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of Abies sachalinensis Using Ultraviolet Microscopy™
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SEABBENET, BARY BB, FOU Vv ARETRTREELYAVTWS,
B RBEBRECEB Y LT s o BREIATELY, BETIMRIEEN BRI
FRELTOBMDOARKE, ThbblifhoLaWEIz, TOYWEC L HEEDRMK
BWEHCRR e — 27 2RToen%E, BRIRARI MARTRL LY YWBEOREYR, *
T r OB OBREELXRETH L VHEOBERD D ENTES, Lichis THRED
BOBEMENY, ISR E SO BB ERE RN B L IR TWAHZ L%, Thb
LEMABEREL, BUEFEORMIKBELLTEE? 272 v v 7, GHOLbDE/ 7R
/—ﬂ—(%5%&%©&©&ﬂ5§ﬁﬁkb?%74»5—T%Ihh%EM%@tb@%
BIHEY, WIESR ROZBEBYER T O3B THS, RARBIABR TR LW
», THETET vV I+ 2E5bR® TEABCRLEERE X lXR TS 2, £Dcd
CRERHOBEICH - TEARThRVWRYEIBERIN TV S, ThIIZEERSN WS
NEFRITHDEIRT B M ([@HT AV, 4V v2ARERY), BEERIENYE (P
A= e VTAARDOI AL TIAT —A) CTHEENFEHLLED 260 my ¥ TORALD
fILHENEL, BLAMPIERARZVWHBEEOH CERLTW3D0 TR T EBbh
5, BABRNGYHRCEERS DI, 14— av.i—x— (HBL TEERCES
T5) NEEMABEIRTHRECAHLH5R, SflitcdBbBEETEHEGH DT
WTHAHS,

BAREREOREELTETORBZ LiX, Sffilts &, BARBREINEZRSh
Wk, BARARGCEHECYAALE L L, ROF—ERHF TRINT 29 EOX G H
BRI ERETH D, LHLAEALAMOMIILENLEBEUIELREY, ROIPELE
BRRECHD L, EhtOBROROBBEDRLM S NERNTHD C & oS HNrDBRT
Wit AESHEIC L - T, RORBRIERRET? EECOoERENHEILEA TS50,
ZVE DNA D7 4 A A5 v RIS TR IR T OB HEREFT TI V), EEREDRAN
CREWTHEEBRIS U EBERE -2 F 5A L OBRYB5 2 EXNTE, TORINESRDKE
BB R B DR EFIEH T L TE L S,

VOB % o TRAMOMBEORTICOWTELD L, V 7=y ORmEsT5m#i ARt
DEBCEVCHECHEETH Y, £ OMBREENLHERLIR TV DY, V7= voR
BHEELTL, +Y75=v 7 >R 2V —~viEk, Z7resLy vEBRIGE, 1VvEL
EXoME < OEFENAGLR T % 28, BN ERTECEAEEC X 5B OME
BT GEHETYIhThiewn, V7= v O BCEXCEAR e FIHT 58 EBEKEOMHIL,
SHOMBEEL THTOR X 5%, BRIBEYLERC L2 MRFIBTEBELHBRE, Boic
V7= v NEERED 55 CIEETERES" CHETIFERIBhAEELYRL T3
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2, B X ABEE MK BEEY TRNTY 7=V ERRTIES ML WS HTRIED
B,

CRIEX LSRN X AR T, EEMCERERERL TV IS5 C8bh
AU~ LaNGeE™ |, Spruce R OWTENREMBEEOREYBE/HKL, V7 =viiiFfa
525 (ML) T73%, r— 2 VRO RKESE (S2) T16% OBMEX FHOZ L2 BEL,
WRREERO) 7= vIBEORGE2ENS L X HECREL o, B Tk Scort, FErRGus b
B, FAVEOEABEXFET Y VIE Smp ORABBEAHOFEELRY, 74127
I2RFUV b A= g —Thit, TOBREOEINS Y 7= v EERD HE Y BRI
LY, HIBREDY 7= v icBT5 —EORE R ERL T2,

) 7=y DRERRELS DT v ) vEATrAY, FT¥ VAT RSy, RFE KR
FoorAVDEDRKRHENBY, vV v EFAK (FREESEDO) V=v) L2 7Yoo B
(EStEBHOY 7 =v) ik, BRAERERTERA AL 270 mp 38, 280 mp L & £
D, ¥FLBEERSTYOABKORNY Y vEABKL D /LRI, ZOLHRERT
FHRERERC X DEEOE- (FLLEEEE L ARG ZEEL v ERERBRDERT L
LI8DZ ENVEEIRTHASY, BRERD D VIMEERB CTEhERBRINARZ 1k
RDDHEENTEDLRNBBYUBE CORMMEEFD ) 7/ = v DS HOERNLHER, O
BhbRTLHFBCEBNAFEDO—DOTHILEI I ENTEL I,

HEBM D) 7= vid, EEHMTRREAEZ 7Yoo T e AvnblY, fMiagdhod
X Far7 45 (LUFML BT TES, ZREFRB UITF S2 &87) TRELSH—KS
HLTWBZ &AL R TWAY, FERGUS fifii Spruce i oWT, #DV 7= vEE27T% D
s HEL THREAR, BBMOE, ML & S2 0HELE, RO UV EESEFED 7 4
LNABENLRDICML & S20) F=vBERLEL D, HRERBOY 7= v REY
BHLAEY, TibbE#HO 5213 225%, ML ORIEER (LRl X OEHER) 1249.7%, =~
- —ZiL 84.8% TH D, BeH O S21% 222%, ML ORBERIL 60%, =~ F —EiT 100.0% T
HDHT L, RUEROY 7 =vo&HiY, BHTIX S2 281721%, ML OB 158%, =
—~F—Rp3121% TH D, B TIL S22381.7%, ML OHIBEH A 9.7%, = —F —HH 8.6%
ThHbHEREL T2,

—F, EfEsCHERET, EEHLIIWI0% LY 7=vEABEECEMEI R T
B4, FOMMECE T B ) 7 = v ORRE GOV TRMREMSIT H 5 WERGIN
DHED, BIFEMBEEND COTE MOW|E »1%h %5, WERGIN i3 Fichte DFESE & TH#
oW, ML cizgv UV BN, —KkE (P) 2ARFEIIE< ML X b B2 &, =
KEESMAIT UV BIR 2 <, WANERCHATH L, BYOTRBEIERH & AEEOR
CRERRTIE, SRERXFELRVCC LR EEREL LY, COTE bk, ML RETSRERT
KWL S1 TH Y, HLRAZIAIELS Y 7=vEDEH S2 AWAhEHEE, RNTHE



%0 LBEXREREZRHDRTERE $3E 1T

AERDRLNRD S2ARECHTIDRABZER, 3727 47V LORFILELLEEL T
W5, ZELTZDS2H4FEY Z=v - Ve FEW5 T E0b, 3[IBEHTHDO G BioHitiL T
S2L)BL I EHERRBL TS, WESTING D3 1 & 2 &, TimMeELL i3, Fi#EHTH
MREABDOY /= v BEZOWT ML Ti260~70% (£ 7 =vD5~10%), S1 T#H10%
(&Y 7=vD5~10%), S2 4z ML LFT { 60~70% (£ 7 = v D 40%), S2 RHix
35~40% (&Y 7= v D 40%) TH B LR T5, ZOEMBTHDY 7 = v OILEM%
BREEHCHS, A oL GBAPRnC s, PoadFrdy 7 oA BO7 22—
TrAVRHNIZBLRENT EEIRINTLBY,

