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Histo- and Cytological Studies on the Lignification of 
Bamboo Stems (Phyllostachys pubescens Mazel) 

Abstract 

The lignification of bamboo stem (Phyllostachys pubescens Mazel) 
were studied by means of light microscope and Transmission electron 
microscope (TEM) coupled with histochemical and cytochemical 
methods. The main results were as follows: 

The protoxylem vessels initiated lignification in the early stage of 
vascular bundle differentiation, whereas metaxylem vessels and fib er 
walls started lignification from the middle lamella and cell corners after 
completion of vascular bundle differentiation. The walls of most 
parenchyma cells lignified after the stem reached its full height, while a 
few parenchyma cells remained non-lignified even the culm is 7 years old. 
The secondary wall of fibers and parenchyma cells thickened further 
during the stem growth and formed polylamellate structure. The fiber 
walls were rich in guaiacyl lignin in the early stage of lignification, in 
contrast to some lignin rich in syringyl units deposited in the later stage. 
The vessel walls mainly contained guaiacyllignin, unilke in the walls of 
parenchyma cells where both guaoacyl and syringyllignin were present. 

All tissues of bamboo culm showed blue autofluorescence under 
ultraviolet irradiation. With the treatment of ammonia, the tissues 
increased their fluorescence intensity, among which those rich in ferulic 
acid changed their color into green, the peak of fluorescence emission 
spectra shifted from 470 run to 510 nm. Nevertheless, the fluorescence 
intensity of all tissues decreased dramatically after the treatment of 
NaOH. With H20 2/HAC treatment, the lignified tissues remained strong 
blue autofluorescence, while the fluorescence from unlignified tissues 





disappeared. The results indicated that protoxylem vessels had already 
showed lignification before phloem and metaxylem formed in the tissues; 
ferulic acid was widely distributed in the young tissues of bamboo shoot, 
the content of which decreased with the pr~gress of the lignification. It 
was further confirmed that H20 2lHAC treatment was an effective method 
to discriminate phenolic acids bounded to hemicelluloses from phenolics 
existed in the lignin molecule. 

The number of the organelles, such as Golgi bodies together with 
small vesicles, rough endoplasmic reticulum and lomasomes, increased 
during the rapid thickening and lignification stages of the secondary walls, 

. ,indicating that the organe1les play~d the key role in synthesizing and 
storing lignin precursors and transporting them to the walls. Cortical 
microtubules were abundantly and orderly localized at the plasmalemma 
even in the late stages of fiber development. Although their role in 
formation and deposition of cellulose micro fibrils had been proposed, 
they may also performed a function in the lignification. 

Lignin deposition occurred at numerous discrete sites within various 
cell wall regions, and the carbohydrate matrix would affect the style of 
lignin deposition. In the middle lamella region, lignin deposition occurred 
by addition of protolignin monomers to spherical particles of lignin, and 
lignification was completed by expansion of these spherical particles. In 
the secondary wall of vessels, lignification occurred by deposition of 
protolignin monomers to the ends of expanding lignin lamella between 
cellulose microfibril leading to greatly elongated patches of lignin due to 
the greater rate of deposition along the microfibril axis compared to that 
across it. While in the SI layer of fiber wall, lignin deposition occurred by 
addition of protolignin monomers to several discrete sites and formed 
some lignin lumps. 

The peroxidase activity changed with the progress of lignification in 
a bamboo shoot. It was localized at the corner of cell wall before 
lignification, and then appeared in the secondary wall with the thickening 
and lignification of secondary wall. The peroxidase signals appeared 
strong in the cell walls of the annular vessels of protoxylem where 
lignification was almost completed, and in the cel~ walls of the 
metaxylem vessels and the fibers where active lignificatio'n occurred. The 





results indicated that the peroxidase had participated in the lignin 
biosynthesis. However, the peroxidase activity was also localized in the 
phloem and parenchyma cells which still remained non-lignifiedstate. It 
was therefore suggested that there were several peroxidase isoenzymes. 
with different functions in the different tissues of bamboo culms. 
Key words Lignification, Lignin heterogeneity, lignin deposition, 
Peroxidase localization, Phyllostachys pubescens Mazel 
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~~.,~~fi~M~~~M~~~*~W~M~,~~~~7A+~ 11:, r~$X1f~n/tiJ~I 1t1f*iElI~(1960, 1962), Grosser}1l Liese(1971), 
Parameswaran .fll Liese (1975, 1976, 1977, 1978, 1980)~0 ~~1iJf~P3~ 
~~~~M~~~~*~~~A~~OO: 

1.1 fi~;f!!\mMfftl !=ij*~, *m~1-t . 
~$*~~~~~~~.*~~V*~~~~*&X~*~~ JE, *m~it1iJf~9:t~mfflo *iElI~ (1960, 1962) 1iJf~7ftOOF 25 

#tt~~M~~~,~~ili~-~~~M~~~~*~*~~JE~*# 
~~~o Grosser.fll Liese(1971)1iJf~7]EifN 14 ~ 52 #~~~Mfflj~;ftJ, 
~~7.V*~~~~-fi~~~.~~&~#~~~~~~~# 
tt, **-~~it7 ~ltf*~~~*~~)(o M!:*~~(1984)x.m. 7 ~ 
OOF28.100#~~~.V*~~, ~ •• *~*~E#~~, ~~ 
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*.Mm~~~ili7*.~~~0~m*~~~~~w~~~~.~~ 
~~~Jt(1997)0 

1.2 ~~;f!!\m~~Mfflj~;f~&;1t~HPlm~~~;ftJ1iJf~ 
~tt~~~~~M~~;ftJ1iJf~~OO,U~e~~~~ili7.~~lli 

~:BJ:iJ\0 1tBfnM./\+~11:~, ~Offl~#~~~~, '§mmMltiJ, :r3tNi 
Iti!, x-M~~jM**JT, ~j~~~*J'tJ't~**JT~, ~~~f~l~~~~ 
~~*iJ*~7~A1iJfJi:, ~ili 7-~1t~f~l~JJEJm~*iJ*~ru (00 1.1) 0 
l1tj~, 1tB1fJ~»f ~V.fIl~*~m~J3.tR~JJEJ~~JJEJ~~~, ~13J.fIl~~~ 
it iJl ~~~~I¥JMfflj ~;ftJ~it*1T 71iJf~, 'it*-7 -*~u1iJfJi:it)( (Parameswaean & Liese, 1975, 1976,1977, 1978, 1980; Liese & Weiner, 
1997)0 

~7J!~1iJf~iJ3.jr, ~~X:tt (1980) ~=B~~~Mfflj~*iJ, ~mri3] 
*1:iJ3.iR*1T71iJfJi:; Tomoyuki Fujii(1985) ~Offl1ffiH7't~~m.fllmMEg 
f.~~m1iJf~ 7 AzUmanesasa ~fi~~f~l~JJEJ~~~~*iJ, M7J\ 7 ~Jj§ 
~~~~~*~o Murph.fll Alvin(1988, 1992, 1997 )1iJf~71t~9:t~f~l, 
~*.m~JJEJ*~,m~,~JJEJm*~~m~~~~~~*~AA,~9:t 
~~lPJmi[~~1to JJI$$ (1993) ~OJfH3tNiltmx.m.7ft~tz: 33 ~ 





71 #1t~JI¥JJm.~~:MJ; Tmft~ (1993, 1997) 1i}fJ:L71t:l:-mr~, 1tTi 
WI¥JMtfU~trM]~~o 

85-90' .---.--, $~-I 
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00 1.1 1t~f~i~$J~~:MJ~ml (Parameswaean & Liese, 1976) 

1.3 1t~fH ~~ I¥J *J.9t 1-t 1i}f ~ 
Takayoshi Higuchi(1957)ffl1:.~1-t~1i~~O~Jl~1-t~1i¥t (Maule Ji 

@)1i}f~71t~1:.*~~tt~~I¥J*m.m~,militt.1-t~ •• ~7 
*m1-ttt~jo Yoshizawa ~(1991)@ffl~1C~1i}f~7tt.1-t~.I¥J~Jl~J{ 
1-t~JEtL, Jm.7J\ilitt.1-t~.Ji@m11l ~*m.I¥JJE11lffinm~ 0 Takao 
Itoh (1990);fUffl Wiesner Ji@1i}ffi:7.::§1t1:.*tt~J:f~$J~*m1-ttt 
~,~~-~~*~~:*m1-t~~~~.~m~~~m~~m;~-· 
~Ti~~, ~Ti~$~~r$;~.moo~, ~*oo~~oo;m~~$J 
*m 1-t:l:5]~m-~ ~ jGpJ(; 0 Murph ~ Alvin( 1997)~1i}f~ 1t~f~i~ $J~1JQ 
JJI¥J~at, ;fUffl Wiesner Ji@.x.m~7;tt*m1-tI¥J~1-to {S~lI:b~Jl~J{1-t~ 





~~.~~~&~*m.#mtt~~.om~~~*m~~rt~~,* 
m.~~~m~~~~m~~m~~~~~~m~~~.~m~~~o 
~ l' 11:lJ.~ t~IFTlH 4mlO xx Tut **m 4m ~ B ~11~j1[, -!f!.T utlH 4o/.J'ELmtJ 
~lH4m, Jl~+7t~!k*f~*m~~ll~, {BX1Jt*m.#mJ/i~1iJf~11[ 
d> 0 ~ at, tJ~lH4m~*+7tmJ!, ~ 4-6 w.J pg mtPJ%px;Jt1$*~*, 
~~ Jtmr(1980)~~ y tJ~lH 4m mra] 7t~~ll~Jt mi9J ~-=p ra] ~ *, {B ~ ff¥!Y 
&~Um~~~~px;~j]Q)J~*m1tA~~II:lJ.oParameswaran lO Liese ~(1980) 
~~~1t~.m~~S.M~at~~.~Y~~~.,~#~ff~~
~oo~-~*MI*o ~~Tm4m~**XXTut~4m*m$m~~~~ 
~'~~~ffi~~~, tJ~lH4frJ~9=t~~m~~~~~~~1iJf~~d>, ff/F 
d>~.ff*~~-~~~M~, ~~~~~~px;~*m~rt~, ~.m 
~~~mM~~~~m~*m~~#~~~~~,~ ••• ~~~~~ 
*m.m1~ra]~~-*~o 

2~~~*m~rt~~~~~~~~~~M 
*m.(lignin)t&-~~1t~~~J: WtJJ*§*~ ~ ;Wj7tT.~~~~ 

~~,m~~-~t~1tm~~~~~J:o*m.~~m~~~m~~& 
&~m*tt,X1~.~m4mm~~&~~~.~~h~ttmtt~~oo~ 
~~~~ffloMm4m~1t~~~*~,*m~~~4m~~#~~~J:~ 
1¥J~~WtJJ~*, ~~lH4frJt&~lf!.~~~~ilpx;~iE~*JYt~lH4m, fA 
~~~4frJ~~Tm4m,~m~~Tm4m~~**#~4frJ,*m.1t~~ 
~~.~~&~~.~,~~**#m4mt&~~~1t~~m,~ID~* 
m.Jl~~~~.~~~llPX;o EH~*m.~~&*m1t:EJ1t~I¥J.~J/i, Jf. 
.ili~X1~*~1t~~~~~Y-~~M,~~~*m~l¥J~m~m~ 
~ooo~m~~~*m.n~~ilpx;~*m.l¥Jili~~d>t&~m~~~ 
1'$7t:~~m~~m~~,~~7tT~m~~~~.&Jt~.m~ffl 
~~M~o~~4frJ~~~~J:,*m.il~~--*~I¥J~~&@,M9=t 
~~W,.rt$~g~~~*~g~~~~#~*m.ilpx;~~, ~~ 
¥!y&~~~.,*$~.~m~W~&*fflm~~YM~~Jf.~ooo 

m~~*m1tttWI¥J~~¥!Y&~m4m~~W$7t~~#, ~m~ 
~~~~~~~4m1t~~7tT~4m~~,~rt*+~~,~~y-~tff 
**Ei1t1iJf~ffl~ii, ~Q*Ei.~lH4m~~ ~7t:f!j ~ -g. PX;~ ~M(Lewis & 





Yamamoto, 1990), *Ei~.g.pJZiifj9='B<Jfi(Dean & Eriksson, 1992), *Ei 
~.g. PX: B<Ji~H~iftfJ~(Sederoff et al. 1994; Baucher etal., 1998), *Ei 1t B<J j:: 
4n1t*&7trj::4n*1i}f}L(Boudet et al. 1995, 1998; Whetten et al. 1998) 
~o~~~~~*$~9='-"f*Ei~j::4n.g.~B<Jj::4n~*&7trj::4n~~ 
}L,W~-"f~.*~~~m~m~o~~.~~m~**Ei~ii~B<J~ 
.*~}L~~,§m*Ei~B<J~.~~~~,*Ei~~~Eift,*Ei~ 
ii~,*Ei1t~*B<Jfi&~.~~BB<J~.1t~~~~o 

2.1 :;f(mi. B9 m,ijX;.& {Eft ~ Jf. q:r B9?t ~ 
2.1.1 *1ilt~B9m,ijX;'&~~ 

* Ei * EI3 ~ # :f /PJ B<J * Ei ~ Mi #J iIt 7G, ep ~ li M (p-coumaryl 
alcohol), tlfSM(coniferyl alcohol)*lFifrM(sinapyl alcohol)(~ 1.2), 7t 
§jlj~JmM$~1t~~Jj::7-J~f~*£m11Gilt7G(p-hydroxyphenyl, H), 1l-BU* 
£pg11Gilt7G(guaiacyl, G)*lJ~TW£pg11Gilt7G(syringyl, S)J§, ~~$#~ 
~~A%PX:$~~o~~*Ei~Mi#Jilt7GB<J:f/PJ, ~*Ei~7t7-J~* 
~: ~-~:7gJ1!K-Blj*£*Ei~~(G~*Ei~), ffitT.~fH4n, ~T 
M4n*, 1l~*£pg11Gilt7GB<J*.~~8~~9~0~=~7-J1l~* 
£-~T~£*Ei*~(GS ~*Ei~), ffit-"fm~B<J*~TfH4n9=' 0 J1!K-B'j 
*£ pg11G ~ ~ T w£ pg 11Gz rBJ B<J r~$(G/S)it !&~fH 4n 9=' ~~$X*, ep 1~ 
it /PJ ~* 9=' -tB/f'#J /PJ 0 iIt T IlffH 4n *91~ 1ir&~ -"fJ1!K-E:1j *£-~Tw£* 
9l.~,~*ff$X$B<JWli.~~ •••• ,~~~~~7-J~~~, • 

. 1t~f~*£-J1!K-E:U*£-~T*£*91~~(H-G-S ~*91*)(%~J(~, 
1991; Faix, 1991; $ttlM, *liIT,1993)0 

Me MeO 

OH OH OH 

p-coumaxyl coniferyl sinapyl 
alcohol alcohol alcohol 

Me 

OMe=OCHs 
methoxyl group 

~ 1.2 ~J3.PX:* Ei. B<J ~* Mi #J.If!. 7G 





2.2.2 *)jt~tE;tR4IJJ~9=t B<J?t~.&;jt=!1Jn~ 
*m~ B<J 7t 1fJ 1)ZJ~ T~t1flt ~(~~;ft ~" ~T;ft ~*I] ~ T;ft 4m) 0 1§ 

I;; 

.lt4m~~tE~~M~~m,A~~*m.~~B<J~~~~~£*m 
~(Wilson et al. 1989)0 *m~±~mf.QtE~~iJ3.i,g (fjo~ffEJGffJWV " 
m~m~(~~.,,~mm~~)~~~m~(~~~)m~~~m~o 

*m.A~.~m~m~~,,*~m~~~~*ttB<J~~,~~~m~ 
B<J m (pg '/1: ti 00 jfg ~ ~ ~ fl= ffl, B J! m $I 1(£ m (pg JJ¥: If B<J m ~f (Baucher, 
1998)0:ll1liB<J:UJf~iiE~Wl ~w~~~*:I:*;gt~, Yfij~£Ji -t:-iAl'J B<J± 
~,J!*tim, ~~*m~tEt£1f5tl~T~*Htrtioo~~-JEfFffl(Schreiber, 
1~~0~*, tE.~~~*B<J~*M~~~*m.~~m~~~~m 
~,&ili~tE~tE~~B<Jm~W~m~o*m~tEm~W~m~m~~ 
~~A~~~1f5tlm$IB<J{$JI'/1:" t£1f5tlm~{$*B<JfFffl(Musel et al. 1997)0 

2.3 *)jt~ B<J:ff )jtii 
*m.~.~m~tE~~7t~m,,~~~~,,~~m~,,~~m~ 

~~.&m~~~~~~~~~~,#H~#~~~~w~~~~m*# 

~*o 
2.3.1 ;tR~4f?t~tfraJ B<J*)jt~:1f)jtii 

-ft*~, .~lt~~~Tlt~B<J*m~±~*~T~~DB<J~. 
~, l'J~BIJ*~~*m.(G ~)o XXTIlf;ft~*m.E8t~;fI~HW*I]TWM 
~.~Yfij~, l'J~~*~.TW~~*~.~S~o.Tllflt4m*m 
~'E1~~ #iji~, l'JX1f~~~-~BU*~-.Tw~~*m.(H-G-S 
~)(Faix,1991)0 .~ 1.2 J"uili 1~~7t~m~*m.iti~B<J~~{jtl~1-t, ~ 
~,~~m~~~#~J!~X1mo~#~~~~&~ili*m~B<J~~Ji 
~, ~E8~~*~~~.Tw~~~~o 
2.3.2 :If' ~~JJ@.~~~~JJF! pg ~ ~ Q{~*)Yi«:1f lVt'fg: 
*m~~:I:&m~ft~-lt~~B<J~~m~.&~-m~B<J~~~~ 

