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Yunnan province

Fig. 1. The floral region of Yunnan province in
China.
1. Cold-Temperate floral region.
2. Temperate floral regien.
3A. Sub-tropical floral region.
3B. Tropical floral region.
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Table 1. List of species examined

Family/Species Habitat Porosity

(1) Magnoliaceae

Magnolia heptapeta (Buc’ hoz.) Dandy Temp Dif

Manglietia megaphylla Hu et Cheng Sub-T Dif

Michelia alba DC. Trop Dif

Pavamichelia baillonii (Pierre) Hu Trop Dif

Talauma gitingensis Elm. Trop Dif

Tsoongiodendron odovum Chun Trop Dif
(2) Tetracentraceae

Tetracentron sinense Oliv. Temp V-less
(3) Lauraceae

Actinodaphne henryi Gamble Sub-T Dif

Alseodaphne andersonii (King ex Hook. f.) Kosterm. Sub-T Dif

Beilschmiedia linocieroides H. W. Li Sub-T Dif

Cinnamomum camphora (Linn.) Presl Temp Dif

Machilus yunnanensis Lecomte Temp Dif

Phoebe nanmu (Oliv.) Gamble Temp Dif

Sassafras tsumu (Hemsl.) Hemsl. Temp Ring
(4) Myristicaceae

Horsfieldia glabra (Bl.) Warbg. Trop Dif

Knema furfuracea (Hook. f. et Thoms.) Warbg. Trop Dif
(5) Lythraceae

Lagerstroemia tomentosa Presl Trop Dif
(6) Sonneratiaceae

Duabanga grandifiora (Roxb. ex DC.) Walp. Trop Dif
(7) Flacourtiaceae

Gynocardia odorata R. Br. Sub-T Dif
(8) Samydaceae

Homalium laoticum Gagnep. var. glabratum C. Y. Wu Trop Dif
(9) Tetramelaceae

Tetrameles nudiflora R. Br. Trop Dif
(1) Theaceae

Schima wallichii (DC.) Korth. Sub-T Dif

Schima argentea Pritz. Temp Dif
(i) Saurauiaceae

Saurauia tristyla DC. Sub-T Dif
(12 Dipterocarpaceae

Dipterocarpus turbinatus Gaertn. f. Trop Dif
(13 Combretaceae

Anogeissus acuminata (Roxb. ex DC.) Guil. et Perr. Trop Dif

Terminalia myriocarpa Huerck et M.-A. Trop Dif
(149 Tiliaceae

Tilia chinensis Maxim. Cold-T Dif

Tilia pancicostata Maxim. Cold-T Dif
(15 Sterculiaceae

Prevospermum lanceaefolium Roxb. Trop Dif
(160 Bombacaceae

Bombax ceiba Linn. Trop Dif
(17 Euphorbiaceae

Baccaurea vamiflora Lour. Trop Dif

Bischofia javanica Bl. Trop Dif

Cleistanthus sumatranus (Miq.) Muell.-Arg. Trop Dif

Macaranga denticulata (Bl) Muell.-Arg Trop Dif
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Family/Species Habitat Porosity

(1% Rosaceae

Malus rockii Rehd. Cold-T Dif

Sorbus thibetica (Cardot) Hand.-Mazz. Cold-T Dif
(19 Caesalpinjaceae

Cassia siamea Lam. Trop Dif
(20 Mimosaceae

Acrocarpus fraxinifolius Wight Trop Dif

Albizia lucidior (steudel) 1. Nielsen Trop Dif
@) Papilionaceae

Dalbergia fusca Pierre Trop Dif

Dalbergia szemaoensis Prain Sub-T Dif

Ewythrina arbovescens Roxb. Trop Dif

Ewythrina lithosperma Bi. ex Miq. Trop Dif
(29 Hamamelidaceae

Exbucklandia populnea (R. Br.) R.W. Brown Temp Dif

Liquidambar formosana Hance Trop Dif
(29 Salicaceae

Populus haoana Cheng et C. Wang Cold-T Dif

Populus yunnanensis Dode Temp Dif
(24 Betulaceae

Alnus nepalensis D. Don Temp Dif

Betula alnoides Buch.-Ham. ex D. Don Sub-T Dif

Betula albo-sinensis Burkill Cold-T Dif
(25 Fagaceae

Castanea mollissima Bl. Temp Ring

Castanopsis delavayi Franch. Temp Semi-R

Cyclobalanopsis delavayi (Franch.) Schottky Temp Rad

Fuagus longipetiolata Seem. Temp Semi-R.

Lithocarpus dealbatus (Hook. f. et Thoms.) Rehd. Cold-T Rad

Quercus acutissima Carr. Temp Ring

Quercus aquifolioides Rehd. et Wils. Cold-T Rad

Quercus yunnanensts Franch. Temp Ring

Trigonobalanus doichangensis (A. Camus) Forman Sub-T Rad
@) Ulmaceae

Aphananthe cuspidata (Blume) Planch. Sub-T Dif

Celtis kummingensis Cheng et Hong Temp Ring

Trema orientalis (L.) Blume Trop Dif

Ulmus lanceaefolia Roxb. ex Wall. Trop Dif
(@) Moraceae

Morus macroura Miq. Trop Semi-R
(29 Carastraceae

Euonymus yunnanensis Franch. Temp Dif
9 Burseraceae

Garuga pinnate Roxb. Trop Dif
380 Meliaceae

Aphanamixis grandifolia Bl. Trop Dif

Chukrasia tabularis A. Juss. Trop Dif

Melia toosendan Sieb. et Zucc. Trop Semi-R

Toona ciliata Roem. . Trop Semi-R

Toona ciliata var. yunnanensis (C. DC.) C.Y. Wu Sub-T Semi-R
(1) Sapindaceae

Pometia tomentosa (Bl.) Teysm. et Binn. Trop Dif

§2) Hippocastanaceae
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Family/Species Habitat Porosity

Aesculus wangii Hu ex Fang Sub-T Dif
39 Aceraceae

Acer forrestii Diels Cold-T Dif
@4 Sabiaceae

Meliosma cuneifolia Franch. Temp Dif
@5 Anacardiaceae

Choerospondias axillavis (Roxb.) Burtt et Hill Trop Ring

Pistacia chinensis Bunge Sub-T Ring

Pistacia weinmannifolia J. Poisson ex Franch. Trop Dif
36 Juglandaceae

Juglans regia Linn. Temp Semi-R

Pterocarya tonkinensis (Franch.) Dode Trop | Dif
@87 Nyssaceae

Camptotheca acuminata Decne. Sub-T Dif
389 Araliaceae

Acanthopanax evodiaefolius Franch. Cold-T Ring
39 Ebenaceae

Diospyros kaki Thunb. Temp Dif
{0 Sapotaceae

Pouteria grandifolia (Wall.) Pierre Trop Dif
{41y Ericaceae

Rhododendron rubiginosum Franch. Cold-T Dif
(49 Styracaceae

Rehderodendron macrocarpum Hu Temp Dif
43 Oleaceae

Fraxinus floribunda Wall. Trop Semi-R
44 Apocynaceae .

Alstonia scholaris (Linn.) R. Br. Trop Dif
{45 Rubiaceae

Adina cordifolia Hook. {. Sub-T Dif

Anthocephalus chinensis (Lam.) A. Rich. ex Walp. Trop Dif
46 Boraginaceae

Cordia dichotoma Forst. {. Sub-T Dif

Ehretia acuminate R. Br. Trop Semi-R
470 Scrophulariaceae

Paulownia fortunei (Seem.) Hemsl. Temp Semi-R
48 Bignoniaceae

Catalpa duclouxii (Dode) Gilmour Temp Ring

Markhamia stipulata (Roxb.) Seem. Trop Dif

Stereospermum tetragonum (Wall.) DC. Trop Dif
49 Verbenaceae

Callicarpa arborea Roxb. Sub-T Dif

Callicarpa poilane: P. Dop Trop Dif

Gmelina arborea Roxb. Trop Dif

Vitex quinata (Lour.) Williams var. puberula Moldenke Trop Dif

¥ Total samples of hardwoods examined are 101 species (91 genera, 49 families).

Cold-T Cold-temperate habitat

Temp Temperate habitat
Sub-T Sub-tropical habitat
Trop Tropical habitat
V-less Wood vesselless

Dif Diffuse-porous wood
Ring Ring-porous wood
Semi-R Semi-ring-porous wood

Rad Radial-porous wood (Vessels in radial pattern)
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ERFOEBMOENETN 10 ¥ T Z0H L, H
ELT - 22 FHERLTT 5 7L T,

2) V7 =voRARIGEFEENVIS) 2~ b
N

HE BRI FES KGR, BERIse b —aT
10 pm BEXORDEYIR 2R L 7,

7w m y v (Phloroglucin)-#5 M 2 & K6
(a4 AF—BBERIED) 1 0.2%D7rr 7y v
BENOREBRETBET5, 0umEZ0KRA
HYR R EEERAS AV 77 2 s, 0.2%D 7
rRr Ly VR ETE TR, 36%DBIEMEHETL
T, BA=7F A%, HiOo~=%a7 CHEHE
FEULHE, B VIS <7 » v 2HIFE L1,

Miule 25K (24 VERARIE) (810 um E
SOAROETA 2B~ FYBEH VY AKEBKTS
SR fo, 3EKEL %, 3%ERIC 1 50
BEL, BkExfTe, WAEIERAS A7
SARER, BT vE=7Ke—E0HACETL
T, BHih =275 2&h}, HlEo~=
Fa 7 CHABYHUE BEHLVISA <27 b1
2RIE L,

VIS 2=z b ADBIE  ECKIGIEHE L 48
EBREG0 T, 30 SR Tl L ET O KEE
TR ERS YT T ORI A <7 b A%HIE L,
BIBEMEEROBY TH D, ARy B B
EEVEERECIZL.25 um, EEOHEBBETIZO0.5
umTH 5, MEHRE: 5nm, BIEFRHA
400~700 nm, FEEEEAT v 718 5nm, BB
DR LEH 3 [E,

3D 25—V V eV T=2VOER

B L TEBRLCERIZ60~80 4 v > = DA
LI, 7Aa—AeXvEVORK (1:2) T
A U, fhBABREORRE JISETr 5 -
Ve ) F=VvOEEY LI,

D TaArIE=rervEVEEL

BED 7 v kY THBRRIEHE, RN
BHEL L TtoT7T b A=rm v (0.3478 g/100 ml) %
3miMMzi, EHi=—F AL THHB LA, 1IN
D HCl tPH2~3 KFAEL, HBU¥=—F7 A THiH
L, V7 =vBthrEi.

Rita AR 7 m= b 2574 —#BATHHTL
7oo WG IKRDOBEY TH B, # 7 4 1 SE-30,
AT A{EEINC MV Py vaviRE:
250°C, N, #i& ' 20m//min, B @ BESUIERT

BUKFERA A vEBHE, Bohi =Y v (V), v~
Vv T7ATe RN () DFrhrthor —7HEEN
WEROT L A=y DL — 7 HRDEND,
S/V BxRDI,

I11. EEROT Ui & REMEDEIR W

1. ERSAEEBVSER

VS =V IZSRITEBE YR, R L hED
ROHBHLEBCEE LT 53ELTLea®wTh
D, TOMEABICIEL TEER—R TRV, %
7o, TOWHBBRIFRTENTS 200, HEyHia
BCEETH ) 7=y (FriYr=y) »FDE
FHETAIDIRIBLAERAETH LY, TOBR
WaEFEoV 7= v OBEYRBWICHET L L
IR AL EFTH B,

1) UV 2=zt Ak

Y 7= v RFEELLEYTH B0, BAEED
YBBINT B, V7=V EROUVRIA <2 b
A3 280 nm T ICRIRB A RS D, Thizv¥
A FPRIRE R ZESSRINTH 549, ok, GEO
R SHEOZTh LY L BREROMETH D, K
RERBL KXV, V7= v EFT{LEHORNMER
WA=z bAXBE, G-V 2 =i%280nm iz,
S-Y 7 =vid214mmic, TR ZhBRIEX?D
546.47)0

U7 =voRENAERIEEEXFH LT, Lange'®
SEB DR T — AD T REEL HfARIBD Y 7 =
vERRE L, Wardrop*® 124t 3EH EEBED
RILBBRELBE L 7, Wergin®® EMEDH THiICk
NHHREL) 7= HRiEkBELMAC LI, IHIE,
Goring!*'? 5% Birch # 2 #%, REBREE S
Wickid 2y 7 = v om OB LFENE, EEO
FHER RIS L,