ARG, B — Y 7 A AHOBASEMEEES MPMOL B4 BT, K#toM
JAEEHRD Y /' = v OFHROLTDO) V=vOREYR5Z b BE L, ¥ORBLLTK
BT P~y 0EMHHTHME BClFMcsd 5 THOBARBYESNCERY LT
Thiz, LAhD &Lk Y EMD THMRD Y 7 = v FHCONTUL, BEESBEIRTHS
25 WFh R B THMBIRICOLWTOBETH D, EMd THONLAR, HCE 1T,
HTHORBEMRELY ONEXLDHI LT, RELLTEROTHOBREY DL 5BR TS
WS MBI O hi %, EIEMBPTHOBROEEOMBOELE, HHE L OREKLED
Rob bFFERLIOLEL I, W0 X HWCENBERSERE T, WEEDOH D —5H
DBINAR7 P A FIWDZ ENTE, TO/ENPDY 7= vOWEY, FixtinTsMketsE
DR—ERCET S UVREENL Y 7= vEORENILEY T2 LnTES, KON
Bk, TORAIEFLINT 5, EfdTHOMRED ) 7/ = v 5 HioLBY, $IEHE
HEOEB L L CTHHREYEDECHBCHI VRBRT S Z L1, SBROWRORBICAE 7
BRELHA O, TLBORL7 4 L ADBEBIVAWALBBEYEATHELDOTH Y, +0O
IOV T L4 H CIRIERICHR S 5 FEIMB IR TH Y, AFECLEToRZMAS
i,

RPFERIT Ol by, HAHEBE LS OHEERRARL OS2 B NES %S
COLNLBROBYRT S, RROMIFEHRLL LTI MAEhicliRIERR (1973 F5
¥) OBNCIBLOTHD, 17 44 ADEGEITIIL, KK IEHESHEN S X o KK
ELLoBMP N B, BLTEBOBLR TS, AWRCEL o E&HO— LR 47 5
XHEFEPRE (—BHEB) X500 THH, ¥ HREDERO—IILIEH 48 ERE AR
HREMAR BATRRBREERBREAMFRIT BREEHE), RO 48 Sttt
EWRBMEIEC X - TiTbhi,

2. HMERRHE

2.1 R SRR
JedEE RS DPOE T IR Bk 306 #kFLiX, + K~ v Abies sachalinensis MAsT. @ 1933 £
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BROATLHKTH 2, 1954F 0 15 SRR THEAL, FORTHOBIEML /- 2 LR
ERTITOSBARREFAREL Tk, EMSTHOBBCHESRBERERLREL T
Wh, 1972 5 it e 0 —AREEINL =, #ikh 47 F, B8 138m, WHES; % 22cm,
M 18em TH D, 184FH], #H98m, MEER ldcm Th - HRAKR, BRI L b HEA
LERDBEDOERTH RS 656m D EOBBIIEE LA VEVALEZLDOTWHR D “F DK
79 Dl HBEIID S\ SFRARL Tvie, BRTH O EHFHE, WRBTHIBETH-
oo BRLUEOBBOBEVANDOB L LOERBRIL, EENXFCHATERMCEEL
R 2 I BT TWB, HHERUEOBBTHICRS &, Bt HBMCAR
FIRETH D, 1R BENRBHIZIETSORTH5LELZLRIS, HESm ALERLE
FRELER E L, EfH THDOHEREL Photo 1 iRT &R D TH B, Photo 1, 2 1o kss AR
FERBERL B EESERRL Thic, ThHLbLEBOEMUTH THRBEZERBBEDOLD
RARES -1, 0FREOLO% X-1, 2FEREDONF UTOXRTCHHHE I LT L1z
T5) hHEMD THOWKTHBBIZL epds TI-2, 11-3, 114, II-5 L FEX o1, +h
ZTh1EHEEUAN YRR 12, 2 THRE2FENOL OB EEHN (HRH) C, RO
B THFEAE 2 FigH ORI II-Opp % FHBEERERL 7o,

2.2 BEE OER

BB TERL1FREI0/NDNE, =RV Bl2RRI VAT L GHER L 1229,
vatrs<A7r b ~—a (LKBILAE) #H\w, H5AF17T050 B #IERL .,
LEREY VR THA—THBZLIIEETH DD, HO1UDRTERE (= 2 v THHEK
8) CEBRHOMBRDEIT, FOH I /e b~ ATHERIARERLE., UTOoARRY
HELEFECRTH5ABEZOEMF DO 00~1.0 ¥ CoORMEL, FRNOBEICELYE T, T
b 0.0 X EHOBY, EMDA = YAHTHY, LOXKHORE, FHO X — 71K
THb, FUHIBEDAFAFRUA AT ALY ) v THAZR, BECEEL,
2.3 ERRUENRE

FEfl A — L 7 4 A ORIRFMBIE T MPMOL Bl% L7, ECTB< It ¥
D, TOHEDOLOREFAEENME (WA I 707 —A) 2EHEEELTHS, B
BEIIAL YT IAT ~1 100X, NNA L2 THD, 14— a2 v A== HBXR i
Vo XBIZ 72,57 150W XBO150OW/t), £/ 7/ nm 4 ——3RESY X8 M4AQ
HIFTHD, PRBEEZ AV » P THEIh L2, BREESmp K X5 BBERCE T
AV y MEEFBMUI, BFHZ 4L A, BABHOBEKY 11 AT, —BATHEZ 4+ 1
LATH B,

2.4 7 1N LORERF

280 my DHEFERTHRIEBEMEFEDCS D, EOor D7 1A ARDVWTERERENT 27
fo. MIRREERBEY)-> TEET S L EOREHNEROEE R, KKIEABIHAFTHED 3 7
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RFYY b A== (hbrx—v 75544 — PPA-250 &) %L, 7 4+ L ADEER
&%, AV v b 0.04X02mm (0.086X0.429 ), 7 4 /L A3% D 5mm/min, FLEME D 20 cm/
min (L7c23- CIHEEHE 1.87cm T lp) Th5H, BORCBERZ, EERER (BL7 4
nh) OBECEREETRIEL,

¥e7 A AOREEOHF L, REORE Y A JloEEOFM X, KK X4 Mo
H5 —ERBTER 7 + A%y 7 1000 RHA LI, OB, 744+ 2DOREECIEL TR
GRECHE, S5y VEBLCERT S L O T, e THEORETIRY V FEVIBEDOH
B, HEYBETFHCRDTF L 2AFRTED, »75 —-Rk, EROAERCEEOREEH
oo (Difcx LSME) Xhbd, ZEO7 4 4 & TiE, ERRTHOBREN 100% 47
BA—AVvEBGEAY — 7@, RSSO ML O—BxBcAbe, TOMOBREY 5 THER
Lic, AV 7, &, &, K, ~¥vzx, & BoGEFITHs, ®, FOI, EFHTI
S2, EMiH THTILSZHMIYs X 5FHMLI, Z0» 5 —FRNL, ROERERRE
X DRIELd DTS, —HERERGORS 7 4 4 A RIETLBERM THRLE
SRENRD D,

