Y

25 A AAHOR SURA WAS Slat A4 efo] sl glow), ek Fujol] £9-fEHE B
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AT 22 A 2 B4 0] AP EAHKoch er al., 2015). 2= T HAHALE Rkl A A ko
A= FrketaAl [BAe] A|&47hagh o] gl #e MBS /HA(17.3.21)3kL, 18. 1091 AlYsto] Iz oz HAje Eayt
< HAFE 4 A= 5k Qlck TEA)9] A &7Hs3t o] fof Tel ME Al Al18R30) WE JAlT QEESR
A, A, SREA, A=A, AGA, g, SAEso] Aok B3 BAA|E w3 7 E Folstal EEMEE LR A9
BAA 7t & A& Wil Qiti(Han er al., 2021). F2E S U7 Ao R Qg 79 of2lg, g 1Y
ofgt 913} 2Tl YR W] =t S FASY] L85 243} slGin AR 20044 12 SAFRE o83 gAY
AR Q13 HAE XSk FEEA BASRE A A T AN Saa 1R AR Y FX5ko] gh(Korea Forest
Service, 2005). &2 Ut/gdo] Zst7] wlZo] Aol ERE O FHEIL Qv 4ARH 8 R SUASS HmE,
2021 A(1-69) AZYAo} FHa=elL 24u17,730° 0.2 AW E7] tfu] 1.3% Z7}8}9tHKorea Forest Service, 2021).
Wik oz guolz F4 oo Bke Belgo] AT ALHES A3 WAAA BE Yo BYR BE S o]
U, f2s 8H Ee gEEHES JHojg 14 0?"4 Xﬂ+°? wAoltt == AFH, A58 H- A, 7H 5 thdsiA
ARSE| L QlTk. 19909 ] Z4t £ F/ME} AL oA Ym0 B o s iLE‘ié WO WA AR gde]
7FEA Mg &8 guo] SEHIh B3 5%*& A &8 Hg 357}1‘:'L ZhAE At7E A E G, A A
A gzof gt At FrloAE dfjHaka Aty 2 0”5]_1_ ATHMarbun et al., 2019; Kim et al., 2020), |:-0F F-50| HLaks}al,
AL =UAY =Foll dhste] EAeiREA 7S RS R =F A HOE DNA EA4H0] FAlof| o]Fo]z] 1L
ek =AY theRt 7R, feadol wE =4 7“471 TOR EF3HE DNA 5 o] A EojAof 5] wjizolth
‘?i ARE A2 A EAe SEoRE fFA0] ofd Y] SRS To] & 3 Agolehd DNA H’“‘?ﬁ%
= 7IA Aol B % B-8=7} wtilang et al., 2014). 2137 2ol Fr|AH oz AHo| of2 L EAES DNA
*ﬂﬁ‘é% ZgotaL Qirt Fds XHQP HeA Y] oA RN 71 & 5L Gol9f Faxet njdsaY F= Oq?*«] A,
=1} fg"é%i’—l-ﬂ Zpo], Al W HAYA 7] =4, AR $80] =2 Pk A So| ltk(Jin, 1994; Park et al., 2015; Yoo
et al., 2021). S, 3 Ez}wou SIS GAAA YIS EA5kT TGS AT BEUTH BHOZ 19994
A AL FAES o8t SUWh 7V, ®XAE ?LEXH 5 B A7t AleE $lth(Lee ef al., 2018). 53]
Az FAA QoI AR Y FAS Heote % flolrh g HFA Y FAAHEto] ohyzl, HA)
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(Ko and Roh, 2015; Roh and Kim, 2018). Sz AYW=Z HAA T A AeAole BARE, 7Hed, 2519 Aol
Aol B, TARA, 540 eAolth dF AZte)] A EE S AU, RV, 25U, SEUY,
U, SR, U AR, AU, AU, SV, SRR, SERE, SHUEL ofu] F(apitoug), ofl4(ash), of E Y]
(ebony), 1% 7}Y(mahogany), Tt (padouk), EZ&(poplar), F-2 LK (red lauan), E]3(teak) 5|thKim, 2008). 3t=At
A= g AlzEnto] oflet &R/ E Wol o] &E1L IthMin er al., 2019).

