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Introduction

Among many microorganisms capable to deteriolate wood, basidiomycete fungi
are the most important because of their high capability of decaying wood cells.
They are divided into two major groups, brown rot and white rot fungi, mainly
in accordance with whether they can decompose lignin in wood and use it as a
nutrition, or not.?

The white rot fungi, furthermore, can be divided into two types, white pocket
rot and simultaneous rot fungi. The former type, e.g., Trametes pini, starts to
metabolize lignin and hemicellulose ; the cellulose fraction is degraded only at a
later stage, leaving white fibrous remains. On the other hand, the latter, e. g,
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Coriolus versicolor, is capable to decompose all components of a lignified cell wall
at nearly the same rate?®.2,

The morphological features of a wood cell wall attacked by fungi have been
described by various authors for a long time, but there are only few reports about
histochemical ones. Loss in weight of wood substance has been widely used as
a measure of decay to combine both results of the chemical and anatomical changes.
However, it seems to be somewhat unreasonable to use the weight loss to connect
them, unless there is a respectable uniformity in the stage of decay within a
specimen used.

In fact, it was often observed under the microscope by the present authors
that cells intact as to their morphology were found closely in the neighbourhood
of cells severely destroyed by fungous attack. Furthermore, it is well known that
enzymes of white rot fungi are able to diffuse into a wood cell wall only for a
limited distance and thus act within a minute area which can be distinguished
with rather high resolution of the microscope®?:2,28.29,

AUFSESS et al.??+9:2 applied fluorescence (FL) microscopy to histochemical study
of decayed wood, and found that a clearly contoured change of colour occurred
in the parts affected by degrading enzyme. They proposed that this offered an
easy method to distinguish the white rot type from brown since a distinct
colour change under the FL microscope was observed in the white rot but not
in the brown. They considered that these changes of colour resulted from decrease
of the lignin content of the cell wall, refering to the fact that the same change
of colour occured in gelatinous layers of beech and oak tension woods for which
researches were made by them. Recently Fukazawa et al®® found that such
a change of colour under a FL microscope appeared in both types of rots, white
and brown, with some additional observations of the corresponding materials using
ultraviolet (UV) microscopy. They described that this phenomenon might be due
to the result of decomposition of polysaccharides, and/or a release of lignin.

This study aims to clarify the cause of the red discolouration, visible under
the FL microscope, through further observations of the changes of cell wall com-
ponents by fungous enzymes, using light and electron microscopy. At first, an ob-
servation with ordinary light microscopy was made with help of some dyes to
detect the stainability of them at the red discolouration zone stated above. UV
microscopical observation was made to compare the lignin content with the results
obtained using the FL microscopy and several dyes described above, followed
by UV microspectrophotometry, aimed at the investigation of the nature of lignin
in the red zone. Wiesner colour test was also made to detect the relation of
particular groups in lignin. In electron microscopy, specimens were prepared with
potassium permanganate for lignin, and ruthenium red to detect the region affected
by fungous enzyme concerned with polysaccharides.

Materials and methods

Two species of fungi as described below were selected for this study. Their
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decaying patterns have been known to be different from each other, although the
red discolouration in a particular area under the FL microscopy is expected to be
common in both fungi. Heartwood of Ezomatsu (Picea jezoensis) decayed by
Coriolus versicolor and that of Akaezomatsu (Picea glehnii) attacked by Crypto-
derma yamanoi were used for this experiment. The former samples were provided
from the Hokkaido Forest Products Research Institute, where they were incubated
with Coriolus wversicolor, on sand block culture of glucose peptone media at 26°C
for several weeks after sterilization®. The latter samples were obtained from the
trunk wood, opposite to the portion where a fruit body located, of a living Akaezo-
matsu tree, grown in the Tomakomai Experiment Forest of Hokkaido University.