2.5 K5 (UV) RXZARY PLEBRXEOMNE

05 ¢ YR IEOWT, FROXE LY, BEEMREORXELREL o, BELD T
EECK - BEEXEXRBC AR, XEIE YT X bR/ 063 pnd ORERE N OEHN
YA BEFHEECARTHEBEL, THEHICEER T LLTERELL, BREE AL A=log
YT CEBE LR, UVRIRARZ b A OJIEX, EHM C o5 #la, EMdTH X-1 (08) ©
5B oOWTH . THLBEEM T ML (7~ —3) & 82, Efid TH Cix ML (=
—F ) & S2 MR S2 K 0.63 pg DEEREF LRI, 240~350 mp ¥ THHEBERIC
B AEEXERICBEL, A7 b ABREFERLL, BEFTEMBEE 3my THD, ¥
R A oWT, & 10 i3> ML (= — > —#), S24#, S2RED 0.63 pp > A
By MR OWTHEE 280 mp WRITABREELXHE, FHELRDI,

3. HBREER
3.1 UV BMu#ENX A
fiaEEo UV BIROEREY FECTHE LOMBL L TEL 25 C 23, AREBEORITD
5 X CRKERZETHS, MREO—RICKEFTHRINA 7 Xt L OREDE NI, BER (240
my Hb 400mpe % T 10 mp BHifR) O#EKRERY, MBI ERES TH e & EFH ke

Photos 1~2.
Sampling positions from compression, lateral and opposite wood of Abies sachalinensis.
Photos 3~32. '
The microphotographs in ultraviolet light of wavelength 280my at each sampling position,
(); relative position in an annual ring.
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Photo 1.

Photo 5. Opposite
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Photo 19. 11-4 (0.0 Photo 20. [1-40.2)

Photo 21. 11-4:04) Photo 22. 11-4 0.6 Photo 23. 11-4(0.8)
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CTEBELBRHL TR, TRHDBEEIARBF CREB LI, V 7 = v OBRIUL 320~300m
MHEL e D, 280~270 mp CHEK, 260 mp TH5< 7Y 250 mp LT O R T < 7o 5 —BHE
FNEEETHRTE D, 250~240my ODFEHICIH L =RV OBRIR LT RB5 AR T
Wltd, TV FFRAIBETL, ey RHES THHORBHB AT, UTFOEY
L ERWT, ARNCECR s MaMES UV RO 1 FRATOEDY, :TEREER
(Photos 3~32) K ¥ L HHBRNTHZ LT, WThbEARRTH S 280mp DERIC
KIBBEETHS, |
3.1.1 IE¥H RO o #ik
EH & KR oM D UV B % Photos 3~5 iR Ui, B A MIRIMECM BRI,
CZRETIRIRE D FCBRNRBEE-CRDbN B, Floa— A v CETHHEG S35, S2
IO BRI CHEY e TnbX5RA%x%, S3DY 7=vEBRELC &L, E
EHY, BHAMD THEIR TN D, kEAROKBECOREOD A, KPEMi=vy =
727 NRELBRBOT, THEEREL RFREGGERGY, ‘
EEH & s oMM Lz, UV RIICOWTERIZRD S hisy, TIMELL (X, $F2EH
O R o Mk, EEHM oML L THEETES RV C L, BN CRETE A LREIES
HTERILATHEZE, BHCRAHRATHEZE, S3REHRH D 0.1~02 p BT,
BHTI02y, BHTIZ04~08p LEWZ L, $HIDEWSITIRY /= vEBEDOEZ
Ll ERBEL TWBLD, AP CRRAMAHICONT, FMEFRIBCe IR TR,
3.1.2 BREWREMRD TH oMK
II-1 OFI BT 5 BN EM S TH O Mg % Photos 7, 8 KRL 7o, ZOEMRD A =
o ATO ML Photo 6, /& — 3 F A MO AL Photo 9 LR L 128, Zhb OBREH
DEMBERT LB X, AMNIREMRD THER1FERATHE—CRbhi, Titbb Photos
HHREBND X 5 ABOHEF A L HAMIRE, WEAAHBOWHLY 2 EMS THOME
BB A EETSH D, MO 2 — > —Bo UV RN OR ML o%Hix, k& icMBmEo
FbBBER O OBT BICAE L CRECRS R s, MEEE (TKREE) 12425 UV BiR
DHERBL, LHLEEMI0ELSLE, S1 281 T UV RROERHEL S2 448, 5
BAENEED UV BRAH—CLALHEG S2AB LK TS, 2O L BRcHES TR
N0 LE—TH B, HETENR & B D WEreIN® (3 ML iff < UV BRIRDOFH
WEER—KE P) EHBEL T B, 2Tk Cort b OBFEMSIC X 5D S1 K4t
59 %7820 5% UV EROME (V 7= v SRBOKD) THELhBEEY, S2 4%, S2
W& RRTIIFATE I, LOLANLHBRTS XML b S2AHMoKNE D, H
G35 L hoERBEE, ETERERS S, MICS2HB, S2ABLWIIFUHELLID
2N, “KRERNABOAELHOHLLYL, BEHMC SZAIIBY LBt S2 o—%T
b5, FREFE T, B S2AHEY COTE ORIBTS S2(L) DHFBETHRLSZ LTS, o
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2L S2 54, WEOBED, S2 oMM 2T 2B 5 CFR &0 c—F By A
WHRTWDETHHRD S, ABROMEC O W TRSROKBFICE b,

o SZLREEALBEDLADLLOIE, Bih oML BT AEREN TIRENARL, BD
W EAERDRR L B, MilaD 2 -3 -8 Ticbb 3~4 ofiltiET 5 5 MR
T B HRERAL T, WEAES L bR E LCEB bR, '

Photo 6 L&A BB A = » A O, UV RINDO R CTEMS THOBMEHL T
L, AR YAETHD, Lichis THIBRMBIZDE S NBEOHT Tt b DAS L,
COTE IR EMEH TH OMBIFEHIZOWT, #, MEHEORM, RULEAFHhOE T L
FREEMELTEY, BEWSLOELE, S30E\ 2 &, RO 7= v offilk LTk
EMHTHTHDLEBRTDY, Fhex— I FAMOMAIX, Photo I bR HHR 5 X KC
EARCHRMBRLE DR 2, SLIZELY, EuUMco S2 (L) QEnE<L ko T 5,

. 3.1.3 fiFMoMEE

BB B S THERTIL, TOREHIAS TH AR 2in U TEM 25 IHKHEE
LT\ % (Photo 2), ZOBBIC B THMBEOFRERARE L CTERL LR, O LFRAIC
T 58 B% Photos 10~28 IR L 7z, BT, FMETIRE 1@%?3%5%1:1%:#&1\,\6
2%, FB|CTOFRIRBHRIORTRE EDT,