~~~~o tE7(n~(Asparagus)~, ~~w*m.~.~'g7'Jrm$B<J-1tf 
~~(Hennion et al. 1992)0 t§~B<J~~tEtr~~~&1f*:iJ!(Vallet et al. 
1996)0 





*- 1.2 ~~f1i4m:if'!J:iJ~frfAt*m~~flJJX; 

Plant species H (%) G (%) S (%) 

Pteridophyta 
Psi/otum Iriquelrum 7 91 2 
Lycopodium c/avalum 4 94 2 
Se/agineJla martensi; 22 34 43 
Equisetum sy/vaticum 15 75 10 
Dryopteris filix-mas 98 
Pleridium aqui/inum 11 88 

Gymnospennae 
Cycas revo/uta" 2 98 
Ginkgo biloba 6 93 
P,cea abies 2 98 tr 
Metasequoia g/yptostroboides 5 94 1 
Juniperus communis 3 96 
Araucaria araucana 3 96 
Taxus bacca/a 4 95 
Pious sy/vestris 2 98 tr 
Pinus pinaster 2 98 tr 
Pinus pinasler (compression wood) 18 82 Ir 
Ephedra equisetina 3 66 31 
Gnetum gnemon 49 51 
Podocarpus macrophyJlus 9 88 4 

Dicotyledonae 
Medicago sativa 64 36 
Medicago saliva 66 34 
Acer p/atanoides 42 58 
Fagus sy/vatica 35 65 
Populus euramen"cana 39 61 
Popu/us trichocarpa 41 59 
Popu/us Iremula x p" alba 32 68 
Populus Iremu/a x p" alba 37 63 
Betula verucosa 24 76 
Ouercus robur 32 68 
Cerasium avium 23 77 
Robinia pseudoacacia 37 63 
Nothofagus dombey 14 86 
LaUrelia phillipania 66 44 
Nicotiana labacum 50 50 

Monocotyledonae 
Ulium cisilalissimum 80 20 
Juncus effusus 11 54 35 
Eriop/lOrum angus/iro/ium 10 55 35 
Triticum aeslivum" 5 49 46 
Zea mays 4 3S 61 
O'YZ,1 saliva 15 45 1\0 
Secalo:rilicum 3 42 55 
Secalc cerea/a "2 1\4 54 

( Bauchcr M_ et al. I <JC)I) ) 





;k 1.3 fA! -fHWl.1 , fjJ{{ Hi!/P.J + IliJ:J:! )t'~ 4: M 1114: m ~{(I{J~} {Ij 
Lignin amount 

Cell woll Concenlrolion 
Morphologlcol volume (g lignlnlg cell 

Wood region Species (%) % 10101 woll subslance) SlG 

Gymnosperms 
Earfywood 

Tracheid 
Sl b LP 13 12 0.25 
S2b LP GO 44 0.20 
S3b LP 9 9 0.20 
ML" OS 9 16 0.50 

OF 10 W 0.56 
LP 12 21 0.49 

MLcc- OS 4 12 0.85 
OF 4 11 0.83 
LP 6 14 0.64 

nay parenchyma 
SW" OF 0 10 0.40 

Ray Iracheid 
SW" DF ·1 3 0.20 

Latewood 
Trachcid 

SIb LP 6 6 0.23 
S2b LP !.l0 63 0.18 
S3b LP S 6 0.25 
ML" OS 4 10 0.60 

OF 4 10 0.60 b LP 6 14 0.51 
MLc~"· OS 2 8 1.00 

OF 2. G 0.90 
LP 3 11 0.70 

Ray parench}'ma 
SW' OF 3 4 

Ray Irilcheid 
SW" Or- 2 

Angiospcrms (While f3irch) 
Fibcr 

S 1C 
l1A 0.1·1 S2c 
~jlJ. 5 O.H 1Hl112b !:i3c 
3.'5 0.1;> Fiber 

Ml.c WII ~; .~~ 0.3·1 
Ml.cc (Fif{ WIJ ~.·I 0.45 9/91b Vessel 
SIC WO 1.6 0.26 
S2' W[) 4.3 0.26 121!.ll3h 
S3c WO 2.3 0.21 
ML' WO O./J 0.40 

. MLcc (FN)c WO <1 0.513 20180b 
Ray parenchyma 

SWc WO 13.0 0.12 51:49b MLe WO 2.0 0.38 
MLcc (Fm,c WO <,. 0.41 01100b 
MLcc (AIII)e WO <1 0.41 12188b 

tt· a: 1U~J'tIH"~H~I~; b: ~1-t SEM-EOXA 11;; c: ~,\UH,(;l~t"'iHJt~ti 
-fr~1-t SEM-EO~A 1J;.. MLcc: JlfY.fEiJJi; FIF: ~Hf£/~Hf£; F IV:· ~Hffi/.ff-
~; FIR: H~tiVtJHx; RlR: ~H~(~ttx; SS: .~l~~. I'" /. OF: ltH1tHJ.ltrr -fh_LJ 





~&~~*m.,~~.~~~M~~m~~~m~~~-.~~*~ 
(Hutzle et al. 1998), :;fjHiJfJt:M~4mm1~i~f+*ff ffll¥JI~o 

:tE~ J1FVJ<. f 1:, ffl T *19i~ ~t~r~*1T It ~xJM~ I¥J 1f~ ±~ ~l§l tl ~ 
~r!(Hepler 1970; Kutscha and Schuarzmann 1975)0 itJl[, Fineran(1997) 
~.~ZD&~.@r!*~7a~,~~~fflT~~~M4m*m.1¥J 
m~~~~~~~~~Jt:,~*B~~-1fr!+*ff~o:tE~~*f~ 
1T*19i~*~JE.**JTI¥J1fr!±~ff~5tr:7'tBWi7t:7't:7'tIlr!, ~1t13m 
~tt X M~~7t*JT(Saka et al. 1982)'&*~13mlttt X M~Wi7t*JT 
(Eriksson et al. 1988)~0 ~;Jt~~~~lttttt*BfflT*m~:tE~~~ 
I¥JJEQ~Jt:,~ffl-JE*m~~*m~~~~~m~~~,B~~~* 
m~m)j~~~~~ 1¥J*~(Kim and Koh 1997)0~;Jt~~1t~tttttt* 
£7'J J¥zi-tl!ffl T ~ *m 1t ff ~ ~ 1iE)G m B m ~ ~ ~JE Q(Nakashima et 
aI., 1997; Smith et a11994; Ryser et aI199.7)0 'tR:J!it'*, ~1tt9l~utttt1i 
*(rapid-freezing and deep-etching electron microscopic techniques)PJ~x] 
~iUf}]~m3L~~*~(Satiat-Jeunemaitre et aI. 1992; Itoh and Ogawa 1993), 
!mat, ~~~lI1lxJM~iU*m~:tE~~m1:l¥Jm~JtttW(Nakashima et al. 
1997; Fujino and Itoh 1998)0 
2.4.2 *at~;fi:~ Jjfq~1: I¥Jm$Ui~ 

*~~~~~*~-~*7'J~~~~:~~*~,~~~~,~~ 
mj]IlJJf!l~~m*m1to ~Jm Freudenbery(1968)I¥JXJMg., *~~~~:tE 
%~~~~~~, ~~~.~7t~I¥J*m$~.~o ~ffi, 
Wardrop(1957, 197 6)~iA~ *m~~ ~:tE:tE 7t1t I¥J ~ J3P1 pg ~ JJX; 0 § IN, 
~~~~xM= JP-~~x]}~~ 0 

*m.m~m~~~:tE~~~~m~*~~,~~m*fr~~~JJ 
I¥J at 1~ 0 Wardrop(1957, 197 6)~~U ffl ~ 5tr:7'tB ~tt, ~ 7'tB WittflJ ~M 
~tt~Jt:7mM~*m$l¥J*m~tt~,~*~~*m~tt~H~T~ 
~~~mm~Z~,*~.~~m~:tE~~~~~&~~,~~~~m 
rQ]m1frQ] , ~J§~~1~rQ]m1fItiJ~~0 Kutscha flJ Schwarzmann(l975) 
%U ffl mM ~ t$t1iJfJt: 7 it.~(Abies balsamea )*m $I¥J *JYt 1tiifi, 1t!?1fJ ~ 
~*m~.~~~~~~~~z~~~I¥J~~, ~J§~~~W~~~ 
~, !mBt~~:tE~m~~~~I¥J~~~~~,~~*JYt~~~~~~~ 
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1tJi, *JJi~illt±nm:tE SI ~l¥Jj~$, rmJ3:Bt9=t~*Q SI ~l¥Jj~$ZrEi]1¥J 
W~~~~*JYt1t, R~~~J3filj§IW~1¥J SI ~1G3£*JYt1-tJ5*JYt1trltj 
~m~WJ3fil~1tJio:tE~J3fil~9=t,~*~~~~I¥JWJ3filW~.~~*JYt 
1t,~~~~~~~.,.J5~~ili*~~I¥JW~~*JYt~o~iliTM 
~ •• ~J3filI¥JWJ3filaili •• ~J3filI¥J~~ •• ~*JYt~,~*~~.~1¥J 
W~.~Z, ~m~~-~~~.,~*~~.iliI¥JW~ •• J5*JYt 
~ 0 Terashima ~ (1988) ~U ffl ~ Vft ]]x·M § ~ ~ tt # 1iJf ~ m t~ (Pin us 

thunbergiz)~JJFl*JJi1ttttj, ~Jt7t7v - ~~fr~: ~-~fr~, ~ SI ~Jf 
~*~Bt,*JJi.~~JJFlm~.~IW~&9=t~m~;~=~~,#_~ 
£l~Vft~f~~, $:fm~~ s2~l¥Jmf~, *JJi.:tE~JJFl{jz~.J~Jij~mf~; 

m-~~,~~.~Vft~~:tES3~Jf~~.J5,*JJi.ill~~.~~~ 
.~l¥Jm~,J3:~.~~I¥J*JJi~rl~o*JJi~.~~7t~~~~Bt~ 
~~m~~I¥J~~,:tE~~9=t,~RM:tE~~.*JYt1t~AA~~ili~:tE 
~JJFl~IW~~9=t~,~J5~~Me,~:tE~~~~~~9=t~ili~,J51t 
Ji~~~.9=t; .J5*~e:tE*JYt~I¥J.J5~~m~os.~~.~~ 
4m*JYt.t~d>I¥J~7t, ili:E.mft{jz~.1¥J S3 ~ 0 ~J3fil9=t ~*Q~J3filj§ IW~ !=j 
{jz~.if{I~t, ~~~$I¥J Et .~m7t, {jz~.'±~~ G .~~1l7t 

. (Terashima and Fukushima,1988)o tt~~ffi*I¥J*JYt~ftWJ3fil~~.9=t 
I¥Jm~~~~~~*if{I~,~*JJi~~~~~: ~~~*9=t,H.~m 
7t±~m~~9=t~,rmft~ffi*9=t,H.~m7tillm~ft~~.9=t,~ 
j.f-, Fi .~~1l7t~ G .~~ll7t:tE~ffi*9=tmf~I¥JBtfJ3]~~~~~*9=t* 
(Fukushima and Terashima 1991) 0 

Vallet et al.(1996):UJf~T1fI*XX~llt;fH4m§m(Medicago sativa)~~JJ 
~$~.*JYt~,~~~tt~!=j**;fH~*JJi1ttt~~~,~*JJi1t~ 
T~~.I¥J*~,rm~~m~., ~*~~~1tM~~J3fil~-~I¥J~~ 
.~~, ~Bt~jr1tJitU*JJ~.o. {B~, Engels andJung(1998)l¥JxJJ~~ 
x~J3:-~i~ ,ftBfniA7v§m~~JJ~$~f£l*JJi1-t1iJ 7t7v -ZV, m--ZV 
~W~.~~; ~=ZV, m~.aili~J3fil~I¥J-~~-.~~~*JYt 
~;m~zv,~~I¥J~~~*JYt~o~~,*JYt1t~Tm~.aili~~ 
~1¥J-~~~~~M~I¥J.~,rm~~~~., ~**;fH4m*JJi1trl~ 
¥9:~*JJiI¥J~~ 0 
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*m~*M~*-H~~~~~mm~~~~~,{B~~~~~~ 
~*m •• ~~~.~~~~~~m~~-~,mtt~.~.~*** 
*:fiJf ~1~JJ)l* et. ~ 7J W If ni~ ~RLijE!~ TIff JE ~ 141: JU (Atalle & Agarwal 
1985; Agarwal & Atalle 1986), ~Um13#i'i~J!!~ •• frEl3t~*BD-g.pxl¥J~ 
.~~TIfft!?J.m~~U~1t~l¥I¥J~#;J(Radotic et al. 1994)0 
2.4.3 ~~Jlm~*lUi{tfi9C8<J~Jlmft 

