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1. # E

BE, b FoVERKNOKEMDSRIKELHB L %> T 5272829, KEWI &I,
BEIDAM L VECZTKEDLHEAFOEEZ LN HEICB VT, ML5LDRRT LRI
ETLEBEKRENMBTHEY, P FeVOKEVHBEROBRE X252 550 Tw
5170, F L KAEWHIERINE, BRLATRERENE LT WO, ATRRICIIES
No7a 77052 BBELIRMIDPILI LI, ELIIRELLZKEVHIZIEE, AN
B0 b BE ML EIN D VBENET IR LRZL W Eh 5, KEWHOHFEIIER
LZGWRREALZEINTWE, LrL, BEOKEVWHIZOWTIY, BEEXELHBEIIL
WiV REL H BT,

DL F2YDKREOHDOREEIZOWTIL, BREZDLDOBRBRYEIIZA+HTH ) KA
WHREENFER L, BEROAA =X LI VEFHLIZEN TV, P FeYiEitabi
ZKEVWHICHL, =L, XFITELEDLMDE I IZEIZECEKRLFOBEICIES
B EEEN T 549, BEED wetwood 122D 22Kl —KIcE WS KERLFE DL
Mzt L THWs R TWwWa,

A=V DER MR H 58D wetwood 13 FDBED.LHOBEADRETH L LEZ L
NTWaB39, = Nkt L T Abies alba ) wetwood i3\ 720 BTN THEL, FOFK
I OHMTER L 3B L 72702 A THE EREINTVEY, X)L v ENEENE I (Abies
cephalonica X Abies alba) Ti3iB¥f %8 < TTH wetwood 7757, PassiALIS & Tsoumis®?
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2, ZOBETIIKRFINDELE EL L) OMBRICE LIS &8\ TGEMDY L DKROBENC &
ZKEVHMERFBZ 5 BT,

Rk Tit % DftiED wetwood RO E L L > T 5B, F F= 7 R Abies i
BT 28213 wetwood £ L DL DA%V, T 5D wetwood DREDFEREIZ DOV TiZW(
SHBNBEH DY —BE R TV, BIIC wetwood D FEE % FV> 72 LAGERBERG?V R, 77+ 5
Dy JEED Abies balsamea 7 wetwood % W% L 72 ETHERIDGE & MORIN® i3 8 D 5HE
DT ELBBENDICHKRIBALZL N E L Twb.BaucH 5Vid Abies alba 7 wet-
wood iI2B VT, $HOME L MBED BB & 2 REEHOERE R L7205, THEMRKE
ELICHID b Ao T2 HBESKEVWHOKFICHITLON TERL LN ERTWSE, LaL,
CouTTs & RISHBETHYIZ grand fir D8Iz A FLL TARMIBATE Fomes annosus % &
BZEICEVMKRDOBALLIC wetwood 4T 5 Z & 2 HEN DT,

KR O e Tl Ulmus R° Populus 1= wetwood 2 L 2L D5 %\, 26 DEHEN
wetwood (T HIBEDEBIC L > TET B & bl T 334, Salix, Ulmus, Populus s & O fik&E
THE Y &z L ) A8 wetwood AHE & 1723538, SCHINK & WARD*®IZ Z N & 5
7[R EER ) wetwood & Abies 7 wetwood DA R %, B FIATE 2 EEDE N
AR ICHEL 52 bMOBEEBENEICL S L L Twd, L L WILcOX & SCHLINK*”
i2 & 3 white fir DBETEIABOHBEOFTER L 2b ST, wetwood DRE~DHFS IR
FIkIRIL 2o b - 72, PasSIALIS & TSOUMISS?DELE Tid wetwood RICHE N FEIIFESH LN
72, COUTTS & RISHBETH? (1 grand fir (c#E{b% — 8B % FEA L TEHAMIC wetwood %
DL BT LI 72,

% 72 WORRALL & PARMETER*®IZ BB N ERIC L VML - REEL RS HEL T,
white fir DL IO DKGFH AN Z A wetwood 2T B L L, TOBEDKOZERKE LT
BARMBBEREL T 5,

2L FeVDKEWHEZNLEICL > THKEW EBKEWIZHFIT TS, Z
NIBKEWHOBE L KS2WBEBNL A D =2Z L2l THAE»LBALZINETS
LAGERBERG* D RIRIZHS D TH B, T L EIR 53NIKE M % B HO—EALH
B2 NBENZLDEL TS, 72, GH™I[—E, LAGERBERG & R 4L EMEIZIL - T
Wa] EBNTVE, ZDLEFITKEHOTBRBEZL > TR L3S ), TnEERL
TV 22DICIITRELR) 2L DHMRERAL TRFTL TV Z P RETH S,

RESZ P FoYDKEWHOBELBZ %V, WELUECRETZTXTHOKEVID
Eilc %> Twa 2 & &R L7, KOMEICE T KEVHMOHBRBEEILIM ORED
SEICW2 2 hBMEICL - X LEL, KEWHORERR L AMOMICIIRERIFEL T
Wiz, FIUVELRZBOMENBEICL > T, ETFRECMULKEVHOEIRIZAMEI3%
NEAETLHMBIZHEZ TWwEDPELD LN, IRE®™E BaucH Y, ETHERIDGE &



1280 LEERERFEREENRRERYE E4E F45

MORINYDERIZEDWT, KEVWHMOKZZEH L LBALLZMAKIZEZLNDEL TWwa D,
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Fig.1. Histogram of the moisture content of the wood blocks of
Tomakomai sample tree.
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Fig. 2. Histogram of the moisture content of the wood blocks.
(Quoted from Isnn, 1984)
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BaucH 5V, ETHERIDGE 525X 7z & 5 ZENE F~aKkGoEFIZBHLNT, LA LA
WZKAF AR A MM S 5 36 STz,

FEEN—ANAH)IZZDIREPOMELZEEHKE LS, P PV oI ROBBRANEK
BAHDRABLZIT -2, COWRDER, 1 —2 cm AREDOAE ZORBRKE TREL 7208
AN EKEIZ 60—90% & 130—180% N » FRICE— 7 2 FOFHERL Tz, 2HDZDON
EHNBWRIZ 100—140% N & Z A2 b - 72 (Figs. 1,2), 2T kb, ZOH AL XORRKIX
1313 120% BEND SKEZ IS OH EKEVWHORREICFITA I EXFTRTHZ LM N
Foo EFEN—HIZBEWT, ZOHRBICE T TLM EKAVWHOKRTEHEREZ B L T 5,