BB ORI EMEH TH TH 5 II-1 (Photos 6~9) ¥ F ¥, BEFEEFH KK 3 I-5
(Photos 25~28) ¥ ¢ UV SAlSEFALXBEL, MRORKHE» D XA THANICL2BX KD X
I EEC MR Y B TR,

 EMHTHILEEME COMBOBENLSE (5 — 3 7 A HEKR )
AR (B EM S TH); MlaETEAY, MlarRiks <, =~ —#o ML oHE LM
BB LTV 5, BEREL, K\ S1, S2(L), beAghoB x> S2 AH, S2.(@L) ik
Wilix—@ET5, AR S2 £40BEENCLHL, S2(L) DELETRCERB CRIT
Bo ARI U HTOBEMNH LD, [Fl. A:11-1(04,06), A’: II-2(0.4)]
BH; MAEBEMEGE, = —r—CALhixEo, MRMRIEES I DVAEZ, ML 0f
Bix T Toiewn, BEREW, A S, S2(L) ik 2 — o —HCRAEVCHAERB TR,
B&E; BREBRIEL WA, BERLPHEL, S2L) k=~ —HOoA RO HERET
EHELTWB L0, [Fl. B: 1I-1(0.1), 1I-3(0.6), B': 1I-2(0.0), II-3(0.4)]
CHl; MiREWEROTEREFH L 2EEb b o, iz —r—PicorE x> S1
&, bnik S2(L) oFERRO RS, [l 11-4(04), I1I-5(0.6)]
D& ; EF# oMl

& — 3 FARMOMECOWTOSE, TXTHRMEIEAFKTH S,
afl; ACAANRbh, MEEBEPLPAEG, Bw S, S2L)REE<HEX —AT 5,
' B BRIRL THHHAS2L) 0BT EHICOARLAE LD, [l a: [1-2(1.0),
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a’; 11-3(1.0)]
bE; AR WBHE, 2+ —Wieok S1 & S2(L) o, (6. 11-4(1.0)]
cBl; EHEH

COSBIIMRONERLBREBLY, TLASZL)0FELFOREIREIS oA
5LEE-TEv, EBIRCERD THORBEYL, bRAENRCI-TRII ELIEY, X#
Ckids UVEMSERC X 548z, X YNERS, 2ENRLOLBLL .

OB X VEIARL 2 -1 (B 42 mm) oW CERMTSE, 1=+ L TBH,
01~015 ¥ Tix A’ #, 02~09 ¥ CiIX AH, 2~ :F 1z aFchs, ,

11-2 (“E#& 18 3.0 mm) Photos 10~14; & DAL EMH THOBEZN ﬁiiﬁmf«%ﬁ;&s
HEL T EHOMBTHD, WRBMIX -1 E235F b, UL -1 RENPRRE
B A’ BoFE#H» THERNEROKRTG 25D, ABOMRELT»ThHole, T
bblt=v o AEO00TH H, 02T BH, 03~08ix A’#, 08~09TAR, x-—3
FAMX a BRI,

-3 (F#i18 2.5 mm) Photos 15~18 ; |EMITEMDOK 60~70% THD, 1= + A
CREEMEELR WD R, 02~03TCH, 04~08TB WL BE, 08~097T A’ fi¢
Bot, F—- 31 F7AWEa’ BERL, Tihbb I ONBOFR TR, REOHST CIREEH
LL RS THOWHB T, BEKDL LIXCHRBWIER DS THBRIZA kY, dPHOB
FRNEREEDTL 3, U2 LA 08~09 THTHOBREIR LE Y, T o THEAR
RBDIE2— I FAMERNT, BRECS2L)BARLAERY, Eﬁéfﬁ@(ﬁ%a@ﬁ%
RLTL B ETH B,

II-4 (F#4#%8 2.2 mm) Photos 19~24; REFFIXER O 40% TH 5, 00~02 T D H,
03~04TCH, 05~09 ¥ TB /gL BRERKHY G A FXIRCRbhR, &~ 3
FAEL bERKEE LD S, BEEHO 1~2F 0BT EEHO 2~ 3+ L KBXA
oD LRINTER,

II-5 (4£##% 18 2.0 mm) Photos 25~28; & @fﬁzmimﬁcz)ﬁéoﬂﬁbfﬁ@#b % {7 8
T, AIRANCIIEEH AL\ TH 5, Photo 26 0 0.6 ¢ CRMNRON B % 20, X
TEEHO DETCH T, 2— 74 BOMRBLIEERD cBTHD, DX I>CEHRD
THOMPE 25 CEOME, FROIFPFRCED, FBMED THIZEPBRM 1S L 2E
CHEEL T ORERENZ L L BbhB,

3.1.4 MR 1054 H O M H TH R

X-1 (%F#%¥8 2.3 mm) Photos 29~32; [EMEfIO »H THHRE (HEBEME) 0FREO LD
T, FRIEE -1 X0 R, BEBIFHRONT0% T, ARMCIINED 1-3 %35,
L2L UVBEESEER>»LOROK2 X5, EMHTHOBER -3 XV ETH -, Tib
% 00~03C CH, 04~07TB 7c\~L B, 08~09TA 7o\ "L AR, %~ 3518t
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aft\wL & BERLI, ERAEOH TR 5 BB ELArRIERL THBLDTH
b, ZORBLELL, 0FHOS THREDRKORMEL L SE - T, THhIZL20h
5%, HBTHOBENERD LB VEL Lo TWAH I LY, HTHHBRORMMOMAILLRX
RTW330EBbhb, TicbbEM LB HEAC AR » LR RT O EMRH THER
OEBERTLOE L THEKR,

3.2 74 LLORERT

II-4 @ Photos 19~24 /R L /MBS 2T, HEET 5 “EOMAIEE (1.0 TIXHEE) ©#
Wil Z7e7vey b A—2=TEELLLO®RTLFig lOLEYTHD, 2 OWEFT M
Bz, BT 4 ABRETIobY UV RIROESE, SMECIMREEIRERTRY, EF
MEEMHTHEORERI S FELEIR TS,

HIK 00, 02 DHIBIIEEM LELL WD ETHD LAV EDERCRObh 2 RE
v—~21%, S3EBDH, =V -=2T o 2 bROMH, T TIRBRETERL, V041X C
Bofiachy, BEATEz—F—HicS1 &L S2(L) BRI B2, ZOBKFIXERROATO
EETHVH2ELELR\, T 06, 081X BEOMITARTIXRWA, EEH THOR
B7e7  ARILREATHS, Tinbhb S1 OFRIN, S2(L) ORI S2 R~
WYL TWLBTF, S2AMOB—RENIRETHD, YH 08 DREFEH CLEMD S2 A
Boniwoik, UFOBRBOLDTHS, Y10k 2~ 1 rrHoMiao b Mickiy,
BTHONEKTHENDOLDTHBA, S2(L) BNbTHEBEDLRBLDDT v 7 4 LPRE
NTWB, S1 L BRIEAE B IiBoB - S2(L) 2’@Hbh X 5,

