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EEROBE L) LECETKEOETNRERE S, CORENZFAKRShBKD, Fig
11 0 “Ig” OMAIKRMEDOET XEBHRTEH I LR’ 5, FOBATIE, BEhOKRI MM
B LS, JRERRT LTI LELOR, B2ERNRABCKT T30 TRV EHE
bhXs, ' ' '

IDXHE, BROREDELRTS LA, ThARTT5BRELFEECRKRIBELE



134 dEARLAFMEERFERE H3B% H15
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Kbl EELTWS, $h, HEHERE OBIRICSWT b ARREA» b OHENVETH
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RTEY, AFRCTLEORNERMLL, BBLIL K, 4HESBOTFCOLTOR
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Lf.:l«ﬂ‘hoffgbfgb\c &, RENTREhT, ¥, *{bklﬁé?é?ﬂfé‘ﬁﬂismf,‘ 44 UV
BHIAGCH-bh3THA S Z b,



136 EEXFRTHRETKERE $£33% H15

X WK

1) BLAND, D. E, R. C.. FOSTER and A. F. LOGAN: The meéhanism of permanganate and
osmium tetroxide fixation and the distribution of lignin in the cell wall of Pinus radiata.
Holzforschung, 1971, 25, 137-143. ‘

2) FERGUS, B. J.,, A. R. PROCTER, J. A. N. ScoTT and D. A. I. GORING: The distribution of
lignin in sprucewood as determined by ultraviolet microscopy. Wood Sci. Technol.,
1969, 3, 117-138.

3) FERGUS, B. J. and D. A. I. GORING: 'The location of guaiacyl and syringyl lignin in birch
xylem tissue. Holzforschung; 1970, 24, 113-117. k

4) FERGUS, B. J. and D, A. I. GORING: The distribution of lignin in birch wood as determined
by ultraviolet microscopy. ibid., 1970, 24, 118-124.

5 BRMA=: RARBMBEBRCLL» ¥~y ERSTHROMGHMBED Y 7= v 51, AR
W, 1974, 31, 87-114.

6) BRH R-#£A B-FE B: A-rITorrIT7 —HBLIBEKST Mﬁiiﬁ‘é‘ﬂ*@%ﬂﬁﬁ@
BE. BARAMELRLSRBRREEE (5250, BHE) 1975.

N SN—% GHRERE: BROARHRCHT28% (D). dLRBIKHH, 1970, 27, 373-394.

8) PARHAM, R. A. and W. A. COTE, JR.: Distribution of hgmn in normal and compression
wood of Pinus taeda L.. Wood Sci. Technol., 1971, 5, 49-62. '

9) SAcHS, 1. B, I. T. CLARK and J. C. PEW: Investigation of lignin distribution in the cell
wall of certain wood. J. Poly., Sci., 1963, part C, No. 2, 203-212.

10) SALEH, T. M, L. LENEY and K. V."SARKANEN : ' Radioautographic studies of cottonwood,
Douglas fir and wheat plants. Holzforschung, 1967, 21, 116-120.

11) SCHWARZMANN, J. M. and N. P. KUTSCHA : Prellmmary observation on lignification in
tracheids of balsam-fir. 31st Ann. Proc..Electron microscopy Soc. Amer., New Orleans,
1973.

12) ScoTT, J. A. N, A. R. PROCTER, B. J. FERGUS and D. A. I. GORING: The application of
ultraviolet microscopy to the distribution of lignin in wood-—Description and validity of
the technique. Wood Sci., Technol., 1969, 3, 73-92.

13) WARDROP, A. B.: The phase of llgnlﬁcatlon in differentiation of wood fibers. TAPPI,
1957, 40, 73-92. :

14) WARDROP, A. B.: Qccurrence and formation in plants. in Lignins, Ed by K. V. SARKANEN
and C. H. LubwIG, New York, Wiley-Interscience, 1971.

15) WooD, J. R. and D. A. 1. GORING: The distribution of lignin in stem wood and branch
wood of Douglas fir. Pulp & Paper Mag.:Can., 1971, 72, T 95-102. o

16) Wu, Y-t and J. W. WILsON: Lignification within coniferous growth zone. Pulp & Paper
Mag. Can., 1967, 68, T 59-164.

17) YENSEN, J.: Removal of epoxy resin from histological sections following halogenation.
Stain Technol., 1968, 43, 344-346.

