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BEICE T 5 ERIEE RN 1SRN &
LTRLEERBE TS, TohTdbFavey
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pine) IENLLEE, TR, BEEMEOHEHRT
ThAETHEINEOHRTHEBFFAF IhTE L,
Lal, BECARBERK»rEEFAIRLTER
2, SHTERRRBED T ieh, ATEK
SOV EEBERBLDH D, —FEEOFR LKL
AN OWMAGENL, KHORBREEF-T
WBR, FaveyIa v i ERNEDTHRENI
FIHEhT%, COX BRI TTCFavev s
avOFIARREIAT S LA X b b EETD
b THEBETIRDICBMEOEYYELTS
HFfE2 L9 EIEEL CHESE2RBET s 208
PEREFEI TS, FAREEFILEHED
HEXDITHELLTCE, FavevITavoR
RIHERT2EH>OREB R RBEMENT L TR
B ZBE L CERE»S & OBIE SRR+ 5 & 4
2, i, AEREEMCFAT 50D, AT
ORISR T B DO BEEYRH L kTh
b, AMRTIREEF a v v Tavk



Eiraversa v ERROME 333

A, HESN L L RO LBHRT & ERAROR
RRTFOBESELHIET 5, WROZBIROBD
TH 5B,
cBEICkT S Fa v ey Tay OBREIEA
* Fa vV T ay OBBRANOBBET &R O

X455
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AHEEER WLE BURER, HESYHREE L&
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cBEEF 2 vV I3 v OERENT L HEERM

DERIBEL & KBEEEE OB,

BRI OERISH, BHREZEICL 5 KRBT
DRAFBOMBEIZEO - HOMEERE, HEXMOK
RIZ L BAMTHHRER T AROBERT &L RKHMO
HEE & OBAE I & O ETHE o EEEER E LTHA
Eh, SEOMELHEET 2EEREREEIDD
EEZLRD,

2. BEICEIFEFaverTAVOIREMES
D #FRSAw
FavevIavORASMIFig 1 cRL

rowmr7n7 a2 (Amur) 5, B,

FE, ®E, Bb, dt#EH 3515 25 50° IO

HEAXORMNMS CRBEARESTHBIUTE
(HgH 600—900 m) ©HART DY,

FEANOF a vy T aYOH5MERS LEET
A ERE & EMB R ALk 35°15 X v ko
SEESML, BENASHIRERL - TS0
E13h 5D OO—BRETICEEH 100—1,900 m =457
T 529, HATEAMOBEE « FEEH & FBIRT
SAL, AMNpRE-CIRiEE 1,050—2,600 m i,
L C gL 1,200—1,600 m e AT B, m o
7Tty 2 w5 7 V¥ & (Sikhote Alim; v X V{L &
AAMOM) & CiEH 600 m oL, #H, B
B H % HAAT 5, PECBEIH G 45 h
L, #v# v (Khingan) T 600—900 m i
STt BY,

2) BEE

BEIERTHEOHFEHRTIBOEQBFE AL

Distribution in Korea

Fig. 1. Distributed land of Korean pine.

REDRRA S KB oWEIh, EEEIBRD CE
M Teste, LinL, 1962 0 & KEE O &M
BE DR ALK AEIHEND X 5 1iicn Tz, BE
DF avwy Ty ORKIIZI50,000ha it X
ATHED, TAEHIT200Fm® LHEEIhDS, L
L, Thbo% IRRAERTH 5T
WEhTEH, FERERD 4-11%CETHOT
ERISBEMEIND LD ERDRBY,

vy 7 OBERIZIE6TH m® CIREHT6
BL1TrHmS, ~ryzxsFN3ESTHm®
LBEMWABGHREROBEEE 0B I T m® D
9YIEL, HRDFav v savEERED
91% % 5HT\vb, FERCKTZFa vy a3y
O MEFE 12390 T ha T, OB IL8,5005
mThHs, R0 FaveraavoEHEIY
10{&5TFH m® Thhb,

3) BErk?A Favevaavofll
FaverTarvFoREBERER 18T m® T,
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ZOWKAER 15 cm K D/PNEM A 60%% 5
T, 21lcm Bl k30 cm DO I1Z10% 18 E
e\,

F a2 vV a v OB ARNEN, BENE
CBER) % O B EMIED M icffibh Tk b, B
EoFREEN GER, N, S5, EWH,
KEM (R, MI, M %3, 3% &8, #
i, BAROAN TS S FRERTER, L
L, BERREMPEE IR TV b
ZoMAMBER S, BERBETCHIEF a2 vy
72y OfRES CHRBCERIhTED, &
BRBEOKEM 04 E #DERM s &AM I T
BRORMLERUHLVCEARBESKERRETDH
5,

FavteyTavDEORRIIME, EF, GEHEH
BRUORFLDERAR b0 L LTFAEA T
5o

FavikvaayDEDEEGLFERY Tablel
IR,

4) EHORES & Bk

BEICRTLEROBEFR IZ118T4HEFa v v I
2y, B, 7o, H BEENRLLLTEEN
ENROWHBE I THD, TOHRMTEY v ALK
3,500 #4520 HREMICREE L D& F)®», 1423

Table 1. Production of pine nut in Korea

Year 1986 1987 1988 1989 1990

Production (t) 428 789 1127 1164 868

Source: Adapted from survey data, Forestry
Administration.

EW R AT ER L & OB Th i, Ehkit
BECERE, FREOCRILEFETH D, 1946 Fiik
H1EEKRBEOTEN4 A5 ArgDd TUThh, &
I TSR 1947 SEER R OB 10 » F5t
H, 1952 sEE R RGN 3y FHE, 1955 FERA
10 7 4EFHE, 1959 SEMBIRER 5 ¥ FEHESS
< OFHE L BRI 1K, 2%k10 7 E5HEIIC L -
THEMEM TN D L 51572,

FavtyaayDENRERTTable2 KRLT
B, SHLEHENGER X Y BFERIh B
YTthb,

5 FHREA
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o, T, BEKHOTIHIEELRLT WAL
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BFTw5B, i, KEBWIE7 4 7Y A BEA LR
HEERIAREZ VDR UR » B S 25 &k
CFTERERIIADT, DX RRERYHBET A
DM EoBLER BN E LKKOERE, Mo
B R R S RRBH HOMRPH L ER S5
LREREHORELEROMNT LS LIt Ltk
ROBEHEEOFRMEEFROHBZINE E L,
EHIE, RERBMPEGENRTBMORMENS A —
TEDARMOMITEMORRE LR CHAE L icith
e b inus,

3. B R B

) FaveviaviE+sio

TEES BEEGILHIEF a v v o3 v OREER
RIS OV THRE L 2e®, UK BAREARS DB
BWwWilFavevaaybe o=y ORELHEN

Table 2. Afforestation area and number of planting individuals of Korean pine by year

Afforestation area

Number of planting

Species year (ha) (1000 imviduale
Korean pine 1962-1972 53,332 159,998
1973-1978 89,879 278,256
1979-1987 125,261 371,620
1988-1990 43,727 127,379
1991 10,059 29,068
Total 322,158 966,321

Data : Forestry Administration 1991. Forestry Statistics.
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EOWTHREL, TV RRBEEFaveyT2 90D
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5—50%TH v, THFRIE L FHBMELEL +3.0
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=Y 1. 4mmTh Yy, BHOFHEEERIFa Y
v a2 v DRBEEMIZ2. 1 mm, BEEME3.75
mm, AT av T h=YORKEEFIZ1.94mm,
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THATZ2ZERHRE L, 260 XREEF =
vievIavn7+ 7Y VEBORE L REERR
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BoMKLicy + 7Y A EBIHEAL, HEOH
ket 4 TV AERIETRATE L L, BE
EREOEINEEL Y + 7Y MEARETEL TS

CEwHELL,

O yBEEEF vV T2y OABRBER
50K 306 kg/m®, B AR 371 kg/m?, HHBKR
389 kg/m* CEET 321 kg/m® TH B L HE LT,
520 IEMEEFa vy T3 v ORKBHM O
HIZBE» 5 6—1lem TH », FWHE TI1212—-20
FEROMTH B LB,