Lambert-Beer DA X » €, BKEZY 7/ =
VEBERORBOEX AT S, HEBM OB
& V7 =2vidBEAEG Y Z=vhbinbic®,
BEIn—2iBoREEMNEELRL, HifiT
T — 2 ORRL WENEEchHD, Lol, REH
HoBE, G-V 7/=vES- ) 7=viEHRAL
T30 TCHEME 5, Bz, 280 nm fFx o UV
BHBEICOWT G-V /= i2S- V7 =voilifE
TH B, LichsT, SEOBNEERIZLL G
BOBRFMBCECCBIATLE S OT, BHific
UV BREERTTGCS-) 7= REETHOITEL
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W

2) V7 =2voRARISE VIS A7 F Lk

V7= VvoREREBELEAVRIGE T4 A
F-RIETH 5, 1900 i Miule i L - CTEIR X
nrn, BBy v A, BE
B, B7ve=7TKCZLo UERZUET S, —
ww, STESM CRERBRE, REEM CRAREERE
T3, A VRIED A L =X A%, SE, $HF- &
BFoOWIE S It t - THLMT R, $ERSH &
REBMY 7 =voRBBII 2B, TLLT
O-%/ viEtoSFtolREcERL T35, b,
$HEER Y 7 = vt T B O-% 2 VIBEN, BE
BRUEHEEHOWThOoGRIARTABE R
BOTHEERLVGIEBEYETHITE RO
MLUT, RESY 7=vho SKichRT5 3-4
FEY—O-F vEBERIABERGLARAYET
5, ¥z, liyama®™ L3 S- DV 7 =v @i~ HV
Bm )y sBILICL D B-=—FT AFEEDOHB R
o THULLAEUIBEED 7 = 7 — A MKEREE =
AVvEBRBAELTVWDERE L, b, 1L
BORIGEFDOVIS AR P ABERS-V Z7=vD
BHEEBSTH D,

—7, v4 2AF-ERRIEI, 1878 4 Wiesner
CXo>TRAINLLDT, ZORKEGEDAH =X A
X Adler™® i X > TBBEER, V7= vt
TH Vv FATAT e FECHAKRTAZ LE2XHLN
X Az, Srivastava®® 2 E A VEIE & w4 A
F-KIGEFIHLT, T4BOWTHY & 2 BB
FHEYOBELCIKEBDOY 7 = v OME2HEL
Tk, L2aL, ZhiZABEOELERECL - T
ARMCHRE LD TH D, B LFERL
TFeRTT, I XFSHEDRERMY /= v £
24 7 OBRMHIGDEBSHARA <7 b LI X
LM AR, TORR GV 7= v ELE
BOZRBEZRETIE, 4 VERBICE - THER
XEL, 400 nm~700 nm i2d>7z% VIS 2 <7 + 1
CRIEE KRB D bRk h, S-V /=i
BUABM _KkEBECEVCTRRERYEL,
510~520 nm O BICRIRBR VB D LI, b
w, V7= voRERIEEFIA LU ATEERN A ~
7P ALBHEB LY 7= v oike UVRIRR
~_7 P VOREBRSLREE»BHET B Y 7=V
OURBEILS—FKTHZEERLE, $1EHY 7=
v OMERFERD CIIEAREYS KESAFHL T

5, LinL, REMAKREREZSET T2
= VL OBRVEMRTH 0T, TORHEERHEN
1L, BARERA 7 P AREEOY 7=V B
BRIGOARELEBINA L7 F LORPEE L TH
THELHWEEE LS,

2. KEBRHMBETFE

1) UMSP-80 BE#H I EE

UMSP-80 B G HHEEF OARER O 2T 40
ERIFig 2 KREhTw5, EAELEZ+
v, MEXEKEBR vy v IV I THB, S
BT E/ 702 —g—%#,7T, 230~1,050 nm
OHEHE TR0 5mm D AF v 7T, HENCEER
EENTED, REBAT -V REETRNATF v 7
0.25um T, XY FrEEIhs, ERELL
Bl E/, 7ex—2—Dlic, XEFHT 2 v5 2
v E2B 0, BIET HH/MEE (R/ME0.5nm) K
O g T LN TE S, THIL
OB ECREIh, BHAFRL G TR
HVCEBRERH Lo T\ B, 7, £/ 278 A—
& —, BEBE, GREMEE XEHALLE=v
B—lazy b RRT=A7ra VY a— R T58L
HEEE T B, AR, Lambda-scan & W
SEREWAY 7 t #FIAL TRBEH# DI,

2) PSP o4&HE

YHOEIZEAECE L VEELRIET, ¥4
BMBEBS BBV 2 0B 23, HERKEY
THRIBEYLEZIZ0.5um & STV 5 H10-12)
JRERM OB E R, BB 2RGS-Y 7/ =vT
BB, WHARE L EERM L DE, 55T,
0.5mEBEDYF TR THRBEEEYBLZ &
AT E Lot 0.2, 0.5 1.0, 2.0, 4.0, 6.0
pm OEIOTWHE R L 1243, 2.0~6.0um DE
SO BBREERET E, BRELT, AWE
T, BREHS ECHC TR OEX® 1.0
um &L, BIBERE Y P BEEIAE
RELOFROBERBER D FAT S, TOEHIK
FVCEBEEAOBHENEL e, PEVEBEER
ANBOBRELRV I 25, 5nm D~V FiEMRA
_R7 P VHBOBERCSN KhbATY 7=v D
S ET DD EHEL I,

UMSP-80 T H/h o BIEE R, v v XX
100 T0.5um, ¥ rv v AX32TL5um, X4
VYAXITS5umTH B, PIEAXy FERD
K-> TR HBIE b, SN HiZE
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PMT detector
Filter 2

VIS
monochromator; |
{380 -1050 nm)}:

Photometer head |:

Variable
== measuring diaphragm

=% __ Observation

UV monochromator 1
(240- §50 nm)

HBO illuminator |-t
Scanning stage [~

2
:g{‘-—f o

Halogen iIIu.r’r'{inator' — Filter 1 XBO illuminator

@1
il

[ I

0O =3 O U & WD e

Microscope
Scanning stage
. HBO illuminator 3b. XBO illuminator 3c. Halogen illuminater
. Monochromator(UV: 240-850nm) 4b. Monochromator(VIS: 380-1050nm)
Attachment
PMT detector
Controller
Computer

Microspectrophotometer UMSP-80

Fig. 2. Microspectrophotometer UMSP-80.



230 B AEEETMALE H 18K IS

MR TS, BEAH v b DN RED
ERICIRT, T OBERKRE LD L EERL
feo AR THGERM T, Kl CIRIE
Z20~10 um, H/DEEEH 3.5 um, BEE TE/D
BEE1.8um THB, o TEVABMME L EE K
BT A Ry b &% 1.25um, BOEER
BETIT0.5 um & L1,
3. EMLEEREOLIERRE

LEBAB O VEARIGED A7 b Licik
510~517 nm WEBRIFE 2D B, = ORI 2
B Q%) ABIL - TERTEIDOTH D, ERE
MEREIOBAC L - TREIEEZ 5, ZhidT
WENC AR LIEHR O O-% 7 vicxhT 3 ERicie
AT 5 EE2 BN, HiiFEs?, Takabe 53 DE
BE&EH22EL T, APRETIRAEREY 0.5 7,
15, 2HEL TTFHERBIT -, TOMRBRE, 1
5E25DA7 + AT 520 nm IR IUE K 23,
HizD, 0.580DAR2Z FATIIE—2 5510 nm
b, SERMTH - (Fig.3), £ORKER, &
WERTI1 5 OMERE & L,

=4 VEARICEBOERZE ORI X 5 REMEY
Bb, ThIZDOWT, TEAVEARGERIOSNE
NV ETCSFMT VIS AR P vE b sk,
G-V 7 =voZiiTtit +F=y{HEETIKED
A7 A, BRI s TREESRD LT AT
TEERBRCT, ZEAEBLEEr o (Fig. 4,

S-y 7= vk, BEELERS (Fagus lon-

gipetivlata) ORBHE_KBEY =V DAY b
B~150%E TR EALELLT VD,
20~30 SENSIBRRE RN LD E DI, L,
BB RKOMEBIKBEDL O ahsic (Fig.5),
WHoT, KFRTIRVIS A=727 + v ORIEE 30 55
DH®T x5 LT,
4. KEMEOEIEL

1) UV zx~<z7 baAd A274nm/A 280 nm th

V7 = v 2T AALER DEIHRBIRA 27+ 1
o, G-V 7 =vi2280nmiz, S-V 7 = v I%
274 nm BB KA H 5 & EBBE LT Eh T
%440 274 nm DB TORKE & 280 nm DALE
TORKEE DI, BEGHROKED GS-Y
F2vDILKENRS/GOREERETZ LD
LEZDBENTED, AL, A274nm/A 280 nm
DHEOREGIZI TN ENEI I H SV r=v
DELSBERTWAHEEZBIENTE S, T,

ABSORBANCE

408,
]
a
550. 9
E@R. 8
650.0
7@e0.@

WAVELENGTH

Fig. 3. Md4ule VIS-spectra variation effect on the
treating time with HCI.

ABSORBANCE

580.9
556.8
?80.0

8 8 ] i
WAVELENGTH
Fig. 4. The variation of the Maule VIS-spectra

after 10 to 70 min. of reaction on the sec-
ondary wall of the tracheids.

ABSORBANCE

B.000

KAVELENGTH

Fig. 5. The variation of the Miule VIS-spectra
after 10 to 70 min. of reaction on the sec-
ondary wall of the fibers.

ABRTE, CORMBERLLDKREVHAE, S/G

DERTSENGRE LD ZNE WS ERT, S-Y

FevirELEEZ, ¥, 1Xvh3vEsr

S/IGOHRTGEHEMASBEI VL VL5 BT,

G-V =vicgtr b E 2T,
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2) VIS <7 b rOHfHE{L

A VEERILS-Y 7= v oiBIEBERTH
bo L TVIS A7 F At 520 nm Fj# IR INR
KB T 5, #1C, VIS 27 + A RILE R
T 520 nm B BINB R H 2 b DI, S-V 7 =
VIEBLERHB LI, I KXINLREAERITHE
BLELT, FORMBARUEBECSIBIEL TR
DETOBINA <7 b A DOBIMIEBICH BRIE O
(Amax/Amin) ¥ S¥ ¢ GEOBEIL»ERTHRZ L
Lo — A, GEREREUGY 7=vEUETELL, 2
FELLEMBEC- T, BRIEB KRB,
2o Amax/Amin TREI v, TOBAE,
NEHETBEL DL L TAS20nm/A 420 nm O kb
2EBR L,

Amax/Amin DHEAR1 X h KEWVWZ &L, ®
A VEERIED VIS 2 =7 + VicBRIRE K AE R
BLETHY, SV S =vimBL LR B L, 1 X
hNEIR DA, $HESCEFL b LELL TR
3, THREBRBEG- YV S =V RS/HMLT WS LR
ML, Th, ZOBENLIZESL BEGS-Y
F=vDSERLLIOEIML T b D& @
Lo,

3) A7 MADSGHE

AR TIE, ARBIBOLhLIBETIE, o
A=+ LHOMEEEMHE LT, £— 3718

DT RHAMEE L TAIER R E Lic, ERBIEE
HHRWEE TRERNTE BT & RO
wEERRIER & & LI,

KELEHhEUV A7 LT, KEnE
¥L LT, APFETITA274nm/A280nm>112S
By v+, A274nm/A 280 nm<1 iz G DR
OEMERHBRL, THLERALL, VISA<7
<Y, Amax/Amin>1 1 SE 2V v, A520
nm/A 420 nm<1 X GEDLHRABINT 5P D &
Lz,

Co¥ER, FHHOEE « RERE ST

Table 2. Grouping based on the ratio of VIS-spec-
tra

Amax,/Amin or A520 nm,A420 nm

Group

E. Vessel L. Vessel E. Fiber L. Fiber
A-group <1 <1 <1 <1
B-group <1 <1 <1 >
Cgrowp <1 <1 > >1
Dgrowp <1 >1 >1 >1
E-group  >1 1 > >1

E. Vessel : Vessel in early wood;
L. Vessel: Vessel in late wood
E. Fiber: Fiber in early wood ;
L. Fiber: Fiber in late wood.
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ABSORBANCE

o
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Fig. 6. The 5 VIS-spectra models classified by the
difference of GS-lignin distribution
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T, BB CcOENEY%&E 352, Table2 D X
512, A, B, C, D Ensonsra—7iehds
TENERETERTH D, FhiE-T, VISR
RZ P ADEDODET KR Fig 6 1KfiVvTo, K
DR, ThHDTRTOEBERA-DT, KL
TRIDOGEIZ L1 TEELED,

IV. EEERIICL )T HhROES)

SHER 2 b IREEA~OE(LOBR T, KEBEET
HEEEE L BE R 2 B ARBHEI B b e
R OB b Lic AT B, R, K
HAREEED Y 7= v CHREBBTEDO G-V 7=V,
EELREHED GS-Y 7 = v HIRBLL 72, [REER
Aot onHBH L - EEFREERALEET
BY, BEEINIHEL ALAMEBCEEIh T
b, TOBEEWINE Y 7= vyt & ORHREE S
T3 LRERKREDENO—2TH B,