Fig.1 O¥fEiz, ML, S1, S2(L), S2 D & 2 HD 7 4 A AEE (ERERE K, JISK 7605)
THBD, ZOHMEHE ScoTT DORWIR L Y, S2HFE DY r=viEKZ®RD S & Table 1
DEBHTHS,

Table 1 DEMEI 2Tk, HAOBRKEORIESE (Table 2) &K T 5,

Table 1. Relative lignin concentrations from silver density
of the negatives

early wood 114 late wood X-1
Sample position i Mean
0.0 0.2 0.4 0.6 0.8 1.0 0.8
Curr)/Cse 1.78 2.54 1.78 2.25 1.48 1.90 1.53 1.89 |
Cs2(1)/Cs2 — — — 1.91 1.52 1.35 1.50 1.57
Cs1/Cs2 - — — 1.00 1.20 1.10 1.14 1.10

CuLary: Lignin concentration in the compound middle lamella
(tangential and radial wall)
Csar): Lignin concentration in the outer part of S2
Cs2: Lignin concentration in the inner part of S2
Csi1: Lignin concentratration in the S1
Cuw/Cs = DL—Dn1/DrL—Ds (ref. SCOTT et al. 9
DL: Silver density of the negatives in lumen
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0.32

11-4(0.6)

11-4(0.0)

0.46

0.64
. ML
0.28 0.27 0.28
11-4(0.8)
1-4(0.2)
0.48
061 '-V + e A\¥ 4
0.65
ML 0.26
II-4(1.0)
0.37
047
0.44
0.61 -7 y

0.64
Fig. 1. Densitometer traverse across a tracheid wall
of the position 1I-4.
( )}: relative position in an annual ring
Number: silver density of the negatives
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100 100
2 1I-5 2 { X-1
= 8o = %
] [
3 [
© = pefibunt S2 outer
- @ c 3
cC v 40 @ 3 l'd
S % Mt 5. ML
$o 20r S Late a5 20 S2 inner
wood
1.0 1.01
Mt
0.8 ° 0.8f
© \ v
2 o6t ML o 06t
N o
a -
5 04t 5 04
2 2
< 0.2'E;w\»\ s2 0.Zrgarty $2 inner
wood wood
02 04 06 08 10 02 04 06 08 10
One growth ring One growth ring

Fig. 2.(1~6) Cross sectional area from densitometric mensuration
and absorbance from microscope photometer of wavelength
280 my in the varions wall regions.

3 5—D2D7 4 L ARERITELT, 75 -EEMNTERELYHAL (A, FEREXD
FAHIY EEREMBEOREMYBNEL LD THS, 75 —FHIARTIIEKL -, &
DB ETHTELTLERELTREL, PHWBOFETIRF 4+ 7~ A BRI hBi, &
BFETHRNLEBY, S2HBH L S2HAWEE, X026, fLoBRBERS LK, <€V &,
%, Bo4ATRAL L, EESTHO ST ixFE LK, S2L) LEEHHO ML 23k, ~E v,
%,%©4é,%THGMLﬂveyﬂ,%y%®36f%3h§sﬂm,ML%mtbﬁm
WIREREA S X bhic, ML ©5 b ERBEROEREMOESMRMBL, = —F~%xy
BWBET, EEHTREK ~€v 2028 TERREA, COBBOREHIZ Ly, W
BT A4S BERHOERLRNAETRIND, LEARBOBYRET I EHBRE OB
HERBPHCONTHREL B 12DT, ZOEBEROEMSELHEEYEL, Y
DWTHETAZ LR TEhhole, LAL ZORJNOHEEEDOMELS, MinsFEER (LR
EEB b D) EHE, BT TCELINLEEHD S2, 5\ xEHEH THO S2HTOTBERIL
AL L ERETRIR S, COMEOMRERY FREMLBRUFRAME CRLIOM,
Fig. 2(1~6) ®_ LORTH 5, '

MREERX, EEHMORM T27T% iR TH 50, B HBREARBELYRL T3,
2 — 3 LR BN ERD THERO A BICik, 60~70% DBERYRL 7=, E%
O THCMIBEC AT 5 52 O HEZ 85% HETHB, BHDI5% L, BEAL ML L
RiLIND, BIBRD LYK, <€V 23 BBROLEEERO ML (t.1), ¥, Bii=z -+ —~Fo
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ML (co) #7RL fe8, ChEEMTET L ThER 13%, 3% Tt (BB Table 1), FEH
HTHTR, FTOBENE LR, 2MIECHT 5 S2 MO LIIZ T 4o T & &2,
IREA T B, ThobbREMEERS THO A BOMENL 45~55% Bitk, BRTH
0% OBMETH- 1o (Table 4 BE), B Y OEFEROFIC S2(L), S, ML 5iEEh B, &
NORBEEL L TRAIAEVOT, BBAOHEELL TRLIPRTIENTE LV, &
RBEROEBLEL LT, 2MRECHTHH, €y 2ORTHERCE, BTORIhS
B2 B0 Table 4 IKRL 2, |
3.3 REOBRXE \

ARIFEOF TRk, ML(cc), S2(L), S2 NET 0.63 up DPERIFA Xy + &
BEL, 2680 4 OWRICH 5 BN (Ano) REHEWEL 7o. ThbLREE A RKOR TR
*hb, |

Ao = log I/ = log 1/T = ¢-c-1
ok Iii n— Ay OBBKORE, [: RBOBBEDOBE, T: BER,
o BOEMREL o BE, L SUREX

AfrBCHRAIE LT I0 MR oBIE L FE AR DAL TRz, Fig.2(1~6) 0 FOE
THbd, IAUM, ERMHCONTE, ZORTREBLI,

H7 BB TRLIEE N, EEHMD S2 550 1FEMBTHO S2 BHo UV KE
B HBRE—TH B, S2(L) $5 i ML © UV BREZ, »hBELLDOTH- 1,
COBEMBKREC L AEBRMEI—SETH Y, WEAYA—MEATELEELLLDT
g, ¥ERBEREBETHPENR UV RIROE I Y, TERTO Y b S0 B tH
ETBZLRAMETHD, REMEL THMEY Yo Ta22, HEWCIIEMETFERO
T D TR b, ¥R ORPCESREECHETSETE L THSOES O
BOM@REFS RS, BhxiX Fig. 2 0 11-2(0.6) R X-1(1.0) iK1} 5 BMEDE L\~ it
DRDOBISOBECIBLIDOLLELDRD, COLSRMESESHEDZ L& LTRLAMN
b Fig. 2 koW TRHL Tal,

WiLsoN %, 2, 3 D#EBICOWTY 7= VY BEO—FHAEBIEETHD, BEHOHHR
2~3% BH L VB EBMEL Ty 39, LhL Jansons i3, BCRBHOEAER L0V 7
=VRIZBNZ &, L OFEBIIH T 223~34%, B C252~295% ThD & v BL
LTn5Y, Fig. 245 825302 S2RBORKED —~ERAEHYRD &, IISEEHT
% II-5 Tit, BHOFBBEM L VHLACBREEIZ S EnBDH LN B, FFHBET
#eb -2, II-3 © S2 WO UV BEER, FEHOH NN L 0 BeBEERLTWS, L
HlIsHL II-1, -4, X-1 0 S2HHFTL, —FERC b TRIgE— Y RLI,