2) HEBESNRHBEORE L KRR OXS

KRB &L BHM RS RS > TR D2
oG s ns, # 1 X Trendelenburg?”, in
W2, B Hick 5 R e EEREO#ER
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B5, Bb, BEREEROBIEERINCAT2EE
H, B Y THORIEEBR I ICHET 2 TH &
LT mMHPESLT5, ¥, BTIR 28
POR—FERICIVTHEOEEHFAER LK
(GBI 348 OB HEEET 5 FiR % R EH
LT, ZOXRBEEMHOTHTE L LTHELR—E
REZDOWTIHBE—EOEE (T8H) 2REH &
Lize —F, HWBEHMTHESEEHT 58 REABRED
HELTRG LT3,

2 2 1k, Dadswell®®, Larson?”, Panshin?®,
Rendle®?, 3 iz Xk % & O THEN OMABKE S
L DB B R OLER B SO KFE AR
Ll & DBIRE LIRS T 2 HRCH B, HE
D577 FBRECHETLITYA S bl KRR
HMOWRBHERBC X 5 b 0CRREM & E%
L, *DHAFORBHIOHREC L » THE S ik
REBE B EEHRL T 5B,

HIFEEV LI TR G Ehi R T, $3E
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Sanio®? 23 frLy, H b H = DEAlE L Tab
nTWw3, Ail~@Edc#EmL, BXErELL
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Ll o THE»DLRTWS, L, RETROE
Bh & — v TERBEM & REM ORX 5 B R A4 T g
B T <, RS B URIRS o A ¥, K
HYDe /% ZAEESOT7 A -V, EEW OH I
< 7, Schuitze®® & ¢ Scotch pine, Elliott*” @
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HEE® ML OEREBSCIAEETROE
BIOENLET A &, REEREMECER,NE
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& RERE D BER F COVHE & ORIOAERR
BOBHORBLRIHEMEE, WThilsT
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EAW MEEEOKREFRBDO 7 4 7 M EA
BECE L AR TR - Btk X OEAY
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5 FMRHLEPTIIB DD, BETHEHE L1,

Hiller®® i3 Loblolly pine D&zt L TR —5
BRI & WIe R Iz s W TR REB D BEE 1\
OREG P TEE T A REELAEL ¢, R EH TR
RLEL THNERBOFER RN T 51> TR
CEL72b, B 15 FHOMRE T bhkk
BTRIBIELRETHZ L RVE L,

H 5 XA ¥ ORI O 58 B BEE SR B
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3 YENLHBEIEEOEE)
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¥, BEFCOWToRETIE, EHAY REEK
BELich T < v i clEHmE st oo o8
$, AHRH-TH S ER S BV CEBUCHEM
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hUhit 2HECHRE ED THEETH 5 B
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BREESCFIH I T &%, Fritts®™® (3kEER
FOERE L His 2t RICERIEAFIA L CGERo
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Fritts®),

Lamarch®® (X kEEFREDOH YV 7+ 4 =7, X
NEMNEBEORIUTEL 7 ) v 3 v =y OFRER
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Table 3. Description of sample trees

Species trSezzersm%\]I%. Origin D(CBm)H Herif)ht (&%% Remark
1 SOHUL-MYON 30 19.5 42 For
Pinus 2 POCHON-GUN 30 19.7 42 tracheid
koraiensis 3 KYUNGGI-DO 24 18.0 32 length
4 24 17.6 32 survey
5 20 17.0 32
6 20 16.5 32
7 18 16.2 32
8 22 16.8 32
9 20 16.8 32
10 28 18.5 42 For
11 23 18.5 35 anatomical
12 22 18.5 35 charater-
13 22 18.0 35 istic
14 20 17.0 32 survey
15 22 18.5 32
16 20 16.0 32
17 22 18.0 32
18 24 18.5 32
18 20 16.7 32
20 30 21.0 45
D. B. H: diameter at breast height.
AR ER L 7o, 50

CORBEEBICLI D vy RETCHEBL, =
2 VvEIHRERESEYEAVTE 4100 KT ok & 23l
EL, FOEHELYFHRETRELTERLR,

4. HREEE

1) FEEOBEREBERE

Larson®® & Van Buijtenen®” (25 #1 5> bWt ~
OFER L TABNAE Y EE L ERICL - T
REEOER - EREIBMAROEE & FERERLD
BZEEHREL TS, HEY MEEFTORME
DR OAEICm o Tidd A EB{LERE
e, BHFTIEAT TR EL, SMlcm
o TABIEL kh, WEBEZLEBE—E
i B e Ui,

a) HEEOER

FEEORAFAE TCOEE YR « Bt 5l Fig.
2R LT, BRI CE L M TIVNE
WA, Ml s TRKEL RBEAMVD D, D
TR E < v, BHEECRBcE LB o
XL, AF AT CRRCERNIAE Y,
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o—elate wood
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—
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Radial diameter of tracheid(um)
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T T T T Y

5 10 15 20 25 30 35

Ring number from pith(year)

—

Fig. 2. Variation in radial diameter of tracheid
from the pith to bark.
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HE" XA ¥, KE®@RAFL e/ FIZ2\T
LOZERAELLER FHRETERORET
I, WHhrLELTAFTIRI0—15FKE,
e/ FTRIOERETHLEHEL T 5,

b) FEEOBEE

fRE s BB TR No. 11—13 D Bg 36z
H4—5cm DANRERML TERECHAEL 7
REEDOERIFig3wRLLX ) HEHH 3 F
#®, 9FRRU20FERET 5 EERAOFES
DEREEY AL L, KREBMEELDNS 3T
B OFEWADEMBTRELALENR A
Vo UL, BB E 2 S h 5 20 8 H TR
MRTREB EAL, BMBMTIRREHF LA
ZEL b, EBRFIOFHEEER 12 3 EiR 3.15 um,
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Fig. 3. Fluctuation in cell wall thickness whithin
an annual ring.
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Fig. 4. Variation in cell wall thickness from the
pith to bark.
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Fig. 5. Fluctuation in fibril angle within an annual
ring.
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Fig. 6. Fluctuation in fibril angle from the the pith
to bark.
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Fig. 7. Variation in tracheid length from the pith

to 30 th ring at 1.2 m above ground level.
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Fig. 8. Relationship between tracheid length and
ring number from the pith.
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o, Y REER
X D RED D DERE
a ! 1¥mBoRETE
b fRE

Z OB E AV CREE R O 5 K @R 4R %
BR Lo Fig. 9 ©h 3,
Y=1.0306+1.9804log X r=0.991
Y=1.1551+2.2623log X r=0.996
Y=1.4575+2.1700log X r=0.998
4 REEREEHLIRE LI RRBH T OR 5
B L7 & 5 IEECHE L8 AK No. 6 12k
WTRESR e E L KRB RLEL, A
Bho TEEEL ), 5ERTH 2/ LD,
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B, O RTFHEREEENE LS EL Lb8Y
DREEMBTHY, ELLIEINRELES
TR THD EBbhs, LrLians, BT
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DEXRFS TDIZEE?Y IR 5B -EE
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Fig. 9. Relationship between tracheid length and
ring number from the pith.