EERINC L b, SRR EAH, #ILH, L8R
M, B, RHEAM T TE 27 498, 91
B, 101 EoHEM DO L, EAMZ1EE (B
W) THB, BEIMTTEE BEE 8 RBE:
12, THENE 15, B 1 42) Th B, HBHME10
HfE (B L4, BEE DL, B D5 TH B, B
M owE GER% .1, B 6, HEW 1, #
D THhH, HHIMII4EE GGRE 2, B
ol EEE D THB (Tablel),

1. #EIMHD) I 5h

Do ® M

I M Tetracentron sinense DAFHITIEEH R
B CHRE LR, ¥, JicrhEMBEEOHE
b T, T OBEMIIGEY, BT rEA
R OBHEMER TS S, RETISERL 8>
WMREFRE > T\ b, HEORMEE OBETLITREE
RThs, BEH>LBEH~OBTH T, FEERD
LRFIRIZELL, BaH OB GBS DB
THFIOFBEACRD, ¥, ZOHKRIELT
B CREEOBET T X U EHERTIL T3
Mg (UUF, #FEifEE LR 355,

2) TAVEBRIGE VIS A=7 +F LOFER

A VRGBS S e, HEEOKREIIR
HMTh, BHTHLEBBAYRLL, £, BELE
BECLEROATHTo HTDOANI b %
Fig. 7 wWird, LoOBRMR TR EE, bR
BEMGEE, TORSRLEETOKRED R~

Table 3. The peak position and ratios of absorban-
ce in Tetracentron sinense (vessel-less

wood)
UV absorbance VIS absorbance
Samples
Peak P.  274/281nm  520/420 nm

U437 (Yunnan)

E. Tracheid 281 nm 0.961 0.33

L. Tracheid 281 nm 0.955 0.34

V. Tracheid 281 nm 0.941 0.34
H2(Hunan)

E. Tracheid 0.35

L. Tracheid 0.36
Conifer (Japan) 274/280 nm

Tracheid 280 nm 0.899

E. Tracheid 0.34

L. Tracheid 0.35

E.: Early wood; L.: Late wood; V.: Vessel-
like tracheid. Peak P.: Peak position in the spec-
trum.

7 NTHB, VISR7 b a b D A520 nm/
A420nm o K fE @, B Ti120.33C, B
0.34 T, BEREFEEEL0.34 THo, WEEL
LORBOERS, BERULARZ PATHo T,
Th b O FHEE D A 520 nm/A 420 nm Hiz oW T
1T, BHTX0.35, BHTI0.36 THot, HEL
Dedi, LB EESHERF N=YD VIS A7
FALBEIEL . £ D AS520 nm/A 420 nm O Er{E
REMEEEC0.34THh, BHMEEETO0.35T
B -1z (Table 3). &AM Tetracentron sinense D
A520nm/A420nm O B EIHL X b /hE L,
BINA =7 bz -7 ACSEI L, &
MO GS-V 7 = v o4HITSHERM L 3IERT T
B o1,

3 UV A=z bADER

$EF.# Tetracentron sinense © B ¥R B &, ¥
HIREEL L OB REEEOZKED UV R
A7 b AT AT 281 nm RIS A N e
(Fig. 8, # ® A274nm/A 281 nm >\ T,
BEHREET0.961, BEHM{REETR0.955 %
BRI(EE T20.941 THh, &ML L hh&no
7o

HEHO L F= v DUV A7 b LvIRIAEBRRET
RRIE L T ay, Fuii 52 X - THlEEh
TRERNS, Th=v EhF<yDA273nm/
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Tetracentron sinense (Yunnan)

08

ABSORBANCE

450%
550
650
nm

WAVELENGTH

Fig. 7. VIS-gspectra of tracheids in the vessel-less
wood after staining with Mé#ule reaction.
*E. T: Tracheid in early wood;
L. T: Tracheid in late wood ;
V.T: Vessel tracheid.

.
Tetracentron sinense
0.8
N\ V.F
8 \\ / e T ~...
E 04 T F \.\.
= 4 e
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=
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=Y [ S
2 N & £
WAVELENGTH
Fig. 8. UV-spectra of tracheids in the vessel-less

wood.

*E. T: Tracheid in early wood;
L.T: Tracheid in late wood ;
V. T: Vessel tracheid.

A280nm DILMER, ThZh0.89, 0.93THD,
E|HM ORI LT B,

Tetrvacentron sinense DIEE IREEZIITH Y
F=vOBEAEBREOEY -7 KT rav XD
A274am/A 281 om DHAER, T FEE G-V 7
2VYRGHLTWB I EBRBL T 5, EAMD
Tetracentron sinense DIEE 3, MERELLYEFO
TEEBVCTHERREE L REHN, V7=V
BB ESEEE LR LIS CERG- Y V=V
THRIhBLEELDNS,

2. BIHMDNITZBH

D R M

ABgecir, KEEROEREFRORETY /=
VORBIED C ERRTRDI, BRI A

ERHB LT, BIERZOBRAM 6, 88, 9
fECc, F05b, HIRHELIEE BHEH
mOEARATEIHE ARFEIEE TS
(Table 1D, BILH OBBIIILBEROBOKEV-E
& (ATABEE L) LoD/ NIVE
& (LT IMBEEERD) LOoEBREOBLVWER
THbH, LERAREE CHBETHHOIHL T,
Be S R RIS E Y, BE OB
HBreowT, LBETARES &R INEETOR
WS DBAM T L RD LR TV 5, EFEM
T, Catalpa duclowxii B KEBEEE L
BAIBENFLE L T g2y, B S EREE R AT
DOINREE ISR AEENTED bR,
BAHK BT B EEORELBAROLER & IIFE
WBIELTEY, PEHFAREEORERIFL
BLRESERAARM I bL, RETHBD 5, &
¥+, BEFECINKL TEORARRET S, ©
DEEFREEERNBLALBEERL 2V,
WTEDOKEDOE & RMLotEL, B AFIER
LTHEEELTCERTS, 20X 5 KEEENHE
CERLTERT 50 BREMAOEMCHE KS
DRI TR LB 2 B, BB L, K
S OERBRNE L e, OB TREEAD
BARCE > CEERLS EBbh, BEFIEETH
{Teh, REBRMETOEEDEIIBEOE L X
SHIBT B EELLRB,

D =AVEGE VIS 2<27 F LOFR

4 VRIGIZ L 5 EEIEEE L KB L 0B
W, FLEEARREE & B ENREE L OE B
Lz, & LT, Quercus acutissima 2T CHH
T5, LEROAREEECIEAVEAIZID,
HBELY L T d, AB#ETIRBEYELT,
¥ 7o, B ENR BB IR RE L AR R ER
PE L, Fig. 9 D VIS A =27 b A TIEABHKED
U i £ 03 520 nm AT v — 2 3B A, Amax/
Amin O IEXRE AR 1.504 €, B RS
BEREET, 1.660 TH -7 (Tabled), Kigk
TREDY S =vIES-Y S =viREL I EARE
Thiz, FLEMARES L Baa i EREE o BRI ih
BB LA RERRR I, LBARBREE T
HESOEREELUTE — 2 BB LY
LT, B EREE T AR & LT 520
nm AR e — 7 238% b i, Amax/Amin
DHER RS &, B/ NEEEZREETIL1.064 &
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Fig. 9~12. VIS-spectra of vessels and fibers in
ring-porous woods after staining with
Miule reaction.
* E.F: Fiber in early wood ;
L. F: Fiber in late wood ;
E.V: Vessel in early wood ;
L.V: Vessel in late wood.

1o, ABESKBREEEOLIZ0.550 &1
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TSV 27=2vB ) o5 THDHH, HEOELSA
TIREEL OVARBEOHBSER Lo EH T
LRI,

DXy EERE DIA-TSESh, £R
Ehi- IBBEORAMOERAE LB LI, Fig
10 vX Sassafras tsumau, Fig. 11 1% Castanea wmollis-
sima, Fig. 12 VX Catalpa duclouxii ®& 1 v 28K
IWEDOVIS A7 YA THB, ThboflBEAE
TS REE O RIS (370 B 2 TR & E b it
R3BDEDOTH o 7o td, AREEMEREE L Kb NE
B REE ORI 13 520 nm BTH i TR A A
b bt

Table 4 i 9 BTEORAM DR « BMFIOEE =
WEE & ARBME—RBEDBICE &R Uie, ALK
BEEOHMEITTFY0.628 TH b, BRI EEE
DB 1.123 TH o feo B/ MEEE UeBE
DY 7=y OB ABRARET KREDY /=
VOREBLIMGES ZEHNTRB IR, Fi, B
&Pz A 520 nm/A 420 nm K Y Amax/Amin D i,
EPES ZLickh, BEERETDS/GOE
PRI - TR EELBZENTED, BHA
MAED 9 IR OFH IR 1.322 T, Bl A
EHIER1.448 THhoTeo WThd 1 X bk
Mott, THIRBH_RECKTLY 7=vosy
LSV 7 =VIREAR, T, BEETCOABHET
5 S- V7= vhiRB IV BMORICESEEN
T BT EBRGI T,

3) UV A=z b rofER

ORI D 5 B Quercus acutissima & Catalpa  du-
clouxii @ 2 BBz oW, LABREHS R
Tolke THhBED UV A7 P VLR - B EED
EVL @B bl (Fig 13, 140, BFAREY
D UV 2~z b+ A% 280 nm B CBEE 7e BRI e —
7 B H, BHEETORN Y — 2 XEKE
7L, BEEIEL feote, i, A2
nm/A 280 nm D H.fH 1Y, BHEE TIX0.919, #
HEETIX1.069 THote, ZhbDERIZVIS
ARY PADRERLE XL, B/ MEET K
Brxtsy 7/ =volBRSEABRICE WO
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Table 4. The peak position and ratio of absorbance in the ring-porous woods

Vessel Fiber
Species Early W. Late W. Early W. Late W.

Peak Ratio Peak Ratio Peak Ratio Peak Ratio

Pistacia chinesis — 0.968 510.0 1.129 510.0 1.485 510.0 1.688
Sassafras tsumu — 0.488 510.0 1.145 510.0 1.216 510.0 1.247
Castanea mollissima — 0.664 515.0 1.23¢ 520.0 1.178 520.0 1.541
Quercus aculissima — 0.550 500.0 1.064 500.0 1.504 510.0 1.660
Quercus yunnanensis — 0.453 510.0 1.161 510.0 1.403 505.0 1.201
Celtis kunmingens — 0.659 510.0 1.089 505.0 1.093 515.0 1.323
Catalpa duclouxii — 0.649 510.0 1.060 510.0 1.057 505.0 1.116
Acanthopanx evodiaefolius — 0.535 520.0 1.086 520.0 1.520 520.0 1.376
Choerospondias axtllaris — 0.713  505.0 1.140  515.0  1.438 515.0 1.879
Average : 0.628 1.123 1.322 1.448

#Early W.: Early wood; Late W.: Late wood ;

Peak : Peak position; Ratio: Ratio of A520 nm, A420 nm or Amax,~Amin in VIS-spectra.
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Fig. 13, 14. UV-spectra of vessels and fibers in
ring-porous woods.
*E.F: Fiber in early wood;
L. F: Fiber in late wood;
E. V: Vessel in early wood ;
L.V : Vessel in late wood.
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FAADEICEEIARMMEL D D e D BT 2T, AR
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= Y HMOERPBERIZA LRI,
3. BB nhE

D o R M

WO OF THE LML 4 BET, 2%
£l (Fagaceae) DL D TH o7z (Tablel), D5
b, IEBREF I LRARTOLOT, 1HER
HEREOSDOTHH, BEILGEALPNLTRIFES
— 7 KEXLEBETCRKAMETA . & BHFA~FD
KEFILTV5, BEORIIERDO M = > + LM
Er DB AmD - TN BBHEARD DD, €
DELBFEE TR, BEEOE I LE(bixd e
Vo KT, Th D ORRUBEEICILT « B
DREINIBED Bilsv, & — I F ARl EDRF
TEIZL > THERBILRBETH H 0T, KFFED
HEL 8 « B o B, £EROEROHU T
b, b, 1=vvrFoMfagr2EHEL T,
2= 3 FAEMOFR RN & Ui,

2) EAVRIEE VIS A~ F A ORER

TAVRIGIC L » TEBS hEHEAH AR DE
YA T, RBKEDE B IR h TR AR L
ZOVISZAR7 bV ZBEER Y — 703 B hi, &
7o, BEBEOEA VRETIIE « Bt & bRk iF
B, TOVISARZ fricdv—7 BHBE L,
Quercus aquifolioides D VIS 2~ 2 + i (Fig. 15)
TR BE, TNTORMET 520 nm £ 3T 1%
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Fig. 15, 16. VIS-spectra of vessels and fibers in
radial-porous woods after staining with
Mdule reaction.
*E. F: Fiber in early wood;
L. F: Fiber in late wood ;
E. V: Vessel in early wood;
L. V: Vessel in late wood.