All of these samples were fixed and stored in FAA II (formalin : acetic acid :
ethanol : water=6.5:2.5:70:30). They were then cut into small cubes of 1 mm
per each end, and dehydrated through a standard alcohol series and embedded in
methacrylate for the optical microscope examinations. Sections of 1 g#m in thickness
were cut off the cubes on an ultramicrotom (LKB type 8802A), stained with acridine
orange, a kind of fluorochrome, in 1% solution of citric-acid-phosphate buffer pH
6.0 for two hours, for observation by FL microscopy (Carl Zeiss, West Germany).
Of various kinds of basic dyes, such as safranine, basic fuchsin, toluidine blue O,
methylene blue, nile blue, and also of acidic dyes, such as fast green, acidic fuchsin,
fluorescein sodium, each was used, staining the sections of 1 gm thickness in 1%
aqueous solution for two hours, for ordinary light microscopy. Same thickness
sections were also used for Wiesner colour reaction in standard staining method
described by JENSEN'?,

Thin sections of 0.5 gm in thickness were used for the observation by ultraviolet
microscopy (Carl Zeiss, West Germany Type MPM-01). UV microphotographs
were taken on an ordinary commercial film at a wave length of 280 nm. UV
microspectra were also taken in a wave length range of 250 nm to 320 nm.

Test specimens cut into small pieces for transmission electron microscopy were
stained with 1% aqueous potassium permanganate for one hour or with 1%
aqueous ruthenium red for 24 hours. After that they were dehydrated through
a standard ethanol series after washing in running water overnight, and then em-
bedded in Spurr’s low viscosity epoxy resin. Ultra thin sections of 400-600 A
were cut and mounted on carbon coated grids. The transmission electron micro-
scope used is the model JEM-100 C made by Japan Electron Optics Laboratory
Co., Ltd.

Results and discussion

1) Fluorescence microscopy

Coriolus versicolor began to attack the tracheid cell wall from its inner suface
and put the attack forward gradually to the middle lamella, showing in a thinning of
the wall clearly visible under the microscope. The colour contrast in the FL micro-
scopy between the attacking and sound zones was remarkable in a particular cell wall
attacked (Photo 1), in agreement with the results reported by Fukazawa et al®
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In wood attacked by Cryptoderma yamanoi, the red discolouration zone ap-
peared surrounding the dark green colour region (Photo 2) which corresponded
to the completely delignified region observed with UV microscope, to be mentioned
later (Photo 14). The attack of this fungus started to delignify the cell wall from
the lumen side and progressed gradually toward the middle lamella. The thickness
of the cell wall did not change in the light microscope observation, in contrast
to the occurrence of thinning under the same microscope in the case of Coriolus
versicolor.

Acridine orange (AO) is a sort of fluorochrome and metachromatic basic dyes.
In regard to its staining nature, it has been said that AO fluoresces with red light
when its cations exist as dimers and polymers, while as monomer it fluoresces
with green®?®. Since apparent red discolouration in the cell wall attacked by the
fungi occurred in this experiment as stated above, it might be considered that AO
molecules combined with substrates in the region affected by fungous enzymes.

Investigations of this sort of red discolouration in cell walls attacked by fungi
have been reported, as stated above in this paper. Fukazawa et al®® have
described that this was possibly due to the result of decomposition of polysaccharides
and/or release of lignin from LCC components. However, it seems to be somewhat
unclear that the cause of red discolouration at the region was attributed only to
the increase of accessibilty of cell walls. It also might be considered here that
some newly created functional groups, such as carbonyl etc., of cell wall components
would be related to this phenomenon, and then AQO, a basic dye, possibly combined
electrostatically with the cation of the substrates; therefore, the following experiment
was done to clear this with the help of various basic and acidic dyes.