LB LHEHELLRyTOMERIEL, AFH
o TRERETL, 55015 EDHERII—

FRED, BIFERTREING, COMERNY
1%LTTH b, BEERICLD S REBHE &

BEHORSEEZ LI, ZOHEZERERTEMY
REBHCR G EhBE L HETHL EHELT
W3,

&
%]

- Tree No.6 =
o ae 5
- 304 /O/OM_O_O_O 4 E
E E ¥ tracheid length <
8 38
o0 20 3
2 2

g o
a3 = mature wood b
o 10 -
Hg | increasing rate in 1
E5 __--4—[ tracheid length _ | ¥

3 10 15 20 25 30 35 40
Ring number from pith(year)

Fig. 10. Relationship between tracheid length of
juvenile and mature wood and an increas-

ing rate in tracheid length from the pith

to bark.
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Fig. 11. Relationship between tracheid length of
juvenile and mature wood and an increas-
ing rate in tracheid length from the pith
to bark.
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Table 4. Relation between ring number and distance from the pith of juvenile wood

Sample

Tracheid length (mm)

tree Height Ring Distance Regression R
No. (m) No. cm) equations Mean $.D
1.2 16 8.1 Y=1.78+1.211log X 0.907 3.08 +0.47
1 5.2 17 7.8 Y=1.72+1.281og X 0.927 3.24 +0.51
9.2 15 6.7 Y=1.94+1.1210g X 0.856 3.20 +0.66
1.2 18 6.8 Y=1.66+1.36log X 0.868 3.16 +0.55
2 5.2 18 6.3 Y=1.67+1.411og X 0.807 3.09 +0.56
9.2 15 5.6 Y=1.74+1.33log X 0.929 2.92 +0.50
1.2 15 6.5 Y=1.60+1.641log X 0.911 3.41 +0.64
3 5.2 17 7.1 Y=1.73+1.591og X 0.922 3.30 +0.60
9.2 16 6.1 Y=1.71+1.60log X 0.880 3.22 +0.61
1.2 17 7.6 Y=1.95+0.881log X 0.858 3.00 +0.36
4 5.2 19 7.0 Y=1.62+1.411og X 0.935 3.54 +0.55
9.2 15 6.0 Y=2.17+1.441og X 0.899 3.98 +0.56
1.2 16 7.8 Y=1.65+1.27log X 0.847 3.44 +0.53
5 5.2 18 8.0 Y=1.72+1.391og X 0.851 3.68 +0.59
9.2 13 5.6 Y=1.83+1.47log X 0.901 3.60 +0.50
1.2 18 8.1 Y=1.03+1.981log X 0.991 2.86 +0.57
6 5.2 18 6.8 Y=1.15+2.26log X 0.996 2.73 +0.49
9.2 15 6.2 Y=1.45+2.171og X 0.998 2.70 +0.59
7 1.2 23 5.1 Y=1.08+2.13log X 0.984 3.38 +0.80
RoT, AREDF a vy LavoOWTHT Table 5. Variation of trachied length for late
DFECLIANER2BHL CaxEROH % wood and early wood (Unit : gm)

Fig.10, 11 BU*12 i&iR7,

5)  REEM OB LA S OFERE & IR
FEBM OBHELFEREETROEIRACKIT A MHE
D bRDTREL B S OERE & IEEE 12 Table
ADFY THDH, KRB 12825 1319 FEg 3
TOFMBT, MHrOOEEIZS5—8cm OHEIFA T
Botc, RREM OB L CIEEERE LIEE
ETABENTHE RoTE D, ELLO 3H»
5 10—154E 8, KB T e /7 % T 10—13F 4,
BIR® 2 AFTI0~15EHTH Y, Bir b 5T
cmithsbEWMEL, BEDY X7 A<V DT
FELRER, KREMH OB I 0EHRTHD &
HHE L. BEESF 2 vV a2 v ORBEM OH
BIEmRECRIS—205%, b 0EBE R
8—10cm THBEEELD IRE L, 2D LDt
KR HER TSR L RSB o kB o8
BB RENERUATHEB EELLHR, O

Classification Average Early wood Late wood

Mean 3,014 2,851 3,132

Range 1,153-4,200 1,665-4,486

IO eEMEAEROBRE B LI, LrL, @
EHEDH B\ HBERN O LB L - TERE O
Bt EZ2 D 50 REGEORERR X 2ERE R
izEBbhb,
EEMOFHFEER T 2.70—3.98 mm O & H
Zhy, wiEEHMAcIt EENE kb Lk
2o TREEFRSBREL RAEATHH, BEHIE
FEHI VAV, COBREEY RERER L B
FEMEILFHEEROMEINEL h L HE LI
BELRALTHY, EF5VRMHEEF02m T
2,000—4,000 gm, 11.2m % 1,500—4,000 xm
THBERELIRERE-H L1, ARRTHEL
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- EEER I EEFTE1.2m T1,030—4,190
um, 9.2m Ti31,250—4,060 um TH h, F-#
MoREEROEEIL, Tableb DXk 5z, BHit
2,851 um, BaAti23,132m ¢, PHEEER I
3,014 pm TEARWERTH - 12,

5. & E- ]

BEES 2 vV T3 7RIS B REE & B
MoOEBEENIMESEE YT L5 L Table6 O
DTh Do

FaveyavDREEELOWVTIE, KFEH
BT, OEE RS ECBIDE S DR oI
oTcREREML T, BAEo2 5B Rk
b, BEFETE, #EFoBncohEER
L TH b EWHTXEL /2% &\ 5 Saino @
BRI RICEAEZRL TS, T, HEKRIER
RICHARTEREENEL Y, REBHOHMLE
{ed, ok, EHEN I 2mmBEETHALE
EERIFRICEL, RERENZLIDBLT
LELCHREEEIF TR ENS, TH=YIC
DWTDEES ORBERBEIAFARROER L —R
LT\b, b2, BHEMEL 0 B RO FEE 2
£, FWEIRVCEIETRRL R2HRTH
B,

BT OERE, WM TOEENID RV, B
HOBEBEHICE L BT ORETOERN D » &
LR, ABAL > TEABRCENT 5, 1,
BEHMoRETOBERIBEMOK 2 EFULETS
D, BRI DREEM LM OEROEL
W0um B ETH %, gHEHOMBERET 58
RAoBR®RB L, HEYEFAFKOWT, K
HO a2k b e/ FEOWT, ILREE LS
F= I DWTCHRILEBAD D Z E BN T
W3,

REEDBEEILSWTiL, BHHcrBEEoLE

DU IRNAS, BRMECIEE X D A - TR
ML T B, E, BB OBEEIIRBEW &
D 10—20%F <, 13— 18 FEHENSLRET B, b
F=YEZonTOMmm? @ LD, HEY
FAFEZDOWT, KEMSOZAFL L/ FTDO0
T, EHLREAYRAT Y220, ThZh
FARER, REFOBREOT/LIREALRLR
oY, B S O ROE S OBER BT AR
Hho TREEML, HI0FRZBEE S LE
—Er s EATH B, LrL, KE®Xe ¥
DBEEMIMOBEE LR X v AR - THIRE
PLT, WERENISBIE—EILREDEE-TE
D, FavkyzayroTORRFROBEREL X
Ricnf@m<h b,

ek, (RBEFBO7 4 70 AMHARCKVTIE,
758, 15, N FERELICA-FERATIRE
HMAkE <, BEBKAD»- TP BT
Be DX KERE, 5=y, AFRLURT
B = v RN T AELN, BRIV
Noskwiak®® D#R EEHETH B, &/ Fixd
5KHEW oGk b, RAMHBCRTEH
MEBMPOENRESNIZDOT, Favtevya=a
T LR T A ERGN G, i, BEHEKCS
574 7V ABEROEENT, BT TR - MM
L L RBADEAYTL ThHhLARCHED » T4
WAL, I5ERUBTREELLD, COHR
a7 =y T AEAY ot L —KT HEHA
BRLTW5,

—%, FavievIavERRCRTSEREN
& B OMBRENER L, REERICOWTD
ERRIC L > TR B &, 13—19 8 (BiL v O
B2 5—-8cm) Thb, £, RETOEELCLS
L, 13—184Fk (BaX » DIEEEZ 6—8cm) TH Y,
REGRRBD 7+ 7V M EAK L 5 & 15—18 Fi
(Bik h OBEEEZ6—8cm) THD, ZOHEMERL

Table 6. Variation of tracheid structure for juvenile wood and mature wood

p Juvenile Mature Early Late

Tracheid structure wood wood Total wood wood

Tracheid length (xm) 2,964 3,654 3,014 2,851 3,132
Tracheid diameter (um) 29.87 32.25 30.30 41.90 18.70
Tracheid wall thickness (gzm) 3.45 4.35 3.15 3.035 4.825
S, fibril angle of tracheid secondary wall ) 21.05 11.74 15.01 23.38 17.05

D.B. H: diameter at breast height
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Table 7. Description of sample trees

Sample

D.B. H.