Rov-7nEHlhTv5%, £ 5O Amax/Amin
OEEE, BHEETII.032, BMET TR
1.063, FHfAHIME T 1.480, BEMARMAEID 1,947
T, TNTOPERL LIV KRE, ¥, EF, K
oML DR BHEDOENDE D,
doichangensis (Fig. 16), Lith-
ocarpus dealbata, Cyclobalanopsis delavayr D VIS

Trigonobalanus

A7+ b Quercus aquifolioides & B UKk %
=L 7, 48 o Amax/Amin © $ {& % Table5
iRt B - B OBEERUKBEOLMTLOME
E1XDOKEVERTHY, YV~ 7ERGEZ
nb, Bib, EEZKREOCY 7=vicd SBIZR
WHENREEhD, UL, FhbORXELE
LEE S RETIIFE 1.062 TH DA, KRR
BETIEY 1.560 TH - 1o, Fio, ANMRHEDORIPR
KZ520nm AR OBEA L 2, BEKRED
v 7 fIERARHE L Y ETREERMCH -, B
BoREEERBITB Y 7 = v b oMBEr T G-

V7 =vidion s, RfE—REDOD 0 L~
&, G/SORERI2RIVESLDOTHBH I EHF
LT3,

fods, WEFM o R REEM A ERE
fThoich o,

4. BEHDY T =B

D B R o

BAM L TTEET, 2HEEED 16% % 55T
Whe D) BEEETEE S 15 B, EVETEN 42 #
BTEThEhER S TR « B0 H © 83% &
89% % 5T\ % (Table 1),

B I~ Ry B U CGEE BRSO B
DT, HEORIERD £ — s Frllic@nrdc
Lctis T, BB/ S aHaa Rt &n
H5, BEOSMIBREIZL - L, MIZOBEEN
HELTWDHZEADHL, 2~3BOBEENVT
BT L, BROBENEALR LD D,
7o, BEOERRIBECL > TMIWHDnbK
2L DADY, EDOEIPERORE X 1td #
MR TERLRD D, RBMOMELBETLRAL ],
BE, BE EXhSIHEsATH D,

Table 5. The peak position and ratio of absorbance in the radial-porous woods .

Vessel Fiber
Species Early W. Late W. Early W. Late W

Peak Ratio Peak Ratio Peak Ratio  Peak Ratio

Cyclobalanopsis delavayi 500.0 1.031 500.0 1.050 520.0 1.445 520.0 1.490
Lithocarpus dealbatus 510.0 1.067 515.0 1.094 520.0 1.221 525.0 1.416
Trigonobalanus doichangensis 505.0 1.093  500.0 1.060  520.0 1.626  520.0  1.556
Quercus aquifolioides 500.0 1.032 500.0 1.063 505.0 1.480 500.0  1.947
Average : 1.056 1.067 1.443 1.602

¥ Early W.: Early wood; Late W.: Late wood ;

Peak : Peak position ; Ratio: Ratio of A520 nm,A420 nm in VIS-spectra.
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Table 6. VIS absorbance ratio groups of vessels and fibers in diffuse-porous woods

Ratio of Absorbance

. Total
E. Vessel L. Vessel E. Fiber L. Fiber Habitat species
A-group:
<1.0 <1.0 <1.0 <1.0 temperate 1
sub-tropical 2
tropical 18(21)
B-group
<1.0 <1.0 <1.0 >1.0 sub-tropical 3
tropical 1C 4
C-group
<1.0 <1.0 >1.0 >1.0 cold-temperate 6
temperate 5
sub-tropical 6
tropical 13G30)
D-group
<1.0 >1.0 >1.0 >1.0 temperate 1
sub-tropical 12
E-group
>1.0 >1.0 >1.0 >1.0 cold-temperate 2
temperate 5
sub-tropical 3
tropical 10C20)
2) VIS A~z b VDR 20}, |
77 *ﬁﬁ@ 4 Va':'z@ﬁm FEDVIS 2 <7 ki B(V Gynocardia odorata
PHEIELE, FOEBIIARZ P ADOLSED A, .
B, C, D ELdRTOIL-T o Tl iz %
(Table6), = fo
A7n—7 (RHREHTGC-) 7=V B 2
IorA—TESTbRI L ORI BT, &8
MO 0% x DI £05 b, BEEE1HE oo
R 2 BT, B O 18 BHEIBMEET, S S S St
AZA—7DELAERBHEOBETDH - . WAVELENGTH
e, FRHEDOVIS 27 b vl -»T, 40 Bambax ceiba
WE L ABMEKEEDE T E LA D b RO
borA-1 72— 7 G (Fig. D w, £
BANDBRHRIE A2 74— 7 (1 B (Fig18) 2
Z, BENRDLLRAHET, K a L8 — S
ThoMBIzA-3 74— 7 R (Fig 19 &, =
FORMEA-4 7 —7 A E (Fig. 20) &5
fio . O-C’Q S - S [=3
AZA—7DVISA=7 } picX % A520 nm/ 3 ] 8 RE

A 420 nm O HE % 5 - Bekt Bilic Table 7 wwii$ (21

WAVELENGTH
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Fig. 17~20. VIS-spectra of A-1, A-2, A-3 and A-
4 lignin distribution’ group in the diffuse-
porous woods after staining with Miule
reaction.

*E. F: Fiber in early wood;
L. F: Fiber in late wood ;
E. V: Vessel in early wood ;
L.V : Vessel in late wood.
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Fig. 21. VIS-spectra of B-lignin distribution
group in the diffuse-porous woods after
staining with Mé&ule reaction.

*E.F: Fiber in early wood ;
L. F: Fiber in late wood ;
E.V: Vessel in early wood ;
L.V : Vessel in late wood.

WELD, ABHETIEN LB Ty 7= v asn
Rith, BHABETIEIG V) 7=V RELY, K
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Mot, T, BEHED IBELAWED | #E
TH oo

Zh D A520 nm/A 420 nm B O Amax/Amin
DIHAEX Table 8 KRN T\ 5, Hl& LT, Dal
bergia szemaoensis (Fig.21) © VIS A =7 A%
N S

CrZr—7 . Crr—7o8FME, EE LA
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TRECEDBY S =V RAGRIED. —F, K
BHERS- YV Z7=vRE, ZDOIA—7TDHDIik
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L2200 BoBET - BHEBIALM O 5%11C Y
N—=TDLDTH b,

BERBEEOBRKEEL (Table9,10) 45 &,
B Cixi/ 0.353 (Trema orientalis) 2 HEK
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Sfuracea) ¥ CIEVEIHTEEH LT, i, J0HE
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& L BRI O A 520 nm/A 420 nm I E SRS
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EEOC I A—TDOBHAFOVIS A2 + ARk
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Table 7. The peak position and ratio of absorbance in the A-group of diffuse-porous woods

Vessel Fiber
Species Early W. Late W. Early W. Late W.

Peak Ratio Peak Ratio Peak Ratio Peak Ratio

group A-1:
Gmelina arborea — 0.356 — 0.356 — 0.307 — 0.307
Anthocephalus chinensis — 0.371 — 0.371 — 0.324 — 0.324
Baccaurea vamifiora - 0.392 — 0.392 — 0.392 — 0.392
Gynocardia odorata — 0.394 — 0.394 — 0.336 — 0.336
Callicarpa poilanei — 0.401 — 0.401 — 0.308 — 0.308
average : 0.383 0.383 0.333 0.333

group A-2:
Bombax ceiba — 0.460 — 0.460 — 0.523 — 0.523
Tetrameles nudifiora — 0.451 — 0.451 — 0.542 — 0.542
Dalbergia fusca - 0.516 — 0.516 — 0.588 — 0.588
Duabanga grandiflora — 0.556 — 0.556 — 0.431 - 0.431
Lagerstroemia tomentosa - 0.563 — 0.544 — 0.590 - — 0.487
Homalium laoticum — 0.598 — 0.598 — 0.604 — 0.604
Alstonia scholaris — 0.617 — 0.617 — 0.615 — 0.615
Cleistanthus sumatranus — 0.657 — 0.587 — 0.537 — 0.560
Vitex quinata — 0.697 — 0.767 — 0.699 — 0.838
Callicarba arborea — 0.716 — 0.699 — 0.684 — 0.634
Horsfieldia tetratepata — 0.785 — 0.785 — 0.795 — 0.777
average : 0.601 0.598 0.601 0.599

group A-3:
Erythrina lithosperma — 0.383 — 0.383 — 0.734 — 0.734
Eyythrina arbovescens — 0.576 — 0.576 — 0.753 — 0.753
Populus yunnanensis — 0.510 — 0.525 — 0.931 — 0.904
Pterocarya tonkinensis — 0.658 — 0.654 — 0.779 — 0.814
average : 0.532 0.535 0.799 0.801

group A-4 .

Bischofia javanica — 0.603 - 0.603 - 0.361 - 0.361
average : 0.603 0.603 0.361 0.361

% Early W.: Early wood; Late W.: Late wood;

Peak : Peak position ; Ratio: Ratio of A520 nm,“A420 nm in VIS-spectra.

I oEL, vanF —EORIERE (C-2) TH
5o -
C-17n—708AM T 14 HRETH - (Table
D, ER LD D E LT, Acer forrestii, (Fig.
22), Betula albo-sinensis (Fig.23) o 2D =
27 PARERLIE, TERHLDOVISAR2TP A0
W, -7 SERCKELNS, Cl7r-7gd
bR EELM I, EE TR ES o RN &
T, G-V 7=V RELEALIND N, KEHE=

WRETRS- YV 7=vcEDLLRBBIND, T,
EETH, KBMETLREN L VBM DB TREE
HEIEL fhotfen T, GS-V 7 =vosfidh, B
HoOES NSEOLRRL-EBEELbR
bo

C27n—7D8HM T 16 #fETH - 7= (Table
10), b oKL 0 L LT, Cinnamomum
camphora (Fig. 24), Exbucklandia populnéa
(Fig.25) D 2#FED VIS x=27 b &R LI, &
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Table 8. The peak position and ratio of absorbance in the B-group of diffuse-porous woods

Vessel Fiber
Species Early W. Late W. Early W. Late W.

Peak Ratio Peak Ratio Peak Ratio Peak Ratio

Actinodaphne henryi — 0.485 — 0.509 — 0.787 510.0 1.094
Macaranga denticulata - 0.469 — 0.714 — 0.795 515.0 1.152
Dalbergia szemaoensis — 0.613 — 0.602 — 0.489 505.0 1.142
Aphananthe cuspidata — 0.694 — 0.759 — 0.776  515.0 1.145
average : 0.565 0.646 0.712 1.133

¥Early W.: Early wood ; Late W.: Late wood ;

Peak : Peak position; Ratio: Ratio of Amax, Amin or A520 nm,~A420 nm.
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Fig. 22, 23. VIS-spectra of C-1 lignin distribution
group in the diffuse-porous woods after
staining with M#ule reaction.

* E.F: Fiber in early wood ;
L. F: Fiber in late wood ;
E.V: Vessel in early wood;
L.V : Vessel in late wood.
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Fig. 24, 25. VIS-spectra of C-2 lignin distribution
group in the diffuse-porous woods after
staining with M#ule reaction.

* E.F: Fiber in early wood ;
L. F: Fiber in late wood;
E.V: Vessel in early wood ;
L. V: Vessel in late wood.

Zzbhb,

Ds7n—7 (BMEE-KREDY 7= v ILGH
BELETRTV 5, BOBRERIT TS
VZ =Y REL), OB S =vEHOb DR
AL CIEE A 1 &, Machilus yunnanensis
(Fig. 26) & Aesculus wangii ® 288 L 2 75\,
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Table 9. The peak position and ratio of absorbance in the C-1 group of diffuse-porous woods

Vessel Fiber

Species Early W. Late W. Early W. Late W.