.~*et~ttWl¥Jm •• ~~~~$~~, ~m~~m.~.* 
!fEo Takabe ~(1985)~Uffl1rK*$la~~~Ji~~.1i)(M § ~~1i*:fiJf~ B-* 
f9D;f3 (Cryptomeria japonica) ~ • * et ~ ttw , 'it IJ)l fr * et 1-t lj!,Jj *0 ~ 
AA~_~~~~~~~~~,~~hll¥J~~.gili~fr_~~~&_~ 
~~~~~,~~~~ •• ~~H •• A~.~~~~,fr~~mtt
*~.~&@%px*m~~~,~mmtt~~~~~~~.~~m*~ 
~m.~~,#~-~~~~%px*et.o~~,-~~m~.*I¥J* 
m~et~frS3~%px~ili~, ~~~I¥J*~ •• ~~~.A~~~~ 
et~~,Dtt~et~~et.I¥J.-g.~~~ •• l¥Jm~~*~~m.M 
~ 0 ~ ~, xt * et 1t tt f~ ~ I¥J JL ~ =* it., :Sio P AL(Phenylalanine 
Ammonia-Lyase)", CAD(Cinnamyl Alcohol Dehydrogenase)", C4H 
(Cinnamate 4-Hydroxylase)~l¥Jm.1t~JEUr~-m~7~-B(Smith et al. 
1994; Nakashima et al. 1997)0 Nelmes ~(1973), Barnett(1977)I¥J:fiJf~'it 

~fr*et1tI¥J~.~~*.~et.~~~,~ili~et.~~~.~*et 
1t~WWI¥J=**,@EI3~~fr*et1t~I¥J~m~~~,~~~B#~~ 
~J¥tj3(~o 

2.4.4 ~~Jlm~*lUi{tfi9C;1t~8<J 8<J~Jlm~m* 
*et.l¥Jm~'it~frB%pxl¥J~*~-g.~~et~omtt~.~.~ 

**~*~~'it~,*et.I¥J7JWIfni~m.~TIffJE~~~,~~~* 
~7J' ili * et.1¥J *-1-#i #;J JIIDll¥ ~ rm ~ ~.~ et I¥J JE ~ 14I:JU ~ =*( Agarwal 
& Atalle 1986)0 ~um PAL 1JB"l:j1:1JituJfU1QJ1I5U*et1-t1¥J'it~, #~~~:j1:1J$U 
m.~~IfI¥J-g.PX*O~tr*~(Ingold et al. 1990)0 *et1-tbt1:.~?;ffi.M 
~1t~~I¥J~M,*et1t~~:j1:1J~#~.~~m.~~1t~MttWo~ 
ffl~~~~~~.~~ •• I¥J-g.px,~.~~ili~ •• ~~,*et.* 
ft~.~m.~~,Wfr*~~~I¥J~.~,*et.&~~~~WI¥J~ 
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~.~o~~~*~~~~.~wtt~~~ •• ~*~~m~~m~~ 
o[fiJ:lf*;gt.m1.Q~1JJ:\;(Taylor et al. 1992)0 Donaldson(1994)~tlJlfj1i~6ti~ 

~~~~~~TmM~~~*~~~~.~~~~~,~*~~,fr~ 
~m,*~.m~¥~*ft~.~~,ffifr~~.~,*;gt.m~¥~ 
~m~,~~~~fr~~m~ •• ~~*.m~~,ffifr~~.~,~ 
•• ~~*n~¥-~~1J~tt,~~~ •• ~~*~n~~~*;gt. 
I¥Jm1.Q1J~ 0 

M*i:t~~mS;gt(GRPs), M*OO~~mB;gt(pRPs), M*f~~M 
~~m S~(HRGPs)~-~~~.~~m S(Ye etal. 1991)0 ~tlffl1jCk:li 
GRPI-8 I¥Jm1*, Keller ~(l989)ttf.m GRPI-8 ~~i~~~jt;1t)]t~*J.Vi 
$-@~1fWiIJ:k~, ~EPt1tf!.1njf~f.m~w GRP lW1*1¥J GUS ~~fr~~ 
~ I=~/t~.~{)(fr*~~I¥J~ifi~J3.~~~;&:i6:, Ye & Varner(l991)~~¥Uffi~ 
~*, ;&~ GRPI-8 ~*;gt~1fWiIJ*~ 0 -*~-arti~~ GRP fr~~.1Jo 
WI¥J~AA~., -ar~~*~.m~~$.~l¥Jm~o~ffi,~~& 
KeIler(1992)~3a~~Jm~~~*H7J\ GRPl-8 .=EJ~*~~~~*~$~ 
Jm**;gt~I¥J*}]~.~, ~~ GRPI-81¥J~. ~*;gt~-arti~~W3~3!k.lL 
I¥Jttfjo liili, Ryser ~(l997)~Uffl3a~~Jm~~1iJfYi:7 -#~Jm.mB 
fr~Jm~~~-&, ~*;&~ GRP ~-&fr~~*~$~JmI¥J~Jm.J::, 
ffiPRPili~fr*~$-@~,~~$~.~*~~I¥J~Jm~~.~~&~ 
m-Jl:~~Jmm~~, iA1g PRP *::trJ~*;gt~1JJ:\;1f*o ~Jm.~~mS 
fr*;gt~~~:lf-~~ffl,~fr*J.Vi~tt~~MEPt,~M#1J~~~ffl 
Mj 1i:itt-zv Wf Yi 0 

2~*m.~.~d~~&~-~~ •• ~~.~~ 
2.5.1 *~.Ef<J~.~d~~ 

*m.~.*~~~-ar*~-~$*: ~-$*~#.~~~ 
(shikimate pathway), ep ElliJ~~~tt-~~tl.{@&M~1-t1g#.~, :itt 
-ZV%~*~~~,~~.~o~-~W~~fr~., •• ~M.~m 
~:W1¥fro ~=$*~~ft.~q£(Phenylpropanoid pathway), ep EI3*j7g 
~~~~2.tt-.~~tl.{@&M~1-t1g ~ ft~~IlB 1fJ 1¥J~1-t CoA 1¥r~., 
~~M.~~~&M.~~~~~~&M~W$~~~*.~~~~ 
I¥J~W~~o~-~w~~~*m~1fWW:k~' ~1gB.~7~~~ 





~~ CoAs, rmB~~M*fJflrp"J9i~-g.JJX;J~H£~1t~*J9i~ru-1*o ffl1t 
~4mJ9iEl*Tj::4m~:1J$t1L1HtUEl~1~ PAL, C4H I¥Jm'IiPJ~1~*J9i1t*j 
1tCSewalt et al. 1997)0 ~-$*~*J9i~.g.JJX;I¥J~Jf~q£Clignin: branch 
pathway), epEi3f~£~~m CoAs ~~M-*jU~1Jl&~~1t~*m~it! 
1*, Jttrm$~1t-g.JJX;*J9i~COO 1.3)0 J2;:-M~,*,I¥J*tt~ff CAD, M 
_1t4mf:i, ~~~CBaucher et al. 1998)0 
1.2.5.2 *~.j::4t-g. pX; Jf 8<J-Jl"b~ •• 8<J~JJf!!JEf1l 

5fUffl~1l~)}PJ1t~r4~JJ!tt*, Nakashima et al. (l997)1i}f1t:713 B*I 
CZ~nnia elegans)ut~~)}PJ*1t~~)}PJI¥JM~9=' PAL */J CAD I¥J~)}PJJE 
1ft, ~~i.X~m*J9i1tI¥JH~a, PAL m'lim:l!7T~, ffW3#~~1¥J PAL, 
-#*ft~~)}PJJ9i£J9i,*,,~-~~*~~~~£1*,.~£~m~~ 
WI¥J~~mi.Xj::m9=',*~PALM~~£1**~, mM~~£~m~ 
!ftu ~U lE:tt* J9i 1t I¥J i.X j::m 9=' 0 

L-Phenylalanine 

PALl 

Cinnamate 

c4Hl 
C3H of COMT F5H COMT 

Coumarate - Caffeate - Ferulate -- 5-Hydroxyferulate - Sinapate 

=-------~ J ~ ~4CL 
, ! 

Hydroxycinnamoyl CoA esters 

lceR 
Hydroxycinnamaldehydes 

. lCAD 
Hydroxycinnamyl alcohols (monolignols): 

Coumaryl alcohol Coniferyl alcohol Sinapyl alcohol 

'''',~ ! ,,/ 
Laccases/peroxidases 

l 

Hydroxyphenyl (H) Guaiacyl (G) Syringyl (S) 
residue residue residue 





CAD fr~$!*EJ<JJE{f[!=j PAL ffi1Pl-o J3:1'-~* !=j~vtt1J!£M §~~EJ<J~~ 
~*~-3&EJ<J(Takabe et al.1985)0 fr~51.(Phaseolus vulgaris)~$Bl1t1fEJ<J 
If.J)3, PAL 7t:1!JT~~*JJiW*O~~=\lJJ&:mL ~~~$m1t1f, PAL tfnm 
frJ§~*JJiW.&;Jt~~iliEJ<J*¥im~$!o Jjjrr, PAL fr~HP4m£JJi*7tft'5c 
7t:1!J, mI C4H fr~$!JJi*fYj~JE{f[TI*JJJi~" ~jJ\£1*~I*J~~gjEJ:, 
J3:# 7t:1!J !=j * JJi~lW 1* EJ<J -S ~" 7t~1t* w ~* 0 ~E i'ib Ttt~ tt 4o/.Jrw7t 
:1!Jfr~~EJ<J~~.~~M*~,~*m~~.ttEJ<J~m,*m~lW1*~ 
~~UiEfr*mttEJ<J*m$~~.J:, E8~HP4~J:~-sl¥Jii~1t4mrw~. 
tt-s~*m~(Smith et al. 1994)0 Northern ~5t~~~fYjfr:JmlfI" Y1f~" 
~M~m4o/.J~*,Cmfr~*~;JtiE~ffm~*mttl¥Jm~(~*JJi 
$) *~7j(f~:Q;:(Grima-Pettenat et al. 1993)0 ii~tt4o/.Jrw(Peroxidases) 

ii*-H~~~~~tt*m~.1*~.tt-s~*m~I¥J~-l¥Jrw,1.Bfr 
iliJLi:FxtT~rw(Laccases )fr*m~ .1*~ tt&@ * I¥J 1t ffl ~1T 7 A::A 
1iJf ~ *o:~ ~ tf fir, lA J'g ~ rw fr i3: 1'-ii~ * ill jfg ~ £ ~ 1t ffl (Bao et al. 
1993; Dean and Eriksson, 1994)0 Harkin *0 Obst(1973)iitt~J3JRtt~:XJM~ 
1t:E~tt.1;t4o/.J~m'I:±~EJ<J~1l~R:fjJ~*JJitt1t~I¥JW{f[0 Hepler ~(l972) 
·ffl~.~~7~a~.(~k~M4o/.Jtt.tt4o/.J~EJ<J~HP4JE{f[, 1t~*JJi 
~*ott~tt4o/.J~fr~1jj-B:~~HP4m* I¥JJE{f[~ffi /PJ I¥J oRos Barcelo(1995) 
~J'gfr~.51..~~~~*m$-B:.~~m*mtttt~*~tt~tt4o/.J 
~jfg~fflo-~~~~fYjiEfr*JJittl¥J~HP4*~frl*J.tt~tt~~wn 
& Vamer 1993; Czaninski et al. 1993; Rbs Barcelo 1998)0 mIlL Nose ~ 
(1995)~Uffl ~kjEt~(Pinus taeda)~HP4~¥¥-:l:if~iiE fYjfr~~£* JJOAtt. 
tt~M~~~~*mttl¥J1t~0J3:~~*:fjJ~~tt.tt4o/.Jrw#!=j*m~ 
.1*I¥J~tttt~o~~mttfr •• *~~I¥J~~,*B~;Jt!=j*m~1¥J 
~4o/.J~Mtt*j1f:fto frfH4o/.J*1ff7tfr-#~M(Rhus vernicifera)* 1t:E~, 
~}§ffi~fr;Jt1tB;fH4o/.J9=' 1t:E~(O'Malley et al. 1993)0 ~Uffl~rw~*m1* 
(Drionich et al. 1992)*0~{f[~1l~R~jt1f¥t(Bao et al. 1993)iiE~fr7tttl¥J 
*m$*~1f¥t~I¥J7t:1!J 0 Liu ~(1994)I¥J1iJf~1t:E~, frB B lfI(Zinnia 

elegans)~~ll~R*,' -**t;R1Pl-~~I¥Jr,mt;R~tt~I¥J~HP4~JE{f[ !=j*)]~* 
m$-B:~~~.*mttfr~~~~~J:1f~.*WI¥J~*o~~anct~ 
al.(1994)fr~51.*1t:E~-**t;R1Pl-~~I¥Jr,mt;R.tt~7t:1!JTiEfr*m1tw( 





B*m~~~.~~o §$,~~ •• ~tl.~~.~*m •• ~~. 
~ ~ ~ 11= JtHJJ ~ 1~)Hifij 0 

1.3 *)(1Vf~ § a<J 
fH4o/.J~.~*m1t~1iJf~~Jm*1tfj{J£~pg1¥z-; /mat, *m~ 

*~*~.*~.~4o/.J~~~~~4o/.J.IM~,~.~ft~~~~+* 
£~fj{J*mo~~*M~r~~~~S4o/.J~~,~~~wm~~~~~ 
~oofj{J~~,~~~~~I~*,*M~~~~~*m.fj{J£~~~z 
-, ~~~~#~*~,~~&m~~.*.A~,4o/.J~, ffift~~~ 
~:mJII~~fj{JF£r5~o 53jr, ~~*4I~*, *M~~fA4o/.J~*4JjJlJ!i 
1tttfj{J~~tt~~o~ffi,~*MWm~,*M.~~*Mfj{J£~~*, 
*m.* •• ~~~W~.0~~,~S4o/.J*m~fj{J~A~~,~~© 
~~~~~~ili~~~A~Wmfj{JS4o/.JMM*0~~*m.~~~.~ 
tt&~*~~fj{J»mtt,Mw~~~~#~***w~m.o~tt~fj{J 
~+~*,~~~TS4o/.J*M~~Jm,**~T~S4o/.J~~*Tfj{J*M 
1t~ff1*.~~,~.7$ •• M;~~.T~S4o/.J~.~~~*m 
1t~~~*~~~o~~~~*~-#**.T~~~, ~~~~~, 
~~~.~~~ooA~m~~~~~m,wH~~~~S4o/.J~*+*m 
.,~~~~S4o/.J~*~~~~~MMoili~*, B*~*~~~S~ 
* m 1t tt l~, 1~ 7 - .ll:~ fA 4o/.J 1t ~ ,to ~J3. ~..R ~ ~ 00 fj{J ~ ~ (,noh, 1990; 
Yoshizawa, 1991; Fuji, 1993)0 t.w;~~* Liese ~(1980)~1iJf~~M~JmJm 
~~~at, ~~ &~tl-.ll:~*M1tfj{J fPJ~, -is Mj** ~X1~*M1trl~fj{J 
~A~~o §lttr, ~ pgX1fH4o/.J~Jm~t*M1tfj{J1?n1i}f~~*~*~0 