2) Ordinary light microscopy with help of basic dyes

In woods attacked by both fungi, Coriolus versicolor and Cryptoderma yamanoi
used in this experiment, all the basic dyes showed a distinct staining zone of the
cell wall, corresponding well to the red discolouration zone observed in FL mi-
croscopy, as shown in photos 3-12. The distinctly stained regions, which corre-
sponded to the degrading zone of the cell wall by fungous enzyme, had fairly stable
depth into the cell wall; in wood attacked by Coriolus versicolor, it was ca. 0.5 ym
in depth along the inner surface of tracheid walls, stained with basic fuchsin (Photo
3), and, in the case of Cryptoderma yamanoi, it was ca. 0.2 ym in depth between
the delignified remains and the sound part of the cell wall, stained with basic fuchsin
(Photo 4).

In particular the safranine (Photo 5), being widely used as an indicator of
lignification in histochemical study of differentiation, showed a distinct stain arround
the bore hole (Photo 6), where increase of lignin content was considered improbable
because of no change of UV absorption (Photo 19b). The toluidine blue O, a kind
of metachromatic basic dye, showed violet colour in the degrading zone, similar
colour tone to that at the differentiating cell wall before lignification, while the
sound part showed blue. Other basic dyes such as methylene blue and nile blue,
showed the same stainability as basic fuchsin.
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On the other hand, acidic dyes, such as fast green, acidic fuchsin, fluorescein
sodium, did not show any distinct stain zone both under ordinary light and FL
microscopy. It can be suggested that basophil functional groups such as acidic
groups were created in the cell wall at the region distinctly stained with the basic
dyes used.

3) Ultraviolet microscopy (280 nm wave length)

The experiment was made to investigate the relationship between the distinct
staining of cell wall with the basic dyes used and lignin content there. In wood
attacked by Coriolus versicolor, no significant difference found between the degrading
zone near a completely degraded and disappeared part of cell wall or bore hole
and the sound part, in UV (280 nm) absorption of the cell wall (Photo 13). Thus
it was considered that the lignin content is not immediately related to the distinct
stain with basic dyes, providing an agreement with the results reported by Fuka-
zZAWA et al.®  In wood attacked by Cryptoderma yamanoi, complete delignification
started from the lumen side and progressed gradually inward (Photo 14). Slight
delignification occurred in the region corresponding to the red discolouration, in
contrast to the case of Coriolus versicolor. Delignification within the S2 layer
in isolation from the inner surface of the cell wall in some distance was rarely
found, showing a tapered end (Photo 15), similar to the cavity formed by soft rot
fungi. As shown in Photo 16, a series of delignified spots was observed on radial
walls of tracheids, adjacent to a ray from which delignification appeared to penetrate
into tracheid walls.

4) UV microspectrophotometry

It was evident that the attack of Cryptoderma yamanoi progressed with gradual
delignification of the tracheid wall from its lumen side toward the middle lamella,
and a slightly delignified zone occurred, between degraded remains and sound part;
this zone actually corresponded to the distinct staining zone by basic dyes used.
This experiment was made to investigate the change of nature in the lignin
fraction of the cell wall in this degrading zone.

In comparision with the sound part, the UV spectral curve of this degrading
zone markedly showed increasing absorption above 300 nm wave length, while
decreasing at 280 nm (Fig. 1). Absorbance curves were obtained at wave lengths
from 280 nm to 320 nm at the interval of 10 nm, by means of stage scanning, in
order to investigate the local changes of UV absorption across the cell wall
They showed clearly that the peaks in the absorbance curves in the degrading
zone appeared above 290 nm, and disappeared at 280 nm (Fig. 2, vertical line).