Peak Ratio  Peak Ratio  Peak Ratio Peak Ratio

C-1(total 14 species) :

Acer forrestii — 0.691 — 0.703  515.0 1.252  520.0 1.328
Alseodaphne andersonii — 0.670 — 0.599 515.0 1.673  515.0  1.490
Betula albo-sinensis — 0.835 — 0.869  515.0 1.385  520.0 1.414
Cordia dichotoma — 0.556 — 0.458  515.0 1.101 510.0 1.097
Manglietia megaphylia — 0.542 — 0.649 510.0 1.037 510.0 1.030
Meliosma cunejfolia — 0.478 — 0.537 505.0 1.268  515.0 1.476
Populus haoana — 0.402 — 0.402 505.0 1.033  505.0 1.043
Rhododendron rubiginosum — 0.447 — 0.453 515.0 1.084 505.0 1.105
Rehderodendron macrocarbum — 0.529 — 0.508 500.0 1.043 500.0 1.032
Saurauia tristvla — (0.565 — 0.605  520.0 1.376  520.0 1.333
Schima argentea — 0.720 — 0.732 510.0 1.132 510.0 1.378
Schima wallichii — 0.763 — 0.847  510.0 1.283  515.0 1.354
Terminalia myriocarpa — 0.756 — 0.757  505.0 1.260  510.0 1.275
Trema orientalis — 0.353 — 0.353 510.0 1.106 510.0 1.106

average : 0.593 0.609 1.136 1.247
¥ Early W.: Early wood; Late W.: Late wood;

Peak : Peak position; Ratio: Ratio of Amax,Amin or A520 nm,~A420 nm.
Table 10. The peak position and ratio of absorbance in the C-2 group of diffuse-porous woods
Vessel Fiber
Species Early W. Late W. Early W. Late W.

Peak Ratio Peak Ratio Peak Ratio Peak Ratio

C-2(total 16 species) :

Albizia lucidior - 0.618 — 0.729 510.0 1.249 515.0 1.155
Amnogeissus acuminata — 0.789 — 0.789  505.0 1.304 505.0 1.304
Aphanamixis grandifolia — 0.796 — 0.796 510.0 1.229 510.0 1.229
Betula alnoides — 0.845 — 0.859 515.0 1.556 515.0 1.839
Cassia siamea — 0.730 — 0.730 510.0 1.277 510.0 1.277
Cinnamomum camphora — 0.827 — 0.727 510.0 1.199 515.0 1.648
Dipterocarpus turbinatus — 0.711 — 0.711  520.0 1.715  520.0 1.715
Exbucklandia populnea — 0.705 — 0.765 520.0 1.534  520.0 1.529
Garuga pinnata - 0.857 - 0.857 520.0 1.498  520.0 1.498
Knema furfuracea — 0.861 — 0.928 520.0 1.345 515.0 1.322
Pometia tomentosa — 0.814 — 0.808 520.0 1.375 515.0 1.376
Pterospermum lanceaefolium — 0.712 — 0.712 520.0 1.634 520.0 1.634
Stereospermum personatum — 0.753 — 0.753 520.0 1.573 520.0 1.573
Tilia chinensts — 0.620 — 0.712 510.0 1.124 510.0 1.132
Tilia paucicostata — 0.569 - 0.692 510.0 1.111 510.0 1.126
Ulmus lanceaefolia — 0.773 — 0.773 510.0 1.128 510.0 1.128

average : 0.749 0.771 1.365 1.405

% Early W.: Early wood ; Late W.: Late wood ;
Peak : Peak position; Ratio: Ratio of Amax,/Amin or A520 nm, A420 nm.
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Table 11. The peak position and ratio of absorbance in the D-group of diffuse-porous woods
Vessel Fiber
Species Early W. Late W. Early W. Late W.
Peak  Ratio Peak  Ratio Peak Ratio Peak  Ratio
Machilus yunnanensis — 0.821 510.0 1.189  510.0 1.567 515.0 1.763
Aesculus wangii — 0.776 500.0 1.060 515.0 1.144 515.0 1.477
average : 0.798 1.124 1.356 1.620
#Early W.: Early wood ; Late W.: Late wood;
Peak : Peak position; Ratio: Ratio of Amax, Amin or A520 nm,”A420 nm.
Machilus yunnanensis L.F — Michelia alba
s

ABSORBANCE

¥AVELENGTH

Fig. 26. VIS-spectra of D-lignin distribution

group in the diffuse-porous woods after
staining with Maule reaction.
*E. F: Fiber in early wood ;

L.F: Fiber in late wood ;

E.V: Vessel in early wood ;

L. V: Vessel in late wood.
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Fig. 27, 28. VIS-spectra of E-lignin distribution
group in the diffuse-porous woods after
staining with M#ule reaction.

* E.F: Fiber in early wood ;
L. F: Fiber in late wood ;
E. V: Vessel in early wood;
L. V: Vessel in late wood.
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Table 12. The peak position and ratio of absorbance in the E-group of diffuse-porous woods

Vessel Fiber
Species Early W. Late W. Early W. Late W.

Peak Ratio  Peak Ratio  Peak  Ratio  Peak Ratio

Talauma gitingensis 515.0 1.032 510.0 1.045 515.0 1.061 520.0 1.341
Tsoongiodendron odorum 505.0 1.041 510.0 1.199 510.0 1.059 510.0 1.056
Euonymus yunnanensis 510.0 1.046 505.0 1.181 520.0 1.472 520.0 1.424
Alnus nepalensis 505.0 1.051 510.0 1.105 515.0 1.318 520.0 1.433
Michelia alba 505.0 1.056 505.0 1.035 515.0 1.494 520.0 1.582
Paramichelia baillonii 510.0 1.063 510.0 1.168 520.0 1.314 520.0 1.548
Chukrasia tabularis 505.0 1.063 505.0 1.155 515.0 1.666 515.0 1.670
Camptotheca acuminata 505.0 1.074 510.0 1.127 510.0 1.177 515.0  1.238
Acrocarpus fraxinifolius 500.0 1.087 500.0 1.078 510.0 1.374 515.0 1.676
Beilschmiedia Linocieroides 500.0 1.092 505.0 1.075 515.0 1.648 520.0 1.724
Markhamia stipulata 510.0 1.098 510.0 1.122 515.0 1.840 515.0 1.617
Malus rockii 510.0 1.112 505.0 1.232 510.0 1.423 510.0 1.413
Pouteria grandifolia 510.0 1.166 515.0 1.251 520.0 1.330 520.0  1.447
Phoebe nanmu 510.0 1.173 510.0 1.209 510.0 1.439 510.0  1.622
Magnolia heptapeta 510.0 1.189  510.0 1.116 520.0 1.634 515.0 1.482
Sorbus thibetica 510.0 1.212 500.0 1.279 510.0 1.883 515.0  1.883
Adina cordifolia 510.0 1.222 510.0 1.222 525.0 1.651 525.0 1.651
Pistacia weinmannifolia 510.0 1.309 510.0 1.379 510.0 1.796 515.0  1.793
Liquidambar formosana 515.0 1.360 515.0 1.229 515.0 1.391 520.0 1.925
Diosphyros kaki 510.0 1.430 510.0 1.249 515.0 1.828 515.0 1.582
average : 1.149 1.171 1.513 1.582

¥Early W.: Early wood; Late W.: Late wood ;

Peak : Peak position; Ratio: Ratio of Amax,/Amin.
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Table 13. The peak position and ratio of absorbance in the semi-ring-porous woods

Vessel Fiber
Species Early W. Late W. Early W. Late W.

Peak Ratio Peak  Ratio  Peak Ratio  Peak Ratio

A-2 group:
Melia tosendan — 0.529 — 0.622 — 0.755 — 0.491

A-3 group:
Toona ciliata — 0.453 — 0.453 — 0.768 - 0.768
average : 0.491 0.538 0.762 0.629

B-group:

Paulownia fortune: — 0.541 — 0.736 — 0.756 510.0 1.116
Toona ciliata var. yunnanensis — 0.486 - 0.559 — 0.744  515.0 1.302
average : 0.514 0.648 0.750 1.209

C-1 group :
Ehretia thyrsiflora — 0.359 — 0.461 515.0 1.516 520.0 1.495

C-2 group:
Juglans regia — 0.689 — 0.679 515.0 1.311 515.0 1.598
Morus macroura ' — 0.582 — 0.757 505.0 1.114 515.0 1.345
average : 0.543 0.632 1.314 1.479

D-group:

Castanopsis delavayi — 0.633 505.0 1.050 515.0 1.159  520.0 1.285
Fagus longipetiolata — 0.596 515.00 1.339 520.0 1.636 515.0 1.791
Fraxinus floribunda — 0.869 510.0 1.234 151.0  1.409  515.0 1.487
average : 0.699 1.208 1.401 1.521

#Early W.: Early wood ; Late W.: Late wood ;

Peak : Peak position; Ratio: Ratio of Amax,Amin
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Fig. 29~-32. VIS-spectra of A+B+C-D-lignin distri-
bution groups in the semi-ring-porous
woods after staining with M#ule reaction.
*E. F: Fiber in early wood ;

L. F: Fiber in late wood;
E.V: Vessel in early wood;
L.V : Vessel in late wood.
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form of vessels. .
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Fig. 34. The relation to GS-lignin distribution and
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Table 14. The peak position and ratio of absorbance in the C, D- and E-group of cold-tem-

perate woods

Vessel Fiber
Species Early W. Late W. Early W. Late W.

Peak Ratio Peak Ratio Peak Ratio Peak Ratio

C-group :
Tilia paucicostata — 0.569 — 0.692 510.0 1.111 510.0 1.126
Tilia chinensis — 0.620 — 0.712 510.0 1.124 510.0 1.132
Populus haoana — 0.402 — 0.402 505.0 1.033 505.0 1.043
Betula albo-sinensis — 0.835 — 0.869 515.0 1.385 520.0 1.414
Acer forvestii — 0.691 — 0.703 515.0 1.252  520.0 1.328
Rhododendron rubiginosum — 0.447 — 0.453 515.0 1.084 505.0 1.105
average: 0.594 0.638 1.165 1.191

D-group:
Acanthopanx evodiaefolius — 0.535 520.0 1.086 520.0 1.520 520.0 1.376

E-group:
Sorbus thibetica 510.0 1.212 500.0 1.279 510.0 1.883 515.0 1.883
Malus rockii 510.0 1.112  505.0  1.232 510.0 1.423  510.0 1.413
Lithocarpus dealbatus 510.0 1.067 515.0 1.094 520.0 1.221 525.0 1.416
Quercus aquifolioides 500.0 1.032 500.0 1.063 505.0 1.480 500.0 1.947
average : 1.106 1.167 1.502 1.665

% Early W.: Early wood ; Late W.: Late wood;

Peak : Peak position ; Ratio: Ratio of Amax,/Amin or A520 nm,”A420 nm
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Table 15. The peak position and ratio of absorbance in the A-, B- and C-group of temper-

ate woods
Vessel Fiber
Species Early W. Late W. Early W. Late W.

Peak Ratio Peak Ratio Peak Ratio Peak Ratio

A-group:
Tetracentron sinense — — — - — 0.435 — 0.358
Populus yunnanensis — 0.510 — 0.525 500.0 0.931 500.0  0.904

B-group: '

Paulownia fortunet — 0.541 — 0.736 — 0.756  510.0 1.116

C-group:
Cinnamomum camphora — 0.827 — 0.727  510.0 1.199 515.0 1.648
Schima argentea — 0.720 — 0.732  510.0 1.132 510.0 1.378
Exbucklandia populnea - 0.705 — 0.765  520.0 1.534  520.0 1.529
Meliosma cuneifolia — 0.478 — 0.537 505.0 1.268 515.0 1.476
Juglans regia — 0.689 — 0.679 515.0 1.311 515.0 1.598
Rehderodendron macrocarpum — 0.529 — 0.508 500.0 1.043 500.0 1.032
average : 0.658 0.658 1.248 1.444

#Early W.: Early wood; Late W.: Late wood;

Peak : Peak position ; Ratio: Ratio of Amax,/Amin or A520 nm, A420 nm.

Table 16. The peak position and ratio of absorbance in the D- and E-group of temperate

woods
Vessel Fiber
Species Early W. Late W. Early W. Late W.
Peak Ratio Peak Ratio Peak Ratio Peak Ratio
D-group:
Machilus yunnanensis — 0.821 510.0 1.189  510.0 1.567 515.0 1.763
Sassafras tsumu — 0.488  510.0 1.145 510.0 1.216 510.0 1.247
Castanea mollissima — 0.664  515.0 1.234 520.0 1.178  520.0 1.541
Castanopsis delavayi — 0.633  505.0 1,050 515.0 1.159  520.0 1.285
Fagus longipetiolata — 0.596  515.0 1.339 520.0 1.636 515.0 1.791
Quercus acutissima — 0.550 500.0 1.064 500.0 1.504 510.0 1.660
Quercus yunnanensis — 0.453  510.0 1.161 510.0 1.403 505.0 1.201
Celtis kunmingens — 0.659  510.0 1.089  505.0 1.093 515.0 1.323
Catalpa duclouxii — 0.649  510.0 1.060 510.0 1.057  505.0 1.116
average: 0.631 1.148 1.313 1.436
E-group:

Magnolia heptapeta 510.0 1.189  510.0 1.116  520.0 1.634 515.0 1.482
Phoebe nanmu 510.0 1.173 510.0 1.209 510.0 1.439 510.0 1.622
Alnus nepalensis 505.0 1.051  510.0 1.105 515.0 1.318 520.0 1.433
Cyclobalanopsis delavayi 500.0 1.031  500.0 1.050  520.0 1.445  520.0 1.490
Evonymus yunnanensis 510.0 1.046 505.0 1.181 520.0 1.472 520.0 1.424
Diosphyros kaki 510.0 1.430  510.0 1.249  515.0 1.828  515.0 1.582
average: 1.153 1.153 1.523 1.505

%Early W.: Early wood; Late W.: Late wood;

Peak ;: Peak position ; Ratio: Ratio of Amax,/Amin or A520 nm,”A420 nm.
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Table 17. The peak position and ratio of absorbance in the A-, B-, C-, D-, and E-group of
sub-tropical woods
Vessel Fiber
Species Early W. Late W. Early W. Late W.