Species trees No. Origin (em) H(erln%ht (}/}egai) Remark
Pinus 21 SOHUL-MYON 32 20.5 48
koraiensis 22 POCHON-GUN 21 17.0 45

23 KYUNGGI-DO 28 18.5 40
24 30 19.5 42
25 32 19.2 42
26 30 20.0 42
27 28 19.6 42
28 30 20.0 42
29 32 20.5 42
30 30 20.0 42

D. B. H: diameter at breast height
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Fig. 14. Variation in ring width from the pith to
bark at different heights.

Table 8. Statistical values of annual ring width at
parts of stem on sample trees

Parts of stem ?gf;r)l d evsi‘;?g;r(d%) C.v
At bottom 3.4 1.46 42
With clear length  3.53 1.74 52
With crown 3.77 1.38 37

Total 3.56 1.59 45

Richardson™?, H&*, "D loTH R &
hTwb, BR®, HEY HERIBECOEELE,
b, B OERERGIT—EROF®RM LEED
Mo XKS L,
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Fig. 15. Relation between annual ring width and
height in tree by sapwood and heartwood.
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Fig. 16. Variation in late wood percentage from
the pith to bark at different heights.

Table 9. Statistical values of late wood percentage
at parts of stem on sample trees

Parts of stem I\él(%a)n devsiﬁ?(?:r?%) C.V
At bottom 23.3 3.52 15
With clear length  22.2 3.24 14
With crown 20.1 2.99 14

Total 22.0 3.33 15
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Fig. 17. Frequency of average annual ring width.

Table 10. Variation of annual ring width

Average annual Standard deviation CV
ring width (mm) (mm) ’
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Fig. 18. Variation of late wood percentage and
early wood width with ring width.
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Fig. 19. Variation in basic density from the pith
to bark at different heights.

Table 11. Statistical values of basic density at
parts of stem on sample trees

Mea Standard
Parts of stem (kg/m®) deviation C.V
(kg/m?®)
At bottom 369 42.19 11
With clear length 357 35.52 10
With crown 327 20.02 6
Total 354 36.65 10
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Table 12. Summary on the percentage of shrinkage and anisotropy

Total shrinkage (%)

Tree . Ring width Density in
number Portions (mm) air dry T R T/R
24 Juvenile wood  4.47~6.15~8.31 0.31~0.34~0.38 5.79~7.96~9.40 2.60~3.37~4.92 1.66~2.28~3.00
Mature wood 3.61~3.97~4.21 0.33~0.34~0.36 7.20~8.99~9.67 3.14~3.73~4.99 1.96~2.53~3.17
25 Juvenile wood ~ 2.88~3.79~4.49 0.40~0.48~0.47 6.63~7.87~9.16 2.29~3.21~4.61 1.98~2.50~3.14
Mature wood ~ 2.64~3.14~3.78 0.39~0.41~0.46 7.53~8.70~9.11 2.34~3.55~4.87 1.87~2.49~3.05
26 Juvenile wood  4.38~5.87~7.70 0.32~0.35~0.37 4.85~6.92~8.03 2.02~2.97~3.93 1.64~2.40~3.55
Mature wood ~ 3.26~3.97~4.98 0.29~0.32~0.35 5.89~7.28~8.36 2.08~2.50~2.98 2.31~2.95~3.73
Shrinkage from green to air dry (%) Average shrinkage (%)

t r t/r t’ r t/r
2.00~3.76~4.93  0.98~1.58~2.07 1.50~2.46~3.32 0.17~0.32~0.45 0.11~0.15~0.20 1.36~2.07~3.00
3.34~4.72~5.70  1.41~1.78~1.93  2.19~2.58~2.94  0.33~0.37~0.45 0.13~0.19~0.25 1.37~2.01~3.15
2.18~3.78~4.96  1.03~1.42~2.06 1.88~2.68~8.22  0.23~0.30~0.45 0.10~0.12~0.14  1.59~2.52~3.16
3.67~4.38~5.26 1.21~1.88~2.21 1.81~2.61~3.26  0.31~0.36~0.47 0.11~0.15~0.16  2.00~2.44~3.28
2.87~3.93~4.81 1.01~1.68~2.60 1.35~2.33~4.43 0.15~0.26~0.31  0.09~0.11~0.13  1.42~2.37~2.99
3.02~3.95~4.88  1.03~1.24~2.77 1.91~3.33~4.55  0.23~0.29~0.47 0.07~0.11~0.44  2.20~2.45~3.35

Table 13. Longitudinal shrinkage
. Total shrinkage Shrinkage from green Average shrinkage per 1%
Portions (%) to air dry (%) of moisture content (%)0

0.24~0.32~0.44
0.22~0.24~0.36

Juvenile wood
Mature wood

0.101~0.150~0.200
0.060~0.121~0.181

0.009~0.014~0.019
0.010~0.012~0.016

¥Min.~Ave.~Max.
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Table 14. Bending strength corrected to 129 moisture content of wood within the stem

N (kg(;(?mz) (X logktg}cmz) (kg];:(l:)mz) Spegr o b/ru

Juvenile min. 500 294 53.8 0.38 930
wood mean * sd 40 676 £56.24 362+30.37 76.4+9.33 0.4240.02 10931100

max. 802 494 95.4 0.45 1279
Mature min. 525 294 62.0 0.42 1137
wood mean + sd 40 726+59.31 394+30.86 80.9+6.77 0.46+0.02 1432+122

max. 837 470 98.0 0.53 1658
Total min. 500 290 53.0 0.38 930
wood mean * sd 80 701+£62.81 373+32.43 78.618.42 0.44+0.03 12621204

max. 837 494 98.0 0.53 1658

B O #TEE R L, WHBIZ X » T2 bRl RBOREE OFHE &
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B3R No. 27, 28, 29, 30 o ALE iz o
T, REEW & R DIl TEE ob (kg/
cm?), BIFHFIRE obp (kg/cm?), HiFvy v 27K
Eb (kg/cm? O & % Of/N—FH— R KE &L EERF
#=% Table 14 &wR¥,

BB O # 58 E 12 500—837 kg/cm?, # T ELBY
PRI 290—494 kg/cm?, v v 7# 53.0—98.0 (X
10°kg/cm?) & 2ieh KEVWEBZRT, BRAL
EICAFAET 5 R BE & BB o Bl OB
B OE B % Fig. 23 iR T, REEM I O dh
RS L B, B BRI SR AR
B MEIRLIECERYRLL, 20T EEDNT
Loblolly pine % f\>7- Pearson 5% 35 TH
Bi525L8-TkKY, HENXIHIF VDR
BT B\ URBE O TR L REER B O
74 7Y AMEBORBORBERL D, BLERD
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E@ 0 juvenile wood
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Fig. 23. Vertical variation in average modulus of
rupture in bending.
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K[EEE & i THEE L 0BRILFig. 24, SE%
Er#iFy v 7rRE 0BFR % Fig. 25, [EEE &
T HGIRE & DBk % Fig. 26 7R L 72, Koll-
mann 51243, BE EHFHERK LA FI
&b, Shirasawa'® (X BAREM O LE & ihITIREE,
WELMT Y v 7R+ 2RBRAYHBEL,
Pearson®? (3% E &l IHEERE E OMROEE &
Y v 7RoBciE BRGNS 5 LIgR
L, LREAEED IIBEBIR B &R Tuw

& 90
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Fig. 24. Relation between density and modulus of
rupture in bending.
** Significant at 1% level
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Density

Fig. 25. Relation between density and modulus of
elasticity in bending.
** Significant at 1% level
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Fig. 26. Relation between density and Strength at
proportional limit in bending.
** Significant at 1% level

5, BEES 2 7wy 23 v OREE R
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HEREE & OBt @m\ BB R D h BEIR L 3
FERBKENC EERL TS, &5 T HmE
DEFERITRMBA T120.58 T, BB T130.43 D
BHIBIBIR AR L T, HELEFYY /R
OBRTHEBRRMEL, HELHMITHFIRE L O
BitRiZm - AREABAR A D D, WM S g 4 OB