Refering to the data obtained with chemical methods about degraded lignin,
reported by KIRK et al.® ™, it can be noticed here that increase of UV absorption
above 300 nm wave length shows creation of functional groups such as a-carbonyl
groups in the lignin fraction by fungous enzyme.
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Fig. 1. UV spectral curves for the S2 of Akaezomatsu tracheid attacked
by Ciyptoderma yamanoi, in sound part and degrading zone.
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of scanning spot.
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5) Colour reaction of Wiesner reagent

It is well known that colour reaction of phloroglucinol-hydrochloric acid depends
on the presence of coniferyl aldehyde groups in lignin?. This experiment was made
to investigate the relationship between the change of UV spectra and the presence
of such groups in lignin of the degrading zone. In wood attacked by Coriolus
versicolor, it was found that no difference between degrading zone and sound part
in this colour reaction occurred even in the area where thinning appeared remarkably
{Photo 17).

In the case of Cryptoderma yamanoi, this colour reaction was slightly weak
at boundary (degrading zone) between delignified remain and sound part, judging
from the obscure outline (Photo 18), and it was also found weaker arround the bore
hole in some extent than that in the sound part (Photo 19 a).

It can be suggested from this experiment that the attack of Cryptoderma
yamanoi degraded lignin fraction to a certain extent in advance of the delignification
of the cell wall, because there were no obvious changes in UV absorption arround
bore holes at 280 nm wave length (Photo 19 b).

6) Electron microscopy

It was evident in the light microscopical observation that the degrading zone by
fungous enzyme is restricted to a certain extent into the cell wall, ca. 0.5 pm
depth in Coriolus versicolor and ca. 0.2 ym in Cryptoderma yamanoi (Photos 3 and
4). Taking into account of the results described above, an electron microscopical
experiment was made to obtain more information about cell walls attacked by
Cryptoderma yamanoi.

The technique employed in this experiment was actually corresponded to the
common histochemical techinque in light microscopy, staining with two electron
dense solutions and obtaining the information about change of cell wall components
from their stainability.

a) Observation of stained specimen with potassium permanganate

This reaction, which is in part the basis of the Miule test, has been studied
by various authors, and it was known that potassium permanganate is reduced to
manganese oxides in the presence of lignin®. The authors, therefore, presumed that
a staining effect was obtainable due to the electron opacity of manganese which
is a complex with lignin. It was shown through this experiment that there
were no changes of stainability arround the bore holes, showing an agreement
with the results obtained with UV microscopy described above (Photo 20). It was
evident from this result that weakness of the Wiesner colour reaction arround
the bore hole was due to the degraded lignin, not to decrease of lignin content.
Photo 21 illustrates the margin of a bore hole, showing a fine brush-like feature
of the cell wall components destructed, combined with manganese particles.

b) Observation of stained specimen with ruthenium red

Ruthenium red has been used as a stain for pectin for a long time. However,
it is now known that not only pectin, but also all polysaccharides containing
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carboxyl groups are stained by this reagent?®. The crystal-structure of this reagent
and stereochemistry of its pectic stain were reported by STERLING ; he summarized
as follows, the staining group is composed of the ruthenium ion and the associated
square planar complex of four ammonia molecules. The staining site in the host
molecule must have two negative charges 4.2 A apart and space to accommodate
the staining group, lying with its plane perpendicular to the axis between these
charges®.

In this experiment, ruthenium red was used as an electron staining medium
to detect such staining sites created by oxidative and/or hydrolysis degradation by
fungous enzymes. Photo 22 was taken in the position corresponding to the region
completely delignified, evidenced with UV microscopy. Microfibrils like in lamella
shape are exposed where the lignin was removed. Ruthenium red seems to stain these
microfibrils involving degraded cellulose (average degree of polymerization 180)®.17,®
by fungous enzymes. As shown in Photo 23, cell wall components are visible in
parallel with the orientation of microfibrils in the S 2 layer as the result of staining
with ruthenium red. Gradual increase in depth (in longitudinal direction) of their
penetration from the middle lamella inward is also clearly visible in this photograph.
It can be presumed from this result that enzyme action at the lumen side differs
from that of the bore hole. However, further investigation of this aspect is neces-
sary.