Peak Ratio Peak Ratio Peak Ratio Peak Ratio

A-group:
Gynocardia odorvata — 0.394 — 0.394 — 0.336 — 0.336
Callicarpa arborvea — 0.699 — 0.716 — 0.684 — 0.634
average : 0.546 0.555 0.510 0.485

B-group:
Actinodaphne henryi ' — 0.485 — 0.509 — 0.787 510.0 1.094
Darbergia szemaoensts — 0.613 — 0.602 — 0.489  505.0 1.142
Aphananthe cuspidata — 0.694 — 0.759 — 0.776  515.0 1.145
Toona ciliata war. yunnanensis — 0.486 — 0.559 — 0.744 515.0 1.302
average : 0.570 0.607 0.699 1.171

C-group :
Manglietia megaphylia — 0.542 — 0.649  510.0 1.037 510.0 1.030
Alseodaphne andersonii — 0.670 — 0.599 515.0 1.673  515.0 1.490
Schima wallichii — 0.763 — 0.847 510.0 1.283 515.0 1.354
Saurauia tristyla — 0.565 — 0.605  520.0 1.376 520.0 1.333
Betula alnoides — 0.845 — 0.859 515.0 1.556 515.0 1.839
Cordia dichotoma — 0.556 — 0.458 515.0 1.101 510.0 1.097
average : 0.657 0.670 1.338 1.357

D-group:
Aesculus wangii — 0.776  500.0 1.060 515.0 1.144 515.0 1.477
Pistacia chinensis — 0.968  510.0 1.129  510.0 1.485 510.0 1.688
average: 0.872 1.095 1.241 1.583

E-group:
Betlschmiedia linocieroides 500.0 1.092 505.0 1.075  515.0 1.648 520.0 1.724
Trigonobalanus doichangensis 505.0 1.093 500.0 1.060 520.0 1.626 520.0 1.556
Camptotheca acuminata 505.0 1.074 510.0 1.127  510.0 1.177 515.0 1.238
Adina cordifolia 510.0 1.222  510.0 1.222 525.0 1.651 525.0 1.651
average: 1.120 1.121 1.526 1.542

¥Early W.: Early wood ; Late W.: Late wood;

Peak : Peak position; Ratio: Ratio of Amax,~Amin
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Table 18. The peak position and ratio of absorbance in the A- and B-group of tropical woods

Vessel Fiber
Species Early W. Late W. Early W. Late W.
Peak Ratio Peak  Ratio Peak  Ratio Peak Ratio
A-group:
Horsfieldia tetratepata — 0.785 — 0.785 — 0.795 — 0.777
Lagerstroemia tomentosa — 0.563 — 0.544 — 0.590 — 0.487
Duabanga grandifiora — 0.556 — 0.556 — 0.431 - 0.431
Homalium laoticum — 0.598 — 0.598 — 0.604 — 0.604
Tetrameles nudiflora — 0.451 — 0.451 — 0.542 — 0.542
Bombax cetba — 0.460 — 0.460 — 0.523 — 0.523
Bischofia javanica — 0.603 — 0.603 — 0.361 — 0.361
Cleistanthus sumatranus — 0.657 — 0.587 — 0.537 — 0.560
Baccaurea ramiflora — 0.392 — 0.392 — 0.392 — 0.392
Dalbergia fusca — 0.516 — 0.516 — 0.588 — 0.588
Erythrina arborescens — 0.576 — 0.576 — 0.753 — 0.753
Ewythrina lithosperma — 0.383 — 0.383 — 0.734 — 0.734
Melia tosendan — 0.529 — 0.622 — 0.755 - 0.491
Toona ciliata — 0.453 — 0.453 — 0.768 — 0.768
Pterocarya tonkinensis — 0.658 — 0.654 — 0.779 — 0.814
Alstonia scholaris — 0.617 — 0.617 — 0.615 — 0.615
Anthocephalus chinensis — 0.371 — 0.371 — 0.324 — 0.324
Gmelina arborea — 0.356 — 0.356 — 0.307 — 0.307
Vitex quinata var. Puberula — 0.697 — 0.767 — 0.699 — 0.838
Gallicalpa poilanei — 0.401 — 0.401 — 0.308 — 0.308
average: 0.531 0.575 0.570 0.561
B-group:

Macaranga denticulata - 0.469 — 0.714 — 0.795 515.0 1.152

#Early W.: Early wood; Late W.: Late wood ;
Peak : Peak position;
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Table 19. The peak position and ratio of absorbance in the C-, D- and E-group of tropical woods

Vessel Fiber
Species Early W. Late W. Early W. Late W.

Peak  Ratio  Peak Ratio Peak  Ratio  Peak Ratio

C-group :
Knema furfuracea — 0.861 — 0.928 520.0 1.345  515.0 1.322
Dipterocarpus turbinatus — 0.711 — 0.711  520.0 1.715  520.0 1.715
Anogeissus acuminata — 0.789 — 0.789 505.0 1.304 505.0 1.304
Terminalia myriocarpa — 0.756 — 0.757 505.0 1.260 510.0 1.275
Pterospermum lanceaefolium — 0.712 — 0.712  520.0 1.634 520.0 1.634
Cassia siamea — 0.730 — 0.730 510.0 1.277 510.0 1.277
Albizia lucidior — 0.618 — 0.729 510.0 1.249 515.0 1.155
Trema ovientalis — 0.353 — 0.353 510.0 1.106 510.0 1.106
Ulmus lanceaefolia — 0.773 — 0.773 510.0 1.128 510.0 1.128
Morus macroura — 0.582 — 0.757 505.0 1.114 515.0 1.345
Garuga pinnata — 0.857 — 0.857 520.0 1.498  520.0  1.498
Aphanamixis grandifolia — 0.796 — 0.796 510.0 1.229 510.0 1.229
Pometia tomentosa — 0.814 — 0.808 520.0 1.375 515.0 1.376
Ehretia thyrsiflova — 0.359 — 0.461 515.0 1.516 520.0 1.495
Stereospermum personatum — 0.753 — 0.753 520.0 1.573 520.0 1.573
average : 0.698 0.728 1.355 1.362

D-group:
Choerospondias axillaris — 0.713 505.0 1.140 515.0 1.438 515.0 1.879
Fraxinus flovibunda — 0.869 510.0 1.234 515.0 1.409 515.0 1.487
average: 0.791 1.187 1.423 1.683

E-group:
Michelia alba 505.0 1.056 505.0 1.035 515.0 1.494 520.0 1.582
Paramichelia baillonii 510.0 1.063 510.0 1.168 520.0 1.314 520.0 1.548
Talauma gitingensis 515.0 1.032 510.0 1.045 515.0 1.061 520.0 1.341
Tsoongiodendron odorum 505.0 1.041 510.0 1.199 510.0 1.059 510.0 1.056
Acrocarpus fraxinifolius 500.0 1.087 500.0 1.078  510.0 1.374 515.0 1.676
Liquidambar formosana 515.0 1.360 515.0 1.229 515.0 1.391 520.0 1.925
Chukrasia tabularis 505.0 1.063 505.0 1.155 515.0 1.666 515.0 1.670
Pistacia weinmannifolia 510.0 1.309 510.0 1.379  510.0 1.796 515.0 1.793
Pouteria grandifolia 510.0 1.166 515.0 1.251 520.0 1.330 520.0 1.447
Markhawmia stipulata 510.0 1.098 510.0 1.122 515.0 1.840 515.0 1.617
average : 1.137 1.162 1.474 1.622

#Early W.: Early wood ; Late W.: Late wood;

Peak : Peak position; Ratio: Ratio of Amax,”Amin

N ot (Table18,19; Fig. 34), & & @A 7c
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T AT,

or A520 nm,A420 nm.
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Table 20. The peak position and ratio of UV absorbance and VIS absorbance after Wiesner
and Mdule reactions in some tropical woods

vessel fiber

. Peak position A274 nm Peak position A274 nm

(1). UV Spectra: in UV spectra A280 nm in UV spectra A280 nm
Duabanga grandifiora 280 nm 0.890 280 nm 0.920
Toona ciliata 280 nm 0.900 280 nm 0.940
Anthocephalus chinensis 279 nm 0.940 279 nm 0.950
Gmelina arborea 281 nm 0.950 280 nm 0.960
Callicalpa poilanei 279 nm 0.920 279 nm 0.940
; s Peak position Absor- Peak position Absor-
(2) Wlesner reaction : in VIS spectra bance in VIS SDECtra bance
Duabanga grandiflora 565 nm 0.748 565 nm 0.563
Toona ciliata 565 nm 0.578 565 nm 0.287
Anthocephalus chinensis 565 nm 0.785 565 nm 0.365
Gmelina arborea 560 nm 1.120 560 nm 0.465
Callicalpa poilanei 560 nm 0.882 565 nm 0.485

) A Peak position A520 nm Peak position A520 nm

(3). Méule reaction: in UV spectra A420 nm in VIS spectra A420 nm
Duabanga grandiflora — 0.556 — 0.431
Toona ciliata — 0.453 — 0.768
Anthocephalus chinensis — 0.371 — 0.324
Gmelina arborea — 0.356 — 0.307
Callicalpa poilanei — 0.401 — 0.308

B AR (Q2%), BVEM L EE Q%) Th-
Too BWHT &R ORI O BEE OB O LB R
BEbErote
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WM 2BEUAR)THofoe WTHOEBTHTE,
DI N—TDY) T =R TE, BE
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BRTREREYTT, ZO5BEDE 1 v RGO R
BLALEELTW3, Fig.35 tizFoflé LT
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T4 AF-2BKIEH L L T Fig. 36 ©
Duabanga grandiflova D VIS 2 = 7 b L %R L
oo BIEOM TR Y — 27 B 1% 560~565 nm
OEHETETOERND - e, F—HECIEy
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Fig. 35. VIS-spectra in the tropical wood after
staining with Miule reaction.
*F: fiber: V; vessel.

Duabanga grandiflora

ABSORBANCE

qu S 3
Al in ©

WAVELENGTH

E
1S

Fig. 36. VIS-spectra Oin the tropical wood after
staining with Wiesner reaction.
*F: fiber; V: vessel.
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Belhr@boll EARELTNS,

2) UV 2=y b rofER

WL KB EO KRBT B TS Y V= v oSk
BB TR B R s B kv TiE
EAERUTH T,

Table20 CZn D UVIRIRARZ F A D
BEELEER L foo ¥7%, & LT, Duabanga
grandiflora D A= 7 + n (Fig.37) &R L1, BT
ZREED R E AR T 5 T & b 279~281 nm D fiL
BlrRkmEAxr2BE i, A274nm/A 280 nm % ¥
By, &K0.95 /089 &%kb, IRl

Duabanga grandiflora.
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Fig. 37. UV-gpectra in the tropical wood.
*F: fiber; V:vessel; R:ray; A.P:
axial parenchyma; C.C: cell corner.
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Table 21. The Comparison of UV-absorbance data between NaOH(1%) extraction and
non-extraction in some tropical woods
After ethanol-benzene After ethanol-benzene
Species Element and NaOH(1%) extraction extraction only
274nm 280 nm 274/280 Peak 274nm 280nm 274/280 Peak
Duabanga grandifiora F 0.346 0.364 0.95 279 0.342 0.372 0.91 280
A\ 0.400 0.433 0.92 280 0.418 0.464 0.90 280
R 0.384 0.410 0.94 280  0.480 0.524 0.92 278
Pa 0.402 0.426 0.94 280 0.518 0.569 0.91 280
CC 0.634 0.661 0.96 281 0.742 0.796 0.93 280
Toona ciliata F 0.101 0.112 0.90 278 0.126 0.134 0.94 278
A% 0.217 0.235 0.92 278 0.328 0.363 0.91 280
R 0.220 0.224 0.98 278 0.459 0.485 0.95 279
Pa 0.200 0.216 0.92 278 0.484 0.487 0.99 279
CC 0.516 0.526 0.98 278 0.564 0.582 0.97 279
Anthocephalus chinensis F 0.347 0.360 0.96 281 0.377 0.396 0.95 280
A% 0.449 0.464 0.97 281 0.617 0.661 0.94 279
R 0.490 0.507 0.97 281 0.547 0.587 0.93 278
Pa 0.375 0.406 0.92 278 0.527 0.553 0.95 279
CcC 0.520 0.554 0.94 282 0.588 0.630 0.93 280
Callicarpa poilaner F 0.297 0.303 0.98 281 0.329 0.350 0.94 278
A% 0.418 0.444 0.94 280 0.473 0.510 0.92 278
R 0.323 0.345 0.94 280 0.415 0.444 0.93 278
Pa 0.308 0.340 0.91 280 0.424 0.450 0.94 278
CcC 0.633 0.667 0.95 279 0.823 0.869 0.94 278
Gmelina avborea F 0.236 0.240 0.98 278 0.310 0.323 0.96 280
A% 0.342 0.354 0.97 277 0.403 0.424 0.95 281
R 0.153 0.158 0.97 279 0.338 0.377 0.90 281
Pa 0.131 0.154 0.85 280 0.326 0.361 0.90 281
CC 0.499 0.537 0.93 280 0.568 0.610 0.93 281