FRTMHBEEAR A D - T
c) vy rE L fIFRER O AR

B L OBk

By v /R EMIHE & OBARR O Y v &
RS HLARE & 0Bk % Fig. 27 & Fig. 28 i©
RLT, s EAEARSbh, TOMEBIREIT
%%0.774, 0546 TH ot f-TC, HIF Y v 2
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g ¥=209.22+6.25X o 0%
EP 8001 R=0.77%%
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Fig. 27. Relationship between modulus of rupture

and modulus of elasticity in bending.
** Significant at 1% level
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Fig. 28. Relation between strength at proportional
limit and modulus of elasticity in bending.
** Significant at 1% level
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Fig. 29. Relation between modulus of rupture in

bending and average ring width.
** Significant at 1% level
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d) ERIE L HTREE
FEIE & M IFIRE & OB R % Fig. 29 1R L7,
SEBEZNAC 725 L TEEVME T T 2 A A RD
b tz, Llibardic BV (Z4EHKTIE & 36 & O
ETL S HBBERMN S B O TR EHE L Tu
L2, FiRlE s KFEHE L OBRIARK I 5HE
SEMM AR B, £ OWERE N D
7°)28,115,116)o
BEES 2 vV o 3 vIIREH & RREM D
bEHEAOERAKELSFDLNLD, Thid
KEAMPERELAESEEZDPE D TH
B
6) MEEfETREE
TR DR EERESE B VTR 2 A R BBV & L
DHEFEFERTRE # L7,
a) BIRAOREFmEME
SEAAR LB R ARBREER ©, REEWM & B
N HEEFRREE oc (kg/cm?), FEEMLLHIRE
ocp (kg/cm?) DK 2 OFN—FHH—RAH & EHE
{RE=% Table 15 IR U 7o, #HEFE#E 8 B LR B
T I3380—463 kg/cm? © B E, BB M T
432—528 kg/cm? THHHEFEFEREII A Z {, #E
#E LB TR BE (X R BUE K T ik 263—394 kg/cm?® o &1
B, WEH T3 307—470 kg/cm? T HE E
BIRREE & FRR B O 3K & D2 1o
b) FE LREEHEHE
BEEREMEE L OGRY Fig. 30 kL,
B & R OTM && e o BE & MRS
FE & DBIMRITE\AEBEBARA S b, REIH & B
M DE 4« DBFRIZAFLBN (X 0.15 THEGHHE 23,
BB 0.66 TE\HEEIBI R AR L 7,

600
&
8 Y=17.97+960.08X R=0.80%*
g
Z 500
3
w
2 400
g
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300 —— —
0.38 0.40 0.44 0.48 0.52
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Fig. 30. Relation between density and compressive
strength.
** Significant at 1% level

W & REREM AR S L SERE L EEL O
Blicizvwo s EORBENS b, HEOERERCE
E H 4\~ % DIz 3 Loblolly pine #HES &% 0.93°%,
hTw Y RERES R, ZRAHBHL0R
FO gy FUTNS LI B B, BB DR
BERRBEAMIRRBM LV AKECEEbRTEHO
HEFa vtV =aybBENRCIGEEMBEEN
EmL, REHEM I OVRBHOERHREL XX
& 81718 Peargon®? & E UEE TH - 7o

C) PBE LREHMEILGIRE

HELREBLORE & OBfR% Fig. 31 K/RL
Too REEG & BH O A L EbELBEE
BABSMR A D b, &4« B EBIR MR LRREM H
0.12, REH20.49 TH H HBEIVMED 5 T,

d) REEHELOIRE & $EEMRBE

MEFEMG LIPS & MEFERBSA I & D BBk % Fig. 32

R Lte, REEM LM OB &b B e

Table 15. Compressive strength corrected to 129 moisture content of wood within the stem

N (kg‘;ccmz) (kg /?:lr)nz) spegr 6 c/ru

Juvenile min. 380 263 0.39 913
wood mean =+ sd 40 416+21.68 334+32.51 0.42+0.02 979+30.31

max. 463 394 0.46 1037
Mature min, 432 307 0.44 888
wood mean *+ sd 40 473+21.46 390+33.39 0.47£0.02 1017144 .47

max. 528 470 0.51 1093
Total min. 380 263 0.39 888
wood mean * sd 80 445+35.90 362+43.26 0.44%0.03 997+42.13

max. 528 470 0.51 1093
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. 31. Relation between density and stress at
proportional limit in compression.

** Significant at 1% level
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Fig. 32. Relation between stress at proportional
limit and compressive strength.
** Significant at 1% level

HBABIRIIEMELIR L TV 5, KREF 120.58,
BEF L 0.57 THEBERD - 1,

e) IR REEMEE & OBk
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Fig. 33. Relation between average ring width and
compressive strength.
** Significant at 1% lavel

THE L 120.76 DEADOEVWHBEIBERYRL, KB
ST B EME D T AEE AR Ui, BB
M REEM & b K&, KBBM LM O& 4«
DR IRRBM OMBAREE0.02 TR LA LM
BEBAGRA IS <, HUEH 130,44 T HLEAYE L HHBE MR
BaRLTWw5,

5. #&
BMEES 2 vy T3 vERRKCE T B ERIE,
B RE I OBERBER OB BN OLE) % Table
16 R,
KEFAIZIB T HFERIBOEENL, HMALTRE
BRIR A e T i 5—8 iR TRBMHEML,
FHUBEED L CRERBE 2D, Tie, #HER
0.2 m DAL TIE 20 G LR O R FE B R
NTWBH, ThEEEYOBRETIRLNG X
S5, BEYLLOFBRUEBIZbDLEEZDN
%, —F, BEABKETERIEOLEN, b
RO » CRHERIE A EBINT 2\ AR T
2, OMEHCIERESM ES7.2m ¥ cigiE—

=a
afg

Table 16. Variation of ring width, late wood percentage and basic density within stem

o Ring width Late wood percentage Basic density
Division Ave, SD CV Ave SD CV  Ave SD_ CV
(mm) (mm) (%) (%) (%) (%)  (kg/m®»  (kg/m® (%)
At bottom 3.44 1.46 42 23.3 3.52 15 369 42.19 11
Wth clear length 3.53 1.74 52 22.2 3.24 14 357 35.52 10
With crown 3.77 1.38 37 20.1 2.99 14 327 20.02 6
Total 3.56 1.59 45 22.0 3.33 15 354 36.65 10
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BIZEML, AN ECc3EEENL T 5,
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@ HEEEARE GEMEEMN 2RTLAERTH
%5350 Tk b REEAEIZSEER & ZER &K
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EEARBEORILIIL K OBFEET® L hHLD
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b, FHARTMEMC X 28X 0EB I L,
5IEHER T 4/100 & 6/100 DEROBITI VTR
BB S OETERTC LAHRE TR TV 5,

RETIEFa vy av0RARK, BEARDEZ
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N ORI O THE L,

2. # B/ K

grAAR L Table 17T IeRT 6D TH D, HEEKR
IMEREREFTHRERBRSOBER CHRE L 72
vy TEFa vy T3 v B TRRKT
BB, Inks, HEKING OFTHENR < B
BEMNCTHEETHAHM2HEH0. 1m TREL, B
BAFEETONLREZ1.8mEEY b Ui, &iF
DENCEAILAR DO RN & A2,

vy 7EERMITOALEZ1.8m DM 2
ASHLLHELTH B, ThErHvis,

3. EBRHA &

L AKEbHFHE

BHES OBMBAZTHOHE (EIZE KIEX
10cm DA BV, Fa vy =3 vOFRI
#Wwit®0.2 1.2, 3.2, 5.2, 7.2, 9.2R0V'11.2m
DIFALH ST e,

¥, BEEMNELRUREVCERRIET 570D K
R, HMEFavievyTavoREEHMSS10cm
OFRESNecm DHKE RN~ Y TEF 2
Va2 v BILANLI0cm BRI E T AND
10cm oK EFEE50cm ODHKEZ ARE -7, 10
cm O AR EHEEFRER BV, 50cm 3K
BhRAUHORER L L, Tibb, Aokl
B ERAL, BB & R BB L TV 5 EMC R
OCHRBM AL SE X 2.7cm, 1810.5cm R OE
X40cm OB EAREY, BEE2.0cm, 18 10cm iz
ik B L7, ek, BXL35em iYL,
2) WHEERNE