*~~~~~tt~M~,Wffl~#m~1t~,~Jm1t~~~,~~ 
~ff~~m~~Jm~~mfj{J%~~*M1ttt~~~~~, §fj{J~~M~ 
EJG~i1 -r,tl JL l' IPJ ~: 
1 7M~tt~~m~~Jm*M1tfj{J~*tt~0 
2 Wmm~1t~~~~~tt~*M1tM~~*M.»Mfifj{J~.o 
3 ~.~/m1t~~m~W~~~~~ffi~~Jm~~~~~~.~, • 

~~Jm.~M.~~*~*m1ttt~~fj{J~1to 
4 Wm~M~TB~m~.~~~~m~~Jm~~mfj{J%~~*m1t 

tt~,~M*m.~~~m*fj{Jm~~Ao 

22 





5 ~.rt.~~.~n~~~m~~~,m.~~~~, #.W~~ 
~.~*JPt~I¥J~t* 0 

= =e1t~*§t{tiiN,&,*§t~#§tttB<Jm~·{t~Wf~ 
m~~~~~~~~*m.*~~+*~.®~~I¥J~~o 

Srivastava(1966)5fUm Wiesner &m~ Maule &m:XJi1.r 22 #~T*t 
~~~#.TM~*m$~~~$~*m.I¥J*~,~.~7~~ 
#&@~~~M~~m~I¥J~*~~,M~k&@~.TM~*m 

.• ¥~&@,W~~TM~~~&mo~~,~~#&m~~~~* 
m.*~I¥J.1tml¥J~~o Jli:i:F, ~ Maule &@*IJ Wiesner &m~ 
~£*B.***~*~~,~&~~~fi~~~*m.I¥J*~,® 
J3.~~fE:5J-t!!1i)f~*m.I¥J~l3.~(Yoshizawa et al. 1993)0 Itoh(1990) 
5fUm Wiesner &m*IJ~)r~*B •• 1i)f~ 7 -=Bn~*m1-tI¥J~*rt~o 
~®, -=Bn~~*m.~~~m~~*~I¥J#~fil¥J~~~*£* 
~0*~~m$#m~~~~~~.7-=Bn~~m~m.~.~I¥J* 
~1-trt~,#~mB.***~*fi~~~7*~.~~~m~~1¥J 
*m'li*~o 

1 ~~-t~:7J~ 
1998 i:F 4 JJ, §l¥jJit"**}fJC*=~n~~Im~ll>(~~~"J~ 0.5m, l.Om, 

2.0m, 4m, 6m {I~j::*B"J-=Bn$WG~n, *Jjtl~J9i$, ~$, ~$ 
~~-1'-llfJ3], mll>( 0.5cm3 /J\tk:, Ii!I~T 50%~~~, ~J§1*{+~ 
70%~~~(~ 2.1)0 1, 3, 5, 7 i:F~I¥J=Bnf 1997 ~ 9 JJIf)( §WfIT 
~'~tfn#lm, *JjtlT~~$~If)(--tllfJ3], mIf)( 0.5cm3 /J\tk:, Ii!I 
~-T70%~~~0 

;fUmi'JJ<,*mJtmmIf)(JJ}jt~ 8-20 II rri I¥JmJt 0 $*mJt1i~j[T 
~*B •• ~~.o$*mJt~~~1-t~~m~m~j[T~*B •• 
~m~)r~*W:t~::XJi1.m.~§1t~*: (1) 0.1N~zk~~ 5 *~~!-t 
Jt~.(Harris & Hartley, 1976); (2) 30%rt-'ftlt ~ 97%i'JJ<M~¥~~ 
~(H20iHAC)I:1 v/v ~~'100 tkm 30 *#, ~m7k¥J~J§~Jt:x.91. 
(Desphande, 1976); (3) 10%it¥E8~~ 30 *#~!-tJt~.o $*mJt 
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~~~m~~~~~m~~9m~m*B •• ~~.:.tt$.fflU 
tt~t5: 0.02%$Jtt7j(m~, ~t5 10 7t#, {tflr1Gm!t Jt~.m.; ~~/t1 
$.ffl~lj*tt~t5: 1%~Ij*tt7j(m~~~ 5 7t#, ~tm7j(¥J~mi-t 
Jt~.m.; *J.Vt~7tJjljffl Wiesner iJ.\1ftJ~ Maule iJ.\1fU~~; Wiesner.& 
M.: WJt~~~ 2%ra]*-Ml¥Jrwfijm~ C95%rwfijWCtlj) 5 7t#m, 
~j]D 6NHCl J§J~Jl!tJt~.m.o Maule ,&M.: WJt~ 1%~U.~m~ 
~t5 5 7t$* J§, ~tm7j({tflr1G, ~j]D 30%HCl, 1~~*~*~~t5 C £'-1 5 7t 
#) J§, ~~j]D~7j(M Jt~.m. CVallet et al. 1996)0 iitt .. 1tII~~X1~tlj 
~jkRtljJto 

$7t~ Wiesner iJ.\1fU*O Maule iJ.\1fU?tJjIJ~~I¥JWJt~~IlJ.w..* 
B.7t:7't:7't~{)((Leitz :MPVII, ,~q~ 1.511 m; i~*~ 10nm)~m~t;lt 
~.w..:7't~~:7't.o~~~~#m~~~*~~m~,m~,-*wJt 
I¥Jmffm~t@!ft 10 7t#l*Jm~.7Glf.o 
2~~ta* 
2.11t~~~1l~5{~1l~5{~~~~~tiE 

ft~.1t~~~, •• *~~7t~~M,~~*J.Vt$~.~~~ 
$B~ili~,Wm~*m$~.~~.~*m~omffm~ft.** .• 

~1t~:/$)tz:~~~~* COOfili-, 1, 3) 0 ~rm, ;tjj(~:FlJ§, ,Rff 
~~*J.Vt$~.~~~t5, ;lt~~m~I¥J§~~*~~~~o 
H20 2lHAC ~:Flj§, ,Rif ~~*m$~1f~~~~~*, jt:~~~1l£5{ 
1¥J~:7't¥f1j7k C OOfili=, 2) 0 .tItBt, ,Rff ~~*J.Vt$~1fX1 Wiesner 
iJ.\~¥~'&M.offlUtt~t5J§,~~~*J.Vt$~1f~~~$*,jt:~ 
m~~~~~ttt5COOfili-, l)oft~*B •• ~, ~~*J.Vt$~ 
.*o=fi'J]~$B7J'ili5£r.:~I¥JXX1JTM/t1 (OOfVi=, 1) 0 

ft1t~£$, mff~1l~~ft.5r*~~~:/$)tz:~ ~~~* C OOfVi 
=,3)o~rm, ~*~:FlJ§, ,Rff~~$§~~*~~~~, jt:~ 
~~1l~~1¥J § ~~*~~~~ C OOfVi-, 4) 0 H20 2lHAC txt:FlJ§, ~ 
~*m$~ ... m~*m$~.&~.~~~~~:7't,~~$ .. ~* 
ri~~ll~5{I¥J~*¥f1j7k C OOfili-, 3) o. Wiesner iJ.\1ftJ~t5)§, ~~*m 
$~1f~~.¥~~tt~, m~*J.Vt$~1f¥~tt~oM~kiJ.\~ 
~t5m , ~ft1tjtjt:~ftt~ Jm r:p ~~~~~tt ~, .!@1f JJ!1j~~~~~ COO 





~-,4)offlUtt.~~,.mm~m.~.ili~~*ms~~~ 
- S7tJ§~*ms~~m*~.JJX;~U~o ~2~tl*U.~, !WltS-tO¥* 
.mm~m.£~~tt~,~~*ms~~,J§~*mS~~R~~ 
.JJX;.~(OO~-, 3)0~~U~~~.J§, ~~*ms~~,~ 
~*ms~~~S7t~.~.oo~~m.~a~ •• JJX;u~,ffi~~ 
*S7tm~m.m.JJX;~~o~~*B •• ~,m~m~~B~ilifi 
?~~~XX1ffM'1:f: (OO~=, 3) 0 

~~~~~fi~~, -~~fi~ff~~WltS*, ~~m~~ 
H20 2lHAC ~:F:mJ§1)}(*~..\.l.~ § 1t'!R*, ~.lfu~li~R~ Wiesner iJ.\1fU-tO 
Maule iJ.\1fU£iE&@ (OO~-, 5) 0 m~~li~~~$JU~~~ &@, 
ffi~~U~m~m~.JJX;U~o¥*.mm~m.mH~~~**m 
~, {S£1JJ~-Jl:h.mm.1*~.m, ~~*m~~~ (OO~-, 6) 0 

~~~fi~~m~~~~B~-~~~~¥*~~,{S~~,¥ 
*.m~li~~~ 8<J*m.8<Jm.mJtt-t171Jo~ (OO~=, 5, 6) , *m 
~~~.~o~.,*.mm~m.m¥~~~M~ofi~~m~m 
.m~li~J{~~.~~1iE~~ 2.20 
2.2 PT ~*I!&t&7't~ 

OO l i.la, 2.1h 7tJJUB~4 *~~fi~¥S~ 7 ~~fi~~f~t, ~ 
. fr-tO.mm~Rm.mffl Wiesner iJ.\1fJJ.~J§~PT ~7'tI!&t&*}to ill 00 
~PT~~ili, ~~fi~~, ~ 560nm~, ~f~tm.m·A~~5£~7't 
I!&t&, ~frm8<J*I!&t&~~~, .mm.m3C7'tI!&.t&o ~1E 7 ~~fi~~, 
~f~t, ~fr-tO.m~li~Rm.m~ 560nm ~~A~*Jll1t&~1Ho ~fi 
~¥S~ 7 ~tEfi~~f~t, ~fr-tO.m~li~Rm.m Wiesner iJ.\1fU.~ 
~ 560nrh ~PT £*7'tJl,&t&1H£~ 20 





*- 2.2: ~~~*~Mtt~~~~~~~~~~~~ 
Table 2.2. Stainin~ traits of cell walls of bamboo stem 

Rutheni- Congo Wiesner Maule Autofluorescence Birefring 

Samples umred red Control H20 2lHAC -ence 

Top of Phleom ++ ++ ++ 
shoot Fiber + + + 
with Protoxylm + ++ ++ ++ ++ 
O.5m Metaxylem + + + 
Height Parench~a + ++ + + 
Bottom Phleom ++ ++ ++ 
of shoot Fiber + .+ + 
with Protoxylm + ++ ++ ++ ++ 
O.5m Metaxylem + + + 
Height . Parench~a + ++ + + 
Bottom Phleom ++ ++ ++ 
of shoot Fiber + + + + + + 
with lm Protoxylm + ++ ++ ++ ++ 
Height Metaxylem + +. + + + + 

Parenchyma + ++ + ++ 
Bottom Phleom ++ ++ ++ 
of shoot Fiber + + + ++ ++ 
with 4m Protoxylin + ++ ++ ++ ++ 
Hright Metaxylem + + + + ++ 

Parench~a + ++ + + 
Bottom Phleom ++ ++ ++ 
of shoot Fiber + ++ r~++ ++ ++ ++ 
with 6m Protoxylem + ++ + ++ ++ ++ 
Height metaxylem + ++ + ++ ++ ++ 

Parenchyma ++ + + + ++ 
year Phleom ++ ++ + 

old Fiber ++ ++ ++ ++ ++ ++ 
culm Protoxylem + ++ + ++ ++ ++ 

Metaxylem + ++ + ++ ++ ++ 
Parenchyma ++ + + ++ ++ ++ 

7 years Phleom ++ + + 
old Fiber ++ ++ ++ ++ ++ ++ 
culm. Protoxylem + ++ + ++ ++ .++ 

Metaxylem + ++ + ++ ++ ++ 
Parenchyma ++ ++ ++ ++ ++ ++ 

Staining intensity was judged by observation with the light microscopy. 

Strong staining: ++; Moderate staining: +; No staining: -
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00 2.1 r.r~§ftt, ~~*llri~gJlg..Rg2. Wiesner iJ\1fU 
~~)§ a<JPT JJit}I[;il"&L&:7'ti~ 

a ~r.r~~~ b 7 if:~r.r~ 
I ~ftt II ~~ III ~*ftmgJlgR 

650 

*- 2.2 r.r~~ftt, ~~*llri~gil.g..R~Jl@.~ Wiesner iJ\1fU~~)§ 
tE 560nm ~ PT .m:7'tftl1.&!&1H 

Table 2.2 Absorbance in tissues of bamboo shoot and mature culm 
after the Wiesner reaction at 560nm 

Tissues 

Fiber 

Vessel 

Parenchyma 

Absorbance [log(IoII)], 560 nm 
Bamboo shoot 7 years old culm 

0.37 0.51 
0.21 0.33 
0.02 0.13 





00 2.2a, 2.2b 7}JJIJ~7J\ 4 *J'EjrJJ'ft~£$2Z 7 i¥:£1t~~f~t, !@ 
~~O$m~£I.~JHWJmmffl Maule i5\lfIJ~~Foa<Jr:iJ ~7.'tf!&L&:7'titf 0 83 00 
~r:iJ~~ili,~~1t~~,m~m~~Jmm~r:iJ~:7't~~~&~:7'tf!& 
L&~tllo rro~ 7 i¥:£1t~9=t, ~f~t, !@~~,%2~~ 530nm !It;&lJlili 
-1'~~~l¥Jf~~I¥J:7'tn'&L&~o 
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00 2.2 1t~~f~t, !@~~o¥i~~13J,gr£ Maule mnU 
~~Fo I¥J r:iJ ~:7't n,& L&:7't i~ 
a ~1t~£$ b 7 i¥:£1t~ 

. I ~f~t 11 !@~ III £*$~m~,g 

3it~: 
~~&@~~.*m.#~a<J~~~~oM~k&@~~m. 

