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Computer- Aided Korean Wood Identificaton*!

Won Yong Lee*? - Su Kyoung Chun*?

SUMMARY

In order to identify an unknown wood sample native to Korea, the softwood databases(KSWCHUN;
Korean SoftWood CHUN) and the hardwood databasestKHWCHUN; Korean HardWood CHUN) had
been built, and the new computer searching programs(IDINEX; IDentification INformation EXpress)
has been written in Turbo Pascal(V.5.0) and in Macro Assembly(V.5.0). The characters of the data
were based on the 74 features of softwood and on the 148 features of hardwood which are a part
of new “TAWA list of microscopic features for hardwood identification” published in 1989. For the
purpose of this investigation the wood anatomical nature of 25 species of softwood(13 genera of 5
families) and of 112 species of hardwood(57 genera of 31 families) were observed under a scanning
electron microscope and light microscope, and a lot of literature used.

The IDINEX programs are based on edge-punched card keys, with several improvements. The
maximum number of features in the IDINEX is 229, but that is fixed for a given database. Large
numbers of taxa are handled efficiently and new taxa easily added.A search may be based on sequence
numbers of features. Comparisons are made sequentially by feature and taxon using the entire suite
of features specified to produce the list of possible matching taxa.

The results are followings.

(1) The databases of Korean wood and the searching programs(IDINEX) had been built.

(2) The databases of Korean wood could be an information to search an unknown wood.

(3) The databases would be valuable, for the new features, which w_eré not méntioned in Korean
wood up to the present, were observed in details.

{4) The ultrastructures of the cell walls(warty layer) and crystals observed under a scanning electron
microscope will be helpful to search an unknown wood in particular.

(5) The searching process is more quick and accurate than the others.

*1.32% 19904 48 14H, Received April 14, 1990
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w2, [[JE B8P BEHKBR College of Forestry, Kangweon National University, Chunchun 200-701, Korea
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(6) We can obtain the information on the differences of a species from the other and search an

unknown wood using probability, in IDINEX.

(7) The IDINEX will be utilized to identify and classify an animal life, vegetable world, mineral

kingdom, and so on.
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ZilN 2o g ddo LWy FEIA BT
fio] Bg ®oobet 1 Y Bo] THHE Ak
4=

2¥d HE SRR KMo #RIE o
A& computercl BE A Hdte BES #HI3)
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Table 1. Sample tree

Number Common Scientific Family
of Code Name Name Name
T Ginkgo biloba L. e A
Ginkgoaceae
2 % Taxus cuspidata S. et 7., TFH
Taxaceae
3 R Torreya nucifere S. et 7. 5%
Taxacear
5 AR Pinus koraiensis S. et 7. v
Pinacear
7 sy Pinus parvifiora S. et Z. A
Pinaceae
§  mEgazn}y Pmus sirobus L Aupi
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Pinacear 51 @i Salw glandulosa Seem. WAL
9 @Aty Proous rigida Miller Ay sl Salicacear
Pinaceae 55 wEuby Salix koreensis SRR E
11 #aAsu® Pius banksigna Lambert AU E 3 Andersson Sulicacear
Pinaceae
v #4 Pinug thumbergiy Parlat. 4053 A Saltx babvlontca L. [ERCARN=S)
Pinaceae Salicacear
13 Aupy Pinus densiflora S. et . A} 53t g wEue Platycarva strobiiacea AduEs
Pinacewe S.et Z. Juglandacear
16 Wby Larix gmelini var. Aukiiat
principis-rupprechtit Pinacear a8 2@ auy Plerocarya stenoplera Do 7l 22l
{Mayr) Pilger Juglandaceae
ag A Juglans mandshurice 7l U g s
17 URQINY Lanx leploleprs Gordon  inpEd Max. Juglandaceae
Pinaceae
18 7bRuY Picew jeoensis Carrier  auhyst 01 HAFUE  Betula costala Trautvetter 4Fh}Es
Pingceas Betulaceae
20 EuLby Picea koratensis Nak. EoRR g2 AbAdu Betula ermaniy Chamisso 2 3h}5Led
FPinaceae Betulaceae
2 EHuUuY Tsuga sieboldis Carrier  Aub2 3 g3 Wb Betula schmidtii Regel AR g
Pinaceae Betulaceae
73 AUE Abizs holophylia g 94 Aurehg Betula chinensis Max. A}
Maximowicz Pinaceae Betulaceae
95 GRUE Betule platyphylla var. AR 3}
94 HEpgy Abies nephrolepis Max. AR japenica Hara Betulaceae
Pinaceae
95 e Abres koreana Wilson AR 95 Suleuly Betula davurice Pallas RIS
Pinaceac Betulaceae
97 we 4 Taxodium distichum Rich. <543} 98 Quju Alnus japomica Steudel Ap AR
Taxmiiucear Betulaceae
28 Thuja koraiensis Nakai i ys) 00 Beany Ainus hirsuta (Spach) A
Cupressacear Rupr. Betulaceae
99 Aokl Thuja occidentalss L. by
Cupressaceae W EEuy Alnus hirsuta var. A28 2
30 Fuwidy Thuja orientalis L. Zelup R sthirica (Spach) Schneider Betwiaceae
Cupressaceae
31 W Chamaecyparss obtusa S 107 7AAEd Carpinus cordata Blume — “HEUHTs
Endl. Cupressacear Betulaceae
108 Mo Carpinus Ischomoskii Max, =%
33 SR Juniperus chinensis 1. ] AR Betulacear
Cupressacear 110 Yoluby Carpinus laxiflora Blume 22 2al
o : s P o Betulaceae
4 dAgahls Juniperus virgimana 1. :‘:;@.‘!L)m»? 8 uEE Fagus multinenis Nak. %‘L?-{;ﬂ
Cupressaceae -
29 ZHEE Chisranthus glaber Fopni v ‘ i Lo . , k gageea
{Thmb.) Makino Chiorantha- 19 e Castanea bungeana Blume b3}
cear ‘ ) X lf’agmw:
40 APAUE Populus davidiana Dobe  wlviia 120 ghui Castanea crenata S. et 7, v?j”-»}%’d-
Salicaceae . LA AL ) . ! {flg;”fai
T Populus aiha L. R 122 FHALRS Castamopsis cuspidata var. -3}
Subicaceac sieboldii Naka Fagucear
4 SHIE Populus maximowiczit x?!,“:.\—}'lf'*"‘ 2 AU Quercus acwissima suea
Henry Salicacear
; Carruthers Fagaceae
R 1 ] s S R ERT SA
40 DAbaLb %;)p:iz;s tomeliglandulosa Sam.ﬂi‘?avr 125 EEBUE Quercus variabilis Blume U323}
Fagacear
s otmel el Fepulus euramenicanu BT RSRS SRR} 197 Wby Quercus denfale Thunb,  hiyad

