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Photo.1. Hyphal growth on the ground P under the Photo.3. Hyphal grovth B> on the Floor foundation
floor hyphae on a sleeper

>
Photo.2. Hyphae and hyphal strand P fron the 4
ground to the sill via concrete foundation Photo.4. Bracket type fruithodies beside the door of
the bathroom
2 1979 6
2 5

1974 11

1978 12 Photo.5. The outside appearance of the house
surveyed case 2
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Photo 7 Hyphae P on the reverse surface of Tatani
mat

6
Photo 6 Hyphal growth on the ground and the
supporting lumber > for glass wool via a
concrete foundation under the floor

8
Photo 8 Sporophore of S lacrymans on the sill
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1978 11
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Photo 9 The outside appearance of
the house surveyed case 3
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Photo 12 Trace of condensation and mould p, in the Photo 153 Hyphal growth P inside the wakin which
closet the condensation moisture occured
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Photo.19. Decay of the joist P» and the bean P>
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Photo.18. Hyphae and sporophnre » on the
creosote-treated sleeper
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14m

10m

24 A
Photo.24. Hyphal growth A on the outside sill
25 o A
Photo.25. Hyphae and the" weeping” A on the glass
wool under the floor

26 A
Photo.26. Hyphae and hyphal strand A in the wall
27 A N
Photo.27. Hyphal strand from the sill A to the
ground %
28

Photo.28. Hyphal strand
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S 1 Serpula lacrymans
P : Poria Sp-
Px: Paxillus panuoides _—¢
C : Coniophora puteana

O : Other fungus s
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9
Fig 9 The distribution diagram of the damage from
S lacrymans with those from the other fungi
found in Asahikawa
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2.3.2.1
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1
Fig.11

. Orientation of the damaged position
in the house
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Fig.10. The age of the house when damage was

detected in it

1 unit A case of the damage

The extent of the damage

o

Very seriously the sphere of hyphal growth located on
the wooden members not only below the
floor but also in the wall

Seriously the sphere of hyphal growth located on sills

beams joists and floor foundation

Commonly  the hyphal growth located on sills beams and

joists

Lightly slight hyphal growth located on wooden mem-

bers under the floor or hyphal growth on tim-
ber debris

Number of the damages on each direction
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1 The extent of the damage.
(See Fig. 11)
12
Fig.12. Relationship between the extent
of the damages and the height of
the crawl space
10 15cm L -
Table 1 Relationship between the extent of the damage and
suitability of ventilation at the damaged position
Category 2’ Unsuitable Suitable More suitable  Total
Very seriously 17 1 0 18
Seriously 13 4 1 18
Commonly 3 0 2 5
Lightly 2 0 3 5
Total 35 5 6 46
a See Fig 11
Note Suitability is defined as follows
2.3.2.5

0O orO unsuitable O suitable

GV 50 mm

O More suitable



2 GW 50 mm

el
3
2
1/3 7
2
Table 2 Relationship between the extent of the damage and the thickness
of insulation for the floor at the damaged position
Catego Glass wool (Thickness in mm) Otherss! o
gory 0 100 200 thers None Total
Very seriously 9 3 0 1 5 18
Seriously 6 3 1 0 8 18
Commonly 2 3 0 0 0 5
Lightly 2 1 0 0 2 5
19 10 1 1 15 46
a Saw dust of 50mn thick
b Insulation was not used
3 4
Table 3 Use of the vapour barrier at the damaged Table 4 Use of the insulation of the damaged position
position in the crawl space
Category Number of case
Category Number of case
The inside *! 7 Floor 6
The outside 10 Wall 5
None 2% Floor and wall 25
Unknown 3 None 10
Total 46 Total 46

a The vapour barrier put on inside of the floor
b The vapour barrier put on outside of the floor