F: Fiber; V: Vessel; R: Ray parenchyma; Pa: Axial parenchyma ; CC: Cell corner of fibers;

Peak : Peak position in UV spectra ; 274/280 : A274 nm/A280 nm.
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Table 22. Klason lignin content and syringaldehyde/vanillin(S/V) molar ratio obtained
from alkaline nitro-benzene oxidation in some Yunnan hardwoods

Klason lignin content(%)

Ratio of S/V

Species before after before after
1%NaOH 1% NaOH 1% NaOH 19%NaOH
(1) cold-temperate wood :
Acer forrestii 23.09 1.63
Betula albo-sinensis 23.63 2.67
(2) temperate wood :
Alnus nepalensis 27.09 1.46
Catalpa duclouxii 26.68 0.85
Euonymus yunnanensis 25.63 2.04
(3) sub-tropical wood:
Betula ainoides 25.54 1.66
(4) tropical wood:
Toona ciliata 16.91 16.31 — —
Duabanga grandifolia 27.88 28.38 0.32 0.45
Calicarpa poilanei 25.50 26.25 0.26 0.37
Gmelina arborea 21.98 26.51 0.44 0.40
Anthocephalus chinensis 20.76 22 .45 0.53 0.58
Table 23. Comparisons of the absorption ratios in some congeneric species
Ratio of VIS absorbance
Species G. Porosity Habitat
E.V LV E.F L.F
Erythrina arborescens 0.576 0.576 0. 7§3 0.753 A diffuse-porous Thop
Erythrina lithosperma 0.383 0.383 0.734 0.734 A diffuse-porous Trop.
Tilla paucicostata 0.569 0.692 1.111 1.126 C diffuse-porous Cold-T
Thlia chinensis 0.620 0.712 1.124 1.132 C diffuse-porous Cold-T
Betula alnoides 0.845 0.859 1.556 1.839 C diffuse-porous Sub-T
Betula albo-sinensis 0.835 0.869 1.385 1.414 C  diffuse-porous Cold-T
Callicarpa arborea 0.699 0.716 0.684 0.634 A diffuse-porous Sub-T
Callicarpa potlanei 0.401 0.401 0.308 0.308 A diffuse-porous Trop.
Schima wallichii 0.763 0.847 1.283 1.354 C diffuse-porous Sub-T
Schima argentea 0.720 0.732 1.132 1.378 C diffuse-porous Temp
Quercus acutissima 0.550 1.064 1.504 1.660 D ring-porous Temp
Quercus yunnanensis 0.453 1.161 1.403 1.201 D ring-porous Temp.
Quercus aquifolioides 1.032 1.063 1.480 1.947 E radial porous Cold-T
Dalbergia fusca 0.516 0.516 0.588 0.588 A diffuse-porous Trop.
Dalbergia szemaoensis 0.613 0.602 0.489 1.142 B  diffuse-porous Sub-T
Pistacia weinmannifolia 1.309 1.379 1.796 1.793 E  diffuse-porous Trop.
Pistacia chinensis 0.968 1.129 1.485 1.688 D ring-porous Sub-T
Populus yunnanensis 0.510 0.525 0.931 0.904 A diffuse-porous Temp.
Populus haoana 0.402 0.402 1.033 1.043 C diffuse-porous Cold-T
Toona ciliata 0.453 0.453 0.768 0.768 A semi ring-porous  Trop
Toona ciliata var. yunnanen- ..
.486 0.559 0.744 1.302 B semi ring-porous  Sub-T

sis

XE. V: Vessel in early wood. L.V: Vessel in late wood.
E.F: Fiber in early wood. L.F: Fiber in late wood.
G.: Group of the absorption ratio.
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HHAM 2D D20-10 gm (1188, @ D20-15xm
(21 %), @D25-10 xm (12878, ®D25-15
um (19 #818), ® D 30-15 xm Q7 #5), ®HAME
BD>30um B E QLR O 6EEOoH s
2o
FThHoDBERER, IAWAD Y A ORI 5 T,
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MREREAC S EEOI Y » TS Lz, A
MEN Z 5 TR AVEAEBE D 6 5Ll LB E iR
BEX “very thin” iz, WZ 5 ERI\EBMED 61Z
LT o4& “ thin to thick ” i@, WZ 5 23EH
RSB A it “very thick ” @i i, oL,
AWM CEFEE L “very thin” % thin g, “very
thick ” % thick it X ¥ % -,

2. HEOBRREYIZDH

D V7 =vafioBhni

BEL S hi-BE - RE D Amax/Amin, % 7=
ZAS20nm/A 420 nm BREEHELY 1 L H k&
L0 S EMT) L1 L0330 (G EMT) D
2RI, Hlb, GS-V 7 = v DHETGEMN
HEME AT DI G” L1, SENHE
BHEATLRLDIZ“S” L@ L, 7 -HHES
TWREED ) 7= v R AR ThE B
HEBG VYV 7=2vREDBELGGE, BT
G-V 7=VvitELR, BMTIRS- Y 7 =viED
BEIZGS” L, ¥k, BBHEELLS
BORRINEL 7B/ “SS” LT &L
oo

2) EEEREL S =R

1|/ PEBEEDY 7= v M BEHRED=100
am ONEEERFOBBRI9BEL -, T
LDOVIS A~<7 b AIZ X % Amax/Amin % 723
A 520 nm/A 420 nm OB K E o FHERFEH T
0.854, BEM T0.925 Chote, V7 =v Aokl
2HOHE ‘GG 24 S0L DL THEETHD,
“GS” 24T DIDIR2EE “SS” 21 FDh
DITI0BETH > 7o,

IJROEED ) 7 = V340 | BEHE 100<D<150
pum OFREEE Y L OB AE L, 298E
CELT, FRODVIS A=7 + Atk AREE
o oFHERREH T0.799, B Cc0.878 CThH-
oo “GG” 247D HDIL 16, “GS” 247
DL DILIMBME “SS” 247D DI I0IEET
B o1

Tihbh, FELEEXHBDGG” 217
OEBOH I, EBREDSI0um O/NEREEDT
BfEXodEhot, T, “SS” 24 7OBEHK
10 THy, PMEEEDHLIALTH D, HED
BERENE L I LT, BEKRBCR T3
GS-V 7 = v 5L, GBEDLRH I HEAN
BDERBINT,

MIFOEED Y 7/ = 570 | EREN 150<D<
200 yum D KRB BEE I 2UEETH o7 TROLD
VIS 27 + i & DBAELOFHETE - Bt
TERERNOT6&E0.712ThHote, £D 5 b,
“GGT A 7DLDIR0BEICLELKL, “GS”
2ATDEDITEL L, “SS” 247D DTS
BETH -7,

FThbb, GS-V 7/ =vOHENE HHEbIT
G MBS AT ol s L €, 20
hBLAA, Mz, BBHMEIRSEEEAT
WioBHER A KB L, ABETH -, KR
EE TR OREBELETAGS-V7=viaGRBolk
RPREroeh, PRETETIZG-Y 7 =volX
PNEDote, BOERZI > TERLDREE
KBIFTAHGCS- V7=V IGEBOHEKDOERNTH B
iz,

IVEROHEED Y 7/ = v 5% | BER 200 xm LA E
DEBECRKBOEZ Y SL DI 8EETH 3,
VIS 227 } VI X ABRHCELOFHEZE - Bkt
TERFN0.597 & 0.770 THoiz, V2 =vih
A4 FTRKRDOE S EHAT, “GG” 24T DI D
IR 1948ME, “GS” 2 4 F D DT “SS”
A 7REECHoT, TOBRTIBE, GS-V
7 =BT, BBk e B GEoE
BEhofe b D, EHREN150<KD<200 um &
AEREEO I/ A—T EBERETH T, — 7,
B-BMEDCSHECELHBIEETH -7,

UEDEEOERETHILbNI4 2D E LD
V7S 2voRRLA4TEDOBEFEEY Fig 38 Lo
THhle, BEEOERBOEMIZ>h, “GG” 2 1
TOBER A2, “SS” D& 1 FOBBEHEEL
THIENBLED EBRA, BEOERENAR
< fehuf, EEWRBECKTBGS-V r=viE, G
Bz heELLRE,

Table 24. The classes of tangential diameter of
vessels and the absorption ratio of VIS
spectra

Class of tangential

Number Ratio of VIS absorbance
diameter of of

vessels species EV LV
1 (D<100 gem) 19 0.854 0.925
11(100<D<150 gem) 29 0.799 0.878
(150 <D< 200 zm) 24 0.706 0.712
IV(D>200 gm) 28 0.597 0.770
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Fig. 38. The relation between the vessel diameter
and the type of GS-lignin distribution.
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Fig. 39. The relation between the vessel diameter
and the ratio of absorbance in VIS-spec-
tra.

3) BEEEEOERLGS-V s/ =volX

AR D4 BEOKCH S BHEE D VIS
AR I ANEEBRAELOFHER LR E R
0.854, 0.799, 0.706, 0.597 TH b, BEEEHE
BRETHE, TOREEHMENNE ol &1
—BRARTcHB (Table24),

MM EELIRSET TOFEHHEILFTLFR
0.925, 0.878, 0.712, 0.770 TH T, Bk O K
ERV AT oot DL, EHREN200um X bk
EVCIVRO B8BED 5 b, REFOBAMNE %
Nl DTH D, BHM OBH /DNEEETS-Y 7
2VIRBATWY, EfEEOBEERKL » 5

FohicnT, £EOHEYEDBERE s,
ChHBRETHE LELZBNS,

ZORRE S 7Lz (Fig. 39, % 0EE
PREFIE RECETSGS-V 7= vikS
BOERMEDR o, BB GROLENE 1
P EBRRDBNBE LI TH B,

3. KgoERL)/=5%

D Kig#EoBEREY 7= v 5

EEMEE T (D20-10 pm) ORBHED Y 7 = v 5
ABEERORL XV r— 7T, 11 BE
REFITHRTWB, VISA=27 Ak % Amax/
Amin ORFEE L OFHME R, BH C111.307, B
MTiR1.427 Tth o fo. R REEC K15 Y 7
=VOBREELIR B ELIRSEHICEATSE
h, Ti, BHIVEEH OGS CSEDHEKD
bolBEholtbEzbhb,

BEREHZI (D 20-15 gm) OKRBHED ) 7 = v 5
MOV -FREANEERAEETNE, Fhb
DVIS 27 t Vi L BREELOFHE R, F
HTI21.279, BHTIZ1.349 TH o, FiELE
LERE R LD, B Bpf e bic, BEEHOF
BERERBRE I 71 —705 0L HiEL o,

EEEMERIL (D 25-10 pm) ORBIED Y 7 = v 4
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i 12BELrE Sz v— 73, R#EOER
BRIZHEEDEVEHLO L VH, RAMBEDES 23
ParREWIA=FTTH B, VISA<7 b it X
LZRCELDOFHEL, Fi2HZOS Vv — T X DKL
BExmL, EMAREHEC1.258, BEREECTIZ
1.298 £7co 1,

HEERIV (D 25-15 um) ORBHEDO YV 7/ = v 53
i oD —-FBERORNEIINEEEDLD K
WA, BMERRTE X DBV, 198ED VIS = <
7 rPARIBBRRELDFHMHE Y BH Tz
1.069, BEM TR 1.177 THotc, BI3E & FkkT:
HEHHTHBH, %o Amax/Amin H.0 L E I H;
DT —=TI0h, Bl fso Tt

BEEEMEH V (D 30-15 um) OREMEDO YV 7' = v 5
DS~ TGS R RBMEE, RAEN
0 umicEL, 2THEERD T, VISZ=7Z t o
T X B KEED Amax/Amin T B M 0 EHE T
31.013, MM OFHETIZ1.087 TH b, HIBRD
I ~IVOKREHE L b BB WETH -,

BEERMEZVI AR D>30 gm Ll E) ORig#ED
VS =BT LD A F I EARBER 30 um L
EFoRE#HETHE B, 11EHEO VIS 227 + LDR
KEEHDOFEHMER, X HIRTFAY, BHABETIR
0.898, BEAARMMETIZ0.924 &7, 1L /X
Dot B, 27— 7o KM kBT
520 nm L EDE A VRIGORINB A 1T H L
Tl ExRRLE,

2) AKBMEROZERL GS-V 7/ = vl

KA DERERANBEIE L OFHELY £ LD
EixTable25 T, 7771t 5E, Fig. 40Dt ¥
hThsb, AMFEOBEBROBERIZH, GS-Y 7=
VIRGROEENIKEL LD LB LHERED
b,

Table 25. The classes of diameter of fibers and the
absorption ratio of VIS spectra

Class of Number Ratio of VIS absorbance
diameter of of
fibers species E.F L.F
1 (D<20-10 gm) 11 1.307 1.427
1 (D<20-15 gm) 21 1.279 1.349
MD<25-10 pm) 12 1.258 1.298
IV(D>25-15 gm) 19 1.069 1.177
V(D>30-15 gm) 27 1.013 1.087
VI(D>30-15 gem) 11 0.898 0.924

Ratio of absorbance

0.9

0.8

15|

1]
25
30
351
um

fverage diameter of fiber

Fig. 40. The relation between the fiber diameter
and the ratio of absorbance in VIS-spec-
tra.