MR O BITE L Fig. 34 2”1 X 5 BB H ik
TiTotc, BIb, AROWAD O &AM TH%
W5 EEY SUEERLT I, ARARDO—F0
HEEHIB -T2 B MBEAZE, hFDOK
0o RER S HEIZR F Ol L FEiRE b
ERCHEL 2o ZOREIITIT1/10 mm DREED £
A=A, BAEERE RN -2 THAL -
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Lt MEMEEA OF MBI Fig. 34 KR Lk, Bl D,
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whHEY ZEm (Z—grain), HEEO X 5 7cEH

Table 17. Description of sample trees

Species trsez?lf\llf). Origin D (cBmg-I H(elilg)ht (ﬁegaer) Remark
Pinus 31 SOHUL-MYON 28 14.9 45 Plantation
koraiensis POCHON-GUN

KYUNGGI-DO

32 HONGCHON-OUP 16 12.1 34 Natural
HONGCHON-GUN
KANGWON-DO

35 FROM SIBERIA 26 — 170 Natural
IMPORTED

D. B. H: diameter at breast height
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X wdd d -
PC%T- hxlOO—S.g
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| | D d :Deflection from
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g/ Mmﬁg N
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Bark 5 Pith

Basic line Ring mumber fram pith

Fig. 34. The appearance of the spiral grain on the transverse surface of a disk and
the method of the measurement of the slope of grain.

Fig. 35. A measurement apparatus of twist warp.
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36. Horizontal variation in the slope of grain
at different heights for Pinus koraiensis
No. 31.
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37. Horizontal variation in the slope of grain
at breast height.
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38. Horizontal variation in the slope of grain
at breast height.
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Fig. 39. Horizontal variation in the slope of grain
at breast height.
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Fig. 40. The process of twist warp with seasoning.
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Fig. 40, 41 RO 42 m I ATEMA, KRAR O
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TREDOR U ORI ERL T2,
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Fig. 41. The process of twist warp with seasoning.
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Fig. 42. The process of twist warp with seasoning.

WotifiioRr Uiz 1lmm Thh, REBH LR
BHBRIEL TV B ERBHIH TS ORDORL iz
1lmm UTFo/hEvh UhEmRLTE Y, BHEER
ELiE—8%17,

5. ¥ &

FavevIayoh ERFHOEKMEEREOF
¥, HAROE/NME% Table 18 iR L7,
EED=vE, HbFavtwvaay, vxawv
Y, A=Y XX ROT A 37 EEECH
Ao TEY, KB THVEFa v &Y
Ta v ZEBERRLTW5, EEFAETOREEAR
B OB N H 13— E T\ TR O ER E D
fEix/N&<, ZOEERLTRREK)BORLT
HIER, BHEEMIRKE) ZOB—Eiis b5 E
F R O Rl & CRESE L THEAT AR D=2 D%
2 =G bNhE, TNRbOEBRARKEBOHEN A
WESHCASEHMES0.2m TR ERE T
HBHEEAE R AR DR L i B A L o iR
PL, BEBELI2m A5 72m ¥ TROIERE

Table 18. Spiral grain by tree height level

(Unit: %)
H(eli%ht Ave. Max. Min.
0.2 - 6.35 —0.1 —~14.9
1.2 — 7.8 -1.8 —12.4
3.2 — 7.47 —0.5 —12.7
5.2 —10.38 —0.5 —15.9
7.2 — 8.9 —0.5 —13.5
9.2 — 9.67 —0.1 —-17.1
11.2 — 9.87 —0.1 —23.8
13.2 — — —
Ave. — 8.65 —0.5 —15.8
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THEAKLFOBTEE—FIc), #HESE9.2m
L11.3mic kW 10 EigE cirracEmL,
FOHLNEER LB EL LB EME T
KUt ThbDBHEBEREOHBE % 5] o
S¥wH TIE» B & Typela, Type4 K U Type
laTh o7,

BEEATLEMKFz2v2vyT2 v XRKRF =
vy 2y OBMEENE, FETEIIT S
ENOEBEAE O L E L OFERITEER T
Br, LaL, JbHEFa vy =2y TREADK
HER R TERIELS WEFERTRERLTH
BANEMEERAE N & L, RUIEL BRTERE
LR 140 FBRTKEESHEHAEZRL TS, 2Dk
S EEEEMARERBARZBER CEATH 3
25, dLEEM OBHEEN oM & £ LD B O LEED
FLREBEMEFCI b0 Bbhs, 2hbo
Fa vy avHOBERCL ST RS
ERUOHMMEEN AR E—%T 5, BIb, ZHAOM
MEMERE & KX I EER B 2R L O 5 REUBW
W bARI e ORLRBZFETOREAT
hLhoEh KX, BEEFavevaaviidl
BT 2 VeV 2y ORBH RO & REEM
BEEL T BHH 6K et o Ui )
Vo UL, BEEXRF s Vv T2 OREHK
B & BEF ARIEL TV B S BRI - Tkt D1
ChIZKEV, ThIREROERLLL 1D X
5 I ARKDBEH L b REORBEBM OBHEE LK
&, REBM LRBH OB TR UILELABIY
AREEABDOBMENOFTARE A TH B 7
DTHHERBbhb, 1B AR EAREBEOBHEER
BEHTHDEAREARBRLE 2R LNRLS &T
BEHARECERIUTHEFRALThALRARELS &
BZEHFELTRIARBOBRE DL, L
ROEIRERFT AW THEER NN & MR
AP IEFa v v T a oL AEL, &
HARFavevrIay, KRRKFavwvaavon

NEVZA & B P2
V. FavtrI370FRF CRELBER

1. FL&®IC

BEES 3 Vv T2 vERROBRANMELS
By E 2 ARTE L TEENEE»RBERT &
Errols nBBENRDd B, FERENRSE Den-
drochronology) BEXICHAL CHHixfTo%. B
ETBEHE L TCIRYMES3htsh, HLE
FrAAIh TV ARERTCHS ATHKEL A
REKEZEIR L, FRE]R & U T LBRHIE M
ARERERBEFA LY, ZhXEEET TRLHA
BB INTELFHEFFO—2TH S, i
FERENRFE OB TR » TE#
BRI RICEREB X 2ERBI AR I T
TR OB RER L T 2DV BETH D, B
BTV E CFRERFELICH LRI Thh
Twiey, BEEFBERFLYERERTHEHILLD &
THEE, WHkLBESNEYLTHEIHMETSH
%, ARBEITF 2 vy =3 v OIEBHE Al
LORBRTHEH, Fhr S bic—SEDdTEE
DERYERERMCEE LT, b LA ERER
FLEE DY HIBREFROMEYTHTS
ZELTRRTHBEELI, FavieyTav il
Eof#@Echh, OB EDIEII LR
Zied EEbhb,

2. # B K
HRABEILF s v ey T2 THD, BEOKE

ot R ERR B OMBER TERE CHRE L o

AaBE LIz, FOBER Table 19 iR LT,

3. ERHE
D FREOERR
BEZIhIEKAN LA E Y & DFRYER
B3 % 7o DI BRI R\ #8550 B EVRH R BREL L

Table 19. Description of sample trees

Species trseaer: 117\11%. Origin D'( cBm)H H(eli] ht (;}egai) Remark
Pinus 37-53 SOHUL-MYON 29 20 60
koraiensis POCHON-GUN 26-29 19-21
KYUNGGI-DO

D. B. H: diameter at breast height
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RihElebiend, REHORED H L
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T ERR L E oMK %2 F A L 72 Computer
program T FH # 7 L 7120120 K B %2 12 COFE-
CHA Program™® ¥ FIH L TR ZEHREC I HE
4 EORERF, IEMCEBTFEES Dating I hic
9BLRGOFHRIEX L —~<T0.1mm ¥ CREL
7o

3 FERHE ST

ZAEWIE ) — AOZRAY, AR, FH
FEAREEH R T L OME RS Y VAX—11 27
B L € Tree-ring library program ®
ARSTAN?20 =H5H7 L 1,

a) 4EipigoREE(lL

IE#EZ Dating S - B FE > ) — X OFEEWIE %
BIE U CfER S R IRIERZIE, B X 28K
BlE 04t EETRBBE L BRET 5 b IRl
Nz, BIARIGEIICITET HSE e DFEERIELA
CEENEOBAKRE VM, DHLIEE S EH
NN —1 B, ¥, BRARETH B LD
D LEIEHZEON, Thbb, BT
LEOoNTH UBBEORENHR E T FRiEI
NELTes, b LERBRAEEY X0 T T TFYT

5 &, HFHEBHARINOYBMERNOFHBERICL Y

SRl EAK E AR SR R BERTI DR 23

Rz ins,

B EYENRREB Y IET 2 LB HEY
KD TFUE N 5FHIE & EEFHEOLME LT
BEAHE L (EFERRTIICREERE2E 5,
A

Y.