Conclusion

It is an important problem for the histochemical study of decayed wood, to
detect the area being affected by fungous enzyme and to clarify the change of cell
wall components occurring there.

The FL microscopy used for this study was able to detect the degrading zone
of the cell wall through a discolouration into red which should be considered as
an indicator of the change occurring there. This red discolouration zone was
found along the inner surface of the tracheid wall attacked by Coriolus versicolor
in a depth of ca. 0.5 pm, as shown in photo 3. In the case of Cryptoderma yamanoi
the zone appeared in between the delignified region and the sound part of the cell
wall in depth of ca. 0.2 pm, as shown in Photo 4.

Experiments carried out to clarify the change occurring in/about the red dis-
colouration zone were described and briefly discussed above, and gave certain pro-
gress for the study of this item. Increasing stainabilty of basic dyes for the area
corresponding to the red discolouration zone under the FL microscopy was obtained
apparently.

The cause of the red discolouration in cell walls attacked by both fungi was
not found to be same for both. In the wood decayed by Coriolus versicolor, the
change of a particular cell wall component was not the major cause of it, but
the simultaneous affection of cell wall substances by the enzyme increased accessi-
bility of the cell wall components for dyes used. On the other hand, in the case
of Cryptoderma yamanoi, predelignification in the area resulted in the red dis-
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colouration under the FL microscope.

Around the bore holes, red discolouration also appeared in wood decayed by
both fungi used, particularly in attack by Cryptoderma yamanoi. It can be possibly
presumed that the enzyme action of this fungus at the inner surface of the cell
wall differs from the case of the bore hole. Further investigations are required
for this point.

The authors are very much interested in what sort of phenomenon in ultra-
structural level is progressing within the degrading zone defined with FL and ordi-
nary light microscopy. Histochemical study using electron microscopy should be
required to continue.

Acknowledgement

The authors wish to express their thanks to Dr. T. IcarasHi, Hokkaido Uni-
versity, and Mr. S. Do, Forest Products Research Institute of Hokkaido Prefecture,
for providing the materials used in this study.

References

1) v. Aursgss, H., H. v. PECHMANN and E. GRASSLE: Fluoreszenzmikroskopische Beobach-
tungen an pilzbefallenem Holz. Holz Roh- und Werkstoff, 26 (2), 50-61 (1968).

2) v. AuFskss, H.: Einige licht- und rasterelektronenmikroskopische Untersuchungen an
rotfiulem Fichtenholz. Forstw. Cbl., 91, 98-105 (1972).

3) v. AUFsEss, H.: Mikroskopische Darstellung des Verholzungsgrades durch Firbemethoden.
Holz Roh- und Werkstoff, 31 (1), 24-33 (1973).

4) BAUCH, J., G. SEEHANN and H. FITZNER: Microspectrophotometrical investigations on
lignin of decayed wood. Material und Organismen, Beiheft 3, 141-152.

5) BLAND, D. E, R. C. FOSTER and A. F. LOGAN: The mechanism of permanganate and
osmium tetraoxide fixation and the distribution of lignin in the cell wall of Pinus radiata.
Holzforsch., 25 (5), 137-143 (1971).

6) COWLING, E. B.: Comparative biochemistry of the decay of sweetgum sapwood by white-
rot and brown-rot fungi. U.S. Dept. Agr., Tech. Bull, 1258, 79 (1961).

7) COWLING, E. B.: Microorganism and microbial enzyme systems as selective tools in wood
anatomy. in “Cellular ultrastracture of woody plants” (W. A. COTE, Jr. Ed.), Syracuse
Univ. Press, 341-368 (1965).

8) Dor, S., A. NUNOMURA, H. IMAGAWA and J. OHTANI: Wood decay in soil (1) (in Japanese).
Jour. Hokkaido For. Prod. Res. Inst., 274, 9-14 (1974).