Summary

A study was carried out to determme the hgmﬁcatlon sequence in Japanese larch
(Lariz leptolepis GORD.) tracheids using ultraviolet microscope, and to compare the result
with the known sequence in Pinus radiata®™W and Abies balsamea® Throughout one
growth season (Apr.—Oct., 1974), small specimens contained cambium were removed
from about 10-year old trees grown at the nursery in the campus of Hokkaido Univer-
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sity, Sapporo. The specimens were ﬁxed in FAA solution and embedded in epoxy resin.
Sections of 0.5 micron in thickness wefe cut transversely by an ultramicrotome (LKB
Ultrotome III) with a glass knife. Remboval of the epoxy resin from the section was
done by the method of YENSEN (1968)"). The sections were mounted on quartz slide
glasses with quartz cover glasses, and examined under the ultaviolet microscope (Carl
Zeiss, West Germany, Type MPM-019P. °

The photographs were taken on an'ordinary film (Neopan-SS; Fuji Film Co.), using
the wavelength of 280 milli-microns and‘were first examined to obtain general tendency
for lignification sequence in lareh tracheids. Furthermore, progressive deposition of
lignin in the wall of the differentiating tracheids of this species was quantitatively
examined ; the silver density of the negative films on which the transverse section of
the tangential walls was photographed at 280 milli-micron wavelength was determined
with a micro-photometer (Narumi, Type NLM-VII).

It was confirmed that the pattern of lignification of larch trachexds remained sub-
stantially constant irrespective of growth conditions through the annual cycle of growth'.
In the formation stage of S-1 layer of cell wall (Fig. 3, 4), hgmﬁcatxon was usually first
detected in a small spot at the mtercellular layer in the cell corner, and this was found
to begin simultaneously in all the corners of a partlcular tracheld (Flg 1). As early as
cell corners, lignification also began in the pit border (Fig. 1, double arrow). When a
tracheid was adjacent to a ray, however, the cell corners of the tracheid immediately
next to the ray were first observed to have a lignified cell corners (Fig. 2), probably
suggesting a particular meaning of ray cells to the lignification. And then, lignification
extended along both the radial and the tangentlal walls (Fig. 6, 7). After that, it pro-
ceeded towards the lumen, lagging behmd cell wall formation (Fig. 3). In a more ad-
vanced stage of the wall formation, hgmﬁcatlon appeared to be late in the primary
wall at the cell corners (Fig. 8). This nearly coincided with the observation in balsam
fir by ScHWARZMANN and Kutscua (1973/W.

Measurments of the silver density of the negatives indicated that lignification pro-
cess had to envisaged as proceeding continuously through the wall thickening during
cell differentiation'® (Fig. 9~12).

During the course of study the usefullness of the UV-micriscope for the qualitative
and quantitative study of cell wall lignification was clearly shown.

It should be noted here that rolls of a ray for the lignification of a tracheid, pos-
sibly as a route of the lignin precursors, are very important item further to study
(Fig. 5). Also examination of the longitudinal lignification sequence through a whole
length of a tracheid is of importance, although the work reported above by the authors
was carried out only about transverse sections of it.



138

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

1.

2.

3.

4.

5.

6.

7.

8.

9-12.

LB AR EBEERTERE #3BH K15

Explanations of Figures

Beginning of lignification in the wall of tracheids. Single arrows show the
first lignified portions at the intercellular layers in the cell corners. Double
arrow represents the lignified pit border. Figures in the lumina of the tra-
cheids indicate the cell number from the cambium.

Beginning of lignification in the tracheids adjacent to ray. Cell corners next
to the say are in the earlier beginning of lignification than the opposit ones.

Lignification sequences of the differentimting tracheids from the cambium
(Cam.).

Polarizing photograph of the cells corresponding to the photo 3. S-1 layers
show the birefringence between crass nicols.

Lignification of the ray. Lignification of the parenchyma cells begin later
than the trachéids near the ray.

Beginning of lignification in tracheid$ near the cambium.

Extension of lignification. Soon after the beginning of lignification at the cell
corner, lignified portion extends along the intercellular layer toward both
radial and tangential directions.

Weak UV-absorption of the primary wall. Arrow shows the primary wall at
the cell corner. '

Progressive deposition of lignin in the tangential walls of the differentia-
ting tracheids. Each curve of the film density appears to correspond to the
lignin concentration in the tangential walls. Figures in the lumina indicate
the cell number from the cambium. ' The peak at the middle of the curves
shows the UV-absorptions in the intercellular layers.” The another peak at the
boundery between the wall and the limen may be the artifacts (Fig. 8, 9, 10),
or indicate the absorption of the S-3 layer (Fig. 12).
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Fig. 3. Fig. 4.
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Fig. 9. Fig. 12.