2.3.2.6
13
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Fig.13. The moisture content of wood and soil near the
2 damaged position
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Fig.14. The foundation plan and the details of the floor
constitution of the house damaged by C puteana
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Photo.29. The darage of the bean P Fig.15. The connection of the Floor beam and the wall
by C puteana on the damaged house by C puteana
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2.4.2 Poria sp
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Fig.16 The foundation plan of the house damaged by
Poria sp
16
80cm 30x
15cm 16 3 5m
21 32 36
2.4.3
5 2/3
5 7
4
5
Table 5 Purpose of the position damaged by
S lacrymans
Category No. of Category No. of
connected case unconnected case
with water with water
Bathroom 14 Dining room 5
Kitchen 10 Mat room 2
To:let 5 Entrance 6
Store room 3
Corridor 1
Total 29 17




Dry rot

Wet rot Water conducting rot*

2.5

30

0
Photo.30. Hyphal groth P> from the wood debris
below the floor



3.1
3.1.1
250g 500ml
1,000ml
pH
20 12
20
1 2
20
3.1.2

Cooke ®  Serpula

Harmsen®

4.5

20

120

10

41

31 32

2

30
PDA
10g 20g
20
2
250 500ppm
PDA 20
PDA

Segnuller Walchli®



31 HFP7802
Photo.31. Spores of S lacrymans HFP7802

Photo.32. Hyphae of S lacrymans HFP7802
Shows a branch

32

HFP7802

| 2

from the clamp connection

3.1.3 6
Table 6 Characteristics of isolated S lacrymans
Strain Sampling  Hyphal Color of Branch from
6 location strand¢’  mycelium clamp®’
S. lacrymans
HFP HFP2 7701 Asahikawa + -
HFP 7702 Asahikawa -+ =*
B HFP 7802 Asahikawa +
HFP 7803 Sapporo + -
HFP 7805 Sapporo + +
HFP 7806 Biei + +
HFP7806 7901 8015 HEF 7901 Mikasa 5 7'
8104 HFP 7904 Asahikawa +
HFP 8016 Nayoro +
FPRI0739 HFP 8015 Kushiro + -
HFP® 8104 Akikawa + -
(Tokyo)
IFO <’ 8697 + -+
1 T. palustris
Davidson Lombard® LT Cerpu - White -
1
C. puteana
IFO 6275 + Brown -
a HFP Hokkaido Forest Products Research Institute
Asahikawa
b This strain is isolated by Mr Nagano Sanyo wood
Preserving Co
¢ IF0 Institute for Fermentation Osaka
d FPRI Forestry and Forest Products Research Institute
Tsukuba
e observed not observed
3.2
3.2.1
Falck? IF08697
1/2



PDA 4mm
20 7
IFO8697 HFP7701 7702 7802 120
20
MA Difco 259
20g
1
PGA 30
409
Difco 159
209
11
PDA 250g
10g
20g
11
0.1NH;PO, 0.INKOH pH5 6 6

7
Table 7 Carbon and nitrogen contents of media

Category Carbon (g /¢ ) Nitrogen (g /¢ ) C/N

5 MA 10.06 0.20 50.3
PGA 23.24 0.47 49. 4
7 PDA 5.22 0.12 43.5

C H N
39.96 6.32 11.56
40.25 6.68 0.78

MA o/l
25gx 0.4025 10.06 C
25gx 0.0078 0.195 0.20 N
C 10.06g/1 N 0.209/1 C/N 50.3
PGA
3gx 0.3996 1.199 1.20 C
3gx 0.1156 0.347 0.35 N

40gx 0.4000 16.00 C
C 40 H 7 0 53

15gx 0.4025 6.038 6.04 C



15gx 0.0078 0.117 0.12 N
C 1.20 16.00 6.04 23.24 ¢/l
N 0.35 0.12 0.42 ¢/l C/N 49.4