Guinier

Salicaceay

Feagaceae
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128 2 Quercus aliena Blume htEs 310 Eufuy Pyrus pyrifolia j L} Sepa}
Fagaceae (Burm {) Nakai Pomoideae
129 JBUR Quercus mongolica Fischer V53
Fagaceae 316 ob7tbE Sorbus commivta Hedl.  wiub5-c}d}
130 )R Quercus serratg Thunb,  HUF3 Pomoidese
Fagaceae 318 Bty Sorbus alnifolia Koch Loz}
141 B7HAUE Quercus acuta Thunb. st Pomoideae
Fagaceae 354 A Prunus mandshurica B FLp ol
142 F7HAYE Quercws glauea Thund. 73 Koehne var. glabra Nak.  Prunoideae
Fagaceae
144 BIAUE Quercus stenophylla ERa i 361 AEAYR Prunus maackii Rupr. °f -1} %0} 2}
Makino Fagaceae Prunoideae
362 AEUY Prunus padus L. o} b3t o}t
147 F=FYE Ulmus parvifolia var. S Prunoideae
coreana Uyeki Ulmaceae 362-5 MEAR Prunus padus var. o} Fup3tobat
seoulensis Nak. Prunoideae
148 ¥EUT Ulmus pumila L. =g
Ulmaceae 64 GHEYF Prunus yedoensis Matsum. 454+ o}z}
150 HEUR Ulmus laciniata Mayr =g Prunoideae
Ulmaceae 366 HuyR Prunus serrulata var. g5 potnt
1511 =R Ulmus davidigna var. =FUED spontanea (Max.) Wilson  Prunoideae
Japonica Nak. Utmaceae
368 AU Prunus sargentii Rehder 47 h¥-of
153 AFUR Hemiplelea davidii =gUT S Prunoideae
Planchon Ulmaceae 369 YR Prunus leveilleana Koehne 85 1h5-o}a}
Prunoideae
154 HERF Zelhova servata Makino — =FUHF3 370 Ay Prunus takesimensis Nak. 8 713t ola}
Ulmaceae Prunoideae
160 W Celtis sinensis Persson ~ =FU§# 380 FEUE Gleditsia japonica var. HAHFot%
Ulmaceae koraiensis Nak. Caesalpi-
163 FAUE Celtis jessoensis Koidz. =EVEe nioideae
Utmaceae
168 ¥R Morus bombysis Koidz. ~ #uH53 ) ] )
Moraceae 407 EUR Maackia amurensis Zoln}
7 WMEUE Lindm erythrocarda e Rupr. et Max. Paptlionoideae
Makino Lauraceae 408 FHE e Sophora Japonica L. Fof3}
) . . . ) ; Papilionoideae
2 gwdE ;Zb'z:mum Jepomic ZL}%J 414 oM AR Robinia pseudoacacia L. %‘z}ﬂ
uraceae o
Papilionoideae
0.1 Weol T Machilus thunbergii var w119 3 423 R Evodia dantellii Hemsley £33}
obovata Nak. Lauraceae Rufa{eae
424 Uy Phellodendron amurense S
239 AR Neolitsea sericea (BL) =g Rupr. Rutaceae
Koidz Lauraceae 431 AHUER Picrasma quasstoides Aepat
%9 WZUER Platanus orientalis L. ESSESE] (D. Don) Benn. Simaroubaceae
993 ARARFE Crataegus pinnatifida Isﬂla]’tfgg 432 7HEUR g:i?:éfeus alttssima ;—-F“L""‘ij}‘
Bunge. Pomoidene imaroubacear
061 Hotshln Malus baccala var W} sobat 433 #HFUm Cedrela sinensts Juss. %ﬁ%-g—»}%n}
mandshurica Schoeider  pyuoidone Meliacone
434 HrEUYR Melia azedarach var. Yps}ey
307 ob1uUS Malus sieboldii Rehder  wiibi-ob# japonica Makino Meliacear
Pomoudeae
308 AHEW Pyrus ussuriensis Max. bR ols 437 AHUR Mallotus japonicus S
Pomoideae Muell. -Arg. Euphorbiaceas
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541