AMEICBOTIES S ICHBFENLBRBIC LI T, (LWL FELZEBATLILICLY
KEWHOTEEEED—~REBAT L2 L2 BL L, FCKREVWHFICBRICHFET 2K
FICEBL, ZOKDBEZERT 22HDICHTRN L 7 ERIRNOERFIC L » TEBRS DS
WdBIh-72. 2 0kERY D & ITWORRALL & PARMETER® DB BIER T > & v )L (BIEE
NE) 1I2L BKRFEMOTEMEIZ DV TREF L, & LISEM L RKBEVWHOBRPOERE L
UHEBES 25T L1z, WPOEERYE, KOBERT o x VIZHET 5, KEVHMEE
BRI BT 5 EWRLER L ELDERZ2AZ L Ty 2 EiFE L, LEWOREE T
134T 2 e dp - 72 5%, B b NAHBOMR % SHIGO 5%, SCHINK 5% 7% E D> & TREND
HRIHKR, BEL, 2oLl TKGRDBFRT DS LRI & > TR BB
WBL#RTLIE LIS, KOBBOERE L2 L EZ SN RETMOAREILNEEE TR
WIRIC L 2BELIT- 2. SHEMOBMNEBTEOFZKEILIZOMILE L LICPAMTE EEZ S
NT 5 A3 FRTCHBEILAPAH L 22 fEE TREF L KORAIIRETH S, LAL G
FoYDKESHPOFEREILICOVWTHORT IHEN H 510, ERICHELBIL
S 72 ETEEILBASH & W S MBS Lo KBS KSTOERIZE 2 IHBEERIT L, 24, BE
DOEBEEH LN MBI OWTLFNERLEEL 2,

COHRITUICEWTIL, RBEOMBEZNELL TWAER.ME V) BENERL TS
Eizl7z, 72, KERVWMBIUSEGHICHL TEEBLHETEI L LEZ LN, Kt
OHBICBIT BB EDERNBNYH D160, MAKBPTRMICEELEZLNTVWRES
KEBEDLHZH 2 THICAME W) SETERL 2, £EMREZA T LWHEBZERT 2D
122 OMEROMRE 2 AV 72,

%5, SEM BN HIE 15/ KA HBHIR, REHRR L & TEEbIC L » 124 —FE8)
F 23 Lo EERFREDHELRAMELRBNOER, £ L TEREOSIICHER & B)
XL TTE o LBEAEEERORRESHIX, TLCILOWTHBEESRELHERZ
2P B ENGEER, FREMFRICOLLNVELSBL 575,
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2. BRAKRBIUERRAE

2-1. #EX

R H 2 RIS, SRR N Ak & FR IS MEKED | ko
(Abies sachalinensis Masters) & 14X ThH 5,

NI 138 MRHE S 5 12, RIREOME Z R ThTrIcKkEVWHIrBoHonzb g
BATHEKREL, HE12.0m, WHEZ220mm, HF&E2.3m, FHEL2NDF F=V 1A
2EYY L7z, ZOBRKIED)ETIRESICZAE Y FROKEOME—DEFLIITH -
7278, BB b EHIC O T THHEENIC KA VWM 2 ZA TV 2, FLKOKEIC BV TREW
MO EDDEEIIH EBICE V& T, 0%d b 0%RETH - 72,

Bt b Ry 0—FEA AR 56 FNREIC & ) KRB LK EL S BRT, UK
$RAKL, ZOREOHE TSI EFELLBF LIS, 11 AiItBInsicvwizoinTh
5. B58E3A2HICHMTES 1 mONKICL THEREL KD $AMBICHS, K)o F
VOOBICERL QFRRE L, BERFERICHERL .

ZoHRKIR, BREKTH 20, EBRICAI BN N, BARDKERICA - 22HETHY,
ZORIBBRALVERE L CRBTELZBL TW30T, HOMBRHMFOBBROKEIZIZKE
RHBBR Ao LD LEERNL, 272, FY) OBROBBHRETL TKENMETIZ W
LtorBbini,

2 KIURORBE (Im), HFILZTEHT, RIREBISIRTIARL 2ITLTh- 1225 &
ELETIZIE S >BLTwR2 b Dt Bbh b,

$ 72, BB 594 9 6 BICIZRR LM B 4 MHEL &, B 11.9 m, MASE 193 mm,
BTE4.9m, EHHB2260L F=7 1ALERL 72,

PRI 5 - B 10 D—FHRT, AATHR EHEORICIEN 10m DR ICHERI LTV
LoD L, BELEDI LA HRKKEDOL LW EBLNELDEEATHRAKREL 22,
MBI OFREIC STz B 200G, HRIFBEZHKL (Bp) TEMUCHNTRERTH S &
Bbis,

ZOBERD L3, B TIKRGGTEOSEE (0 EE 0.3m) & EPERK 2 L5 0.5m)
FEHRRLAN EROBMES I ma o ES2 m I Tos 2R L THRIcREL, XY
IFL rORERAL THREICREL, B, XBRASPERBRORBHI AW,

BHRICBTUE, DM ERERSMOREEERL 22720, LHOKEIKEVHTES
Livd ko REKIZRT, TLAKAWHMOBERENENLDEBATHRRKRE L2, 20
i3, B EOBBERITARVHZDLOOMEERIEL LS ELHTL b b,

2-2. RHsiveBREOER

2-2-1. MNEBRR DR OB
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BME F Fo 28t Rkn M % 0.2m, 2.8m, 6.8mBLU8.2mad »FRENBLZE
8 cm ENOMRERRL 72, EMARNOAKOE EICEEFMICH > TEKELTIX1 cmDIE
FHEHEE, ZHICHB->TEKLT, 1X1X8cmOREBN (FNFN22MHE, 17MH, 134,
1118) #FAML EKELAEL 72, SRR IVRHR S VTELICHRRL 2%, BRF (BP
#% Softemp-1IF) % A>T 600°C, 6 hrs TIRILL, BUSH%BERL TR & (E8Y) 23
FEL72, EHIRGD—ME 1 BOFHIERERICHED» L T, RFREMENHE (SEIKO # SAS-
2DiIcs D EFREETK, Ca, MgbB LU NaZS2EEL 2. T LHBIIEIIRBAED
REERHZVDKFEBIUVEEBELZ KD,

=%, BRILENHAKRDL, #EFH0.3mBLU1.4m L DB LEBIISWTREIZL TR
BREPRAY L LKSBLIUEREELREL L,

2-2-2. ERMEOERBRODN

RUBEEARNE S 0.5m B L U55.5m DEALICHWT, RIRFBICAKRZF 2 T5 cm AR
BIZEML, THERACTZOMA 2 BBENCERLIME L UKEWHER L 5 BB 2RI L
2o TOEOLMOMAICOWTLEREZRALY, ZOFETIZLH»L0BEL21BLZ &
3TELh o7,