Y. : FREhHEEERIEE IEE

W, : Bl X - FEPIFERIE E - EE

L. EEFERE

ABgeC gL D Ak & LT EEE LA F
AL 78, Zhik—&iz Negative Exponential
Curve CHBMBEAHEL C(IHELXRDLE, 0
61 % ¥ 7= — ¥z Spline 50% Response Period
(60 &) #FIAL THERL L3 DTFig. 431Kz
DHETBENLILBREEY R LI,
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— ring width series
~— 1st standardization
curve

o o
e

Ring widths(mm)
N Fas
o o

0. Y v -
1930 1950 1970 1990
2.51 -~ 1st ring index series
—2nd standardization
2.0 curve
o 1.5
U
o]
3 1.0]
5
0.5
0.0 r -
1930 1950 1970 1990
2.5} —~--2nd ring index series
2.04 ——mean lihe
& 1.5
-.L-: 1.0 A m r
Citicn i
0.57
0.0 v v \
1930 1950 1970 1990

Year

Fig. 43. Standardization curve by negative
exponential curve and spline 50%
response period (60 Year). .
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b) FEEIEEIBEFR

B LB CAERT T A MR Yo FEoMILd
BRI R U Micro Site £ FRExRcEEL CHE
HEIFR S Y - XD LSBEERN S Y, A—ILK
HWTHERAFACH > CTHERID B, DX O
fE&R - BEEAEROKXE SRERFFTRCIEES
g7 (ANOVA : Analysis of variance) % 7otk
HEBRSIIC L h T2 2 LA CE B8,

AR CREA—LANEEHN HFRES YV - XD
AR ry, (Within tree correlation), Fhh i
UAMERB V-0 ERB S HER o
(Between-tree correlation) #&® & 5 X% FIH
LTRDI,

SX-MO ¥ -My)

T (- DS,S,
My, My: Zo0EHKD> ) — X DR
Sy, Sy: ZODFRD L Y — X OEHERE
Xy, Yi: BEHDO VY — X0 t EEOFRIBIZE

n: FiRORER

c) FHEUEE (Mean sensitivity)

T BURE B L Fritts®™ BEE LR THDO L S
RN 5,

1 2Ky — X
n—léeal X +X,

ERTX BRI HFEOFHE, X RtEER
DEDERE, b X, & X, TEELL=2D
FROBETR T, fo TPHBRER—2DFRE
Fh E B LR OB/ NI EORE EHE
DL HVEND DD EFHICR T, MSAKEL
DIFERIBORBEELAKE VL C & E2RT,

d) BCHE (Autocorrelation)

B CHB R — > D BERFI (B b—2 DEIREND)
AORFERIET 2HEEF T, Chi3EHAD
REREHDOKRE I #RT O TRORNTHATHEE
B EERD I,

MS,=

~ X0 -D
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# 1 RAEBIRE (r, : First-order autocorrela-

tion coefficient), 2 CH BE A H 2 REBARE

(r), m THHBEE m KEBEK (rn) ET 5,
ZoX5 HCHEBRER—2OEFEE (O O
Y (O oBBELHLT TR TOREE
—1, t—2, t—3) ORELKHOHB LT IEEY
F3.

Fritts® 22 o X 5 BIREEWFENET AL L
TELKHEALTEY, £BEEQ TR EINLHEF
ERLIORBIFEYHE, £EHVEVERROE
BEoABLABERLE 2B D THBE LI,

e) Signal Strength

ER X nic R o Signal  Strength (Signal/
Noise Ratio: SNR) 23 ARRBIHIEAHBIHE OF 1y
fB (ry, : Correlation between trees) &3IZADH
N) #FIHL TROKRTRD T,

SNR=Nry /(1 —ru)

EEROXNSESD L 51 SNR 21y, 28T 2
BEREL B 0D, AL g THEBR
FCEERBBO RS BONAREFAT5 &, Bl
B, NAKE< 725 & SNRAENT 5 2 & 238
%, - TSNR BHADORMICH B BE IS
I FNDBERRT,

O FWREDEKE L OB

KENTZEEOSKTTRELLY A D
A¥H5E BESE L RESEOFSEL AT
BHLEbD) LAKBKEXERL, BEEILO
BETINIEIRALBINBIFEILAEFCoOT—%
BREL T, FRERETAFTICHAHEL T
5% ERIET TS 5 Response Program # Fl
BT 5 & AHE O TR T LB E BRI R
FRAEL 72,

Table 20 135%/% Data O EEXT L AL DOTH
BB OB IS IEE DA % L isufobictE
W) — X ESBEEEE OBREIEREHTRT
By GHBRE R R 7,

AFNEEORELMVIBEEORRCL DR
ERELRIETLED Z L BELCKERTF 0
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Table 20. The statistics of the monthly temperature and precipitation of the Seoul area

during 1930~1990

Monthly precipitations (mm)

Month Mean STD Medium Lowest Highest  Skewness  Kurtosis  Prob.<W
1 20.3 20.5 13.3 1.2 96.9 1.915 3.765 0.0001
2 21.8 22.3 14.7 0.2 111.3 2.396 7.050 0.0001
3 49.8 36.8 41.4 4.9 163.6 1.151 0.856 0.0001
4 80.9 65.9 59.4 6.1 338.8 1.680 3.504 0.0001
5 86.1 52.0 80.7 11.6 255.2 1.281 1.960 0.0001
6 146.8 122.2 111.4 15.7 638.9 1.786 3.808 0.0001
7 360.4 206.4 323.1 87.6 1354.2 2.345 8.931 0.0001
8 254.1 153.8 231.4 36.8 881.8 2.544 4.397 0.0001
9 152.0 103.1 129.0 4.5 461.2 0.843 0.374 0.0101
10 51.8 36.0 44.5 3.5 177.8 1.236 2.125 0.0003
11 44.8 33.2 35.2 1.2 164.8 1.791 3.983 0.0001
12 25.5 17.4 19.2 2.6 76.8 1.171 1.105 0.0001

Monthly temperatures (C)
1 - 4.1 2.4 - 3.9 - 9.2 0.9 0.135 —0.056 0.4032
2 - 1.5 1.9 — 1.5 - 5.3 2.8 0.257 —0.362 0.4339
3 4.0 1.6 4.3 - 0.3 6.7 —0.784 0.449 0.0237
4 11.2 1.2 11.1 9.1 14.3 0.588 0.155 0.1631
5 16.9 1.0 16.7 13.6 19.3 —0.112 0.806 0.4983
6 21.1 0.9 21.2 18.7 22.6 —0.421 —0.265 0.2735
7 24.8 1.2 24.8 21.9 27.6 0.044 —0.090 0.9838
8 25.4 1.1 25.5 22.7 27.8 —0.298 0.100 0.6777
9 20.4 0.7 20.3 18.9 22.6 0.453 1.010 0.6251
10 13.8 1.1 13.8 11.7 16.7 0.333 —0.449 0.3702
11 8.4 1.5 8.5 3.2 9.5 ~0.081 -0.590 0.4228
12 - 0.8 2.3 - 0.5 — 5.8 4.0 —0.295 —0.200 0.2884

Data : Climatic table of Korea, published by Korea eteorological Administration
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Fig. 44. The master chronology and june precipita-
tion of the Seoul area during 1930-1990.
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Table 21. Summary of the statistics for the final

chronology

Mean 1.0000
Median 0.9996
Mean sensitivity 0.1722
Standard deviation 0.2363
Skewness — 0.4581
Kurtosis 1.7914
Autocorrelation order 1 0.5827
Mean correlation*!