566

568

579

580

sups
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Rhus japonica L.
llex integra Thunb.

Ewonymus macroplerus
Rupr.

Acer ginnala Max.
Acer mono Max.
Acer legmentosum Max.

Acer tschonoskii var.
rubripes Komar.

Acer barbinerve var.
glabrescens Nak.

Acer ukurunduense
Trautv. et May.

Acer pseudo-sieboldianum
var koreanum Nak.

Acer triflorum Komar.
Acer mandshuricum Max.
Hoventa dulcis Thumb.

Berchemia berchemiaefolia
(Mak.) Koidz.

Tilia amurensis Rupr.
Tilia taquetii Schneider.

Tilia mandshurica Rupr.
et Max.

Titic megaphylia Nak.
Stewartia horeana Nak.
Camellia japonica L.

Dendropanax morbifera
Lev.

Kalopanax pictum
{ Ihunb.) Nak.

Corus kousa Buerg.

Cornus controversa
Hemsley

Ty

Anacardiaceae
HESNEE!
Aquifoliaceae
e E
Celastraceae

Aceraceae

LR

Aceraceae

wEURY
Aceraceae

GEUR T
Aceracene

wEUT I
Aceraceae

SFU s
Aceraceae

253
Rhamnaceae
g R eSS

Rhamnaceae

w7
Tiliaceae
e 3
Tiliaceae
Rz

Tihaceae

s b5 24
Tiltaceae
AR
Theaceae
e
Theaceae
FEE

Araliaceae

5 gpRa

Araliaceae

Fau

Cornaceae
FELH

Comacear

582 Zug Cormus walters Wangerin 33 U33
Cornaceae
620 HFHUYR Styrax obassia S. et Z. g &Y
Styracaceae
621 WEug Styrax japomica S. et .  HFUEH
Styracaceas
623 SR Fraxinus mandshurica L I
Rupr. Oleaceae
624 BEHIGE  Fraxinus rhynchophylla EFA TR
Hance Oleaceae
M4 YR Syringa reticulata var. BFHUR
mandshurica (Max.) Hara Oleaceae
663 HLFUT  paulownia tomentosa #Hitat
(Thunb.) Steud. Scrophularia-
cear
664 L3YUYYE paulownia coreana Uyeki & 33}
Scrophularia-
ceae
666 EMNLFUS  Cotalpa speciosa Warder 5hold
Bignoniaceae
738 AFIF Cercidiphylium japonicum #5153
S. et Z Cercidiphylla-
ceae
22 HEME

221 BFERBEA A K

& o] KHERAAM A A& BRI, &
Aol EERTRENE BEA A2 1
cm A2 05cme ENER S & BEHHREE
AT E EEEE) & JESAD o A4S B
£ glycerin® 279 B&# (glycerin 1 & =1
3422 BLA e sliding microtome 2 2 &
Aol HEE IHIS AT VIS AR RS
% ion sputter coater(Polaron E5200)8 A}£-3}
£9 2 coating3t S th

E3 BEE 2 H¥ol HolE &3V 93
F FKHel REEHe] BTHAA REM HAE
FRHUSE % schilltze B O 2 REmEA ZTh o] A
BEREE AL S alcohol series® BKT & EEH
R ZHT ohE ion sputter coaterd ©] &3}

£2.7 coatingdt ).