~M~*M®~~~M~*MI¥J*ffl~~, M~km~~~~~~ 
;f:H~*~;f~~~I~, rro~.~M~*M~~f*~o xt Maule &@:tJL 
~1¥J~~m7J\F:£n~a<J±~~~~rnT~Tw£*m.9=t~~a<J 





Mf££I¥J1¥ft, ~1!Ij Maule &m-ar!;fff~i±-fu.1~tgtl~Tw£*m~ 
CMeshitsuka & Nakano, 1979) 0 Wiesner &m~J3.-#~Jjtl*m~1¥ 
ftl¥J~m~~,~*m~*1¥fta~*£m~~Tw£~~,~.~ 
l~~pJ(;!C~o li~ Wiesner ii\Jfuxt*IJ~Tw£*m~~~F~W!~& 
m,~~,§*m~*~~*.~Tw~pJ(;~~,W!~&m+~.~ 
-tf~¥~~o § 1W, xtr Wiesner &mmJJIUM*Wms1iJfJ1:m~ 0 5Fum 
Wiesner &m*IJ~j~:J'tM.fi, Itoh C 1990 fl*.my -=B1t~&:, ~f~t, 

.m£*m~~~~~~£*.mm~l¥J*m~tt~,~ffi,ftM~ 
~~*~~~&~~~*m$~~~~~*m$~~~*m~o~~ 
a~~~.~**~,~~*m$~~~*m~~~~m~,ft1t~ 
~$.~*~W~M,~~*m$~~~~.~*mpJ(;~,~*m~ 
.Bg23f~£l, ~-ar~JiJ:i Wiesner &m~& H20 2lHAC !itI1l[~~aL%!.m 
1¥J~~~:J't&~ili*oU!C~~~I!Ij~-~~~~m#.~.tt~. 
~l~.mo ft~1t£$, Wiesner &mM~ili~~*m$~~, ~f~t, 
~~*m$~~A~*m~m~, ffi~.~~m, ~~~~~-ar~ 
Maule lJ.\JfUF~5j?,7!~I¥JW!~&mo ft 71f~f.r~*, Wiesner &m*IJ 
M~k&mB~ili~~&:$~*l¥Jm~m~~B*m~, ~~m~ 
xt Mauie ii\JfU*IJ Wiesner ii\JfUI¥J&m~~, 19t1:tllJ, ~f~t, -@~xt 
Wiesner ii\JfUF~5j?,7!~ 1¥JW!~&m, £*gll.g,g&m~~~; ffift Maule . 
&m*,~.,~~~.~~m~~~~~*.~m~~~~&m~ 
sj, ffi-@~&m~~~o ~1'~*~l!Ijft~~1t~*" -@~m*}9t~.3:: 
~~a~*£*m~mpJ(;,~.~£*.mm~~~~~m~~a~ 
*£*m~~.Tw£*m~~#pJ(;~oaill~~.~*~~It~ 
~r1t~*m~I¥J-~~~,~1t~**m~ft*~~~~~*~~ 
~ff,ft~B~~~~£$~~$~M;~.,-@~~*m~~r£ 
*.m~lI.g,g~o ~ffi, a1fJ:X3J.~Uft-~U-t1f~~~~1t~*, ~f~t, 
*£*.mm~~~I¥J~~m~~~w,*m~W~~ft~~m~, 
:#mpJ(;-#~~I¥J~ ~~*i1, ~1It, a1rJ~x~{tB~~1t~~~WJ~JE 
~~~ilil¥J1t~*~1tft-1'~*~~~~~frft~~~~~~~ 
~~~~~~-tV*m1tB'~~it 0 Liese ~ Weiner (1997)fr1i}fJ1:if:~ 
~1txt1t~fi~~~I¥J~~~~.mili,fttt~~*I¥J+~if:~,~ 

10 





.~¥*.mm~m~m~N,*m~~N~~~~o 
Higuchi(1957)~ ffl Maule iJ:\1fU!ztlI~~ZD:-*Mlml¥J 10 ~*~T 

~~~*U,5#.T~~*U~3~ttU,~~~I¥J&@~m~ffl 
~~~~*.~~~~.o~~~~~~~I¥J~~~.~~~,.T 
flI~tE 390nm tr.;{5~-~:llAI1-.&~~; ~TntflI~~W3~.A~~ 
~, -~tE 380-400nm tr.;{5, J3-~tE 470-530nm; tt~I¥J~I1-.&~ BB 
~ !:ij~TntflI~iE[1~o 1miAjg 385nm ft;{5I¥JI1-'&~~R=:83*m~~1¥J 
~-BU*¥pX;~i3[J!9I¥J, rro 508nm ft:tiI¥JI!&~~R=:83*m~~I¥J~T 
1f~px~i3[J!91¥J 0 Yoshizawa(1993);fUffl Maule &@~tt"ar ~~~~ 
5t~~~it»f.:tm(Buxus microphylla)1;Of**(Betula ermain)l¥JliJfJ1:~ 
7J', 83T~T;gf¥*)Ji~l¥Jff:tE, W31lfI¥JI!&t&Jif3~7t~IJtE 515nm 1;0 
500nm tr.;{5iliIJt.AI1-.&t&~o He 1;0 Terashima (1991)~Uffl~j~~~~ 
.~J1:7~~,*m*m.I¥J~~mpx,mili~~*m$~~~~. 
*m~~~R=:~~*¥*m.,~.m~~~,~.~~~*m •• 
tg'lx~m*m.~~~~-Bu*£1;O~T~£*m~·o Yoshinaga ~ 
(1997)xt~tt;f,*(Quercus mongolica)~ft*m~~;;fJJ*m'/itfJ~~~ 
~, ~ ~ 1;0 3f.~ ~ JjPl, ~ ~ m tE* m 1t lfl ~J.lm~,Q t; * ~ -BU *.I¥J *m 
~,*~.'Ix~mtE*m~lflMt;*~~*£*m~,~~*m~~ 
~M~T;gf£*m~*.~~~j]o, tE'Ix~ml¥Jj~$li t;*fJ.-BU*£ 
*m~, 1.13 83j~~pg, ~T~£*m~~tfJtl~j]o, lfpX;jg~~~Pl~, 
#H,~m~mili*m.mpX;~I¥J~~&~ilim~~~~I¥J~~,'Ix 
~m~~~*¥*m~~M.~~m~~~~~.~~~,~T*¥ 
*m~~~~~m~~~~~m~~~~~,*m~ffipX;~I¥J~~~ 
$&~ili~~~~~~1¥J~1to tE~1fJl¥J~~q:t, ~Uffl Maule &@, 
~tt~$m~m~l¥J~m~I!&~Jif3~~~~~~~,tE7~~~~tt 
~~, ~f~t1;0¥im~J3J,Qm~l¥Jm~ml¥J~ m7'tI1~~Jif3~tE 530nm tr. 
:titfrE~-~fil~I¥JI1-.&t&~o ~Uffl Wiesner &@, ~tt~~f~t1;o~~ 
~I¥J~ ~~I1-.&~Jif3~tE 560nm !it~-~~~I¥JI1-.&~~, tE 7 ~~~~ 
tt~~, ~_,~tg~.mm~~~I¥J~JjPl,ml¥J~~~~~BB~tE 
560nm~A~-~1~.I¥JI1~t&~o tEB1~Jl!I¥Jf**, _:tmq:t, 570nm 
tr.:tiI¥JI1~~~*~1AJgR=:83T1l-BU*£*m~lJ[J!9l¥Jo ~1fJl¥J~~~* 





~~,~*~~~~AA~a~~~.a~*~*~., •• *~~~ 
£M,.T~~*~.*.*~,ft~~~~.~~*.mm~~~ 
~~m;~.m~*~*.~*~*~*~.o~~M*~~~~m 
*~.~m~~.&~ili~~~~~~~~o 

§$B~~.~~M~*~.~~#~&.~»*~*~.~ 
7t(Higuchi, 1957; He & Terashima, 1991), {EI~T~-~7tMJ¥j:~~~i 
~m~~~~~~~o*~~~-~+7t~~~~.,R~~tt~# 
~Jt:~~~]ire~, tzQ~£IJJt~~, ,~~1t~~'&~~f~1i!~~, ~~ 
fi~.7t~~~~~~, ~~~*~.#~tt~~~A~Tfio 

= =e1t~~m.~~I!~ § 1t~J'tB<JH.~J't7tJ'tJ'Glt7tfR 

m~m~T~~~~~~~ffi~.**.£~~~M~~£~ 
*oM~#~~~,~~~~~~~~~7t~~o~T~TM~'& 
~~~~~M~,~~m~~~~~~~*~.,~~M~~~m~ , 

£~*~~~~T*~.~#~o{EI~T~~.~~M~ft~~** 
WM~'&&~~~~M~*~, ~~m~~~~~~~7t~~~~, 
~ T *)jt.z3'~, if~MitT¥-~f~t.~ ~~~, :!lQ~ilJft~(ferulic 
acid), ·xt-~li~(p-coumaric acid)~, ~~fH~~~m~£~*JJlU~ 
~*~.'&MitT¥-~ •• ~~~~~~~~~o~~~*~.&~ 
iliM~~1ftt~*~~m~~~~~7t~~1t(Willemse, ·1988)0 
Harris lQ Hartley(1976)~1i}fJt:~*~~, ~Uffl~JJ(ilJ~*t~~T¥-~f. 
~t.~ ~~iiJft~ ~*~.IRJ5IJ7fo O.1mollL ~7j(!lt:flEJ§, ¥-~f~t.~ 
~~ft~~£~*~M~~~~~,ffi*~.m~~M~o~ffi~~ 
T¥-~ •• ~~~-~li~~*~.-~~~*~:flE$J§~~~M~ 
~*(Fujii,1991)0 ~r~lI:~~~r¥-~f~t~~ ~~m~~, 1tiq:~1i}f 

Jt:~.m*~~&*~.*~~~~, ~~*~,m~~&*~~ 
(Eriksson, 1988)~, it ~~ fH 4o/J lQ ~ ~ ~fH 4o/J ~ +7t~ ~i, {El ffl T *= 
*~4fH~* JJlU ili:E~{ffi8& 0 
~n~r~*m~,iEmm~~~~~M~~~~*~*,~~ 

~~M~~*m~~~#MoM~~~~Jt:~*~~,ttT~~.~ 
1¥J~~~?t~*m.j~, j:~~r»3~*~~~~T¥-~f~t.~, &P~iiJll 
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.~~~li.,~~~~li.*.~*m.*.~*~w*~,~ 
&±t!!~ilJ~.*.JJ!U~*m.*.~*~W~11£(Shimada, 1970; Fujii, 
1993)0 1i?!'\X1~r.r~*m{tJ:i~ BfittJ:iWfJ:E(ltoh; 1990), {Elft*m{t 
rt~~5.ft~m~~.~~*~m~M~0*~~~ffl~*H • 
• ,H.~****~*&m~{t~~~,X1~r.r~~~m~ft3# 
m~~~$~~.~~~~*~~{t~ff7~.*fi,~00~*-# 
fl~~~~**m.~~~T*~~.~~5~~m,~ffim~~r.r 
*m{trt~~5.ft~m~~.*~*~0 

1 tf~~1Jr! 
1~8~4~, ~*~#~*~r.r~~~~-~~~~4*~. 

~~*~~r.r(Phyllostachys pubescens Mazel)ft~, ~J]!$, ~$lll 
~$~~~-TfrB], WPX: 0.5 cm3 Ij\tk:, 50%m~IEJE, 1*:fftE 70% 
m~~07~.~r.rTl~7~9~~~~rr~~~r.r#~, ft~~ 
$~~-TfrB], tapx: 0.5 cm3/j\tk:, IEJEtE 70%m~~ 0 ftiJj(~W)=f 
mJ:w~ 8 Jll1l )!¥:~.WOOW)=f, *JjrjfflrJU 3 #:1J~~~: (1) 0.1 
mollL Jt7j(~~ 5 min J§!-t )=f(Harris & Hartley, 1976); (2) 1 mollL 
NaOH 60 °C ~~ 30 min, ?!,\~ ffl 1 mollL HCl ~ 1Il, ~il7j({ltl~~i-t 
)=f (Willemse, 1991); ( 3 ) 3 0%J:i~ {tlt& 97%iJj( M. 1 : 1 1**.Q ~t 
~~~(H20iHAC) 100 °C ~~ 30 min, ~il7k{ltl~j§i-t )=f(Desphande, 
1976)0 10%i:h1B&~ 30 miD. ~M )=ff1:~X1Jmo *m.~fBffl~.-fB] 
~ W7}$'!0 W)=fffl~*H •• (BX-50~, Olympus)x.m., Jm;f§, ~* 
~M*it EI3 H.~****~it(MPVII, Leitz)lll PEJ~lD*1)(1Gpx: 0 

2 ~~~* 
~r.r~?JTfl~J3.~~ft~j"*~~r:P.gF~~~~* (OO~-, 1, 

3) , ~~~7't~M~iEift470nm~(003.1, A)o fflJt7j(~~~, J5JT 

1f~§Jg~~*5jJJt:P.g1fJ5JT:f:ftbn (00Jl&-, 4) 0 ftr.r~J]!tlfffl~M*~J3.~,R 
~, ~Jffi:~*m$~~j", ~~~J3.~,R~.~~*:L5] I±n~13~~~~o 
ftr.r~~~~&~W,Rfl~~W~*EI3~~~~~~,~7't~M~ 
iEiE13 470 nm ~~~ 510 nm ~o ffi~~, ~f~t&M~~J3.~~~.~~* 
:L5]7GFg3H~W!~~{t(OOJl&~, 4; 00 3.1, B)o HCl-rB]~· 5~~~* 





~~~.~~.~~&@,w •• m~~.~~&@0~7~~n~ 
~,~*~~m,R~~~$~~rn~~~~~~,~,,~.& • 
• m~lt~ •• ~~:ffg7G~.miEf<JW!~~{-t (OOJiOCIlY, 3) 0 

NaOH ~~1t~*n~~ Ef<Jm~m~lt~~5jll~1I£, Jt~~JJ~$ 
*0 •• ~J3Jlt~. Ef<J ~~ 5jll ~1I£ $; 1l~ ~. *0 ~ftt ~.mi( 00 JiOC-, 6; 
00 3.1, C)o ~ 7~~n~~, NaOH ~~X1.~~£IJlt, ~.~o[ti]::f 
*,-~~$~~B*~~, ~.Ef<J~~~~rn~~~~ •• ~(OO~ 
1lY, 4;)0 

~ H20 2lHAC ~~J§, n~JY!~~*~£I.~lt~1X~.1*M=M~~ 
~, Jt~~£I.~lt~~7G~~~;k( OO~-, 2)0 ~n~~$*O~$, $'JJ~ 
$~**~m;k,.~m~~ •• ~*.mi*~~,w~.~~.m1* 
M=~5jl¥J~~5jll( OO~ ,5; 00 3.1, D)o HCl-fa]*_W7}~~£E* 
~~~.~~.~*m{-tm~W~~$& •• m~~.&~*m 
{-to ~ 7 ~~n~~, H20 2lHAC ~~1t~~$~**~~~;k, WX1 
Jt B ~ m~lt Ef<J ~*~ o[tij::f * 0 

3 i;-t~ 

ffl_*~~J§,m~m~Ef<J~~§ll:ffg~m*~o~n~JY!~Ef<J 
~*m~~,~~~*m$~.*,Jt~m~~.~~*~~B~~: 
~~~,~~~~ •• r~~~n~~.m~~,w~w*m{-t~~ 
••• ~.Ef<Jm~~Mo~n~Ef<J~$&~$,R~~~$~~rnM 
~~~~~, ~~~M~{]Irn 470mn~~~ 510 run !it 0 w~., ~f 
.& •• mm~ •• ~%~~~BEf<JW!~~~,~~~~~ •• B::f 
~~.,~.& •• m~~ •• ~Ef<J~~~~oOC~~*-W7}~~£E 
*~~~.~~.~~&@,w.~m~~.~~&~,~-~*~ 
~~.,~.Ef<J~~~*~~~rn~*m~Ef<J*~,.~~.~Ef<J~ 
~~*)j!U~~~rn~X1-~ li.Ef<J:ff~oFujii ~(1991)X1~ i:tJi3~~~)r" 
*~~rEf<J ~ ~~~~itfJtE1T**JT, ~fJlJt~%~M~~~ 390 run, 
~7.k~~J§~~ 436 run,!it~1Wm~~fJl~M~~*o Shimada ~ 
(1970)@ffl;ft~1-t~1Jyt1i}fJt;, iA~X1-~ li.~n~~ ~J]!~~~$ 