COBMBEIRICELR- T, pH 2HEL 2D BB ITMBA L K933 %< % - T
5 105°C TRLICEREETrLERSELZME, E5CKILL THREL R FREEICE S
BELFERRICIT-> T, HROERL VDRI BB L VCEREZHER L2, #EF 1.4m OMIK
EOWTLRBA 2R AR oMy SEEZRIL TEBRICHTL 2. 27, 8 EE 2.2m
5 LBl E R 72,

2-3. ENBROBHEBRROSW

BRI EE 2.2m » 5, BMBLIUOKEVWHOT oy 7 2ENE), TLARF
—RGAERBRB L ER L TEHLBRZ2RRL 2, ZOE#HKZ0—2 ) —2 "KL — 55—
FRWTA—50C THRIERMEL 72, BoNBER*THESCHE I vt 7T 74—
(TLC) ok »TRRAL 7=,

BUCHEE4.8m b5, B, LHBELUKEVWHDT Oy 7 %, EFENE A 20 cm?
B L) ICHRML, FRRICLTIES t T TEHL A IHBLKEVWHTIIMEY L t A
by LM TIZ3—4 t L WMENBREABEI N, EFL 2B DFHEKEIZ, BH, LH,
KEWMTENETN 202%, 79%, 141% T, EHEL -BRETIIENFN51%, 48%, 58% TH
2720 KEWHMTHL NV BRENKGHEVDIIHOHEL Bbi, - TINHETIIHN50%
P THETBRIVRETETHLLEZ LN D, U BEHKTIIH B, BB EMHEM
E|I 250 kg/cm? (5 t/20cm?) Th-72:EZ LN 3,

ZOE I L TRLIERBEE 40—45°C T, 0~ ) —Z XKL — 5 —THRIERMEL 72,
ZOBBENRBILNOEBBERE LTI/ —NEMR UL BEE B k-2, BHE



1284 FLHEREREREBEHRT RS 4% F45

JUKE WA LB MERO—E (B 20ml) % 105°C THEL T, BE, FRL %, 6000
CTIKIEL 72 R Y ¥ TLCIZAW /2, BNz, ZHREHIENEFNOBREEICD
WT2ETORBL 2.

TLC 2, 10X20cm 372135 X20cm D7 Z 227 2a—" VB 10 # 25 um OFE X (2 {E
& UmMEHE L TR, FRL-BREBRER, 7ooiis—ME—K (7:6:1, v/
V), Pz —XB—XBrFnu(5:1: 4,v/v,SG—1III), 7+ } > —BeE T F1L—K (10 :
10: 1, v/v, AEaW)n 38ETH %, BEIZ, RFEy F DLES LBEO%RE TH¥ 10cm
EHLICLTBI R, ERORBRMMEIZ 025 2BMTH -2,

REDLOWEFITHNOBETRAL 2L DIz, /x=Y) > OBFBAMBN & 50%5& & 0
ERBEASWEREDI, 105°C TEAL 72, SG—IIB L & AEaW TREL 2L nit, YTV X
W77 =)\B (DSA) % 10% K& } ) 7 2 KERICHBWTKRED, &% Rk, MEPK
EZOFT105°C T L 7z,

2-4. EEXRVTRMBMCL >HREILORE

EMESERRAROM EE 3.9m MHENEMIA S 2 MOMR L RERL, KOEIZEIF5 K&
Wit E Ry F L2, BIlL T, BN, O, KELHORBREEZFEANL 2. e
DKDOFFBEREFTSFIATH) 7200, RBEFOAEXILAONHEE 5 — 7 mm AREIC L &
Bz, TOBE, BEBROMEIZL > TOM EKERWHERIIL 2227, BH%< Rz 584013 100
—150% LA N EKELZFOZ L 2HBAL T3, CNEEBLIZS0% LS /— LIz BiK, 24
B & & ICHRIR T0%, 90%, 100% D% /— ek L, WARTH|L 255 100% 5/ —1n
BTTBEREBNT, BRPoKGHIELIZTY /=L EBRL 2%, ZRPTERIE,

L) RBEREREIC L 288, EREBRTHRERNIC L 32 RBOBEBRER LK
MBICBRTELZLAALNTED, AMOEREILOBEIZBWTLAENEIELrHLNT
V5940,

BHIZAIVYTHEZ 05— 1 mmicH¥L ¢, EBoAKE*BEmE L, EFHEME
Ao G ICEEERR AW THE, EEPTRELSCII_EXEL I L2, KB
CIIERERERE (BAETFHIJEE—5B) #FAL 72, BEIEATTHEME (BXET
8 ISM—35CF I1) #fFRAL, IEBE 15kV T, R+ BFHICHL T 70—90° 7 %6 THE
BTk, BEIFCEMTEBEOFZREIMCOWTBI 2w, i bL NI
BOAY, THASKICERL .

BEEROBELLENE LT, 880 5 ERAZEBRIC OV TEILENAS, THK
PHMTE2RENEE (AEHKLETT04E) THREL, EBERLERL 72,

B, FHER: L TRIUBRAKRDOH LS 1.8m nBirr L8885, BRAE®R 7L
A—NVEW, T ER BRRAERICL - TERIETHREL 2,
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3. & R

3-1. KARELUERAF DA

EARBIZVT L BT 140—190%, -LHE T 40—190% Th » 12 AHYORRERICE
DELMEIZBWT 120% U Lo kEL:EORBRAF 2 KAV E L2,

ENOWERAKRTIZ, ELLBIIEIKFRBYED 572, Thbb, HEFH2.8mLE
LB EM TR, KEWHOKSERIRLES, LHOKGETRIINICKE, EMTIE
Lot Li&kh 727 ER0.2m TR IR L v, BEEFBD % Figs, 3-5 12
Rk 6.8m TRRKEWHICBIT 2 KRSENRKDIMTIKTEDL 1.03% L |;KICL T
Wiy ZOMEBRTIIKREVWHE L LM EBLE TKFTEDOHE L KT EOMEA—EKL T
oo THICH L THER0.2m TREXKFORLENLETLKTRICEDE S 2EIIRS
ny, hEB L BMORLMITRADIKG BNV RS2, M ES2.8m TIXmEENPMH
B8 AR S Nz, BH, L, KEWHIZENL TRGEDFHE RS &, AT E
EICBIR L 2ERICEWCKFGETH E20IIML, KEVWHMTIIEVH L&Y L0EM Tka &
HHFIC % (Table 1), RILNHERAAN M EF 0.3m 5L 1.4m TIHRBIKTRIZZ <,
ENEEERAD 6.8 m ERBICAKSTED ZRBREIISKTEL SWERSR L L2,

s . h s
T e
200
5
150
=
e
5
100 ~
o
o 2
3 =
» ®
S 50 - 05 <«
: W :
=
7
o 1 ] 1 1 1 0 <
10 5 0 5 10
Radius (cm)
o—o M.C.
&~—u Ash