PDA
10gx 0.4000 4.00 C
2.0gx 0.4186 0.837 0.84 C
0.75gx 0.50 0.375 0.38 C
0.75¢gx 0.16 0.12 N
C 4.00 0.84 0.38 5.22 ¢/l
N 0.12 g/l C/N 43.5
250g 4g
0.759  2.0g 1.0g 0.259
C 41.86 H 5.81 0 52.23
C 50 H 7 0 23 N 16 47
17 C/N 50
MA Falck?
PDA
HFP7702 HFP7701 PDA PGA
CN
PDA
B, ,
PGA
Strain of S. lacrymans
= : [FO 8697 30
== : HFP7701
= HFP7702
- = : HFP7802
= 20
§ 30 PDA
" }
1 - , ﬂ 10
E 20 |
= ol C/N =40 ‘
”é 10 [C/N=60L7 2 l 0.47
= i\ " 1 N
== 020 @
0 %1z &
23.24 10.06 5.22 0 §§§
Carbon (g/1)
17 CN
Fig.17. Relationship between the carbon/nitrogen
ratio and the hyphal growth of S lacrymans
2
1 4mm

20 21

1F08697

PDA

MA



NaNO, 2.0g
K,HPO, 1.0 g
MgSO, 7H0 0.5¢
KCI 0.5¢g
FeSO, 7H0 0.0l g
209
11
pH 5.6
D D D D
D L CMC  Na
BS DS0.6 1.0 DP700 730 3g/1 6
18 F- - 95 ,
C 40
c 1.2 g/l C/N 3.03
c 1.2 g/l C/N 3.03
C 42.11 6ol I i l )
C 1.26 ¢/l C/N 3.82 sof @ 0 ° Le
CMC Na DS 0.8 CHiONa 27  0.8g 40 ? 5 ?
CHOs 73  2.29 38 HFP 7701
0.8gx 0.3967 0.3174 0.32 2.2gx
0.4444 0.9777 0.98 C 1.30 ¢/l C/N 3.9 i 54
wl o 1
S ?
C/N  NaNO, 14/85 0.1647 16.47 10 T d
N 0.33 o/l 30 I ke 7700
1.2 1.3y/1 2 ?
T
S 1
C/N 3 4 E 6ol . C[’ .
g0t & ] 1s : ? 9
% 40 T 1 1
£ 30 HFP 7802
& 0c
CMC Na :
0 al .
40 wf L7 :
33' % IFO 8697
0 4 0 A B C D E F G H
18
40 50 1025 Cariations of carbon source

Carbon source
A Arabinose E CQMC Na
B Starch F Xylose
C Sucrose G Glucose
D Galactose H Mannose



3.2.2 pH
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0.1NH;PO, 0.1INKOH pH PDA
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Fig.19. Growth of S lacrymans on PDA
medium at different pH levels
a FPRIOS07 T palustris
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Photo.33. Hyphal growth on wood sam-
ples adjusted of pH
Note Numbers are pH values and C
means control sample
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Fig.20. Variation of growth rate with temperature of
S lacrymans on PG medium
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Fig.21. Variation of growth rate with temperature of
S lacrymans on PG medium the hyphal growth
returned to incubate at 20
9
HFP7701 7802 7904 8 a
Table 8 Resistance of S lacrymans to high
1F08697 temperature a
HFP7803 Temperature Exposed time (min.)
(C) 10 30 180
40 - — %b)
1 50 -
13.4 8.9 60 *
5 a Tested strains
HFP 7701 7802 7803 7904 7805 IFO 8697
HFP7701 HFP7803 b No growth of hyphae incubated at 20 for

7 day after exposure



20 24 9 a

Table 9 Resistance of S lacrymans to low temperature a
, Agar-slant method

24 Strain

Tem(‘lf’;‘f:t“re HFP  HFP HFP  OFP  1FO
C) 7700 7802 7803 7904 8697

20 - 20 52 100 25 124 100

-9 52 100 100 100 100

24 — 5 76 100 100 124 100
0 -3 100 100 100 100 100

— 1 100 100 100 100 100

a Exposed time 724 hours .
HEP7701 HFP7803 b Growth percentage to the growth of hyphae

exposed at 1
24
10 a
Table 10 Resistance of S lacrymans to low temperature a
Agar-block method
10 Temperature Strain
(C) HFP 7701 HFP 7904 IFO 8697
- 20 45" 60 100
- 9 0 30 20
- 5 100 100 100
-1 100 100 188
a Exposed time 24 hours
b Growth precentage to the hyphal growth on wood
HFP7701 block exposed at 3
HFP7904 1F08697
1
3 20
3 9
24
5
20 9
HFP8104 1F08697
52
22
15 20
HFP7701 % SWE
HFP7803
HFP7901