Koch (2015)= % 5359 tiAl 547t woll HA F7lote S22 A7) gZof] L B35 QJejAe 54 Ade
o> FR3FFIL ShGIc). Eek ZekAoA e IS ARst=d SlolAl 4252 Fgo] thystEd nE Fa F2 A
ofsh =) Bjera W] Washhn ST, BaRehl seln A ARG Lol te BAESHY v 2A a0t AU
Aol gt 7| 2A}R 2 o] 82 Zlo|tiPassedat ef al., 2009; Han et al., 2016; Lee and Bae, 2021). & ¢17+= SPHEA] G590

2 wazol et A spshHel Bekd B9 Fa4T Ff §E57 9l MLH (Mixed Light Hardwood) 2]
ok shiet B4 welan gkl +EANE Susiot
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2.1, IA=

T 20 TE A 7199 BUE HIHe M9 QA Doz ARE sk Z2te] AN oD deboz
T E 3L Ql=Tt2 14.5(15) x 1,220 x 2,440 (mm) 2] u|4x(Pseudotsuga menziesii (Mirb.) Franco.), Y<5(Larix kaempferi
(Lamb.) Carriere)o] thgt F4= Tply, 9ply FollAl Tt whfgfo] w2 £35S Fujste] FA6I¢IKFig. 1).
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2 15~20um F70) AEL ARI5HSIT) AAHE 3L 1% Abzahd o g dM(Jourez ef al., 2001)3}T, oF-S(Ethyl Alcohol)
A1) Z(50%, 70%, 90%, 95%, 99%)= E4= 3, 38ka u] 7 (Imager Al, Carl Zeiss, Germany) 2.2 3tHH-S 3}t

u!
I

1. el 3gw =4

S P HFFHe YAS PPOR T Bolo] £ SF, TV F % T vj, B4 5T gue vigoR
BB HYES 19739 AZE AU/ EANS 28 27 4] EFE o] 20009078 B TEGAL A
5 N2 S AAEEA A S olZelr EA B4 02 AeltskekBae ef al, 2012). ekt
1960~ 19709t} AEAFeIA vloleka she 2E ool 98 B (Hemlock), tFet2 H(Douglas fir), 23e]

(pruce)S LF t 40l BTk Al £5 BE 537k £rpro} ulshy] ool A, ul4e] the olgel FHE
D4 ohd di@eham ek ek Aol .

Table 194, 1, 1-1 FUYA 2, 2-1 FLUA 3, 3-1 FLAA, 4, 4-1 FLAAITHAA 1(Tply)2 arpFate] Subeff
0.2 TS 15 9OPA] hand-cutiing™ of2f9] JTwo] A¥ B7lolT, theiA] 2~THIAE sfRate] R
VHEHFig. 3). 2RI & 4 e 2R 8AEN THet 24352179 ol F S Qe ol v del Al
HALRAIE 9 b o) ShelEigic. BA4el 242 whahHolAe] AL AL ARy ol ATES ol
kAt 2| o2 LA E o] gltHJeong and Park, 2008; Eom 2015; Kim et al, 2018; Kwon 2020). ¥4 1-1(7ply) H g
Fo @ YIS, 3, 5, Tply)T AR, 4, 6ply) FHEATHFig 4). AU Ueldonn Faue £1%a77)
SO S] A A S LR R i BUREES Al A A lEe] EAjek, At
PR om TE o] Stk ek 4ot X179 ofa]WelolH|Est EAjgiciHan, 2017). Fig. 5]
| 209ply)= HEUFIE] ZE2F(1~9ply)2H FoHolAe 250] 79 At deol & dAl] ZHA 124
A Qe ABAol L ERasel BFHS GATO, BAZAL Bz o 2k PR} L Su% ST}
AletthJeon, 2020). YA 2-1(ply)= SR YA, 3, 5, 7, 9ply) 2k ZZ2R(2, 4, 6, 8ply)7} &= o] UrhFig. 6).
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2] B4 2HTHS Fig 3, 42 SUHTE. A J0ply) S 2T AURFE BIEYIFig 7), WA H10p)S
EE:Ea0 8191}’)41L ZEFOply)Z T4l tkFig. 8). & whA o]yt i’éﬂivi APEERITE Fig. 99 A 4(7ply)=
auprate] AU E PR ST Fig 109] 47 4-10ply)s SRH(1, 3, 5, Tply)Th AU 4, 6ply)2 AEE s}
(IAWA, 1989, 2004; Jeong and Park, 2008; Eom, 2015; Eom, 2018). alj58t% Ao FAUsic]
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