Fig. 3. Radial variations of ash and moisture content
(Tomakomai: 0.2m height).
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s
;]
1 1 ] 0 <
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Radius (cm)
o—o M.C.
&—2 Ash
Fig. 4. Radial variations of ash and moisture content
(Tomakomai: 2.8m height).
Table 1. Average values of ash content of wood blocks (%)
Tomakomai s h w
0.2m 0.24 0.25 0.27
2.8m 0.29 0.36 0.52
6.8m 0.39 0.61 0.92
8.2m 0.31 0.54
Hiyama s h w
0.3m 0.35 0.55 0.85
1.4m 0.36 0.55 0.85
s : sapwood

h : heartwood
w : wetwood

ERERIZ, TRTHEML, #EETK nEsEEIC% <, Ca, Mg, NadJEizZ hiz
RO AERICHNTLER — 1> } TR K, Ca,Mgizdd IC R TOHPOEERY Z W,
KizFicKEWMHIZE b7 > TEH - 72 (Figs. 9, 10, Table 2), B/ 6.8m D F—5 %



Fig. 5. Radial variations of ash and moisture content
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Fig.8. Radial valiations of metal cation per-

centage (Tomakomai: 0.2m height, marks
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Table 2. Average cation contents of wood blocks (ppm)

Tomakomai Ka Ca Mg Na
0.2m s 490 200 60 70
h 450 290 120 50

570 300 130 60

2.8m s 690 170 80 70
900 330 110 40

1,560 390 160 50

6.8m s 910 260 110 80
1,450 700 200 80

w 2,330 900 310 60

8.2m s 800 320 80 60
h 1,500 560 140 80

Hiyama

0.3m s 620 270 80 70
1,450 370 140 70

w 2,350 540 220 90
1.4m s 900 500 70 50
1,800 490 50 60

w 2,800 710 60 80

s : sapwood
h : heartwood
w : wetwood

LEiEmBEIKTRE FHE TS L, 44/ (K, Ca**, Mg®, Na') DHEROEFHIIKS
7D 30—50%ic% b, bz n% B (K,CO; CaCO;, MgCO,;, Na,CO,) NERicHN
T2ERKTED 60—90%IcH72> T b, LIzh->T, BN D 10—40% 2L T 5500, 75
ORISR RIZSHL EFNTWE, Zoft, BRIUOERKIZOWT, Fe, MnOERk %
BZhold, BFERBEOLTLTH-72,

BOMETIE, EKEDEMIALNLCIBETLHOBME ) B NKTEEZTA T
72 (Figs. 3-5), Ca, Mg 2% ic#ifhiEic % HFET 2 A S iz (Figs. 6,7). &K/ A
AL BKEGHDOB A RE 00, Fig8ill4 A X DRFHIENT2EA X v DEET
¥ RfhEL L UHROBITIHHENE 3 # BT T Ca DB REICHS Lo T b,

BRIEERENBEKNIC & 2 R OTITld, Tabe 3Nk iz, 8, &R 4>~
Vi, OMOEEL LETHEOREIKECHP L VBRI THEEN:, &K1
A&z K, Ca, Mg, NadDJETH » 72, Mg IZ oW TIZKEWHBIZEHMD 10—40 fENiETHE
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BOHY, BHTHFENTH -7z, ZORICHEFSSm DKEVWHMDOT—FHLwald, =
DB T N2 G THB LRSI EIREL 2 KR HD L > 1 120 Th B, HEREIC
L BiENIALNL -T2,

M RS IEER) THREL 280z > pH 28I L 2225, 8, KEWHELIH
# (pH5.9—6.2) TH N, B TELIZBIE - EHADEWNIZA LN - 72 (Table 3), %
B, FRLHBEOEILDM, LM ELI21.00 $R1L0.5m) Th-7z,

Table 3. Inorganic contents of expressed sap of the tree from Hiyama (ppm)

Org. Inorg. K Ca Mg Na pH

0.5m s 1,000 300 83 10 3 4 5.94
0.5m w 7,500 3,500 1,155 217 119 24 5.98

w./'s 8 12 14 22 40 6
l.4m s 1,600 600 184 33 6 9
1.dm w 4,600 3,000 1,017 197 75 20

w,/’s 3 5 5 7 12 2
2.2m w 2,800 931 218 73 18
55m s 1,600 300 7 8 3 2 6.20

s : sapwood
w : wetwood

3-2. WEOERER

AR EE 4.8 m OfHIL, SOMTETRS 0.3%, K5 0.1%, KEWHTEF
31.2%, K% 0.3%Th -7z, HESE2.2m OWBEHOSEK (B#, K&w#) (2 TLC LT
M, KEWMENEFNH20NDAR Y P #FEE L2 20 ) LEBO ARy FiIEHICHKEBEN L
NDTH-7z, WM TIIHEL L UEEER L BbNLMAEIC, KEWHM TIZHENEEN /S Wi
BLBROLNBMNBEIZELDRARY bdbbsbill:, OB, 7= /- HEXkEBECLZEAER
JSISHERR T A oo 7,

HEE 4.8 m ORE G, L, KEVWH) o TLC 12 k 2 BEDER, 50 & T3
LATERVH RS NH, M EKEWHMTIREN b > 2. B TIE RflEid & RTHEE 72
IFEENEA E BN ZALEIC, LHBIUVKREVMTRT 7V 3 e BbNbMEICE AR
v PR ANz, ZEICHBETH AR P LR LN B (Table 4). 308 & KA W& & Lok
T5L, —HTALNRZARY PAIMETIIEBRERSN DB Ers2nicL, LbTE
KEWHTIZARY POKEZLBLELIC—H L 72, #nFh2, 32Ky } TDSA
REBBERIE (7 / W EKBENFEIZED() LN,
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Table 4. Organic components of the sap separated by TLC

* high —Rf— low

OO0 0O0000O0O0

O o O

ONG) o O
ON@)