DLy 7= vBOFRAOERCOWTHEBRTRESRAT A L3 TR, &
DR RL b FUBEO—~FRADO LPTEME FHL CThiz, Table2 Dk Th s,
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Table 2.  Mean values of absorbance (1=280 mg) in each of
the positions and relative lignin concentrations
from these absorbance values

Sample -1

position II-2 1I-3 1I-4 11-5 C. Opp. X-1 | Mean
ML (cc) 1.15 0.92 0.95 0.90 0.66 0.82 0.67 0.70.
- S2(L) 0.68 067 0.59 — — — — —

S2 046 0.36 0.37 0.30 0.22 036 | 0.30 0.32

AwMr(ce)/Asz 2.30 2.56 2.56 3.00 3.00 2.27 2.23 2.19 251
Asavy/Asz | 1.36 1.86 1.59 — — — - — 1.60

ML(cc): Middle lamella (ceIl corner)
A: Absorbance from the microscope photometer
C: Control (normal wood)
Opp: Opposite wood

Table 2 iz Fig. 2 vtﬁ%n}f;u~E%ﬁuﬂ&1ﬁiﬁﬁﬁ©wj%ﬁ§ﬁabto ¥7- S2 ML ML
ROS2(L) 0V 7= vBEDOKINTE L, COBSBEDOHIE, BHE AML/ASZ, Asyry/Asz
DETELBN D, , :

Table 2 76 Z M BEOBRXEOHKEX RSB &, EFH (C) RNRXM (Opp) 7z £,
ETEELYRLUICOTCEEL L TELTIWONE S hgEHchs, 116D S2ckiTHE
PMEDIX, Fig. 2206 RN % X 5o ETH b Lhlky, WEEELL T,
CEHEMOBNEY Z Z T2 S2 2102, ML 4307 x5 &, 11-2, -3 MO hEOTEMS
THIL, S2AHE, ML & 1 #920% O RGE, I1-1 #Ar0 BB EMS THIZ S2, ML &
L #950% WORKEERL TnB, Ll X-1 i3, I2BEOEMBETH THLIER
KEX R, COBMISDIEMS THO S2 W, ML OY 7 =vEi, EXHO S2
R ML XD AETECLHWSh D, LRECR X5 RMERS, flihoRiEDz L
bHh, B I-1 OFEOH L5 EOMEER, BRoMO) 7= v SB#ROFHEDIZTHE
2bhiWEETH B, FLOBRNISHBICEY v, AR CR—E, EHTHOV 7
=VBEIEEHOMI2MHBTHHELTEL T LI

Wiz S2 A& DR ED Y 7= vRED % Table 2 DBREEO KR U FIARD Table
1DFHBEHORDICHENOBFL TR L 5, Tablel DFEEBEHL DO, S123E
EhTwabZk, FRIOBEO ML 38R I EREMOBAMRBBTH 5 2 &8
Table 2 & Bir s, BEMCHLIDOAT7YELHY, EBREOMEEOMMI BRI NFIC
DBETHHN, ARTRILRENRBEEEZRD L LU TEEEYEF TR, Thbd
£BOY 7= vEEILS2 HEOMECHL, S1TE#HL1fE, S2(L) Tk 164 MLt 1 T
12 1.9 £, ML (cc) Ti% 25 fs D BEN TR I T ¥ F-, FERGUs fi1iL, Spruce ©IF ¥ # ¢ ML (cc)
T S2 D 37715 (BH), 4545 (BeH), ML (t-r) Tix S2 @ 221 € (B4), 2.7 % (k) ©
V) 7= vBERARL TH589, ZBOMIIh L b B,
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3.4 UVBIRZARY bIL v

X-123sid 5 EMBTHO S ML, ERH C 0 5MEICONT, 240 mp 55 350 mp
FTOUVRIRARZ bARPREL ., Hroffiict h, BEECAR L liROBICE
FoRCARLA, ThANERE WELAOBE) L5400, MEMCIDEARIRS
D, BHBHCEEENRLONE S pRHE I TRV, WEEXOLEH D E—DOMEY
RF|LLU T Y H TR, BEBEOFPHELRDTRRL Tht, Fig.3DEED THB,

1.0
] Normal .
0.8 Wood 0,84- Compression
§ g 3 3 Wood
c L
§0.6 30.6. /
20.4 §0,4- S\Zouur
< 2
0.2 0.2p
S2 inner
240 260 260 300 320 340 240 260 380 300 320 340
A(mu) ‘ A{mu)

Fig. 3. Ultraviolet spectral curves for the middle lamella {cell
corner region) and the S2 layers of cell wall in the
normal and compression wood (Mean values of 5 cells).

TALBERE, TR GRS S T o T 260 mp TR/, 280 mp TRk & iR L LU AT 8%
DINToTHSBBRR I 7Y A« V) 7=vDARS FARFEL T 3Y, FESTHO
UV ARZ PR EFEMEBRBIRENADRI EOBEY { H 0, A#o Fig.3 Oihgc
L ABHCEERNLEIRDE NI, R I TERLEADOBMBETDO A2 P L HED
2T, FEMEHTHD ML (ce) T 275 mpe KB ARG R % L0 (3 #4), 285~290 myx CRIX
ERBMICTST, “B” LLTRLhB L0, hlioBEe %2 b h 5 260~270 my
DARAMERIR ©~ 7 BRERDZ DR ENDH D, BEOBRNILETHS 5, Fig.3ickis
TIERHOFHEMRS TH L 0 FBRINELRL T30k, UV BKEEOIER &y~ {1 (8
&~ 37A8) 85 2HREEh TuiicdTh 5,

3.5 HOUs=vaRO#E
CBEERVCERBERFOER»D, Mo CHREABDY 7 =2v 4B o TEE
LTHh%, M8 ThNIc X 5, $HEMDOEEHMIRED ) 7 = v & Bico\ T it FERGUs fi1®
DEEAFLHFL L, TORBEIEIL L\, EMHTHD Y 7= v HicouTit, COTE,
TIMELL b OFME IR 035 525, V 7 = vEB ORI BT B T vig s, 7272 WESTING
DO HIC TIMELL DEF L BEHN B B T 58, FERGUS fliit Spruce ® —KEER Ot
MLDY 7= EGBOBHIC Y5 T, Spruce D275V v + V) /=y 21% O EB A b 1%
Lico EfiD THOBAEL, LOHELERT D DITIII2 ks, ¥ bIEBC R~ X
SIHEMS THOMEE, BREANTLONLPFEEDLOE TEL MM A EATH D10
ThHb,
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WE AT, FERGUS {819 ORDI-EFEM O R D S2 DV 7= VB 0.225 g/g OFfE
¥, BLEE T ARAME EZL TERSLTHOY 7= v ERBEOHVTRHNL TR, BEE
DREREES, EMHTHO S2HFD Y 7/ = vEEX, EFEHD S2 (0.22g/g LKET D)
D12 THHER/REI NI, ThODORBLEY 7= v OREHDOFKER (Table 1, 2) 25k
BEEXBO) V=viRE®RDD L Table3 DL EH TH S,

Table 3. Estimation of lignin concentrations in each of
the cell wall layers of compression wood.