9) FUKUDA, K. and T. HARAGUCHI: Difference between brown and white rotted woods. III
Light microscopical observation of decayed woods. Bull. Exp. For., Tokyo Univ. Agri.
and Tech., 12, 63-66 (1975).

10) Fukazawa, K., H. IMAGAWA and S. Do1: Histochemical observation of decayed cell wall
using ultraviolet and fluorescence microscopy (in Japanese with English summary). Res.
Bull. College Exp. For., Hokkaido Univ., 33 (1), 101-114 (1976).

11) IMAGAWA, H., J. OHTANI, K. FUKAZAWA, A. NUNOMURA and S. DoI: Preliminary observa-
tion of decayed wood cell wall using ultraviolet microscopy (in Japanese). Proc. 5th.
Ann. Meet., Hokkaido Branch, Japan Wood Res. Soc., 1-4 (1973).

12) JENSEN, W. A.: Botanical histochemistry. W. H. Freeman and Com. Press (1962).
13) KirK, T. K. and HOU-MIN CHANG : Decomposition of lignin by white rot fungi. I. Iso-



118

14)

15)

16)

17)

18)
19)
20)
21)

22)

23)

Research Bulletins of the College Experiment Forests Vol. XXXV, No. 1

la tion of heavily degraded lignins from decayed spruce. Holzfors., 28 (2), 217-222 (1974).

KIRK, T. K. and HOU-MIN CHANG: Decomposition of lignin by white rot fungi. IL
Characterization of heavily degraded lignins from decayed spruce. . Holzfors., 29 (2), 56-64
(1975).

Ito, T., H. Funita, S. ICHIMURA and M. ZAMA : Photodynamic action with special em-
phasis on the bearing of dye-nucleic acid binding (in Japanese). Protein, Nucleic acid,
Enzyme, 12, 555-578 (1967).

KAwASE, K.: Chemical study on decayed wood (in Japanese with English summary). Res.
Bull. College Exp. For., Hokkaido Univ., 19(2), 330 (1958).

Kawasg, K. and T. IGARASHI: Fundamental study on utilization of decayed wood (in
Japanese with English summary). Res. Bull. College Exp. For.,, Hokkaido Univ., 30(1),
204-232 (1973).

KAwASE, K.: Chemical components of wood decayed under natural condition and their
properties. J. Fac. Agr. Hokkaido Univ., 52 (2), 186-245 (1962).

KONAREV, V. G.: Cytochemistry and histochemistry of plants. Translated by P. Harry,
IPST Jerusalem, p. 39 (1972).

LIESE, W. and R. SCHMID: Untersuchungen iiber den Zellwandabbau von Nadelholz durch
Trametes pini. Holz Roh- und Werkstoff 24 (10), 454-460 (1966).

LI1ESE, W.: Ultrastructural aspects of woody tissue disintegration. Ann. Res. Path,, 8, 231~
257 (1970).

MEIER, H.: Uber den Zellwandabbau durch Holzvermorschungspilze und die submikrosko-
pische Strukture von Fichtentracheiden und Birkenholzfasern. Holz Roh- und Werkstoff,
13 (9), 323-338 (1955).

v. PECHMANN, H.: Das mikroskopische Bild einiger Holzfehler. Holz Roh- und Werkstoff,
30(2), 62-66 (1972).

SARKANEN, K. V. and C. H. LUDWIG: Lignins. Wiley-interscience Press, p 6 (1971).

STERLING, C.: Crystal-structure of ruthenium red and stereochemistry of its pectic stain.
Amer. J. Bot., 57 (2), 172-175 (1970).
TETLEY, U.: A study of the anatomical development of the apple and some observation
on the “Pectic Constituents” of the cell-walls. J. Pom. Hort. Sci., 8, 153-172 (1930).
WiLcox, W. W.: Fundamental characteristics of wood decay. For. Prod. Jour., 15, 255-259
(1965).

WILCOX, W. W.: Changes in wood microstructure through progressive stages of decay.
U.S. For. Ser. Res. Paper, FPL 70, 46 (1968).