O O

O

2.2m
4.8m
4.8m
2.2m
4.8m
4.8m

o O
O

OO0

OO0

O

£ €20 0o
OO

OO0
OO0

o O O
O000OO0O
O
o O

AEaw high —Rf— low

2.2m
4.8m
4.8m
2.2m
4.8m
4.8m

£ £ % 00 o0
O
OO0
OO0
OO0
o O
OO0
OO0
OO
00O
o 0O
O OO0
O

SG—1II high «—Rf— low

O
O

2.2m
4.8m
4.8m
2.2m
4.8m
4.8m

o O
o O

£ £ 2 v o0 oow

* . Chloroform - Acetic acid - Water
AEaW : Aceton - Ethyl acetate - Water
SG—III : Toluen - Formic acid - Ethyl formate

Wit LB EIIOIEU EPTHhLHIRYS D - 255, KEVWHOBTEIIHE V8K &%

BRH Y, BIBIZOZicEWirdboz, £72, WIFNLERESERBRRIIRL LN LD -2,
3-3. AREILOMHE

THREBROEFR, BREBRVBZR I KGERENRABRIDHRICL > TTXTHELY
FASHL Twzds, Mo FEIZ L 28BTIERAEL Tw 2 BILRTASOBEILIH Y, FI2HE
L BAEWVWIRD LN 572, SEFEAL 25EENH—E (Photos. 1,3,7 : T a— gk
EHR) B TFHERONBOLNTH 2,

WA OFZEEIHITRAEN L Do S BE EN20° (Photo. 1), FIFFAL 2 IF72& 91
RZ330% %< (Photo. 2), HIgEL T aEILL AR L7z, BASHL /- B ILrHT G Ic &
L% Resnszd (Photo. 3), (LHFICIIFAEOTTELLEILL 2N 514 5T %< (Photo.
4), RIZIZITEALBBL T3 L L - 72 (Photo. 5)s KEWHIZIZBASK L 72 & 7 (Photo.
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6) TN L, HHEEYT LD (Photo.7) %k EMEZ TH 5, B-L#f, KEWHZAL T,
BB, THMCIIRALBENLDIREL Tz, ’ ‘

PEORRY 5, BILEHCOBIEOKEL ARORELZ L VKAT 5 LUTOL S
NThHd, F47DTIZEILD F—NA, 2ATOLEF 213 KEVEIEL BN TV
o (Photos. 1,5), 24 73— AT DREHEEIZISMAEL T 5%, FP— L AOFHEICTE
555 LN (Photos.2,4,7), Z4 7Miz b —n R, e A THICEIZFICFEEL TWEL0

(Photos. 36) Th 2, THHEBEEETRLNTBEIN S A 7ot 2 L1z Table 5 Th 5,

BHIZHDWTIZ I A 7 I B LIS, LHizOWTRIIB LU, KEWHIZOWTIESA
TS RN 74 7TIZEIFBIZHELZZ P —NVZADOTL—WIZTEZDH S LNR,
IA7TIZEVLD, ELIZEDHFHBMLLNDETA TV S 120, ERICHEIF. LHL,
BETIEENORERILTLIN S A 7 THEHEILIELIER LN, ALOMHPE KA
WHBRTLREBR Z X224 7D MBREIRL - Tvr/z (Table 5), ##EHMAICH->TE-
22BTIE, —ODGEENMIBEECIE, AL 74 70IL» S Roni,

NI EE, MBENOSEOREICE V- T, RERNIL > TEILOMAYEIREZ 5 &
T % ZIMMERMANN®OD E TN EBEL TWb, FLGEEN—ENBRILEEI TN TH L RInE
LRICHF > TV BEAHED -1,

—ED0B L UKEWHO = A EICHE E Bb a2 ks % (BEE 1/ (Photo.
4) INSHRBENMGEFEN—ENEILICE» TR LN, ZH5NFREIL WiLcox 570 BE

Table 5. Number of pits of each type

Sample Region I 11 m
A s 7 12
B s 14 8
C s 33 21 10
D h : 19 72
E h 1 10 24
F 2 56 12
G w 16 38 11
H w 1 26
1 w 22 6
J w 1 19 4
K w 8 25

s : sapwood

h : heartwood

w : wetwood

Type— 1 : fully open pits
Type—1II : partially open pits
Type—IIl : aspirated pits
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L7z B il T2, LA L GREAVES'!VAYHRE L Tvi 3 L 5 L HIE OGO RE TEETLED A
B -BILISENBETIIRREN - 72, REERBOBEIAE L BEbs L Ek
Wi, BILERRILECIRELLINEIBOLN L1572,

4. % *®

4-1. MBS

ENEDOERKRD BN ERE LIRS ERIL, Fig 90k s, B EFT & Ic&KE LK
SEBIMEL TWB I bbb, HESHKEWLDIZEIRGH S, FigKENHEMIZ &
LU IRFBOBMLKED -7z, BEPOTREIBAA L ZLEATLENENGKERLD
MIcHBE»RBH LN 5, FiC KIZEKEL DBRFRIHRTH - 72 (Fig 10),

RILBRKD.LHEIZOWT L, KBBIUKOFER E SARICHVHERI R L2,
22T, BURESRE KK Y% (BERENS) MG 2L anfErdiiEbhonERs, E
BMOMBEEIZE > TEKRBLELICHMTI2E»HPEFREL, TL TV LD ERELBHED
EERELHE L2, EB LIy ko, BREROR Y=a+bX L bEZ D

:8.2m
o :6.8m
A :2.8m
e :0.2m x

»

-—h

o
T

®

Ash content (%)
o
9
& t 3
>
&

0 100 200
Moisture content ()

Fig.9. Relation between ash content and moisture content of heart-
wood and wetwood (Tree from Tomakomai).
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A
:\: 2 K Al
- x Ca
50.2- * Mg .
c
(o] A
(8} AAA
-
o
— A X
B0t x X
[¢}]
= xXx X X
X
100 200

Moisture content ( °b)

Fig. 10. Relation between metal cation content and moisture content of
heartwood and wetwood (Tomakomai: 6.8m height).