222 CARMBER HKA

badel WMTEEMER AHBEBRE sliding
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microtom 2. 2 HMH-& VIHIEH R o & EiEmel
A FA 15-20ume] YIRS BIESLL safranine’s
o2 gefdt vhg 242t fufad YIK & alcohol
series(50% 70% 95% 100% <] alcoholo} 71zt 1
)2 Bikst Rt thAl o] H1& 100% alcohol
xylene® 2] ZBEAEN BHEAIL xyleneol
£7 g Zhzhe) YR& slide glassoll &7 3
Canada balsam2 2 #f A8t KA priparatS B
st o},

2.3. BEFHZE

231 $TEHH

BFe Yo 2Ry EEETFEMSE(SEM) @
K BREMB (R AEE 2400X) 22 & BHEHZ 74
TEH o) Mo BRI 8 (Table 3 12) &
25 BEFAKRSA computerdl ANIA

& B2 AgEe HHol EA8IH “+72
Teold =72 FpdtHon - BEERA
$aHog EZAAY Bl et SEF dof
= THAEA Jelds sog BV (varia-
ble) 2 st EZ K B B &R
2ETHI Q] Atold], B BERM ER
de ASdmE V'R ZrEdch ¢ KREe
AN FHERLE #EY & 22 BERE
IES A @ BHS "7 (undefined) B FKRE
i3

232 MESM

RA%EMSIH = $HESM O Po] EEW FHMES
EEMEo s BEsgon FAEBHES Table
49} o] JAWA standard list& ZE#o. 2 3t} R
#a AT REHES HERS ) FriES H
&,

2.4. Computer Program

IDINEX (IDentification INformation EXpress)
packages= @Al Z W A AME-E G 20+ IBM PC(16
bit) 2 IBM PC H AR (# 4 384K byte 1 drive
floppy disk T+= hard disk) oA 288 5 AR H

g AF7A SHEE multiple entry card #
o2 fEiEol U BAbe B 8 £
Egle]l IDINEXel A& & Y% & st IDI-
NEX¥ IBM MS-DOS version 3.30°0 A {ERZE )
2™ macro assembly(version 5.00)¢} turbo pascal
(v]5F Borland#t version 5.000FEE AH&stach
IDINEX<E menu driven FR 22 TEE o glond
identifier file®] Aol #HIfEe] 132 X program
ol A data®] ¥ & present(+) absent(—) varia-
ble(V) 2 undefined( ? )& A8ttt

2.4.1. ProgramH $%
24.1.1. IDINEX.EXE
Program®} loopE WHEO] MRKkIE HRKoll o
8tod M85 = searching programS 241 FHe
Kol A H#s AEste HELAS 24
W oEe BE 2 —ffd e drg 3
Asw 1 EES AMEHA 33 BRE
& A= E sy
2.4.1.2. COMTEX.EXE (compect type to text file)
ojn] gkE oA 9+ compect type databasecE
oA SR 7] @ text fileR THE 7] H3te] AL
program®] t},
2.4.1.3. VERVOSE.EXE )
71& databases® MNAES HHE & UAxEE
Edh
24.14. MKDB.EXE(make databases)
Text fileS] databasesE compact¥ 2 & w37
T ARE Ngatdct

N
wo ki

ne A

2.4.2. Algorithms

%S program® database filemenu®l A} H & g
database file® 22 FHe AK# (unknown
wood) 2t fAHSE g & £ UEF 3ged
I BEHEES Fig 139 g,

2.4.3 Databases®] data Hx5

Databasest= DOS2Z ¥ text file structure}
ol (FNst e il S file®] FL71E Fol 7]
keyboard® AH¥ & gl 71EE A&

Database® 13 header F% ¥ data ¥ 08
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end of line

/(point the position)
~—— %/ (store code value) Max ID No.

wng . CEPVEL VI T
IRERERRRENE
g LT e+ T

]

iy

10111
* 1 count
0. no count

x - all no count

Fig. 1 Matching condition.

%89 headerf-¥ & L databaseE accessdt
7] $1%t identifiery) filenamed 7123 data-
base®] F-&-2 ThA] E2 N (BRI IDEL
i) AR 2557 o E AMEIF O™ ID Bk
o) & 71371 7HA & 9 v) = ohf Table 29 £t}

Table 2. The mean of the number in the ID

ASCII CODE MEAN

Present

Absent

Required(Must) Present
Required(Must) Absent
Variable

Undefined

1D number{-26)

S WU R WD e

27.. 255

(4) Program flow diagrams

LIDENTIF]CAT]ON INFORMATION EXP

by Chun. Su-Kyoung

RESS Ver 1.00

[ Database select

\ Unknown select
éOutput results
Reselect ID file

Bﬁxit to DOS

Output to CON (Compact form)

Database(s) : 0 Matchlimit= 100Match ratio=72/90(80% )

Main menu : 1t/ { /home/end & <ent

Fig. 2 Main Menu.

