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Tsuneo KisHiMa and Syozo HAvasur : Microscopic Observation of

the Courses of Water Penetration into Wood.
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Table 1. Wood specimens used.

e e

Moisture ‘ Specific I[}iﬁigmal
Species of wood Z(i);l_tlernt’ gravity, width,
(%>y air-dry average
/ | (mm)
Softweod :
|
Hinoki (Chamaccyparis obtusa Endl.) | 14.0 0.43 3.03
Sugi (Cryptomeria japonica D. Don) “ 14.8 0.38 2.25
Kuromatsu (Pinus Thunbsrgii Parl.) ‘} 15.4 0.50 2.13
Hardwood :
Buna (Fagus crenata Blume) | 14.6 0.67 | 2.75
!
Shioji (Fraxinus Spacthiana Lingelsh) ; 14.4 0.51 1.04
Red lauan (Shovza nzgrosznsis Foxw.) | 12.7 0.66 —
Table 2. Properties of the tested stains compared with that of water.
Hydrogen ion . | Surface Specific
Stain concentration gfsizlsﬁg I tension at 26°C gravity
(pH) i 1y § (dyn/cm) at 26°C
Water, distiled 7.0 ’ 1.00 71.8 0.997
Contn. (%) 100 50 10| 100 50 10| 100 50 10 100" 50 10

Blue-black ink 1.7 1.8 2.5;1.31 1.15 1.02 | 53.7 55.8 68.8 | 1.012 1.005 0.999

Red ink 8.8 8.7 7.8{1.05 1.03 1.01 | 64.5 65.9 71.4| 1.011 1.004 0.999

| v
Contn. (%) 1.0 0.5 0.1 1.0 0.5 0.1| 1.0 0.5 0.1 1.0 0.5 0.1
Acid fuchsin 2.6 2.8 3.6 1.02 1.00 1.00 | 67.9 66.5 67.7 | 1.001 0.999 0.998
Eosin 6.9 6.9 6.5|1.02 1.02 1.01|66.8 72.7 75.0 | 1.001 1.000 0.998
Malachite green | 3.0 3.1 3.7 1.03 1.02 1.00 | 49.1 55.5 64.7 | 0.999 0.997 0.997
Methylene blue | 6.5 6.3 7.1 1.03 1.03 1.02 | 54.8 53.7 64.2 | 1.002 0.999 0.998
Safranin 6.5 6.2 6.1|1.04 1.02 1.00 | 60.8 60.6 62.9 | 1.000 0.999 0.998
Tnolz,

Table 2 D HELER OsTWALD DOFiEEIC X v, EEEHE Du Nouy DENIK X
DOTCHELRMETHD, LbEE AT IATTH5, pH IR AR T 2 1 ERHT
H5HY HEHABH—IEWEL TH, b OUE B RPFEROMEE & 3 51 & 50
HI78 R AR B s m Dt

L7 Methylene blue ¥ XX Acid fuchsin BRHC/EE LD, HME~NDEEHET
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Fig. 2. Cross-section of a corner of test
piece (Red lauan) which is covered
with transparent vinyl-adhesive
tape for dynamic observation of
penetration. Scale unit : 0.1 mm

(23%).
D R
vT RT

Fig. 3. Promoting method of penetration by pressure.
W : Wood piece, S : Stain, D : Sighting direction, VT :
Vinyl-adhesive tape, transparent, RT : Rubber
tube, R : Roller, I : Injector.
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Fig. 4. Preferential penetration Fig.5. Preferential penetration [lig.6. Temporal stopping of

into axial resin canal of of tracheids. (Rays are penetration at the end
Kuromatsu wood (¢/x)%, not stained.)Hinoki, (»/x) of a tracheid. Hinoki,
D.O.*¥*, (20%). (3.5%). (r/x), D.O., (55x).

E o — i S ERB OREE 4D & b KF I BRI (Storied arrangement) Ayt
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Notice * (#/x) means tangential surface view (Z) of penetration impregnated from end

' surface (x), and similarly, e.g. (+/f) means radial surface view () of it from
tangential surface (¢), etc.

** D.0. means Dynamic Observation which is a method to catch the surface view

of capillary movement by covering the surface with transparent vinyl-adhesive

tape.
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7. Storied penetration caused by the storied arrange-
ment of coniferous trachids. Hinoki, (:7/x),
(5x), B : Movement of it (left to right), during
2 min. of natural pentration. D.O., (18x)

Penetrating patterns caused by the penetra-.

bility differences of early and latewood. (»/x),
(0.7 ). .

1 : Kuromatsu, II : Sugi, III : Hinoki

B : Blue-black ink, F : Acid fuchsin, S : Saf-
ranin applied.
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Fig. 9. Axial rows of resin cells, penetrated St » b, FUCHFPTh

from the adjacent tracheids (left, BAK L oT, BENMEIRES TS
»), and not penetrated because of B e b BT, BRI T -

no penetration into them (right, 70<).