HEBICBWTRRCYHFOKRFICHEIT TV EBEOHREMEL L2, KEVHDLH -2
BHEOMES, WEEO0S50.)mBLUMEBIAmMNZNEAT, ZNLIICLTHED
SRR LERI N HEERFREL L V—FK%2 L7 (Table 6) ZO—HICL-TZDH
BICL D BHFROMEVEMTH S LML, BRI T L ERREICE TV TKA
WH R OB SR O M ¥ B L 72 (Table 7), E/MBtRATOKS & & K, Ca, Mg
DHEHTBEIL, WTRLHEEOIRCHMML T2, RUOBRAATIE, BV ESEH,S
BLEBICL 2 bLTERENKF*ZATE), MEBNZE(0.3m & 1.4m) 2k 55&w
HEETII LV, SOBEBBES L OCHERTRER, WAL, IMOBBERRELD L
PN EHWEIZL->TWS,

BEMKCIILTH»LERD Na, Ca, Mg L XA BIT T30, KiZiZtAEEEhTtwi
W Z UK LBARSIRIC L » TEBA SRINT 2 Kk IIBARICHELZ KR Calr oA
T HFZENTRBEIEFALNTVE, KEVWHPOKFIZK R Cadh )T
b R TKEVMOKIZBICAASFBALZ LD LIZZEZ 12, 2 ENOREKIEED
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Table 6. Ash and mineral contents of the sap in heartwood (Hiyama)

Sample Ash K Ca Mg Na
0.3m * 3,500 1,155 217 119 24
0.5m k% 3,600 1,092 167 101 3

* %k %k 1.03 0.95 0.77 0.85 1.35
* * ok X 0.76 0.8 0.44 0.45 0.6
1.4m =* 3,000 1,017 197 75 20
1.4m % * 3,500 1,292 185 85 27
* % Xk 1.17 1.27 0.94 1.13 1.35
* %k %k * 0.88 0.9 0.52 0.83 0.78
* : Measured contents
* % : Calculated contents by the relation of moisture and inorganic contents
% % * : Rate of calculated measured contents
* % % % : Coefficient of correlation between moisture and inorganic contents
Table 7. Ash and cation contents of the sap in wetwood calculated by
the regression equation (Tomakomai)
Height Ash K Ca Mg Na
0.2m * 960 164 36 19 5
* % 0.36 0.67 0.19 0.22 0.19
2.8m % 1,560 629 52 38 10
* k 0.92 0.89 0.36 0.7 0.47
6.8m % 3,190 871 251 103 —
* ¥ 0.92 0.93 0.74 0.84 —0.59
8.2m % 2,360 638 473 86 —
* * 0.84 0.82 0.64 0.77 —0.05
* : Calculated values by the regrssion equation of moisture and inorganic contents of wood blocks
(ppm).

* % : Coefficient of correlation between moisture and inorganic contents.

RENALNZMRTH Y, b LKEWMPOKFHTKTHIUE, RILOFEFRKRIZH~NT Na

PELEINBETTHEY, ERICIIZNL ) LERZBDLNHh o 72,

KOOI & UL, KEVWHORERIIRERK L) L IHERCEREEN TV, 2
OB, B UREEOTTL HERHTIC & HBIRE NI EHHIHLNTVNE, SRt
MDA HBTHEECEE 2 L0 LBRCKROHOREN S, Zho2ELAbYTY
KEWHORAERIZ HB HARICHR 2N L KOKRIEIC L > THERENT WS & REOHRY

ThHDLI) KEWHMORELZTKNBAILLZ LD E LZRAYY, T

WL S > 5ot
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BARATKEVHMOBERRICKELB A HLZ L EBHTWV S,

SEOHET, KEVHHFOKD, BEHKECEHFENTV3L0L8HT, MAKCE
BOBB2HO2LOTEVWEVIRREBLILEIINII—EL TS,

— R ITHBRN TOBBETENOMEIL, BWETRLE (LA Z 12Kk ¢ LAMBERT®IZ
New South Wales N# 90 1t 2 347 L T, KENWRTT X THTRIWM L VLI H
TEERWELE, TNIENLEBLZEKEOB M TRIKFBOBMMARLNEGS, I
T —MEICRER A NV 7 L TH B, HEART (3 Robinia pseudoacacia DEBIMIZ B W TAMD
61% 40 K, 168% M Mg 2 R\ L 72, RN/ 25— H° Macura pomifera i %ﬁﬁéh
72. PASSIALIS®?IZ ¥ V) & TRENHEM D Abies DR wetwood 125\ TRM O 2 EDIKS
B ABOK 28EL T 5, 372 Abies alba » wetwood 12127 2 —10 0 K 5 & 1
CaFEL T3,

SRR ESROEBEICE D CHEIMEY, ERICL > TERLEEORE:L —HLZ
Lid, b NHEES L HEEIEBROBBRNTOKTHOBA 4~ IREE ERICRKBL
TVBZ EDIRTH 2, > TRR DIRFBE TR ENILM L KEWH DK BHE (Fig.
11) b nAER (Fig. 12) nEE2RBL2ZINTHE I LrBLrdLN, S LICHE
HEHREOH L AW ZERMBRONE C ICREWEKENRE» L A LiZE—# L5
BWTEAKREWH 250 0HMAOBEIREIZIZIZ—EL Twb I L 2RBLTWS,

DEnZ 2h6 F FeoynXkAWHFOBERTIERE, SHEE LAMOBISHORH

= 1

yd -

Ll -

= -

505} -~ NI

30. it )

T -l

n

<0

0.2 2.8 6.8 8.2

HEIGHT (m)

B sapwood Nheartwood [wetwood

Fig. 11. Ash content of wood blocks
(Tomakomai sample tree).
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~~

03} T
= -7 \
Z0.2} 7 |
'_Z_ //,_
80.] '—I/

0
5 0.2 2.8 6.8 8.2
< HEIGHT ( m )

Fig.12. Ash content of sap calculated from the regression equation
between ash and moisture content (Tomakomai sample tree).

FEL, BHIN L L NBEEORVREIC L > Tw2d B b s, %> T WORRALL®DE
IEIVCBRERT Vv NDEDNKGDEMEZFIERZTRBNIC LD L W) EZHLRET
bHb,

4-2. WHRPORMRS

WHhRWLLHMRFICIIFERZ2L-2L0H %L, TN 6 DFERIZ LR TOMEH DK
EBEZBREE2LOLFEHLN T2, ETHERIDGE 57 balsam fir o .0# H > H i 5
KL TESNBROABDERFIBEZ6NE I EETRLT,

TLC 2k 2 BBNERIL, HEB2.2m & 4.8m T, ¥ 2F—0H > 7L THLTFL L—
L Twiwd, ZHUIBRRAROEHNEZIZIZ LN EBbNS, - T, BrNBFHT%
FEL T ETidd 2 ) MBS 05, 3O L KAEWHOBBRRS HBER DR 2 RETT 2
ZEIITEDIEAS, WAMAOBRRABE CIMBHMLBEAL 2BEERLNL AKXy b

(RE0.1—0.5) I3 HEET I3 "ML Bb b, THZLIBMADEERLLATHLERTH
5, VbW ILHPRIIBLIC7 2/ —ELEWMTH B2 Lo, L RUKAE VI DSA 12
INVRETIRGHECRLNZZEL ) LTIT 5,

