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Introduction

In the previous paper of this series, the experiment on the improvement of
dimensional stability and decay resistance through hydrogen chloride-formaldehyde
treatment of wood was reported®. As shown in Table 1, Balsa wood (Ochroma

Table 1. Improvement of decay resistance of wood treated with hydrogen chloride-
formaldehyde (UEyaMmA et al., 1961)%.

Formaldehyde Fungi Residual dry weight after compulsive decay test (%)
treatment employed Balsa wood | HINOKI wood | MAKANBA wood
‘ P. vaporariu 76.9 99.5 68.5
—)
T. sanguinea 23.6 101.2 53.6
( P. vaporaria 98.6 102.3 99.1
+)
T. sanguinea 69.6 101.6 100.7

lagopus SwarTz), which is one of the lightest commercial wood in specific gravity,
has less resistant for fungal attack. Furthermore, the grade of formalization of
Balsa wood seems to relatively low when compared with that of MAKANBA or
HINOKI wood.

From this standpoint, an employment of Balsa wood as sample block is suitable
not only for the preparation of thin section and the observation of mycelium in
wood tissues, but also for the certification of formalization up to central part of
sample blocks.

In the present paper, some observations on the location of the mycelium in

* Part of this work read at annual meeting of Japan Wood Research Society held in Tokyo
on April 53-8, 1962.
** Laboratory of Phytopathology, College of Agriculture, Kyoto University, Kyoto.

24 —



UEYAMA, ARAKI & GOTO : Studies on the Dimensional Stabilization of Woods. XI

Balsa wood tissues treated with hydrogen chloride-formaldehyde after compulsive
decay test were carried out using the sample blocks of the same plot as previously
reported®.

Material and Method

The size of sample wood block : 1.5X1.5x3.0cm (fibre direction)

The procedure of formalization to wood was reported elsewhere®.

Fungi employed : Poria vaporaria (brown rot fungus)

Trametes sanguinea (white rot fungus)

After compulsive decay test (28+1°C, 75 days duration), the thin section of
sample blocks was obtained with sliding microtome techniques, fixed with formaline-
acetic acid-alcohol solution, stained with cootton blue solution, sealed with Canada
balsam, and then observed under microscope. These results are as follows (Figs.
1-8).

Results and Considerations

The typical invading pathway of the mycelium of wood rotting fungi into non-
treated Balsa wood tissues are shown in Fig. 1. The fungus employed here is
Stereum frustulcsum. The same tendency of mycelial behavior as S. frustulosum
in non-treated wood was also observed in 7. sanguinea and P. vaporaria (Figs. 2-4).

The mycelium proceeded from vessel elements into ray cells, and finally pene-
trated into wood fibres resulting the decrease of mechanical strength of wood?.

After compulsive decay test of formaldehyde treated wood, some difference on
the location of the mycelium in wood tissues was observed. They may be classified
under four types.

Type 1: The mycelium is floating on the surface of the sample blocks, but does

not invade into wood tissues (Fig. 5).

Type 2: The mycelium proceeds up to vessel cells, but further invasion into
other wood tissues is not occured (Fig. 6).

Type 3: The mycelium proceeds up to ray cells via vessels (Figs. 7-8).

Type 4: The mycelium proceeds up to some of wood fibres, but the density of
the mycelium in invaded wood fibres is lower than that of non-treated
wood tissues.

The frequency of four types observed under microscope are as follows (Table

2).

After compulsive decay test of formaldehyde treated Balsa wood, 759 of the

mycelium of P. vaporaria behaved as Type 1 (Fig. 5).
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Table 2. The frequency of four typzs of myczlial location in formaldeshyde treated
Balsa wood after compulsive decay test.

Frequency observed under microscope (%)

Type ; v;;@'an'a ' T. sangmneaﬁ‘ o
1 ! 75 40
2 \ 15 35
3 ! 5 20
4 J 5 5
|

This seems to be the cause to bring about high residual dry weight after the
decay test. In 7. sanguinza-plots, 45, 35 and 209% were given in Type 1, 2 and 3
respectively. 7. sanguinea differs from P. vaporaria on metabolic physiology, es-
pecially on the oxidative activity of polyphenol substancss in wood tissues. 7.
sanguinca belongs to white rot fungus, while, P. vaporaria belongs to brown rot
fungus.