TR OABMOBERICI 55 HRET L0
DTH5B, Be, KiBHEERO 1 FRANOEE) 2
BB B LT 6§, Lhitkgiitozy
fELRD TR, Fie, BIELMROK SV
oto, RBMEOTHEAERICL VEEI RO
EDRDTH B, ZOFTHIRENRIOEIL
BiEXRLLDTHLEhE Ly,

Lanl, ZOREOHSFHTFigdimRmEnT
WAL ST TN REREB ORI L, K
BHEOBEREFOKEY) 7=vDG-+5-9 7=
VORRIFERBAREIDEETTTEDOTHA
5o
4. BHERUASBHOREE GS-1) /=05 Hh

D EEREEDGS-Y 7 =vornf

EEEC OV, B EEEDCEI N5 um ¢ X
N EDd D2V TR TR, £3T 17 #E
B, THEEOHMEM L EREM BT, 10
BEOBMBEBZTRIVIS A7 AR 5BEEHK
EREE1 X b KEhhot (Table26), Bi®, 74
BORE - BREH ZBRA LCEEOEE IR, T
TS-V 7 =volRIEENE T, T, %
o OEMEEOPNEMEIL, BILM & FBIMH
ERCT, BMEEELRILL XD kED o1,

BEOERNGRD E, BIEEHMBEA1L Lk
Wb DRIZETE s DT, EHERR 100 wm 5
DHEDTHb, FREMLT, BMHEHMEMN]L LD
NI T R OB « EEHH LETRAEREN
150 um X Hh KEVLDTHot, ZORKRID,
EEDGS- V7=V OaH3ERE L EREYES
FIWEz ez n@BYTthrtELLNRD,
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Table 26. The tangential diameter, wall thickness and absorption ratio of VIS spectra in
the vessels (thickness>5 pzm)

Tangential Wall T. Absorption Ratio
Species diameter
(pm) EV LV EV LV
Pouteria grandifolia 31- 88 6.8 6.8 1.166 1.251
Beilschmiedia Linocieroides 88-120 5.0 5.0 1.092 1.075
Pistacia weinmannifolia 41-124 6.8 6.8 1.309 1.379
Chukrasia tabularis 101-145 5.0 5.0 1.063 1.155
Quercus aquifolioides 110-110 5.0 5.0 1.032 1.063
Trigonobalanus doichangensis 104-116 5.0 5.0 1.093 1.060
Lithocarpus dealbatus 130-160 5.0 5.0 1.067 1.094
Diosphyros kaki 120-180 7.0 7.0 1.430 1.249
@ ring and semi-ring-porous woods :
Castanopsis delavayi 33-240 5.0 4.0 0.633 1.050
Castanea mollissima 25-215 5.0 5.0 0.664 1.234
@ tropical and sub-tropical woods:
Ehretia thyrsifiova 95- 150 5.0 5.0 0.359 0.461
Stereospermum personatum 104-152 5.4 5.4 0.753 0.753
Dalbergia szemaoensis 90-200 5.0 5.0 0.613 0.602
Dalbergia fusca 101-200 5.5 5.5 0.516 0.516
Gmelina arborea 117-214 5.3 5.3 0.356 0.356
Cassia siamea 162-215 6.4 6.4 0.730 0.730
Erythrina lithosperma 173-290 5.4 5.4 0.383 0.383

¥Wall T.: Wall thickness; Absorption ratio: Absorption ratio of VIS spectra ;
E. V.: Vessel in the early wood: L.V : Vessel in the late wood.

Table 27. The diameter, wall thickness and absorption ratio of VIS spectra in fibers with

thick wall
Wall T. Amax,Amin
Species diameter (um)

E.F L.F E.F LF
Dalbergia szemaoensis 15-20 thick thick 0.489 1.142
Pouteria grandifolia 15-25 thick thick 1.330 1.447
Stereospermum personatum 15-20 thick thick 1.573 1.573
Quercus acutissima 15-30 thick thick 1.504 1.660
Adina cordifolia 15-20 thick thick 1.651 1.651
Dipterocarpus turbinatus 15-25 thick thick 1.715 1.715
Beilschmiedia Linocieroides 15-25 thin to T. thick 1.648 1.724
Machilus yunnanensis 15-25 thick thick 1.567 1.763
Fagus longipetiolata 10-20 thick thick 1.636 1.791
Sorbus thibetica 10-20 thick thick 1.883 1.883
Liquidambar formosana 10-20 thick thick 1.391 1.925
@ tropical woods:
Baccaurea ramiflora 30-45 thick thick 0.392 0.392
Dalbergia fusca 15-20 thick thick 0.588 0.588
Homalium laoticum 20-25 thick thick 0.604 0.604

*Wall T.: Wall thickness; E.F: Fiber in the early wood ; L. F: Fiber in the late wood.
thin to T : thin to thick.
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2) EEEREMD ) 7= v oLt

KRBT, “thick” wH b i-BEED
LR UBETH -, IBEOBEN LK\ T,
VIS 27 b A b D Amax/Amin B ICEE (B A
£ I ORE, BB, GS-V 27/ =vDHERIXS
S hote (Table2D), Fh b o HERRK
1.925 (Liquidambar formasona) T, & /N
1.142 (Darbergia szemaoensis) T - Tz, 11 it
DFHER1.661 THH, B\ REERFORMAME
RS-V 7=vEELEATVWEZENE LR
%,

5 & ¥

1) MREREOZERLEGS-V 7/ =vol®

100 D RESH OB MBEEOBERY 4 BIZH
i, BHELOFHELER L7, T ToBET
1ibhey, GV 7=viREL I E&RLE
2, TORERAREE IR, MBS TIX
ol BBMTI T, GESDx 17 TE
Biss, EEORPAKEIIE GG 247D
DT, BEOENNEFHIEL SS 24147 Th T,
B, GS-V 7 =vosfmttEr, BE0BEOH
KIZHE - TSELREA L TV L,

01 BEORBHEOER L 6 Kk FHREL
7o, BREAKEVABMERI KRBT EY S =V
DENERITNE Do 1203, BRIV AR
T ORKELVE N -T2, B, REHEIEE LR
iz, GS-1 7 = voRIMEER DA/ & B

7B A D, BAKEWIEE, G-V 7=V olh
ERwEWEE 2L S,

2) EBEoOMgs S-vr=v
EROEFTIHEOEE LISV 7 =vhiE
Mot, Th, EEOKBRHEIHEEORBHEL »
S-V F =V OERINER ST,

VII. BEE£E

1. LESY T = RhoT—H

D GS-ys=viHfiosrr—7

APFge, BEBGS-V 7 = v oo x EES
OEERY, £2FHROHEROBE,D, KL
HDTH 5B,

101 BEOREMM D GS-V 7 = v 5 Hik A~E
DEDODIN—TEHE LI, S0 T =VHMAD
7 — 7 RNCEERIIOR G AT L 28V %
FLDTHhBE, Table28 DB hTHD,

A 7N — 7 OIRERM (TXTOEE, K
G-V 7=viELLAREND D) EIHEZ
DIN—TTHote, PRI 28I & Bl 21
BE S hin, BRAM & BN - 2,

ERFHILHRS &, BRHEH IR, BT
EAMIBER O Populus BO1ECTHote, B D
NTHEMO0BBELERTHO2EBECTH -
HWAEH 2BED 5 %, 181X Callicalpa arborea
T, ThEFABCMHED C poilanei d A 71—
TBLT\\%, b 5 18D Gynocardia odorata

Table 28. The relation of GS-lignin distribution in different groups to habitat and porosity

form in 101 Yunnan hardwoods

A-group B-group C-group D-group E-group
No./Total No./Total No./Total No./Total No./Total
Porosity :
Vessel-less /1 — — — —
Ring-porous — — — 9/ 9 —
Radial-porous — — — — 4/ 4
Semi-ring-porous 2/10 2/10 3/10 3/10 —
Diffuse-porous 21/77 4/77 30/77 2/77 20/77
Habitat :
Cold-temperate — — 6/11 1/11 4/11
Temperate 2/24 1/24 6/24 9/24 6/24
Sub-tropical 2/18 4/18 6/18 2/18 4/18
Tropical 20/48 1/48 15/48 2/48 10/48

¥ No.: The number of species.
Total: Total species.
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Fig. 41. The GS-lignin distribution groups in rela-
tion to tree habitat and porosity form in
101 Yunnan hardwoods..
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B RERMIREEIC T D GS-) 7 = v SO —k 263

DEBOERNROEE A B &5,
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Thb, LML, BEDOGS-V 7 =vohkinG
BhEHubonbSERENLDOETAE REH
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DCTORHERE L, ThIZX b &, RLoF)
Wiy, —kEBEDS BlcllETH-V 7= v aiH
B Re—T0BOG-V 7 =vEER L RED
SRHERT 5, fiREOARLOET K » T, =
KEDBR - TeBITCS-) 7 = v KT 5 L 258
Lz,

BB « IR 122 T ORLETBETO Y 7 =
vk, AR RECE I hs ) 7
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Summary

The present study was undertaken to investigate
the distribution of syringyl(S) and guaiacyl(G)
lignin in vessels and fibers of hardwoods, to develop
a new methods for estimating the ratio of S- to G-
lignin, and elucidate the variation in GS-lignin
ratios in relation to habitats, porosity form and cell
dimension of hardwoods.

In the present study, 101 species in 91 genera and
49 families from Yunnan, southern China were
examined, occurring in cold-temperate, temperate,
sub-tropical and tropical habitats. The ratio of G-
to S-lignin was estimated by ultraviolet(UV) and
visible light(VIS) microspectrophotometry with the
Miule treatment. The G/S ratio of hardwoods
may be variable, but generally more G-lignin is
found in vessels and more S-lignin in fibers. Mea-
surement of the G/S ratio is difficult by the UV
absorption spectra of lignin, because the absorption
maximum values are very close to each other
between S- and G-units. However, experiments
were carried out by VIS-spectra after M#ule color
reaction and Wiesner color reaction to investigate
the variation in lignin distribution. We also tried
to make a numerical expression of the spectra for
estimating G/S ratio.

The UV and VIS microspectrophotometry result-
ed as follows: 1). The distribution of S- and G-
lignin showed a distinct difference between vessels
and fibers in hardwoods. The basic pattern was G-
lignin rich in vessels and S- lignin rich in fibers. 2).
The lignin in large vessels of early wood was pre-
dominantly G-lignin, but that in small vessels from
late wood was rich in S-lignin in the ring-porous
woods. In vessels of radial-porous woods, both of
early and late woods contained large amounts of

S-lignin. Moreover, the lignin in the vessel-less
wood was mostly G-lignin as in softwood. 3). The
GS-lignin distribution was changed with the growth
environment. Both of vessels and fibers in tropical
woods showed abundant amounts of G-lignin,
because tropical trees grow too fast to lose growth
circle. 4. The GS-lignin distribution is closely
related to the dimensions of vessels and fibers. It
was recognized that the larger the tangential diame-
ter of cells, the less the amount of S-lignin was,
while, the more the cell wall thickness, the more S
-lignin was.

The results revealed that the S-lignin of hard-
woods showed a tendency to increase gradually in
company with the change in function from water
conduction to mechanical support in vessels and
fibers of hardwoods, and also with tropical to cold-
temperate conditions. Therefore, we have conclud-
ed that the variation and difference in G/S ratio
among cells or trees have evolutionary significance.