ScHINK & WARD*®3i&E ) wetwood iCB T 2R ZBEL T, 74 7DHRYL 5 wet-
wood /X7 7)) TOIEMIC L D MHORESIELL T —ENBR L L TERLHBZ L
PR, TNICEUTE L L THRAKHERDOEHICHEY, 72/ — VIR, RAbHZ: & o
WA, DWTRIFUHIEREN, BEEZIZILH LT HREBERT IV a— R ) & HIEK
AN, FLFHEPTRERI;HEIN, ZBILRE, KiCA 5>, BRBICKEIERINS,
ZOBREBL TKFORERIETL, HEIIPEL LBADIBRELL, PHOTHEUPELE
TTAHIHICE S, 72 SHIGO & HILLIS®IZ B EKENER L LMOERkE2, B~OKIGL
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L COBBORTRK, X7 T ) TIc & 2HEHONR, BITEOSHE, OZBEICHTTV5,
COZEONRBIZEFNEN, BEOLRMES O, REEWHEK, MRS ORI
Lo T o0 TE B,

LaL F FoyKBEWHEOEREERTIE, BEOEENC L 2RBEDTIIL(, Bk
DEBBIC L > TR N EROWETH D L UKL 72, 0B, L LKEVHHICHE
SMEME I L 2 BREEWIERL THBEOTHIUL, LM EKEWHOBEORKS 1358 - T
23T THHH, EBICIIEED TLC L THREENRFIRLI—RL2Z2THE, F
72, FELRBENTHOEEBL LY/ —id, REHFRECOCTHEL 2R TiE
FInTwih o7z, pHAUTHETHL OB E KBV T—EL 22 ¢ RBRILERAKR) oh
PEOT T3,

4-3. EERFAMMC L WL

SHENBRET, LHPCHEOTELLBEINFEbHTEL RN LIZERICET 2

(Fig. 13), %¥7% s, 20k 5 kAEOTEL L BILR KR WHERICB W TEEEND &5

sapwood
54 41 10
heartwood__ - - _ - 7 I
3 85 108
wetwood - - - !
26 130 21

Fig. 13. Rate and number of pits of each type
I ; fully open pits
11 ; partially open or loosely closed pits
Il ; aspirated pits

WS N L2KDOBAIK L TEERHLBER L IRV B EZ NI LTHE, 2D
BIZOWTHEBELE T X 2 it &k %\ 5%, NOBUCHI & HARADA®V 2 YC SRR THE
L2ZAXD0HMORSL 72BN FTRCHRFRTHELA A 7TMNZHELET 5461,
Foyn.0MicBIT 2 BILAEN T RL ESKRVHOE LT WERERRIC K - Ty 3 RS
H5b,

AHELEIOR T FoynFRBILOBE LT, ¥ TRAA#ENEHEE »0HT
BIZEALHEL TR Z L2 RWIIL 12, KEVWMHPOBMRETENEEILIC OV TR
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LABFHL TRV ERRTWAEDICHL, PAKL Tv o L2238 L H 522, Abies con-
color DEKRBOFLHERDOEEEEILIZ, B CFAKL 2—B2BRVWTE, WA AL TEY
KBDBADTEETH 247, BIRSIIKROM2EMO—HHIWMOEBREINILNDEL TV B,
FELOBETRBOER 2BV TRTIXTOKENHIZEH» LR TEEL Tz, #-
T, LHbIc L » TEKREIES Lo 2 RICBUKFTNERYIBZLLDEEZ LD, %
DEBLMNTOREILAMND BRI LRI L > T, BLICHAHL T WEILN SRS 5
MEIZKDBALBZYN, ARy PROKEWHIFET IO AN, LL, finERIC
L BKRGERDGBILOBRABRAVEBITEWIEIHLIARTH 5,

37, 2HOWRTHEHLEEDANBEL #1T-> Tk, b Foy ORMHITEE
DEEFUTLHIZCBWTLRVWA T ZTHL I AL NTEN, KaWHPRTL ) AW
TWwiLNEBbhis, ZOZ LIFIRAPLEEL Tw5b L) ZKEVWHOBME~DEITHY
BHRKELFELTVBNDTH S,

WILCOX & SCHLINK*”i3Z, Abies alba DEIREEHSIM LY LBV & 2 0ERENE
fbick 2L D EB~NTWv 3, PassiaLs & TsouMis*?i: wetwood DEKENKE 2 o
SR EEBEIOBAKICE B L LT3 RENT T Fovokgwii, s & O Hic ke~ T
FLALBEIBAZLEBEL T35, SENBEICL > TKEVHPIZIIERHT» S
ZEDNED—HEL > TWBE I EH»ED L % > 72, SHIGo & HILLIS*® i wetwood % dis-
~ colored wood DR Lhf & IR DR - UG OEMEZ ERL TWBZ Lo b, b5
DMBHOFEI L > TERSDGIT LN T 202 HN LV, B 5IEMICHTEILORA
$EHIENZELEFRELTWBE59,

4-4, KEVHERDAH=X A

GREAVES'Vi3 & 2 O ME A OB REILCARIBRMBEZHBE TS L2 RWZL 2, #
B wetwood DR Z VD EBITEEZ LN TWAEHNU L DI, #HEIC L 28IL0FM
BN L > TKGDBADBBIELNE EEZLNEDLTHBB, Lrl, Z0LH
LW NIRBNE Abies alba TIZR Nk - 724, 72, IRE®ND + F=o VB BT, ¥R
DRLNIEHNEMTHOABRILOBESBE 2N, TOMDOH & KRV TSRS 2]
LEBAPRWIEZI N -2,

AR 5V TRARHICETOMBEHRS b 17255 KECHERA~OEE ORI
T, BELLBREHLILNTHA I,

b FevoBiTHIZIZ LA L BREKD T VERE (M.C30—50%) 2% 5> TWanTY, 3
MoK EXKBECMPFRESIZELDAbL WL N LHKL 72, SENOWRTHE I N0
EXREVWHDBERTOMK L BENDEVZIINEEITL2LNTH S,

ZhIZHL, KEVWM2ZUOHMP TIIEEHOBEC—BDRLN, ZHZ b,
UDHAOBHIZEZ THREIL, AVICREIEG->TWELEZLNAZLLARTHE, 2D
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&) AR5 12BE, KEWHMD AR Y PRIPB NI TURICHET 288> RIEIZ % 5,
SEM BB L - TRH LN BIAKN B KA CHERICES > THEEL TWIUFZ D
BIVWIERT2E2IC%31255, 2%, BILOBRNKIARELLHMEH SEICKFVHAT S
ZETZDE) UKRGFM/ICLBLIITH S,