WILCOX, W. W.: Anatomical change in wood cell walls attacked by fungi and bacteria.
Bot. Rev., 36, 1-28 (1970).

% E
752y RER LB ETRRENCEH IR =V = Y.LHE, =V 2 vhr

X OENRBHIWILT =<y Lit%k, HEEMEH - RARERER BT THEE
THOTHEHBLENCRE L, FERUER2ENTLERDEEITHS,

) 22279 v— B LEL1pOER7 79 0 vt vy o Cfefs O Bk CRE

Lic, ¥R 2EENARROBEAFE CHRA L OEEERSCRE LT, Wiesner
DEERILL OB FEXYHW T BEYRDDZ LB, BN EEEEMTIL05
YR %fED, 280 nm TEHEEBEYTL, IAESSELESTEAGRINA<7 L2



Observation of wood attacked by white rot fungi (YAMASHITA et al.) 119

ELTY 7= vOBRROCHBERSWTOHMRY B,

2) =VyAsavnr Bt vaB L CENINREY, BAETENSE CEE
Lic, AB2ETEORKE, V7= vRREHELGRA~ Y vBY ) v 2%k, EBEROIERR
FHBIDDEDELTATF =Y 4V y FRHAWTEFRFNRETRE L1,

3) HUSETBFHMTIE, 77V YvAd Ly oREaRr X ) RABCE-EL Ul
FRRALDRE ORI R ERBD O, HEMEBETLHA UL EH REIRLE
HERTIIThRLbhith -, BABRERBECOBERY Wiesner REDORKIGHEN B A
TEDOZBCEIDY 7= vORBRERHCE CBREALZTLZ v S hi,

4) =VHA 7 2avhrBHTIIHA 7T 2y L5 REERE R I T iigeEns
AXy PRICY 7= vHEBRIERE SN DRITEBELRT, 77 )Y vA vy S ROEER
BRITTOF T B L i@ BT s, BAEART P ARD Wiesner R
DORIEHED D R TR OB TIIH 088 Y 7 = YIIEARRC - T3 & &2k Shi,

5 77V v v v RUEERGRORPEROFEIIHEHAM LZIE—ETHD, »
752 BEMTIRO0S,, = VAL 2 A rBHEHTRIMN02.ChHD, ThITEOER
ERABEZ R LTS EE2 DR, ORI OBMEE v <1 CTORBILFEHTFELED THLE
Thb,

6) =V 2 A rEHERHEOWTOBBTCINTE, B=v i vBr Y v e T
i, RALABC S TEORERDOETHEREDLIT, RIAREAKSE 280 nm) KX B Y 7
=VEBRBRELETAARL—FKTH, FLBAAORKEIMARHE LY, AT =74
Vy FIREDERZ X 1S BELRETHI LBRHL N ER - T2,



120

Note:

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Research Bulletins of the College Experiment Forests Vol. XXXV, No. 1

Explanation of photographs

The tracheid axis is vertical in all photographs ({) except two, photos 22 and

23. All photographs show radial views.

1.

3.

4.

10.

11.

12.

13.

A tracheid wall decayed by Coriolus versicolor, stained with acridine or-
ange, showing the red discolouration along the inner surface of tracheid
and completely degraded, disappeared (thinning) region (Ezomatsu, Picea
jezoensis).

A tracheid wall decayed by Cryptoderma yamanoi, stained with acridine
orange, showing the red discolouration occurred surrounding dark green
region (Akaezomatsu, Picea glehnii). :

A tracheid wall attacked by Coriolus versicolor, showing the completely
degraded, disappeared (thinning) region (arrow 1), distinct staining zone
which means degrading zone (arrow 2) and sound part of cell wall (arrow 3).
Stained with basic fuchsin (Ezomatsu).