Jt* • .mi~JT~, w~PJ~ttHg~*.1~d>, 1tB1n1i}f~Ef<J 3.6 m ~Ef<Jn~fA 
~ $~U~$X1-~ li_*:S: ~ ~PJ~Jr~*:s: Ef<J bt{]I~ ~ 55: 10 Fujii ~ 
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Fig.3.1 Fluorescence emission spectra of cell walls Offiber, xylem, parenchyma and phloem in 

the middle part of the shoot of Phyllostachys pubescens 

A. Before treatment B. Treatment with O.1mollL ammonium hydroxide 

C. Treatment with 1molIL NaOH D. Treatment with H20 2IHAC 





(1993)m1~~U~f~~*0 He tlJ Terashima(1989)~Uffl~M § li~J~tt* 
~~Y*.~*m.~m~, M**~~ •• ~~~~m~~AA~ 
., ~~~.~~~m~, ~ •• ~~~~,~~w~.m~~~ 
~~li.~~ •• ~~~.*m~~~~~~~-~~~, *m~ 
~J.t~mUxt-~li.~.Mt~o ~1fJ~~~~M*m*~~ •• r-¥Z?t 
~~tt~~#~.m~~, H~*m~~J.t~.~~~.~~o 

NaOH ~lllH!~.tt~ 9=' B<J?JT~ ~J3J;U~7't 5£1l ~11£, Jt 9=' ~JJ &: $ 
tlJ.m~il~,g~~B<J~7't5£1l~11£~Mll~~WtQ~f~t~~, *~ NaOH 
~l]!PJ W. ~~~-g.~*~f~t.~ Ei"J~., iJ l~fiJJ&:$*Q.~m~,g~JJ& 
~7't5£1l~~~11£, ~at, Bm~~~~-lf:~~m'li*m.~7t, iJl~ 
~W~~.~7't§ll~Mo~~Ei"J~*~~*~~m~~~m~&~ 
fOCm(Willemse, 1991)0 NaOH ~lJl[1! 7 if~tt~~f~t § 'j~.:~7't E8 .lL.~ 
~~.m~,Jt~~~~~~,1.SPJw.~~,~.~~m~~~tt~ 
~~Ym~*.*m.*,~~JtB~m~.,A~M~~m~~~ 
#.m~~~7't$~*-~~~~~o 

H20 2lHAC R:;fll~~~m~*~f~t.tlJ*JBtm~M11nJfIj, ITOxt* 
m.tlJ~f~t.~~~Il~(Desphande,1976)0 ~#7J¥t:~*~ffl~~~~* 
*m~~~m9='~f~t.~~f~B<Jt-IFJU(Emons, 1988)0 ~1fJ~~~M* 
*~ H20 2lHAC ~Mi.*~f~t.~~at, mMi.ili~-g.~*~f~t.~ 
~~.,~mxt-~li.~~ •• ~, ~xt*m.~7t~~~~o ~ 
~,~#7J¥t:PJ~~*m.~M-g.~*~ •• ~B<JM.~~~~7t* 
*0 

[ill =e1t~~~, ~1f~Jjfg~*19t{tEi"JMHI~:f2JWf~ 

~w.ttEi"J~~9=',~ffl.*7't~ •• ,~7't~ •• ,~~~ •• 
&~M§B~~tt*xt.~M~~~*m~tt~*~Y~~W~Ei"J 
~~,m~YW~*m~tt~9='*m.~~~~~C~,~~~~), 
~~~/PJ~~ C-J7jr:um, q~r:um) , ~~m~/PJ~ij( C~rEi]~, SI, 
S2~) 9='m*5-Ht-Jtt*lIl{Hepler, 1970; Wardrop, 1976; Kutscha & 
Schwarzmann, 1975; Terashima et al. 1988; Fukushima & Terashima, 
1991), ~&*m~tt~9='~3C~~~~~1-t(Takabe, 1985)~0 ~. 





~M~m~,.~M~~~~M.~~M~~.m*m~ttm~~~ 
~~o~~.~~M~~~~a~~~~MM~~*.,wn~M~ 
~a~~**~r~~ffl~~~,.m~,*A~~~~, ~~,~ 
.T~;f.t~~JJ@.~*,lYi1-t~liJf~~~U~*~~~£tJ\L :tm He ~ 
Terashima(1991)~UfflJJXM § ~~~*, ~~~J't~t}tm, ;f*~~~t$1J 
~~~T*~,~~~M~*~~~~~,~~&*,lYi1-ttt~; 
Itoh( 1990)~U ffl ~13.~R 1-t ~:1J~liJf ~ T =Bn~~ ~13.~R ~ *,IYi 1-tJ1~ 0 :tE 
Jmt}t~~:1Jiii, Parameswaran ~O Liese(1976)~ ~1.~n*t~f~t~.mJm 
t}t~~*~T~~~A~~~,.iliT-~n~.~JJ@.m~~~~m 
.~,~~*n~~.,~.~JJ@.~*,lYi1-tJ1~,*,IYi~mm1J~~ 
~~~~*£*mo*~~~~~~*~~~=Bn~~~M,~.T 
~~~~~M~.,~~~Jmt}t~~,~oo~~n~.,~~~.~ 
*m1-tJ1~~&~~~~.~~~,*~~m~:1J~t$o 

1 *f~-t~1J~ 
1998 iF 4 }j, §*~1*~*~nfflm~~-;fJIc~7tJ]U~ O.5m, 

~,~, •• ~*~=Bn, §mw,~w~¥W~~~-~~,m 
PX: Imm3 /J\~, ffl O.IMollL ~~~{tf~(pH7.3)re1tU~ 2.5%DG=M~O 
1%~~Jtt1fXX£ISIJE, ?&}§ffl*JUmrrf~~Jm7J(, Spurr's W~~~~, 
-§J!~~-g.o LKB-V' ~J§:H'mJt~mJt(-*rt~MHtmJt 0 -*rtmJt 
~~EfI¥~*O~WII~~j§, jfT-J't~~t}tm~:X.%.(-BJ:~~, 1987) 0 

JmrtmJtfflM~mJt,W7tM~~ •• XX •• ~~.~mxx~~,~ 
-W7tM~~ I%KMn04m~ (O.I%~.~~re1tu) ~~(Donaldson, 
1994)0 ~~j§~M~jl-=f Hitachi H-600 ~*O JEM-I00CX ~i5!:M~ 
T~t}tm~:x.%., Jffiffi 0 

2 ~~~* 
2.1 ~f~t 
~~~M: ~.~.A~-~m*~,~~~.~~~~.~, 

~~~*;~.m~w,~~~~,~~.~~~~,~$¥~,~ 
:M1*~Ol*Jm~~~.~ (OOJi&1i, 1)0 )W]mt}t~}I~Jtl~mMtl*J19!U, • 
~~XX~,~~~~~~.*~:1J~~~,~~~~-~~.~~~ 





~~U@ilI -=f~JJ@.*$Hi1J ~ I¥J(OO J!i&1i , 2,3), X PI ~~~U~1T-=f~JJ@.* 
$m1J~ I¥J 0 ~JJ@.Zra]:ffJJ@.ra])!~(OOJ!i&1i, 3)fffto 

~JJ@.{$*fPfM: ~JJ@.~~{$*, IJ\~~iif!*jt*~~ 1 ~U 2 -t-* 
~~,~.7~JJ@.~*$~~~,~JJ@.m~-.~,Mft~JJ@.m~.0 

~JJ@.m~WfPfM: ~~~~.~~#~~~~*; ~~£~~. 
&~~~~,ft~.~.m.-.,ft.~£~~~~JJ@.m*,PJ~ 
£~~~.~£~~~,-~~~~*, ~~w~*,~-~~~~ 
ffiflt~W~., _ iq:~~~~/J\~ilJ1I£JmQX;~t.ftmJm~(OOJ!i&1i, 
~o~m~~~*~,~.~ •• ftmoo~m~~,m.~.~.~ 
(OOJ!i&/\, 1)0 ~Wijt1T, ~*:I:ii!14FJtlftmJm~1OO~, ;ff;1J[Ilj ~~JJ@.*$Hi 
1J ~ f1T(OOJ!i&/\, 3,4)0 

~JJ@.m*m~fPf~: ~ffl.S.~~~l¥Jm.m~I¥J~.~~, 
~JJ@.m*m~~~ftm~m%~zm,~~.*~m~zfPfo*m~ 
:l:1f!.tlfE.mft~JJ@.Jf3IW.&~ra]~, ~m~{x~m St ~~, :l:m~~~ 

.sl~~o*m~#~~~~~~*~~~~m~~jtMoft.~ 
~, *m~m*,g.¥.:E.m~?:j 1¥J*-OO*iL~(OOJ!i&-t, 4; 00 J!i&)\' , 2), ft St 
~~, *m~m~w.~~, ffifft SI ~~, *m~m*,g.¥.:E.mm:IR~(OO 
J!i&)\', 1)~ ft~JJ@.mj]Qw, *m~l¥JjqJfPf, ~~~$&bt~.~1-t, 
m.m~~ •• ,~JJ@..~~.~,:ff~.I¥J~~~,~m~,wm 
~~(00J!i&-t, 1), ftm.*O~JJ@.mzra]:ff*.l¥Jm~~ffft(OOJ!i&-t, 
2, 3), ~~:tEm.~1OO~14FJU~*(OOJ!i&-t, 1, 2)0 .!i~ft~f~tbtff mM, 
~JJ@.ili~.m*~,~~~m,~JJ@.~~~W~~~~*,~JJ@..~ 
•• ~#~m~~.~,~~,~~~~PIft~~~~~ff.~.~ 
JJ@.J.VL 

2.2 )]t~*m~~W 
)]t~*m$~~~~.~~~~W,ftM~*btff1f!.M.*~* 

JJt~(OOJ!i&tL, 1), ;It*JJt~~r:p~*~€t, 1t(~~i!fJr[llj~iJM, *m~ 
mf,g~:E.m~~I¥J~~m*,gAif¥(OOJ!i&tL, 3,4; OOJt&+-, 1,2)0 

-2.3 m~*m~~~ 
m~*m$~W:tE~ff1f!.M:ff--t-*I¥J~~~~~~,A:ff--t

*~~, ~~m915ilftm)ffQm~(OOJ!i&tL, 1; OOJt&+)o {x~ • .¥.~~ 





~~,~~w •• w.~*OOs**~,*m.m~&¥~A~~~ 
~ml~~~f¥(OOWi+-, 3,4)0 ~~f~t::f~~~, ~W:tE~JlFr~1Jn~, 
*m~~li~~, ~JlFr~~~~~mM~, ~~~L~JlFro 

W~S~W~JlFr~M~~~m~~~~.,~~::f~~*m~, 
~f~t.~~f~f-IFJU¥][T~.*$HJ1J~(OOWi+=, 1,2,3,4)0 

, 

3 i-tit 
tt~~.~JlFr~~~M~~~~~~A~*~~~~~~~,~ 

~~,~.~, m.~*~, A~~~~~~.~&&.~~~~, 
~W:tE~.~a~¥][Tm.*$HJ1J~~~o~~,~.~*~~~ 
~:tE~.~JlFr~~*, •• ~.~*,~~~::f~~~,r*m~
~~~~*~~,~.~~.:tE~JlFrmL~~-$~0~JlFr3~.m 
~,.~B~~~~~,~~~~~~~~~m~, ~.~~~~~ 
M~~mN,.~~mN~~~~, ~m •• ili, ~~.~~,~~ 
JlFrmm~~m~~.,m~m,*m.~~~M~JlFrm~.~mJlFrm 
~, ~~~&~~.~7~.~*~m~o •• mMm~~,*m~ 
~N~::f~ •• ,~.m,~.~~~mN~B~M,~JlFr3~ •• 
&,W:tEm.~~.m~~~*.~m~~~:tE,~~~JlFrmm*m 
:tE::f~:i:tI!M~.m~tjtu~UmJlFrm.Lo m~~PJ~ KMn04 ~~, Jt~ 
~~.PJ~~*m.~~o~W~~~+*B~, :tE~.~W~M, 
~W~.~&,:tEm.~OO~¥][T~.*$HJ1J~*~, •• ~JlFr~ 
*,Jt1J~~m~~~~JlFr*$HJ1J~~~,~.&~mm~,~~:tE 
~.~~FoM,~JlFrili~~~~~,-~~~.3~mM~,m~*. 
~W.~~~~:tE~.~~,~~,~.~.~~~m~~~JlFrm* 
m~,~~~w~~.m*m~~.mm*~o~L~~*PJ~,:tE 
tt~~.~~w~.m*m~li~~,~~~~,~~~~~,~~ 
~,m~~,~W~~.3~.£~~fflo~~T~~WJlFr*m~~ 
*.~~~~.~*~~tt~~~JlFr~~~~~~~~,~m~~m 
JlFr~.~~o Takabe ~(1985)fUffl1llC;f~m*pg~Jli~B~:fj)(M § B~ji 
*-liJf~B*;f9P~(Cryptomeriajaponica)WJlFr*m~li~, ~~:tE*~ 
~~M~~M,~~~~~~~~~~,~~m~*pg •• ili~:tE~ 
~£~&~~~~~~~,~~*pg •• PJ~][ •• A~~~~~ 





~,~~~mtt-~~D~&@*~*m.~~,~~mtt~$~~ 
~~~.~~ffl*~~~.m~,#m-~$.~*i*m.o~ 
~,-~~m~.*~*m~m~~~m*~~ili~,.~~~* 
~ •• ~~~.A~~~~m~~,mtt~m~~m.~~~~*w 
•• ~m~~*~~~.m~o.~,~*m~ttw~~~#*. 
D, ~n PAL(phenylalanine Ammonia-Lyase) ... CAD(Cinnamyl Alcohol 
Dehydrogenase)... C4H(Cinnamate 4-Hydroxylase)~ ~ ~. {t ~ JE ill: ill 
-m~)j 7~-B(Smith et al. 1994; Nakashima et al. 1997)0 m)gHl~~'± 

~~~.~~~~~.m~~ ... ~~~~~~~~*,~-~~ 
.~OO~~ ••• ~~~~~~~~~,~~~~.~~~~~~~ 
*tit~3e+t 0 *ffljlJJ*tl.~~ ~ ~it1Httl*U, ~n t'Uj( {LIJ~~, liE ~.~ 
M.~,~ ••• ~~~*~~~£~m&,~~ ••• ~~~m. 
#~W~,~~.~R~~m~~ ••• ~~m~~~~~ffl(*. 
1996) 0, ~ffij, Nelmes ~(1973)~-#~~*~£:EJt, ~~.m** 
m{t~~JlFJ~,c)%j1.VJ:.~~f&~, ffij~~.mB~*m~~~.~ 
*~~*.~mm_.,~~,~ill~~mm.~~~.m*m~~ 
WtJJ ~ ~~ oBarnett(1977)~1iJfJt:mMt~(Pinus radia) • • *~~l±~ 
~U)WJJ.Vt •• ili:E.m~ •• :It*Edx~m*~# ii£~*m~~~atf~, ~ ~ 
~~*3t~ Nelmes ~(1973)~~i-fr 0 ~!lt1f]~x.m~~·, mm.~ 1i 
~~~.m~~ttw~ili~,~~~.£~~M,~.ili~~M~~ 
# ii-Jf:h~.:H~*M1*~, 1JJ~* •• ~~*:I:-fuf-f~JU~m. ~ 19W,
~~,~.~~~.±~m~~~.~*m~,~~ •• ~~.~*m 
~~~WW*~0~ffij,~~ •• ~*m~ttw~~~~~ffl#~7 
M, 1JJ$~~~-~~I~T~iiE~o 