Tinoki, (v/x). Eb b b,

Fig. 10. Penetration into tracheids-rays-tracheids. Kuromatsu.

A (r/0), D.O, (25x), B: (r/x), (70%), C: (4/x), (75%)
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Fig. 11. Deep fransverse'—penetr.ation of

Flg 12. Oridinary transverse-penetration

Kuromatsu across a few annual L of softwoods, very slow and few
. both in the axial elements and
rings, caused by the compara- , rays.

‘tively large. axial penetrability of - - A : Hinoki, ()’/t) (70%), B : Sugi,
its rays. (#/t), (12x) ‘ B . (r/®), (75%),C ‘Sugi, (t/r) (80¢)
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Fig. 13. Preferential penetration of_a Fig. 14. Capillary penetration into two
vessel. Shioji, (r/x), (2x%) rows of vessels. Shioji, (¢/x),
D.O., (20x)
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Fig. 15. Showing repellency for stains or, at Fig. 16. Vessels, stained (right) and un-

least, nonabsorptive features for pig- stained(left),from a section of stained
ments on the inner walls of vessels, Shioji specimen. The left one may
which remain unstained after re- not always mean that it had never
peated brushing of stains (from left, been penetrated by the stain. (s/x),
safranin, acid fuchsin, and blue- (25 %)

black ink). Shioji, (+), (2x)
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Fig. 17. Penetrated state of parenchyma-cells Fig. 18. Vessels with tyloses (left) and with-
sorrounding a vessel. Shioji, (#/x), out them (right) in Red lauan wood
(290) ' surface. (#), (35%)

BEMADEBEH EVHELL M ve 77 TX2b 2 e vV Ic T RIEZ D HICEBLIC S Vi,
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Fig. 20. Transverse penetration of Buna wood
with compound rays. (7/t)
A : D. O, (18x%)

Fig. 19. Transververse penetration into wood B : In the rays, confusing black spots
of Shioji. Generally, hardwood show or lines in the upper half of this
similarly slow and few penetration as figure are not stained but contain-
softwood. (7/£), (90%) ed original substances. (30x)
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Résumé

With the aim to trace the course of water penctration, each 3 species of soft-
wood dand hardwood (Table 1) were observed microscopically by the aid of a
stain, C.59% aqueous solution of acid-fuchsin.

Certainly the movement of water differs from that of solution. But, so far
as the movement through cell lumina, and not through cell walls which is
beyond visible limit of light microscope, is concerned, both kinds of liquids,
water and solution, seem to take nearly similar action. And, at least in the
case of water, wood can reach to the saturation state only through the process
of so-called initial penetratior, without through that of the final pexetration.

Thus, it is the most important. question whether separation or precedence
of water from stain occurs or not during the penetration into wood. To solve
above question the application of acid-fuchsin is decided from the result of se-
lection by the filterpaper tests dropping 7 sorts of stains including red and blue-
black inks (Table 2, and Fig. D).

Ordinarily, static methed of observing penetrétion courses is a way of result-
ant survey of stained specimens by splitting or cutting them on the way of
penetration. In this investigation, a dynamic method of observation was added to

catch the capillary penetration movement on the wood surface by covering it
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with transparent vinyl-adhesive tape, since the penetration on the tape-sticked
surface reveals almost actual state on internal penetration. (Fig. 2) And the
observation was mostly carried on under the conditions of natural penctration,
without giving pressure to the stain.

This experiment is merely a preliminary observation of only several species
of wood, therefore, it is to be avoided to make any decisive conclusions from
the result obtained. But the most impressive matters are as follows :

On the occasion of water penetration into wood, '

1. the leading member of penetration is tracheids, in the case of softwood (Fig.
5-8), and vessels, of hardwood (Fig. 13, 14). Hence,

2. in the hardwood species which have considerable development of tyloses
in their vessels, the penetration is conclusively obstructed by the tyloses.

3. In the softwood species with resin canals these also play a leading role
to the penetration, of course (Fig. 4), but they are not a matter of importance
from the view point of their proportion to the whole wood volume.

4. The difficulty of penetration into rays is also one of the important factors
controlling penetrability of the wood species (Fig. 10, 11), and the so-called
broad rays do not always serve effectively for the penetration.

5. The transverse penetration, perpendicular to the axial direction, is hardly
worth of consideration (Fig. 12, 19, 20) unless the rays of wood concerned have
considerable penetrability (Fig. 11).

In general, it is not difficult to appreciate that the difficulty of liquid pene-
tration into wood depends on the hole size of its pit membranes and that this
is a cause and key-point to the above mentioned. In the present stage, however,
it is also true that the light microscopy may give an effective resolution to es-
timate the penetrability of a given wood species or specimens.
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