Among all radii 0.457

Between trees (Y variance) 0.436

Within trees 0.868
Signal-to-noise ration*! 11.574

*! Mean correlations and SNR were calculated by
using common-interval (51 years; 1940-1990)
series from 15 trees; Others than the above two
parameters were calculated by using entire-
interval (61 years; 1930-1990) series from all
sample trees (17 trees)

B KE OIS O 89 EB DOERENRTELHE
L 7- Fritts'?? OB B FHBRE0.35+
0.22(95% IR ), BREERZE 0.37+£0.18 (95%FRA),
B CHBIGRE 0.420.21 (95 %RA) & K+ 5 &,
Zhbo BBRAGEANCIILETEE i,
KREOTERHR I FERENLEOLHARE THRAE
HIRD 72 TRI L T B IR O— 2 TH 5 & #h
BT 5L, BENLEED LB E L2, AR
TIER S W FERELOERFEEIZ— R D 51
EREH, SREEBUEIELTCV530LEL
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Fig. 45. The correlation between monthly temper-
atures and annual ring chronology.
* Significant at 5% level
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Fig. 46. The correlation between monthly precipi-
tation and annual ring chronology.
** Significant at 1% level
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HBEERL T 5,

i, B - BROEBOEEICK VT, FRIE
Z, WO REEE AT < THRREW OFRIE IR
BHMO 14154 7ch, WERHLETH, BEHO
B ERIE A BN 5, BERERIE, FERIE & I
REGR DB BREER & 0, MBS, HTH
BUEM OB EABAT 5, B ES L OEE
BERIERE2.5—3.5mm THAEYRL TV
5, MR, 2IHROBE, ERFH &BES
MEbIcBERC L DENAE D, REEROHE
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Table 22. Variation of wood properties for juve-

nile wood and mature wood

L Juvenile  Mature

Division wood wood

Tracheid length (mm) 2.964 3.645
Tracheid diameter (zm) 29.87 32.25

Tracheid wall thickness (gm) 3.45 4.35

S, fibril angle of tracheid 21.05 11.74
secondary wall ()
Ring width (mm) 4.76 3.37
Late wood Percentage (%) 20.0 24.6
Bulk density (kg/m®) 334 37
Longitudinal shrinkage (%) 0.32 0.24
Average spiral grain angle (%)
Max. - 0.5
Min. —15.8
Bending strength (kg/cm?) 675 726
Compressive strength 416 473

Parallel to grain (kg/cm?)

W OE CEIRIE % 2 HH Y, EREE S
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UEDfER LB L, Faveydaviickd
HREBH O RBM BT T 5FEHOMHIT
13—19FW®RTHh, BLHLOEHIZ—8cm TH
b, ZOFRED L EHN D OB, HEMD

RTAF, /%, BIU»Z=vLhirsdkz
WHTHEDN, 7Theyerrn=y AKETH
;&)O

2) RKBKELOHE
BELLMCFREETEF 2 v 2y T2 VOR
RAK & MR DM E B 1L Table 24 D&Y Th 5,
ChETHETRF s vy Ta v oRARKED
WTOMENIZE A S Ih o Toted, EHRKE OFE
RIEOE N TE A, HIEEEEBEL T2
FEEELOIRRC SO TOREER L B LT
2B &, ERAROERIFIEANIRTOHEM & R
ThHD, RRAKRIDBUVREERRLTW5, T,
1938 FEHEETHRE L [HAM OMBI) X3
&, RRAKDOLEIL0.50 TH Y, HHKRTHBAK
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IFERERAROBWAHNTH D, REBKOIFEERD
HESHEAKZ >, BEMNEE ISV TIE, KRR
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Table 23. Critical limits of juvenile to mature wood transition

Division o pith Ceachy from pith tem)
Tracheid length 13~19 5~8
Tracheid diaeter 15~19 5~8
Tracheid wall thickness 13~18 6~8
S, fibril angle of tracheid secodary wall 15~18 6~8
Ring width 15~18 6~8
Late wood percentage 15~18 6~8
Bulk density 13~18 5~8
Specific gravity 13~16 5~7
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Table 24. Wood properties of Korean pine from natural forest and plantation by nation

. Shrinkage (%) Strength* (kg/cm?)
By . Annual Density in - -
nation Division  ring width air dry Static Cmpression Tension
mm) (g/cm®) Radial Tangential - parallel to  parallel to Shear
g grain grain
KOREA Natural — 0.50 — - — (366) — —
Plantation 3.0 0.45 2.82 7.41 772 425 788 96
CHINA  Natural 1.28~1.75 0.437~0.443 0.120~0.198 0.271~0.411 650~657 311~342 906~1014 63~T74
Plantation 3.07~4.55 0.426~0.438 0.131 0.324 671~680  348~357 881~928  63~T71

¥ KOREA : * Values adjusted to a moisture content of 12 percent.
( ): Values adjusted to air dried condition
XCHINA : * Values adjusted to a moisture content of 15 percent.
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Sammary

Most Korea’s wood products are provided by high
quality imported logs. This limits the utilization of
wood from Korean pine (Pinus koraiensis Sieb. et
Zucc.) plantations. One of the greatest needs in
Korea is to understand the properties of Korean
pine so that its uses can be expanded. This study
investigated the factors influencing these properties
by making a detailed classification of the features
of mature and juvenile wood, and of earlywood and
latewood. The factors influencing the changes in
cell characteristics in the stem and the causes of
physiological changes in Korean pine were deter-
mined, as was the detailed relationship between
annual ring growth and climatic changes. The main

results obtained are summarized as follows:

1) The tracheid diameter in earlywood was 2.2
times that of latewood and mature wood had a
greater tracheid diameter than juvenile wood. Tra-
cheid wall thickness of latewood was 1.6 times that
of earlywood and its tracheid length was longer;
mature wood had greater tracheid wall thickness
and tracheid length than juvenile wood.

2) Annual ring width of juvenile wood was 1.4
times that of mature wood, with the width increas-
ing in order of base, stem and crown. The percent
of latewood in mature wood was greater than in
juvenile wood and decreased in order of base, stem
and crown. The difference between the radial and
tangential directions in shrinkage was great. Bend-
ing and compression strength parallel to the grain
of mature wood were stronger than in juvenile
wood, and the strength properties of wood de-
creased as the annual ring width increased.

3) The transition from juvenile to mature wood
was 13-19 growth rings. The growth of plantation
trees in temperate zones was superior to that of
trees grown in natural stands. Though wood from
the latter stands had a slightly higher specific grav-
ity than wood from plantations, there was no other
evident difference in properties between the two
groups.

4) The percentage of latewood was less when
the annual ring width was less than 2mm or
greater than 4mm. A negative correlation was
found between annual ring width and strength.
Accordingly, Korean pine lumber with rings 2-6 mm
in width is thought to be the most appropriate for
structural materials.

5) The average annual ring width was 3.37mm
for mature wood and 4.76 mm for juvenile wood.
Maximum width was 5-8mm in the 5-8 growth
rings from the pith, thereafter decreased ‘and was
almost constant in the 15-18 rings. Average annual
ring width was 3.0-4.0mm for the whole tree.
Juvenile wood was 10-15% lower in strength than
mature wood.

6) Korean pine had a Z-grain in the stem axis.
The slope of grain at 0.2 m from the base of the
stem increased constantly outward from the pith,
and then decreased toward the bark. From 1.2m
to 7.2m from the base of the stem, the slope of
grain increased until the 10th annual ring, after
which it became constant.
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7) The twist of boards sawn from Korean pine
had a Z-grain direction which coincided with the
spiral grain direction, and boards from juvenile
wood formed with high grain showed severe twist
while those from mature wood showed little twist.

8) There was a negative correlation between the

temperature and annual ring width, and a positive
correlation between rainfall and annual ring width.
This is believed due to the linear correlation of
rainfall and temperature in the dormant season with
diameter growth.