S2 S2(L) S1 ML (t-r) ML (cc)

. 16 1.1 1.9 25
Relative absorbance 10 (14~19) (1.0~1.2) (1.5~2.5) (2.2~3.0)
. . . 0.42 0.29 0.49 065
Lignin concentration (g/g) | 0.28% | (206100 | (0.26~031) | (0.39~0.65) | (057~0.78)

S2: Inner part of S2 of compression wood
*: 0.22g/gx1.2
The value of 0.22g/g is the weight concentration of lignin in the secondary wall
which had estimated by FERGUS et al1®

Table 3 D¥fE L, £MbBEC AT 2 A4BEBT s OERL BFEL) ndbhid, HoV 7=
VEBERRDDHIENTES, COEBERE, UV ERETFEOYT o HEETRDD Z &M
T& 5, FEMTRRERMOE O LOMBIZ oW THETIE, TIXRELEHTH Lk
WOTHEBEELDC LIXWbi, LrLERS THOBEE, SREOERLRIIERCH
B CTHhD ot B S2(L)], $-ML2S2(L) DY /= VviBEOEBHEOKRE 2 Ehb,
REZHRRERAEMS THOREIC X b B, FHIhicsi LT Table 3 OBMEAF Lk b
DTHHNEIDRL T, BEVFFCREL LD LENTFHIND, Licdi-TEMST
H@%éu,%m%oﬁﬂmﬁmw?bﬁﬁmxlb,UV&M@%%@&&%@E%&X&
TORETBV 7 =VvBEOREDHNIVERHTHLLELOIS, RCHNIH T — @B
IR WT, FOBMOBEERY RO\, TORKTIFEEREORTBIITE )y
Fro FRESAFETIBREE=0 (1 — 2 VOBEE) 1o H5BEEE T 65 LI &
R, S2HARAERED2BLELDTHIDTED LOBEF2ETFOF L DD L, L0 3E
BCOBNGERIL 1:2:3 CRIAD S EICAD, CO3EOHMREY 7= v ORELYT
B CHETD L, HO) /= vEBYHETEILNTED, TORLXOFERIE Table 4 i
RTEEHTHD,

Table 4 Tit, BiADEMS THOMBRE I E LD TR, A~DHoEs», BRIBE
DEWERSH THE, EBEH (B obo®FIEELc, EEHEC DRI, EFEHDS2D
Y/ =viBEE 022g/g) #EAMEL, A, BRIZZh X b 20% MoOBYERMBEEL L, ki
= DE BV g R D TEE I T Irn 7o, Fercus ' ORREIMEVGHIE L T
Al
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Table 4. Estimation of lignin content of the wood.

Relative absorbance Lx%mn content Calibration**
10 20 20 the wood value
i ’ ) (&/8) (g/g)
Lignin concentration  (g/g) 0.22* 0.44 0.66
Volume 84 13 3
Normal wood | fraction (%)
(early wood) Ligni 0.262 0.270
ignin 7% 70 22 8 '
of total :
Volume ‘ R
fraction (%) “ 18 5
C,D type*** —— 0.282 0.290
Lignin % 60 28 12
of total
Lignin concentration  (g/g) 0.26 0.52 0.78
Volume - - ,
fraction (%) 68 % 6
B type*** — 0.361 0.370
Lignin % 49 38 13
of total] .
Volume
fraction (%) 5 3t 4 :
A type*** 0.417 0412
- : ngmn % 35 39 %
- ==aof total
Volume
Typical fraction (%) | ©° 34 2
compression — 0.461 0.460
wood Lignin % % 39 36
| of total

*: The value of assumption that refered to the report of FERGUS et al19
**: Calibration from ray tissue. Lignin content of ray cell wall; 0.44 g/g.
tion of ray tissue; 5%.
*+%: Cell type from the compression wood to the normal wood. ' Values are the mean of
several cell positions.

Table4 H@EBLI D L O, EXEHRCC DA (EEHLELRW) OV 7=V &R
i3, Abies ROLMIE 2HATRERLRRMERL T b, SO LREREL L THE
LicS20) 7=vRE022¢g/g %, TOMRBLETRWC EEELDRLI LS, F
WHTHOY 7= v ARORLIED, Abies BOMIED 39~40% I, 2FHETHD L
Bbhd, e 2 CHELRTREGTRGC LEEEOEC X b BHEI A AL 2
ETHhB, Bz VECSTEBLTHO S2HFTDOY 7= vEBEREEHD S2 0128 &
HEL fotd, RICIEFHEHM O S2 LBEIELRWELTEHET S &, BEOH TIE, 0310 g/g,
A RO¥ Tix 0354 g/g, IR FE#E 5 TH T2 0390 g/g (W b B R A HIE L 7- 6)
DY F=vFRELRDB, ZOIHK, KL DES2HDVLS2ARMOY 7= viBECIEH
RRES, SHOBRFCLELLDTHAS 5,

Table 4 ik, ZFEEBFEOH D) V=V EREY 7= v BT 5D D HRAEFH AT

Volume frac-
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5, ERMTIIACENIC L 5D 3FEOWEBRM OBRIT, 1313 S2: ML (t-1): ML (co) ic
HIET B, LIdio TIOZE20BEBE®SD Y 7 = v EHiY, 70:20:10 TH Xh, Fercus fi
DRDIMES 72:16:12 HEBW) LHKTH L, L—HLTWHIERnBHLRD,
HTHOHER, V7 =viRE026g/g B DL DY 7=v@Tbb S2HEDOY 7=V D
HE, HTHOBBCIOARESERTH, RENSERSTHTIE, SZHBDOY r=v
32V 7= D 26% KU hibi, S2(L) OERIZZ I CERARIRBE G, LAl WER
CHEMSTHDO ML OFDY 7= v DR, E¥HMO ML OESY 7=v0RD 20% HTh
HEBMICRETSHEL, TOMLOY 7= vEi3, BMHLERSTHTIZLY) 7= v 0 21%,
AROMIATIL23% LEHHESIh D, SIEEBL AL WETHEEY) OBM S2(L) ith bab,
V7= v BT BB RS TH T 26(S2 %) :53[S2(L)]:21 (ML) T b, A o #ikk
T2 35:42:23 L 7x Y, S2(L) D32V /= v BILY) 7= v D 0~50% LHEIRE 5,

4. W 2

BOARBEEBEES @My — 1Y 71 A MPMOL &) AT, b F~Y DEHEHT
HHRED Y 7= v e onTHREL -, BENRERES TH, R, EEH oMz
BEEdTied, WAHCEMS THOMAT 2BBO 0%, 1ERACK TEEECH
BL, BXEREOWELTote, BORAERELYERNTHLROLE ) TH 5,

1) ABEFECE T RERN OB X, Photos 1, 2 KiREh B, KAz =K g
%, 05 B0 ElL, BRIV AT -7V Y v THALLK,