Search by unknown
Search by name
Select unknowns
All unknowns
Match condition

Search Unknowns
Database select
Unknown select
Output results 1
Reselect ID files |
Quit to DOS |

KHWCHUN.TDB“}
KSWCHUN.TDB |
HARDWOOD.TDB!
SOFTWOOD.TDB |
| ANGIOFAM.TDS |

| .
— Delete unknowns
| Load unknowns

—

Go on output i

| Output to .. —
Output style
iAlign results | |

A | Math limit |
oy | Math hmit | ‘
I* No align | -

i

1
i

| By name
By accurac_v!

Fig. 3 Menu description.

R
Compact

er)

.. Name iput
prompt

. Unknown select
menu

.. Match condition
prompt

‘Create/edit unknownsi Unknown select

| meny
i Unknown select

menu
Unknown file select
menu

Unknown file name
prompt

(¥T0 saxcen

To print
L To fil_

P

*Short (only name)i{

Mid (simple def) i
Long (all ID)
Mismatches

_ Mis. long
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TITLE-CHUN
1V Growth ring boundaries distinct

2— Growth ring boundaries indistinct
or absent

3% Wood ring-porous

4— Wood semi-ring-porous

5! Wood diffuse-porous

6— Vessel in tangential bands

7+ Vessel in diagonal and/or radial pat-
tern

8— Vessel in dendritic pattern

9 Vessel exclusively solitary(90% or
more}

10 ? Vessel in radial multiples of 4 or

more common
1V 3# 5! 7+ 107

Enter command —

~—— CREATE/EDIT Unknown:
T/+/—/1/4/V/? /pgup/pgdn {esc) exit

Fig. 4 Create/edit unknown screen.

.
Database name record match
KHWCHUN.TDB 112 5
KSWCHUN.TDB --id file mismatch--
HARDWOOD.TDB --id file mismatch--

TOTAL= 112 5

Search finished .. press any key to continus

\—Searching by Unknowns: <esc) for exit

Fig. 5 Searching.

3 KR Y ER

3.1, Sl M

Seivhebgr §HESH sH 138 2585 e #F
RE RS AEste BEfE L HRAS

Heldh 435 Table 37 2om 33¥e] AHA
2} 3= computeroll Y SR}
311 -y HE

FHES o] Figel BRS R Fo BEdA
EE A FEEHL don T3 —FigRoAM ¥

Hits SE BHERe] BOEE Birel TN

e AU E 9 HdEmMeR £ 25%) F
hR-Foll ot AHgEel (1 LlAhe] B 8
#HCE BiTH AU

(Kol e Mo XRE FRE(1IE H
45%) 2] Bl M= BRVE vl Fadid oy
SRS (B # 32%)9 HES F3g AA%
vheb A} gkl

Kitel BEgE Wt AR Hito] &
W04 05 B BAYT REHL T 0407
3l Hfg o] HEFolgtth
312 BRE

T BOEE ) BBTE Aol Ao Tsho
WA A9 HESM RS ERHMe |
B OEw K e 9ol dRE REHEeR
d st BLyistn ot vhek £3iuyol e
o= 1 wigel THAIEA sl Ak

$hH AR = WY frgiESlol it #
ol BLFIslo] Ao MWW HFlel HsE{lol
Egate vEhT BREEUEE o 465%) %
s vk FUREsEe] HBEfLo] BA oliel
Zrz widd dWe dRfo] kg Jeidn
A =28 A= BUgsel fomilel Lke R
ZdE gy 9edow B3 wauly iy o

b S8 W FUgarel Lo} ’lxglo

& L)rE)r“J w7 etk C1e] 5 notohed border
Holro] Sgo iz wus A ookl

3 AT RERELN ] torus7h BHITEIo AT HESL
(tori scalloped) & FUsHAl Fp3y Golr &
s glow Eafupst sHEEGY Bk &
Fupdt A S9-F S Fo] B A
crassulae’t @ = At

WEEIR o) tE A Akl elstd sHvEe)
w eI 7L A A S o B RLFIN o] Qs Wi

o g} WALy Golgleh tejub Ml ALb

'&1
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off M= SREEACIE o BREEREIE S RfRol 1S
Y golA ks ol obx @48 ol Fi e U
Hgo] WHE R Jon FrLFoAir A
o8 Y HSY Joerng F OEES &N
hzdl F& 5Ho] He Aeg g ok

38 strand tracheidt EFWIUEE(# 2%)9
B ol tylosoidts L ZUHFS(#) 4%) ) Bl A
trabeculae-® 2EZ B AZUR S (8 2% )9 W
ol M & B Ao floccosoide E& U
off vt A5 Tt Warty layervs SHGFE(15 8
¥ 60%)] HElA HHHAeH FEEY o
3H S48 AURE B2UMUITB G- EH
HRUEE =755 R 2928 T8 Age-
this, Araucaria, Keteleeria, Sequoiasol= & HH
i 9o
3.1.3. #hH I EMk

sAEEMECT A3 #Ee 28UEE
H £3lo] 36% 9 B Bl BAEPeY 2
Fo A #fE o2 BYsle BEe G845 2
%YL HLEKoR Bys: Bige 3+l
ARt