Walchli® 8



2 Decay periods : 40 days Decay periods : 80 days Decay periods : 60 days

HFP7701 :5 HFP7803 HFP7901
< 30 2
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5 QO : Hyphal growth Incubated temperature (°C )
@ : Weight loss

Fig.22. Variation of growth rate and decay capacity
with temperature of three isolates of

4 0 S lacrymans on PG medium
Notes Black dots weight loss white dots hyphal
growth
3
3.2.4 RH
3.2.3 2t x2r x1 1 com HFP7701 7802,
1F08697 RH 20
40 6
RH HFP7803
7806 7901 RH
05t x05 r x7 1 am 20 0
3
RH ® 11
RH 12
2 1F08697
93.5 RH
RH 80.6 RH

HFP7701 HFP7802 75.5  80.6

1
Table 11  Saturated solution with salt for
adjustment of relative humidity RH

RH Salt RH at 20 C
Mg30 33.6
5 K2Cr207 55. 2
Brown NaCl 75.5
(NH4)2S0, 80. 6
RH90 KNO; 93.5

K250, 97.2




12

Table 12 Growth of S lacrymans and the weight loss

RH of wood at different relative humidities RH
RH 2 Strain
(%) HFP 7701 HFP 7802 IFO 8697
3.6 = e - 0 - 0
55.2 — 0 — 0 — 0
75.5 — 2.3 — 0.2 - 0
80. 6 — 2.0 — 1.4 - 0
93.5 + 6.3 ++ 3.3 +++ 19.0
97.2 ++ 11.0 ++ 7.0 +++ 24.5
a Values of RH at 20
b Hyphal growth on the outside of wood samples
no growth slight growth growth
RH 13 full growth
12 ¢ Weight loos of wood samples
RH 0
3
97.2
26 93.5 22
75.5
90 PDA 20 10
13
Table 13 Growth of S lacrymans and the weight loss
. of wood at different relative humidities RH °
Findlay *
4 RH Strain
(%) HFP 7803 HFP 7806 HFP 7901
45 90 RH 25 e o _ _ 0
- 0 0
75.5 o ge _ 0 — 0
+ 2.5 + 3.4 + 4.9
RH 93.5 M 0 N 0 N 0
97.2 ++ 32.5 +4 22.0 +4+ 19.1
o ++ 4.9 +4+ 56 ++ 838
3.8x a Ninety days incubation
3.8x 12.7cm b Hyphal growth no growth growth
) ) full growth
RH ¢ Hyphal growth on the sound wood samples
d Weight loss of wood sample infected by
S lacrymans
4 e Weight loss of the sound wood sample
10 64 attacked bv S lacrvmans
20
20 RH 90
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RH 90
3.3
3.3.1
4
2 S0mmGW
23 45¢cm
60cm
14 23
3.3.2
23
1 30
cm GW 2 3
4
5 90cm 6
(/77
Back door @
v >
Bath room
3 - 3 - 3 Mat room =
2 Kitchen \ 4 Closet
a F 3
1
80 10 82 6 2 Dining Mat
Tojlet room room
Entrance‘ oo 55116
Im
3.3.3.1
. L6
3.1.1 44 .
/| "/ ® o,
24 ®
1~4 : Damaged area by S. lacrymans.
({D~® : Sensor for measurement of temperature and
relative humidity.
82 7 * Venti(leaét]o?;ag?lnevily.
23
3 28 Fig.23. The foundation plan the situation of dam-
20 ages and ventilator newly-opened of the

house for the measurement of temperature
93.5 and relative humidity
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Table 14 History of the house measured for temperature and relative humidity and the transition
of damaged position by S lacrymans

Month / Year Maintenance history
273 Built
8,78 Outbreaks of the damage by S. lacrymans (area 1 in Fig. 23)

The decayed wood were changed to the creosoted one.