A tracheid wall attacked by Cryptoderma yamanoi, showing delignified
remain (delignified region, arrow 1), distinct staining zone which means
degrading zone (arrow 2) and sound part of cell wall (arrow 3). Stained
with basic fuchsin (Akaezomatsu).

Tracheid walls decayed by Coriolus versicolor, showing distinct staining
along the inner surface of cell walls and arround a bore hole. Stained

with safranine (Ezomatsu).

A tracheid wall decayed by Cryptoderma yamanoi, showing three bore
holes each of which is surrounded by dark circles due to stain with
safranin. Stained with safranine (Akaezomatsu).

Tracheid walls decayed by Coriolus versicolor, showing the distinct staining
zone along the inner surface of cell wall. Stained with methylene blue
(Ezomatsu).

A tracheid wall decayed by Cryptoderma yamanoi, showing the hypha
penetrating through the cell wall and distinct staining zone arround the
bore hole. Stained with methylene blue (Akaezomatsu).

Tracheid walls decayed by Coriolus versicolor, showing the distinct staining
zone with toluidine blue O, this dye is metachromatic one with which
degrading zone is violet and sound part is blue in colour tone (Ezomatsu).

A tracheid wall decayed by Cryptoderma yamanoi, showing distinct staining

zone in S2 layer, unstained in delignified remain. Stained with toluidine
blue O (Akaezomatsu).

Tracheid wall decayed by Coriolus versicolor, showing distinct staining
zone having uniform depth. Stained with nile blue (Ezomatsu).

A tracheid wall decayed by Cryptoderma yamanoi, showing the distinct
staining zone corresponding to the front of progressive change of cell
wall components. Stained with nile blue (Akaezomatsu).

Tracheid walls decayed by Coriolus versicolor, observed with UV micro-
scopy (280 nm wave length). There is no significant difference of UV
absorption between sound part and degrading zone (Ezomatsu).
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Photo 14. A tracheid wall decayed by Cryptoderma wyamanoi, observed with UV
microscopy (280 nm wave length), showing the delignification progressing
from the inner surface of cell wall (Akaezomatsu).

Photo 15. A tracheid wall showing the spot-like lacking of UV absorption in S2
layer in some distant from the inner surface of the cell wall, decayed
by Cryptoderma yamanoi. Observed with UV microscope (280 nm wave
length) (Akaezomatsu).

Photo 16. The ray crossings of tracheids showing small areas lacking UV absorption,
decayed by Cryptoderma yamanoi. Observed with UV microscope (280 nm
wave length) (Akaezomatsu).

Photo 17. Wiesner colour reaction of Ezomatsu tracheid walls, showing no difference
of this reaction among near the bore hole, degrading zone and sound
part of cell wall decayed by Coriolus versicolor.

Photo 18. Wiesner colour reaction of Akaezomatsu tracheid wall decayed by Crypto-
derma yamanoi, showing delignified region (delignified remain) in S2 layer.
The boundary between delignified remain and sound part was obscure.

Photo 19. Wiesner colour reaction of Akaezomatsu tracheid decayed by Cryptoderma
yamanoi, being weak arround the bore hole (Photo 19a), in comparison with
UV photograph at 280 nm wave lenght in the same position (photo 19 b).

Photo 20. Tracheid wall decayed by Cryptoderma yamanoi, showing bore hole.
Stained with potassium permanganate (Akaezomatsu).

Photo 21. Tracheid wall decayed by Cryptoderma yamanoi, showing a fine brush-like

feature in the inner surface of a bore hole. Stained with potassium
permanganate (Akaezomatsu).

Photo 22. Tracheid wall decayed by Cryptoderma yamanoi, showing the delignified
region which is corresponding to that in Photo 14. Stained with ruthenium
red (Akaezomatsu).

Photo 23. Tracheid wall decayed by Cryptoderma yamanoi, showing a bore hole,
stained with ruthenium red (Akaezomatsu).
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