3 wym MY 2B KRE(end wall
nodular)ol & Jelvye HES JG¢$olgdon
w3 eguoMe RS fdfhol ¥ 4%
Flog olAe eYUR-E Hildted & EE
o] & 4 Qo
314 BHFEMNE

WA RS KFaE) gflo] F JEhte #
B JAURE 2% HEoZA HEE k¥
BEol S HfEolA F HRE 2 o &k
KmBES Q25 36% o HifEcl A EH QAL
crystal e Ao gk A= QTH

3 HHBEE S LU iR ErRel
A aAsded 1 F SERIEE L geslo g
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Table 3. The feature list of softwood and the fre-

quency in Korean softwoods

Number Features
GENERAL
1 Growth rings distinct(100%)
2 Latewood conspicuous(32% )
3 Sapwood distinct(48 %)
4 Heartwood colored(52% )
5 Distinct odor(72%)
6 Distinct taste(8%)
7 Greasy(4 %)
8 Dimpled grain{0% )
g Density < 04(0%)
10 Density 0.4-0.6(56% )
11 Density > 0.6(0%)
LONGITUD. TRACHEIDS
12 Radial file(96% )
13 Uniseriate pits(100% )
14 Biseriate pits(56 %)
15 Multiseriate pits(0%)
16 Opposite pits(60 %}
17 Alternate pits(0%)

18 Lens type pits(16%)
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19 Tori scalloped(4%)

20 Notched borders(0%)

21 Crassulae(36% )

22 1-line spiral thickening(12%)

23 A pair of spiral thickening(4%)

24 Strand tracheids(20%)

25 Tylosoid(36% )

26 Trabeculae(20%)

27 Floccosoid(8 % )

28 Warty layer(60%)
LONGITUD. PARENCHYMA

29 Parenchyma present(36 %)

30 Parenchyma abundant(16% )

3 Parenchyma absent(64 %)

32 Parenchyma diffuse(2%)

33 Parenchyma tangential{24 %)

34 Parenchyma terminal(4%)

35 End-walls nodular(16 %)

36 Idioblast(8% )

37 Crystals(4 %)
RAYS PARENCHYMA

38 Horizontal walls well pited(72% )

39 Horizontal walls unpited(36 %)

40 Horizontal walls thin(56% )

41 Horizontal walls thick(48 %)

42 End-walls nodular(44%)

43 Indentures(92 %)

44 Crystals(12% )

45 Ray height > 30 cells(4 %)

46 Ray height < 10 cells(56% )

47 Uniseriate rays(100%)

49 Fusiform rays(44%)

50 Small fusiform rays(12%)

51 Only ray parenchyma(52% )
RAY TRACHEIDS

52 Ray tracheids present(48%)

53 Dentations minute(12%)

54 Dentations average(16%)

55 Dentations reticulate(12 %)

56 Spiral thickening(12%)

57 Only ray tracheids(0%)
CROSS-FIELD PITS

58 Window-like pits(24 %)

59 Pinoid pits (8%)

60 Taxodioid pits(40%)
61 Cupressoid pits(36% )
62 Piceoid pits(24 %)
63 Small lens type pits only in ray tra-
cheids(40 %)
RESIN DUCTS
64 Horizontal ducts(44 %)
65 Normal vertical ducts(48% )
66 Traumatic ducts(52%)
67 Epith. cells > 12 (8%)
68 Epith. cells average(32%)
69 Epith. cells < 5 (8%)
70 Epith. cells thick(20%)
71 Epith. cells thin(36%)
72 Normal ducts tangential(20 %)
73 Normal ducts diffuse(32%)
74 Normal ducts terminal(0%)
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Table 3. The feature list of softwood and the fre-

quency in kKorean softwoods

Number Features

GENERAL

1 Growth rings distinct(100 %)
2 Latewood conspicuous(32% )
3 Sapwood distinct(48 %)

4 Heartwood colored(52% )
5 Distinct odor(72 %)

6 Distinct taste(8%)

7 Greasy(4 %)

8 Dimpled grain(0%)

9 Density < 04(0%)

10 Density 0.4-0.6(56 %)
11 Density > 0.6(0%)
LONGITUD. TRACHEIDS

12 Radial file(96%)

i3 Uniseriate pits(100%)
14 Biseriate pits(56 %)
15 Multiseriate pits(0%)
16 Opposite pits(60 %)
17 Alternate pits(0%)