2) AFHzEC, MapRe UV RO 1 ERAOERY UV EMEE K (Photos 3~
32) THRA L, FEITTRT 280 my OFROBENIC I HHDTHS,

3) HE#H» THREBTMEOEMHIZ, UV BIROFFGE- S1 &, UV BIROMB- S2(L),
UVRBIRDFEL L dB—7 S2HBPTRIND, EMBTHIALEEME TOBTRE T
M OB b EENCKRD & 5 it lilB» 8L Thi,

AR (AR EMRSD THMRR) : MR, MIRMBRX, By S1, flamEdL—&+T5S2(0L) &

LRAENDE D S2 N, [ex. 11-1(0.4)]

BRI : J%, Mila=~r—TARAEED, A S1, S2(L) ik 3 ~ 7~ CTRE A EEHC
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12) EEMOBRM T, &Y 7 = v D T0% » ZKEEC, 20% »% ML(t'r), 10% % ML (cc)
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summary

Lignin distribution in compression- and lateral- (side) wood of Abies sachalinensis
Mast. was studied quantltatlvely by the use of an ultrav1olet (UV) microscope photo-
meter (Carl Zeiss/West Germany, Type MPM 01). In the lateral wood, the vanishing
process of typical compression wood cells was observed in detail across the annual
ring by UV microphotographs. The lignin concentration and content in the wood
were estimated quantitatively by the densitometric analysis.of the negatives, and by
spot measurements of the transmittance of 0.5 ¢ transversée sections in UV light. The
symbols and abbreviations in this report are as follows: S1-~QOuter layer of secondary
wall ; S2—Middle layer of secondary wall; S?(L) or S2(6uter)—0uter part of S2 in
compression wood ; SZ(mner)—Inner part of S2 in compressmn wood ; S3—Inner layer
of secondary wall ; ML—Middle lamella; ML (cc)—Cell corner. region of middle lamella;
ML (t, r)—Tangential and radial compound middle lamella; C—Concentratlon of lignin;
D—Silver density of negatives; A—Absorbance obtained through the measurement of
a microscope spectrophotometer.

Samples
As shown in Photos 1 and 2, small specimens containing the whole of an annual
ring, which were collected from compression-, lateral- and opposite wood in the experi-
mental disk, were embedded in Epon by genefal techniques. Ultrathin sections (0.5 )
were cut from these specimens with a glass knife and mounted on quarz cover-slips,
using glycerin as the immersion fluid.

UV microphotographs

Microphotographs taken on ordinary commercial film at a wavelength of 280 mg,
were displayed in Photgs 3~32. They represented details of UV absorption on the
images at all stages in the transition from compression wood to normal wood. In the
compression wood tracheids, a thick, low absorbing S1, a ‘high absorbing region of
S$2(L) and a low absorbing region of inner part of S2 are revealed as their characte-
ristics by UV absorption. In the transition from compression- to normal wood, the
tracheids were classified into the following types according to the morphological and
histochemical features. A type (typical compression wood): Round in outline, large
intercellular space, thick S1, S2 (L) circulates around the cell, inner part of S2 having
helical cavity (ex. Photo 7). B type: Square .in. outline, becoming round in the cell
corner, thick S1, S2(L) widening in the cell corner and narrow or vanishing between
the two cell corners (ex. Photo 6). C type: Outline of tracheid almost same as normal
wood, thick S1 and S2(L) are restricted their presence within narrow limit of the cell
cornner (ex. Photo 21). D type: Normal wood. Terminal cells (last-formed cells)
which were flat in outline were classified by another criteria. a type: Round in the
cell corner, thick S1 and notable S2 (L) (ex. Photo 9). b type: Angular in outline, S1
and S2 (L) restricted in their presence within the narrow, limit of the cell corner (ex.
Photo 18). c type : Normal wood, First-formed earlywood cells in an annual ring of
the compression wood were not represented.as A type but as B type. Thus, the com-
pression wood cells vanished little by little from early-formed cells in an annual ring
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and bécame transformed gradually into the normal wood approaching the lateral side.
Simultaneously, théy also-disappeared from terminal (last:formed) cells. On the border
of the compression wood at' lateral side, the cells of C type were observed in the
middle part of an annual ring.
" Densitometric analysis of the negatives

The silver density of the negatives was determined with a recording microdensito-
meter (Oyo Denki, Photopattern Analyzer, Model PPA-250) and was calibrated by stan-
dard density scale ilm. The density profile across a tracheid double cell wall in the
position of II-4 is given in Fig.1 (1~6). From the values of the density of various
regions (Dyw, Ds: etc) and lumen (Dy), relative lignin concentrations may be calculated
by the equation of ScorT et al. (Table 1). While as an another analysis of the negatives,
colour conversion and planimetry of iso-density areas corresponding to the different
levels of shade in the images were executed by the use of an analyzer of photographic
image by colour (Kimoto, Phosdac 1000). As a result, volume frcations which corres-
pond to the relative absorbance 1:2:3 are obtained by this instrument and were given
in Table 4 of each of the cell types. The S2 of normal wood and the inner part of
the S2 of compression wood were arranged to include the low absorbance part of the
above three fractions by the adjustment of this instrument. Therefore, it was estimated
that the ratio of the volume fraction, S2: ML (t, r): ML(cc) was 80:15:5, because
ML (¢, r) and ML (cc) correspond to the medium and high absorbance parts respectively
in normal wood. In compression wood, the volume fraction of the inner part of S2
ranged from 70% to 45% according to the cell types. The variations of the volume
of solid substance and the volume of S2 fraction in the wood were shown in Fig. 2.

UV absorbance by photometric measurement

Absorbance at 280 my wavelength was measured in 0.63 #¢é spot area of S2, S2(L)
and ML (cc) of 10 cells in each of the measuring point by the microscope photometer.
Variations across the annual ring and mean values of an annual ring in each of the
sampling positions are given in Fig. 2 and in Table 2. From the absorbance values of
compression wood (II-1~3) and normal wood in Table 2, it might be concluded that
the lignin concentrations of compression wood were about 1.2 times that of normal
wood. And it was given that the ratio of lignin concentration of S2:82(L):S1;
ML (t, 1) : ML (cc) were 1.0; 1.6:1.1:1.9:25.

UV absorption spectra
In compression- and normal wood, UV spectral curves of an average of 5 cells are

shown in Fig 3. The UV spectrum of S2, S2(L) and ML (cc) gave the same as that
of guaiacyl lignin, and exhibited no difference between compression- and normal wood.

Estimation of lignin content of the wood

From the preceding relative lignin concentration and fraction of the iso-absorbance
area, if the value of the lignin concentration of the S2 is given, it should be possible
to estimate the lignin content of the wood. In the opposite direction, if the value of
lignin content of the wood is given, it would be possible to calculate the lignin con-
centration of the S2. So, in the latter way, FERGUs et al. obtained the value of 0.225
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g/g, as the weight concentration of lignin of the secondary wall in earlywood. In this
report, the lignin content of the wood was calculated on the assumption that the lignin
concentration of the S2 of normal wood was 0.22 g/g.  The results of calculation are
given in Tables 3 and 4. Depending on the cell type from compression- to normal
wood, the lignin content of the wood ranged from 46% to 29%, and, 26%~70% of the
total lignin were located in the S2 or inner part of S2 region.