Hh, KR2EF FoYDESKED.LHIMRNOKEDENIC L - THRIN TS &
WORREREL T3, ZoBIcLd, St EOMBEOREE» Ly 2ArtkiTsZ sz k
NHMBEDOTAIRZYD, KEWMHITEBZLETIZETHE., KAV LEHE & HBIFRH A
TEBRNFAN) P THD I, 2F D, ZNHA1L LAGERBERG D) RME & (338 I HEER A IREK
AOMBOEZBZEITE), ZOBLIEARCHFOKSIEDLND = Lzt b, L,
KEWHPTHERIN HREOEBELI EDL Il TELNZ»FEBAI N ITFE L S %
Vi, KRR ENEOERAKRD KBV R OWMB D BRI RE DT %, LHEBRTOW -
D L72BHD ERICHECKI P AKRERE - THEZEL Thbhd v ESKIC L - T
IR 72,

KEVHHOBMBENERETREDE—MHIZOWTIE, RICHEELTW2889RICHD
B TKFDORWALRRZZLEZ2 L2 LLTES, ZOBAIE, KICBITERBTHEEL T3
EREIBRIBB L L2 EHREENTV S, ZOBBENRLKIC OV TIZEBNHRY
ZiEBY Y EARHL S S BT TELEREICAY, LY, MRICKTREERK
DBBEBT L0 LTI BLBERR L)L/ LD THH 9P, BRHOBEY
PRHIEIN T TKGDAD B LREIC L > T NI L 2BERT > P x LDEIZE
> TKDEEBYEB~DEPHIRIZ Z L FHRING, BRISERN L5508 &KV
DENZIRBERT > L v VOBRELBFRFOBEICNTIEELFEL TWENT, Zhic
& BKDAMD L DFAZTTI2EZ S5 H, LU EDRFEIZITIE MR TOKS S L
NERULBHETHELND Z 2ic B,

FUKAZAWA et al'®iZBIARNIED &L UM ~DBBH OB MR % #55 L 72 LAMBERT |- £
W, BILE N2 BB OHADEMIKBECHERNDRER TR kWAt X2 Twa, $7-,
FFe Y DUOMEEROBRICEE £ 2 3TEBE L S EBEBMEE AL RS 7HEEL TV 2§k
HHH), ZNICEVEETN T ERBOEICL > TEELRDKECHITEZDTII LW
PELEZLND, BICL->TTELHLMOEEHICERYOMMARLNZ2Z o 08
DRAOIZHEE~DORIE L L THOEBPOERMHFT 5 &\ 5 Ritr L K& WH & i & DB
ERATEZ 2 LN L\ 2L LRI, HEOMEILELICKRVWMETAOBA
ETHRBIBERRkDZLNELRSE T,
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5. # ]

SRIOMRTHRLONIRRLAMREZREL THEL B L, HMPNEBRSIC L 2BEEL
KEWHMBENE#HN L ->TWEEHIBbh s,

OB, BILOMRENAREL LIS TRIVBATEZNOTHS . X7 T ) TidKkA
WHATTE RIS TEILZEL, KRVUHOELKRIZFSETLINTHS ),

botd, BMBESEKECHMBROBRE &4 2F 2I2IIBTHOR W 2808 % K -
TRGHBET RS, KK > TERBEYERT 5 4 4= X 0%k ERBROMED S
WA, MKDBESLCHENEIICEENLHRIBONLRBRATIRL - L FLELRHL
BREKES5, bELNKRHDKGTROBMIZE S5 OHMEREED ZKBAET N A =
LT LR TELVRRKRTH S, SRITOMEDL DO LBLES B L5 HRE T
THLLEIFDS S,

5 A X m
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Summary

Most trees of Abies sachalinensis Masters have some irregular wetwood in the heartwood of
the trunks. The wetwood causes frost crack and many small cracks formed in it may decrease
the strength of the wood.

To understand the process of the wetwood formation, studies were carried out : Opening and
closing of bordered pit pairs of earlywood tracheids were surveyed by the scanning electoron
microscopy. Ashes in the wood blocks and the sap squeezed from the green wood blocks were
analyzed by the atomic absorption spectrophotometer.. And organic contents of the sap were
analyzed by the thin layer chromatography.

The results are as follows : Most of pit pairs in the sapwood are opend. In the heartwood,
about a half of the pit pairs is aspirated, but many of the other pit pairs are half opened. On the
contrary, almost all the pit pairs in the wetwood are not aspirated even under half opened
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conditions.

In the heartwood and the wetwood, there are close correlations between ash and moisture
contents. At several heights of the trunk, ash content in the sap was calculated from its content
of the wood blocks by the use of the regression equation between ash and moisture contents.
These estimations are agreed well with the ash content found in the expressed sap. The ash
content of the sap in the wetwood is much higher than that in the sapwood.

Organic constituents of the expressed sap from wetwood are identical with those from the
heartwood. On the contrary, the organic matters of the saps from the sapwood are different
from those of the other wood, though these sap contains several components in common.

~ Because most of the pit pairs are not aspirated in wetwood, moisture can penetrate into these
region. Even the heartwood, which has some inaspirated pit pairs, becomes to the wetwood
under some conditions. But it can also be considered that the moisture penetration caused the
opening of pit pairs.

The result of the analysis of the organic matter in the expressed sap shows that bacterial
activity is not the main cause of wetwood formation, at least in the primary stage of the wetwood,
in which the external frost crack does not occur yet.

It can be assumed from the analytical results of the solution in the sap that the osmotic
potential in the wetwood is much lower than that in the sapwood. Then it seems that the
moisture is increased by osmotic potential, élthough the process and the mechanism on the
increase of moisture are not exactly elucidated.

Explanation of Photographs

Every photograph shows a membrane of the borderd pit pair of Abies sachalinensis Masters.
Samples were dryed of solvent exchange method and coated double with C and Au. (scale bars; 1xzm)
Photo.1 A typical bordered pit membrane of earlywood tracheid in sapwood. Pit membrane opens
completely. And it has fine strings running radially from the torus to the marginal zone.

Photo.2 A half aspirated pit membrane of the earlywood tracheid in the sapwood. The margo is
partially aspirated on the pit border.

Photo.3 An aspirated pit of earlywood tracheid, which is often seemed in heartwood. The torus and
the margo is completely aspirated on pit border.

Photo.4 A half aspirated pit of earlywood tracheid in heartwood. On the surface of torus, some
bacteria-like objects are observed.

Photo.5 A mostly open pit of the earlywood tracheid in heartwood. Most of the margo strings are
seen above the pit border.

Photo. 6 An aspirated pit of the earlywood tracheid in wetwood. No margo string can be seen.

Photo. 7 A partially opened pit of earlywood tracheid of wetwood. The margin of torus dose not
adhered on the pit border.
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