18 Lens type pits(16%)
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Table 4.The feature list of hardwood and the fre-

quency in korean hardwood

Number Features

ANATOMICAL FEATURES
GROWTH RINGS
1. Growth ring boundaries distinct(96%)
2. Growth ring boundaries indistinct or ab-
sent(4 %)
POROSITY
3. Wood ring-porous(29 %)
4. Wood semi-ring-porous(11%)
5. Wood diffuse-porous(59 %)
VESSEL ARRANGEMENT
6. Vessels in tangential bands(13%)
7. Vessels in diagonal and/or radial pattern
(27%)
8. Vessels in dendritic pattern{6%)
VESSEL GROUPINGS
9. Vessels exclusively solitary(90 % or more)

61

(43%)
10. Vessels in radial multiples of 4 or more
common(6%)
11. Vessels clusters common(24 %)
SOLITARY VESSEL OUTLINE
12. Solitary vessel outline angular(14 %)
PERFORATION PLATES
13. Simple perforation plates(84 %)
14. Scalariform perforation plates(27%)
15. Scalariform perforation plates with up to
10 bars(13%)
16. Scalariform perforation plates with 10-20
hars(11%)
17. Scalariform perforation plates with 20-40
bars(3%)
18. Scalariform perforation plates with 40 or
more bar(1%)

19. Reticulate, foraminate, and/or other types
of multiple perforation plates(Z%)
INTERVESSEL PITS; ARRANGEMENT AND

SIZE
20. Intervessel pits scalariform(5 %)
22, Intervessel pits aliernate(86%)
23. Shape of alternate pits polygonal(29%)
Intervessel pit size(alternate and opposite)
24. Minute : 4um or less(48%)
25. Small : 4-7um(51%)
26. Medium : 7-10um(1 %)
27. Large : 10um or more(1%)
VESTURED PITS
29. Vestured pits(8%)
VESSEL-RAY PITTING
30. Vessel-ray pits with distinct borders;simi-
ler to intervessel pits in size and shape
throghout the ray cell(73%)
31. Vessel-ray pits with much reduced horders
to apparently simple;
pits rounded or angular(30%)
32. Vessel-ray pits with much reduced borders
to apparently simple;
pits horizontal(scalariform, gash-like) to
vertical(palisade)(21%)
33. Vessel-ray pits of two distinct sizes of types
in the same ray cell(2%)
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34. Vessel-ray pits of unilaterally compound
and coarse{over 10pm) (0%)
35. Vessel-ray pits restricted to marginal rows
(23%)
HELICAL THICKENINGS
36. Helical thickenings in vessel elements pre-
sent(42 %)
37. Helical thickenings throughout body of ve-
ssel element(22%)
38. Helical thickenings only in vessel tails(3% )
39. Helical thickenings only in narrower vessel
elements(18% )
TANGENTIAL DIAMETER OF VESSEL LU-
MINA
Mean tangential diameter of vessel lumina
40. 50um or less(24%)
41. 50-100um(40 % )
42. 100-200um(21% )
43. 200um or more(14%)
45. Vessels of two distinct diameter classes,
wood not ring-porous(0 %)
VESSELS PER SQUARE MILLIMETRE;
46. 5 or less vessls per square millimetre(0 %)
47. 5-20 vessles per square millimetre(8%)
48, 20-40 vessles per square millimetre(11%)
49. 40-100 vessels per square millimetre(20% )
50. 100 or more vessles per square millimetre
(30%)
MEAN VESSEL ELEMENT LENGTH
52. 350um or less(36%)
53. 350-800um(63 %)
54, 800um or more(1%)
TYLOSES AND DEPOSITS IN VESSELS
56. Tyloses common(31% )}
57. Tyloses sclerotic(0%)
58. Gums and other deposits in heartwood ve-
ssels(21%)
WOOD VESSELLESS
59. Wood vesselless(0%)
IMPERFORATE TRACHEARY ELEMENTS
60. Vascular/vasicentric tracheids present(38
%)
GROUND TISSUE FIBRES
61. Fibres with simple to minutely borderd