According to the unpublished data of the author’s experiment, the relations be-
tween fixed formaldehyde and logarithmic decrement suggest that formaldehyde treat-
ment gives rise to less orientation of chain molecules and induces the defective
structure which results in inhomogenities in stress distribution.

The frequency of Type 4 is 59%. This shows the partial insufficiency of formali-
zation up to central part of Balsa wood tissues when compared with the surface of
wood blocks. But, good results in residual dry weight after decay test were obtained
from formaldehyde treated MAKANBA and HINOKI wood®. In fact, it is very dif-
ficult to dissolve the formaldehyde treated wood element into solution by SCHWEIZER’S
reagent.

As shown in Table 1, the virulence of 7. sanguineca for both non-treated and
treated wood is stronger than that of P. vaporaria.

The result suggests that the grade of the improvement of decay resistance in
crystalline region is better than that in amorphous region through formalization of
wood elements. This fact is also supported by the previous report of the author’s
experiment on the hygroscopicity of formaldehyde treated wood that most of the lost
surface was caused by cross-links between sorptive sites in primary surface follow-
ed by closure of additional secondary surface?.

The search started from three directions, i.e. physical, chemical, and microbio-
logical standpoint, supports the finding which has been reported on the mechanism
of dimensioanl stabilization of wood through hydrogen chloride-formaldehyde treat-
ment?,
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Fig. 4.
Explanations of the Figures
Abbreviation F : wood fibre
M : mycelium of wood rotting fungus R : wood ray cell
P : wood parenchyma cell V : vessel element

Fig. 1. Typical invading pathway of the mycelium of wood rotting fungi (non-treated Balsa
wood infected by Stereum frustulosum). (190)

Fig. 2. The mycelium passing through wood cell wall of parenchyma cells (non-treated Balsa
wood infected by Trametes sanguinea). (600x)

Fig. 3. Location of the mycelium in parenchyma cells (non-treated Balsa wood infected by
Poria vaporaria). (600x)

Fig. 4. ’(l:ﬁ;% m)ycelium in wood fibre cells (non-treated Balsa wood infected by T. sanguinea).

X
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Fig. 7.

Fig. 8.

Fig. 5. The mycelium is floating on the surface of sample blocks, and does not invade into
wood tissues (hydrogen chloride-formaldehyde treated Balsa wood infected by FP.
vaporaria). (1903

Fig. 6. The mycelium in vessel element (hydrogen chloride-formaldehyde treated Balsa wood
infected by 7. sunguinea). (490)

Figs. 7 and 8.

The mycelium in ray cells or wood parcnchyma cells (hydrogen chloride-
formaldehyde treated Ralsa wood by 7. senguinea). (490)
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Finally, let us consider the significance of the use of wood rotting fungi in the
study of this series. One reason is as follows. Wood rotting fungi are uninvited
guest for tree and wood products. To study the improvement of decay resistance,
the compulsive decay test may be performed in laboratory level®. However, this
is not all wood rotting fungi have. Another reason is the use of wood rotting fungi
as an analytical tool to know constitutional and functional characteristics of modified
wood or wood elements.

Some attention in the use of wood rotting fungi or their enzymes must be attract-
ed as a kind of organic reagents. Further study of this field is necessary.

Summary

After compulsive decay test using the same Balsa wood treated with hydrogen
chloride-formaldehyde as reported in previous paper®, thin section was prepared with
sliding microtome techniques and observed to ask for the location of the mycelium in
wood tissues. The mycelium of 7. sanguinea, which belongs to white rot fungus, is
able to penetrate up to some of fibres, while, the mycelium of P. vaporaria, which
belongs to brown rot fungus, is limited up to vessels. This suggests the dif-
ference in residual dry weight between 7. sanguinea and P. vaporaria after com-
pulsive decay test of formaldehyde treated Balsa wood.
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