~~~~~~ffl*~~.~~L~~*m.~~.~L~* 
;fJJ, j1;)~)~~ KMn04 ~*m.px;*&@, *~~JtTWlt~ Mn02 

fn Mn20 3 ~*il, fA ffij~~~~MJt T ~ •• -Fx.m~*19i.~*;{ff(Bland 
et al. 1971)0 *Uffl~~~~, Wardrop ~(1976)iJfJ1:7mMt~*m$~ 
.~*m~ttw, ~*~~*m~MW*~~~.~~~%~~~, 
*m.~lf!.m~~~H8!ffj~~'& ~ moKutscha fn Schwarzmann(1975) 
:fiJfJt: 7 ft~(Abies balsamea)*m$ •• ~*m~tt~j, fm1fJ£:EJl*m 





~ •• ~~~~~.~~oo~~~~~m, oom~~~~~~~~, 
~~~~~~%~m~~~.~~~~,oo~*m~~~~~~~~ 
M, *m~-tBili:E.m~ SI m~jrtffl, mJ~~~m*1l SI ml¥Jjrtfflzfa]1¥J 
~~~&~*m~, R~~~~~~~l¥Jslm~~*m~~*m~ 
:ii~;t¥ff~.~~~ Mo Terashima ~(1988)%UJtL~~JJJcM § ~~1i* 
1iJF~JW{tl(Pinus thunbergii). ~*m~:iifil, ~;tt7t7V ~ 1-M-f&: ~ 
-M-f&, ~slm*~%~~, *m~~~~~~~~~~&~mm 
~; ~=M-f&, ~oo~~~~~~, ~~~~s2ml¥Jm~,*m~ 
~~~~~~~.~m~; ~~M-f&, ~~~~~~~~S3~*~ 
~~m,*m~m~~m1-~~~~l¥Jm~,~~.±~I¥J*m~:ii 
filo fJt1fJl¥J~.m~~*;{RI!Jj, ~=B1t~~~t~, *m1t •• ili:E.m~~~ 
~~&~fa]m, ~m~{x~~ St ~m, .~~{x~~ sl"~mo *m 
~#~~~~oom~~~~~~~m~Ml¥Jo~~*mtffl~.~m~ 
*mtffl~.~~~~~~$~~~,*m~~~oom~~~~~~tffl 
7t~{x~Mo 

*m~~~~~~~~~I¥J~*~~~~m~,~~~~~~~ 
A~~~I¥J~*~~~m~,mJ~#~*~~~~mx~~~~;tt~ 
m~l¥J*m~~~~,~~ttm&;ttm~~~o~~~~~,~~~ 
~~f~~lJ1JI~jU, &~-JEI¥J~~jl1:, _*m~~A~f~t~~~f~fa]1¥J 

~.,~~~~~~~,*~m~~*~%~~~.,%~-#~JE 
~1¥J~~,*m~m~;{R~~7t~I¥J~~~m~~~,~~*m~~ 
~1¥J~M,*m~~~W~~~%~-#~W~~o~~~m~.~ 
~fa]m*m~m~~~#7J~(Donaldson, 1994)0 fJt1fJl¥J~.m~~*~ 
~,=B1t~~~~oom*m~m~-tB~~#7J~o~~~~~,~~ 
~~~~*~~-JEI¥J7J~~,*m~~~~~~~~~~fr7J~~ 
I¥Jm~~~~~*~~;tt~Hh~~l¥Jm~~~,#~ft~~~~~ 
~OOI¥J~OO,%~~m~~~,~*m~~~~I¥J~~~~Z~~% 
~~~.o~mJ,~*m.~~~.Z~~~%~~~.~~~~ 
JEo~mM~.~~~~Slm, ~1!Jj~~~~~#~m~~, ~m 
j1~114-5nmo ~=Brr~I¥J~1:*mtffl~.*om~*mtffl~.~# ~ Ji!; 
~~+7tI!Jj~o~1t~~~~~Sl~m, *m.m~7J~~~~~ 





~~~n~, ffi£~OO~~m~, *m~*~SI~~~T~~m~ 
m~-~oo~, ~mrMott~ •• ~M~SI~~~~n~M~& 
~-~~n~tt,~*~~~B~,ffi£~-~~~~,~~,*m 
.~~~.~~-~~~~~ •• m~oo~o 

1i =e1t~n$t{t~.B9m~, $JJJf!I{t~~-lll.&Jt ~*mt{tB9~~ 

~M~~.~,tt.~~.~ff~~#~~,~:.~*~.~ 
4:'~~~,\ m~1YH% f§ ~il-% '\ 4:*.~7tM1~ijj '\ ~fIE/J(pg1* 1*~~ 
~~(Lagrimini et al. 1987), ;!t~~~.~~11~m~ii.~lt'\ ~ ~ 
*~.~4:4m-% ~~B ~--t-£~~~g(Mader, 1980)0 ~£I.~Jt~~*IJ~ 
.~~~~~~ilitt.~4m.&@~~~~tt~~.~*m~~~ 
~, *lyjii.~4m. ~*m~~~1¥;W~**(Helper, 1972; Harkin & 
Obst, 1973; Fielding & Hall, 1978; Goldberg, 1985)0 18£, &~-.LI:r.~ 

. fqI~~Jli~~*, ~IJ Minocha *IJ Halperin(1976)1i)f~ Helianthus tuberosus 
~W.7t~~~~ii.~~.~;!t*m~~ffi*tt,ffifql~~*&ili 
:E.m~~R(Phaseolus vulgaris)il1%~£I.~Jt7t~~1i)f~~(Haddon & North 
1976)0' Grosser *IJ Liese(1971)~1i)f~tt~~M~tl~~~~:EJt, ~tt~ 
~*.~m~~,~-~~~~~~.~~.~*~llim~~ii.~ 
4m.m'!:t, m;!t~ttT4:*~ilF~1¥~ilH~f~~*m~~tJ\~o EEllrtPJ 
£,ii.~4m.&@~*m~~~#~£~.~---~@~**ott 
~~.~.~~-~~~~~,~fqIm~~*m.*.~fqI,&~m 
*m~*.~sl~m*m.*.M,m~~~~.$~~~n~~ 
1*~#~m~0*~~~fflm~~~~~.~~n~~.7~tt~* 
m~ii~~ii.~4m.~m~'\~.~N,~*-~m~tt.~~. 

~*m~~**m~~*40 

1*!~~1J~ 
19981¥ 4 J1, §WjJ?-:**~*~tt~Im~1OC-~~g"J~4m, 11~ 

4:*~~tt, §m$'\~$~~$~~~-~~,7tm~AA~~1J~ 
:ittff~£I.~Jt1t~~~.~~~.m.o 
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Microspectrofluorometric Analysis of Autofluorescence in the Cell Walls 
of Phyllostachys pubescens Culm* 

IHE Xin-Qiang 2U Su-Wen IHU Yu-Xi (HU Yu-Shi) lLIN Jin-Xing** 
I (InstilU1e of Botany, The Chinese Academy qf Sciences, Beijing 100093) 

2( Department qf Biology, Beijing Normal University-, Beijing 1(0875) 

Abstract Autofluorescence in the cell walls of Phyllostachys pubescens Mazel culms was analyzed by 
ultraviolet fluorescence microscopy, microspectrofluorometer and histochemical staining before and after 
respective treatment with ammonia, NaOH and H20 2/HAC. All tissues of the bamboo culm showed blue 
autofluorescence under ultraviolet irradiation. With the treatment of ammonia, the tissues increased their 
fluorescence intensity, among which those rich in ferulic acid changed their color into green, the peak of 
fluorescence emission spectra shifted from 470 nm to 510 nrn. Ne\-ertheless, the fluorescence intensity of all 
tissues decreased dramatically after the treatment of NaOH. With H20 2/HAC treatment, the lignified tissues 
remained strong blue autofluorescence, while the fluorescence from unlignified tissues disappeared. 'The results 
indicated that protoxylem ves3els had already showed lignification before phloem and metaxylem formed in the 
tissues; ferulic acid was widely distributed in the young tissues of bamboo shoot, the content of which 
decreased with the progress of the lignification. It is further confirmed that H20 2/HAC treatment is an effective 
method to discriminate the phenolic acids bound to hemicelluloses from the phenolics existed in the lignin 
molecules. 

Key words Autofluorescence, Fluorescence emission spectra, Phenolic acids, Lignin, Phyllostachys 
pubescens 
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F. #CHi MV. j§-~*J.jlJJ:fl~'If PH. iWEl$ PR .• 
~m~ PV. W-~*J.llJ:$~'If 
1E1l& I 1. ~~YiIff~UHIl~,7F!lH!j!mr~'If*~~1ILI!Jj4f 
m~HlBJjfg~ § ~'!R1to x 380 2. ~~YiIff~~m~,7R 
H2 OzIHAC 5l£ J1I!.j§-{)l ~ 'If -;r. ~ § ~ '!R:J't , ;;It ~ m ~ gpJ Jjfg ~ § 
~'!R:J't tlH;:: 0 x 380 3. ~ 9=t $ , 7F 5l£ J1I!.lW 4f gll. ~ gpJ Jjfg ~ § 
~'!R:J'to x 190 4. ~9=t$,7F0.1 mol/L~7.k5l£J1I!.j§-WJEl$ 
§~'!R:J't1£;;k;~-@'o x 190 5. ~9=t$,7F H20zIHAC5l£J1I!. 
j§-~!1UIl~~~ § ~'!R:J'to x 190 6. ~ 9=t$, 7F NaOH 5l£ 
J1I!.j§-wr~gll.tq~ §~'!R:J'tlI!UL x 190 

Explanation of Plate 
F. Fiber MY. Metaxylem vessel PH. Phloem PR. 

Parenchyma PV. Protoxylem vessel 
Plate I Fig. 1 . Young tissues at the top of bamboo shoot, 
showing cel! "'RJi autofluorescence of various tissues at early stage of 
vascular bundle development before treatment. x 380 Fig. 2. 
Young tissues at the top of bamboo shoot. Note that only the 
protoxylem vessels show blue autofluorescence after H202/HAC 
treatment. x 380 Fig. 3. Middle portion of the bamboo shoot, the 
presence of autofluorescence in various tissues before treatment. 
x 190 Fig. 4. Middle portion of the bamboo shoot. Note that 
autofluorescence of phloem cells changes into green after treatment 
with ammonia. x 190 Fig. 5. Middle portion of the bamboo shoot. 
Note that autofluorescence of fiber and vessels remains blue after 
treatment with H20zlHAC treatment. x 190 Fig. 6. Middle 
portion of the bamboo shoot, showing decrease in autofluorescence 
intensity after NaOH treatment. x 190 
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Table 1 Fundamental data of experimental bamboo species 

jtJl, r ~ 11 ...,. 
H ~ II lill * ff ~ ~ l"l rP ~ 

Species 
Type of Height of Diameter of Length of Thickness of 
rhizome culm(m) culm(cm) internode(cm) culm wall (mm) 

~mlt Bambusa lapidea il".fdI 12 

!nHt B. stnosphwsa Sympodial 20 

JUHt B. pervariabilis 12 
~fYj§lt Delldrocalumus 12 

YUJlnallensis 
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ltlli~7::::jJ 4. I:;O,~!ilmt'r1lt/J\7:7 2.'\5, -1l11 
t'r f1 ;{{ ~ ~[J! il@ (~I] 5~ J!1 r! /G 1:1~] . iE (i~ ~ P1 n 
~l~i!jfr:':-'Hi1L r\!.~ 20 

3. 2 ffiIJ~$:$ 

9 270 11 
10 300 13. 2 
6 400 6.5 

12 400 11 

tt~~~*~~~~~*~~o~.tt 
~1-2~,~~3#~~1~m~o~.~ 

rEl J: , ~J¥j § it £8 ffill Ft B~[!l m~ili.:r-1J%,;4Jf; 
,"; f1jd--0]:h -K 11 % , -K 7J m trj 1. 4 ( i4t ~ fin - 1. 

Cl ( ~ HlTi it ) l1r ,~l¥i §. 'Tt 8J «ill * $: Ji!: ~fll JjfQ ~f€. /t 
flUrJf (2. 99/1111) , iTIT :~::iitHj' }'r1:~ (1. 06WI1) • 

{R jJ,lJ ,pp 11- T :.:: cr;. ;~ l'i1} 0 *- lE J1ll8~ jiff 1i: iJ-~ .. tj': 
r~ tlr EZ T ~ ( nr ffill *- Si 8 ) Ej EZ B /G% g 5}" , 
@~~~u~tt~~*~B~~~~~~. 

nn~lIllJitIpg~Hx)\tt~ 2. O::;ILm,>,~~~J!1~ 3. 

35vm,=:t"*§~ 1. 32vm,J!;ftptHiE'fbl.~~{~ 

it;ftp~~*~*~o~~ •• tt~~*~B 
Ej ~ ~ = '*i- J!i tll !JJ fK)} 0 :55 J~ , :m m :!R JIID! BB S) 
UHi: 11Z:@: , !!!fliI ~ tHt ~ illl] * sum )Jig J% J!1 (4. 
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Ij@ ~~~:M] ~J!1 jg 2. 23;.Lm, 't: In ~ bl::. 1r !fin ~~2 
T'r fill tu iF'- !flU 1J'l rY] ~m ;"~ ~ ~ )1lf 0 _~ ~ 2 0 

~2 ~~rtM~~,~~m~m~~~M~~~U 

':'ahll..' ~ .-\ comparison of cell cilar,lctcrs of thl:.' epidl':-mis .subepiderrnis and C()rt,~·x ir: 1 031111>00 species 

l<.f.tz Eqidermis 

j-I1' f~;' '!'-J!iJji: F~ Jl'd 1-1~ 'V-!IR II'HiU! 'y~. \:t~ r~/ 1'1 ~~.~ / '!'·Jid:;: IRJl;li} 
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\.It~ )i~( r-! ~. Jf.i:f.\ !~~ ~Z 
g!~ Ji/. 