pits(9%)
62. Fibres with distinctly bordered pits(43%)
63. Fibres pits common in both radial and ta-
ngential walls(37 %)
HELICAL THICKENINIGS IN IMPERFORATE
TRACHEARY ELEMENTS
64. Helical thickenings in ground tissue fibres
(3%)
SEPTATE FIBRES AND PARENCHYMA-LIKE
FIBRE BANDS
65. Septate fibres present(32%)
66. Non-septate fibres present(99%)
67. Parenchyma-like fibre bands alternating
with ordinary fibres(0%)
FIBRE WALL THICKNESS
68. Fibres very thin-walled(36%)
69. Fibres thin to thick-walled(55%)
70. Fibres very thick-walled(8 %)
MEAN FIBRE LENGTHS
71. 900 um or less(37%)
72. 900-1600 um(62%)
73. 1600 um or more(2%)
AXIAL PARENCHYMA
75. Axial parenchyma absent or extremely
rare(40%)
APOTRACHEAL AXIAL PARENCHYMA
76. Axial parenchyma diffuse(28%)
77. Axial parenchyma diffuse-in-aggregates(11
%)
PARATRACHEAL AXIAL PARENCHYMA
78. Axial parenchyma scanty paratracheal(54
%)
79. Axial parenchyma vasicentric(46% )
80. Axial parenchyma aliform(8%)
81. Axial parenchyma lozenge-aliform(3%)
82. Axial parenchyma winged-aliform(6%)
83. Axial parenchyma confluent(16% )
84. Axial parenchyvma unilateral paratracheal(2
%)
BANDED PARENCHYMA
85, Axial parenchyma bands more than three
cells wide(4%)
86. Axial parenchyma in narrow bands or lines
up to three cells wide(69% )
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87. Axial parenchyma reticulate(10%)
88. Axial parenchyma scalariform(4% )
89. Axial parenchyma in marginal or in seemi-
ngly marginal bands(71%)
AXIAL PARENCHYMA CELL TYPE STRAND LE-
NGTH
90. Fusiform parenchyma cells(8 %)
91. Two cells per parenchyma strand(6% )
92. Four(3-4) cells per parenchyma strand(15
%)
93. Eight(5-8) cells per parenchyma strand(13
%)
94. Over eight cells per parenchyma strand(47
%)
95. Unlignified parenchyma(1%)
RAY WIDTH
96. Rays exclusively uniseriate(17%)
97. Ray width 1 to 3 cells(51%)
98. Larger rays commonly 4 to 10-seriate(23
%)
99. Larger rays commonly > 10-seriate(9% )
100. Rays with multiseriate portion as wide as
uniseriate portions(2% )
AGGREGATE RAYS
101. Aggregate rays(5%)
RAY HEIGHT
102. Ray height > 1 mm(16%)
RAY OF TWO DISTINCT SIZES
103. Rays of two distinct sizes(14%)
RAYS: CELLIAR COMPOSITION
104. All ray cells procumbent(55%)
105. All ray cells square and/or upright(4%)
106. Body ray cells procumbent with one row
of upright and/or square marginal cells(17
%)
107. Body ray cells procumbent with mostly 2-
4 of upright and/or square cells(5%)
108. Body ray cells procumbent with over 4
rows of upright and/or square cells(5%}
109. Ray with procumbent, square and upright
cells mixed throughout the ray(13%)
SHEATH CELLS
110. Sheath cells(2%)
111. Tile cells/0%)

PERFORATED RAY CELLS
112. Perforated ray cells(4%)
DISJUNCTIVE RAY PARENCHYMA CELL WA-
LLS
113. Disjunctive ray parenchyma cell walls(0 %)
RAYS PER MM
114. <4/mm(10%)
115. 4-12/mm(87%)
116. 12 or more/mm(4 %)
WOOD RAYLESS
117. Wood ravless(0%)
STORIED STRUCTURE
118. All rays storied(0%)
119. Low rays storied, high rays non-storied(0
%)
120. Axial parenchyma and/or vessel elements
storied(1% )
121. Fibres storied(2%)
122, Rays and/or axial elements irregularly sto-
ried GF(0%)
123. Number of ray tiers per axial mm(0%)
OIL. AND MUCILAGE CELLS
124. Oil and/or mucilage cells associated with
ray parenchyma (5%)
125. Oil and/or mucilage cells associated with
axial parenchyma (2%)
126. Oil and/or mucilage cells present among
fibres (0%)
INTERCELLULAR CANALS
127. Axial canals long tangential lines(0%)
128. Axial canals in short tangential lines(0%)
129. Axial canals diffuse(0%)
130. Radial canals(1%)
131. Intercellular canals of traumatic of origin
2%)
TUBES/TUBULES
132. Laticifers or tanniniferous tubes(0%)
CAMBIAL VARIANTS
133. Included phloem, concentric(0%)
134. Included phloem, diffuse(0%)
135. Other cambial variants(10%)
PRISMATIC CRYSTALS
136. Prismatic crystals pesent(41%)

137. Prismatic crystals in upright/square ray
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cells(7%)

138. Prismatic crystals in procumbent ray cells
8%)

139. Prismatic crystals in radial alinment in
procumbent ray cells(1%)

140. Prismatic crystale in chambered upright/
square ray cells(4%)

141. Prismatic crystals in non-chambered axial
parenchyma cells(4%)

142. Prismatic crystals in chambered axial pa-
renchyma(25%)

143. Prismatic crystals in fibres(1%)

DRUSES

144. Druses present(3%)

145. Druses in ray parenchyma cells(3%)

146. Druses in axial parenchyma cells(1%)

147. Druses fibres(0 %)

148. Druses in chambered cells(0% )
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