S\!(.'cie...:. 7r liJ 1.:.:',,-1.. 
pm tUll 'I'D/RI) IL01 {1m l L : n lLf:l 

TU/RI) 
{1T1l 

Ly Shape Ly fIm 

TU rw IT OT T 10 TD RI) WT \VT 
-

,eIJ l\;H1 B.29 17.23 1 : 2.1 1.% .1. 80 1 : 2.5 10."~ 1 ~l. ~S 1 : 1. Cl 1. i 1-2 ~U)f.i ·i-5 0,8:; 
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Table 3 The size of vascular bundles of four Lamboo species (U nit: lUll) 

jt-i'!!JJ Outer 'I" ;rf> Middle f'll'>!~ Inner "}LYe} Av<>rage 
~£I:.r ~1!iJ 

~t:m 
5~ltJ ~Itr 5t:m 5tI!iJ ~I~J 

~~ i 1~~ 
\Zlt~ 1iI!iJ 

~r: /ti~ i'<.l.It .[;: )jl 
T/R KH!'. L( iJ 

T;'R 
l( )jl 1~J.![ 

T/T{ l:UJt 1'= J!t TiR 1'1. RL TL RI. TI. RI. TI. RI. 
------Q, lWit'I 2!:7. -17 538.81 I : 1. 87 595. 75 928.01 , . I.G 8·11. R3 7~2. 1 J ] , ,1. 9·1 S7;'. u2 753.02 1 ' J. 31 $%rtT 449.03 599.98 I '1.3 695. 11 924.81 I ' 1. 4 99Y.52 957.90 1 : 0.96 7 I!. 57 827,57 I : I. 16 

~;g,'tT 258.42 459, 17 1 : I. 78 ·155, 30 818.48 I ' 1. 8 618.02 6<11,23 I : ]. 04 443.91 64 l. 06 1 : I. H 
~ffie:tT 343.10 S76.7 1 : 1.68 639.77 843.80 I: L 3 915.48 689. 12 I : 0.7;i 632. 78 703.21 1 : L II :r- J!;j 33,1.52 5-13.34 1 I 1.62 596. 78 878.60 I : 1. 5 843,7J 770.11 I : 0.92 591. 57 731. 21 1 : I. 2·' TL: Tangenl ial Length; RI. :Radial Length; T /R: Tangential Length/Radial Length 





3.4.4 .If i' 
~W~~~ttff~*~~~~~m*, 

~~~~~W~.W*~~~&~~~~~ 
~-¥t~ 0:(£ 4 ~tt;f~9=t, t;,t~WH'f t'r~H~ 
YH9!lj.!::jt=p$'!@~1H~a*,7HJljl1 56. 521lm 
fQ 158. 181lm, ~~t'rff%YH~lj ~ ];Hffd'rff 
~~ 9=t $ ~ ~ ~ ]I 1~ a /J\, {>!. J;j 35. 281lm to 
107. 60llmo ~mumUt;,t$fl1ijt'rBj~>g1l:1~:lfdc 
}] 215.13Ilm,l:!.rli'?iitrEn~>g]I1}:lR/J\J;j 
175. 64;.Lm, il"! ~ ~ tr tn t\t~ 1']- tit f =:t;- .<::: 

luL 
~W:5tTl1K [2TIfij%, {9lU~l:fqi/f§;:m 

*ttRo~~:5tTK~~$fijt'rff~t=p$~ 

~]mUffjmj~'A~ 3 fljJ:M]t;,tr:p$iV:K,ljL:M]J;j 
687. 551lmo JJj~,~T¥T~ tr81~~5tTaK, 
ljL Y.;] ~ 632. 791lm. ::it r:p pg {9lIJ J;j 571. Olllm, 

21 

jH.E,ljL:M]~ 498. 39f.Lm,A9=tjr{9l~J;j400.19 
Ilm, 9=t $ ~ 565. 09f.Lm , ~ mlj ~ 529. 91J.Lm 0 A 

~M~~T=~Z~o~~:5tTEn~~~t'r 

H~5'Hmlj ~ ~~~:tfJ JJ,3f~~mE t'r~j~ 

>g % 111 JJ, A t=p jr mu ~ 1. 81lm , 9=t $ J;j 1. 
961lm , pq iYliJ::J·J 2. 421lm, ljL:M] J;) 2. 06[lm 0 Y; fffi'f 
t'r8~~~~lrH',j~jll}lj~ 1.161lm,rpWjg 1. 
!34!.Lm, pgfYlljJ;j 1. 99Ilm,ljL:M]J;j 1. 59[lmo 

3. 5 ~Hl 

H ~i1 ~ tt H En ffl. ;tm m tR , :xt ~v % ill~'p j§ 

'N1~1Pff:m ,~t~J;'6o(.i] T t'rHEnffl.tlJ£s!i1JJL 4 

ftP tr ttH tfE ~j 1f:M] K J3t,:M] ~ 5'rmlj Izm (2. 
33mm),r:p$~*(2. 51mm), pg iY)lj!XZ (Z. 

38mm) 0 At=p~~ ~ ttEnH~fElTH~, ljL:I:\] ~ 
2. 72mm, ~~t'rEH.E , ljL:M] J;j 2. 38mm 0 ~HfE 

1I 1~ f11 ~ ~:tE 4 f'p tt if l' r:p :&J31j :;r 7e .WO X ~ 
r:j::l'lii57J 810. 3;.Lm. rJqiY)IJJ;j 667. If.Lm o ~1?i13tt 40 

* 4 1mf'Pt'r*Hf§fttrJ*~ ,J[fN(]~~ 
Table -1 The fiber size of four bamboo species 

IT f':' 
Specib 

g,lIf,tT 

It- r.1i 1-'] 

11 ;W;t; 

2. 

1 

2. 

:{(; 

9~ 

, 

:):. 

3. 6 ~~HIHR~Hlij§ 

i(;!Jt(mm)Lcngth 

'1' ,Iq 
Middle Tnner 

Z. :;7 2. ,I I 

~. ~\ 
., 
~. 0:; 

., , 1 ~. 37 

2. (i" 

_ .. ;j 1 ~. 30 

.~m~~~mfmW*'<:::~otrIT~ 

*~.Mm~~~EnlI~&fq~~~*,~ 

~mW*~mffi:(£m~OO~~~[2TI%o~t'r 

HMftJjHU!lj ~ pg ,llt~HIllIffiHJg1I1}~~m,*o 
:(£~-t-ttH~ t=p, ~ pqfflu.~m~JiJf.s-It-W~ 
• *om~tt~.~m~~~ftJljL:M]]I~~ 
40. 85f.Lm,At=p~~~t'rEnlI~1144.10Ilm, 

ffif ~ Ji\lf/flJg ]I~f5(:7g 37. 55[lTTl, A~ ifJ[~~ 
'f":JtrsL 

•• ,.~m~~~fqK%~~~m% 
~H§w;j#~~, 1W:if~!2l1:ft%, lfi:if~ Ajjj mJ 

lIt I'f (/ml ) YH?(/LOl) lU'R>: 
F;-~j Diameter Length/Widlh 

Wall 

A\'cr~~gc Thickness 
.-~~ 

2. ·1,5 1,). 74 161 13. 72 

-' 12. 22 1 ~. 1 ,). ~·1 

.) 
.~ .1 i;"). 68 1::1 :.', ;S 

l'i. ·18 17;' :). 'is 

~. , : 15. 26 1~9 ;J. OS 

]f; ; );rUf; ~Ill nen&:ill: m ~~ . jHtt 1£ T ~(;t; ~rn ~@ Z 

~oK*~~En*~:tEt'rH~~~~W~~ 
:;r ~ t'r ;ftp 18] :M:j ~ j'JIJ /F '* (61. 471lID - 64. 
49Ilm ); A~H@~~JJJj[~~T¥iE trlzlJ, ljL 
:M] J;j 2. 82f.Lm, ~ J1.i'ff tt rill ~ % ~ l11t, ljLf.;] 1. 

931lmo m%~1J@:(£ 4 f41t'rttr:pEnKJ3HJ.Y;1?i13 
tt jk K 06. 89f.LID) , ~ ~ ~ t'r:lll m (11 . 

951lm ) , M~;f§~ 4. 94f.Lm o 

3. 7 :g.~~IHfHfg~tf§11 

~ttHt=p*~m~m.s-It~~~~*, 

At=p ~ f;&w:., mIJ;&w:. ,w:.~lJz..iWPfm~ EGIt 
-W~:f&/J\, iix:(£:;$:)(t=p R iti't?:tif.j~m~ ,rHiHll 





22 

!Jt;f!l ~* tiJ~ m!Jt I'fJ It -f9tl 0 

~~m!Jt§:t~WJHCI~HO*JJlt$,4 #¥r 
;!%t~ ~ ¥JHJHfj ,g, JjI-:/5j ~ 8. 82 % ,~9=' jrffilJ la: 
y"Jg 5.75%, cpW:Jt:hn ~ 11. 3%, ~ fflll~~'" 
~ 9. 75%0 :iF1P]¥r#r8J£JjIJ:iFf1)3JIL~o1f* 
¥rC9. 81 % );ftl~m E ¥rC8. 26 % Lt r8J1;Z;f§£ 
1. 55 % 0 tJ~ ~ m to, 8311 H ~ jrffi~ IoJ pg f9!JJ I¥J 3f2 
1t ~ 't} -!:5 ~ft/9! !lB I¥J 1iJf ~ ~ * - it 0 

~HjH§}7'o, 'EH~ ~t ~ :5fHIHo ~f ~jH~ , H ~l 
ill. to, 81 tt {7~ ill >rrfoJ pg ~ m ~~"', 4 ftPt'rH cp 
0( t#-?in Jifi~ ttfJIJ:lU* (48. 5%), A cP Jr 011J 

Jg 64. 39 %, cp ~ Jg 47. 59 %. rJ;j i9!IJ :1) 
33. 54 % , illil¥i §Hr mdJ tlfJIJ~/J\ 05. 64 % ) . 
A cf1:7r MIJ 7-] 49. 84 % , er gil ~ 29. 97 :/0' vS (D)lj 
Jg 27.13%·A1RfP.~fffr=f=7t~rG], rLi=r:t,: 
~m~4~tr#~Jg~*fflU#~,AHm 

17 !{f; 

mtq tt-W~,g,I¥J1f:M]{J1[ (42.56%) !Jlil~T ~}I~ 
DB 33 ftP¥rf-tI¥J1f:M]{J1[ (35. 0 %) 0 ii 1ItiA~H 
~fH§.tqJi)f ~ I'fJ tt {7~Jt!!* ,t'r;j:t I'fJ 5£JJ[ff,UJ!~ , 
~o .=t t'r H ~!Em ~~ I'fJ tt {7~ ~ 32 % ,}I/9! tt m 1fz: 5£ 
J!f 7:J 202. 9Mpa, m ~ si(!. '1"£ f~ :fit 1'1 12. 
54Gpa ;~',i;'tHHfUl3.to,l¥J tt{Vll:;fg 48. 5% ,jll\lf 
tttfLtfL5!)j[:;fg 269. 8Mpa.m~slj!,t1;j1tffr7g 
17.6Gpa o 

~~m~~4#tt~cpl¥J~~~~hJg 
so. 13 % , M. t'JffTl)~i9!IJ raJ rJ;j m:~fHlI.~f(0T dJ tt 
filJ.d ;~-1 J\,\, 110. J:t cp!J"- rl1ij 7]18. 36 % . et1tfj) :i0. 
~) 1 , r*J i9!Ht 19IJ ~j:it 51. 1 4 ~~ 0 :;r-: ~Jtn'll JlI] 0( 

Table S The proportion of conducting tissue,fiber tissue and p(!~cJH:hyma tissue in ::IIJf b;tmboo specic:->'" /~} 

it ri' Yr (Juter 'I' Middle I}'J inner iY:~J Avc-ri'lge 
'--Species C F P C F P C F I' C f P .--

~l\1i1t 5. 15 55. 27 39. 13 1l. 07 38. 71 Si). ~:z )f). 
.-

30. 17 S~. . ~ , " '/G ,IL G3 19. CO u. 
$~1t 5. 27 53. 63 41. 10 1l. 01 3S. 58 53. 11 9(J. >r) 2fJ. 01 "I. , .- :'L ,13 :i8, ,1(; 53. ) G 
p;t;iT, tt :). 23 S·L ;)9 29. 37 12. 10 47. ;/ ~) 'i :n 11- :;3. "I :_':1. 

.-

U. E·1 ,18. 51 i1. G~; 
~ Piit~ ·tt ~. 35 .: u. B4 13. 82 1O, 33 2 ~) 1)7 

,. -;'.1 " , '.!.7. 13 7 i. 
.-

: S. ~(i 3;"). !j: ;, I~. ,-,j 
ifi: ~J S. 75 ~i :J. ~() 38. 30 11. 13 ,)/. 7t) 

, 

" 
,; :) ," :~~ .. ;: ~) ('1. : 0, ~:2 1 Z. :; I~ c'). : 

;. 
.', 

~":D 60 
}}~ 

50 
tll :3 ;fiJ::~iJt;: 
r&. 40 

.~ ~f~~kiB ~\ 
TI 30 o iW~~ll.tS-; 
f:- 20 
Lt 

10 
% 

0 

Fig 1 The proportion of three tissues in four bamboo species eulm 
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~*m~~~~.L¥J*~~E!IIIJJf!J,!IIIJJf!JM 
P-15Hirjjg 3. 53!-lm ~ 3. 25!-lmo ~IlfU1tL¥JiWff 
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30!-lm o ~*ttL¥Jfi1JR!IIIJJf!J*~~jgE~JJ@!, 

!IH JJf!J M L¥J JJ. ~ Ej ISf.t Jl[ ti M ~IHJt ~ro JJf!J:m jfr , jg 

1. 94!-lmo 

Abstract 

THE COlVIPARATIVE ANATOMY OF 

FOUR BAMBOO CULMS IN GUANGXI 

Wei Xue-zhi 

l.ShaIlxi Norm,t! Uni\'t?r~ity.kLinfen (1100) 

He Xin-tjiang Hu Yu-xi Lin lin-xing 

(Institute of Botany.Chir.ese Academy of Science. Beijing 100093) 

The middle internode of four bamhoo species culms from Guangxi autonomous 

region named Bambusa lap idea ,B. si71ospinosa ,B. peruariabilis and DendrocaLamus yunnanen

sis were collected and cut. The Lamboo section method, maceration technitjue and light micro

scope with computer image processing analysis system were used to investigate their ana tom

iCed structures, including epidermis, subepidermis, cortex, fiber and vascular bundle. The re

sults showed that the number of vascular bundles per square millimerer across the bamboo 

culm wall was higher for B. peruariabilisCaverage 4.08) ,and lower for B. sinospillosaCaverage 

2.01). The diameter of vessel elements were larger gradually from the outer part to the inner 

part of the culm wall. The longest vessel elements were almost located in the middle part. 

The wall thickness of the vessel increased from the outer part to the inner part. The longest 

fiLer of 2. 77. mm for D. ),ulIlIanensis, the largest cell diameter of 15. 68 l.tm for B. peruari

abilis, the thickest cell wall of 6.72 !-lm for B. lapidea. There were significant differences in 

the ratio of various tissue. Conducting tissue was the major element in the middle part of the 

culm, and H. Peruariabilis con1ained 12. 1 % for such tissue, was higher than the other 

species. More fiber tissue was located in the outer culm wall ,H. j)eruariabilis had the higher 

proportion of the fiber,average 64.39%, These anatomical properties provided the basic in

formation for these four bamboos physical ,mechanical and industrial utilization. 

Key words Structure of bamboo culm; Bambllsa /apidea, B. SillOspillosa, B. pervariabili" 

Dendrocalamus yunnanellsis; Guangxi 
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