8,79 Recurrence of the damage by S. lacrymans (area 2 in Fig. 23)
PCP laurate were brushed on the decayed wood sills.
Soil was removed in depth of 15 cm with the hyphae.
Soil was not treated with chemicals.

9,780 Measurements of temperature and relative humidity were started.
(Measurement point : See Fig. 23)

11,780 0. 05 mm thick polyethylene sheet (vapour resistance properties 269m? - hr - mm Hg / g) was put as
the soil-cover.
1781 The soil- cover was covered with 5 mm thick of sand
8,781 Re — recurrence of the damage by S. lacrymans (area 3 in Fig. 3).

PCP laurate was brushed on sills between the bathrocm and the mat room.

10,781 The sill between the bathroom and the mat room was changed to the sound one, which was brushed
with PCP laurate.
Pass — way (20 X 20 cm wide ) below the floor was made between the kichen and the mat room.
100 mm thick of glass wool (10 kg/m’) was laid under the floor of the closet in the mat room.

7,82 Sporophores of S. lacrymans friuten on the outside wall of the bathroom (area 4 in Fig. 23).
90 RH
3.3.3.2
15
5 30
40 40 180
3.3.3.3 M
15 RH 80 10 RH
100 ) _
RH é* PDA 10 days incubation P
= 49
\E o0 °
53 30 F ° ° L (R e .
[=]
2m o0t . o
] °
=
£
= 10+ oo ®
° °
1 0 N . -
10 20 30
scm Incubation temperature (°C )
24
10 RH Fig.24. The relationship between the incubation

temperature and the hyphal growth of the iso-
late



Table 15 The fluctuation of temperature and relative humidity on measurement point

15

Month " year 10,780 2,780 7./81 11,781 2/82 6,782
L . f i
Situation Soil-cover under | Re - recurrence After After bAeftg:eﬂ:ﬁerepalr
Start of the damage outbreaks of
Location the mat room by S. lacrymans|  the repair the repair E;lfef g:?]—lj—lgg mOf
. 25~32 14~40% —3~25 -1~ 4 9~40%
Outside wall of th .
WATOTRE o100 v | msEae 18~94 43~98 54~74 20~76
matroom )
(19.3 94.9)° (32.6 87.1) |(11.7 97.6) (2.3 66.9) |(30.3 72.7)
8~16 —1~4.5 15.5~23.5 3.5~12 —3~4 12~20
Crawl f th
m;i“;gi‘r’jceo ©l sa~96 68~79 78~95 64~79 52~73 63~88
(11.8 92.2) (3.1 78.4) [(20.0 91.9) |{ 8.0 75.5) (1.5 65.7) | (17.1 78.3)
Bounldary ofb the 6~15 —2~ ¢ 15~25.5 1.5~12 — 5~—1.5 10~29
crawl space e -
tween the mat room| 40799 71~90 80~91 71~93 58~91 62~91
and the bathroom | (11.9 96.8) (2.0 84.4) (21.3 90.0) |{ 6.7 82.8) (—0.2 80.9) (16.9 82.7)
Grawl space of the 10~17 3~ 5 16~23.5 7.5~12 1.5~ 6 12~29
living room 91~94 79~93 90~93 90~96 79~93 69~93
(14.2 92.5) (4.3 91.3) (20 91.7) (9.2 94.2) (4.0 90.2) (16.3 88.0)
Crawl space of the 7~16 —2~ 2 15~23 5~10 —5.5~ 2 17~28
; 73~92 56~84 82~96 76~90 70~87 68~95
kitchen ,
(11.7 91.9) (0.6 77.3) (18.7 94.2) [ 6.4 89.8) (0.1 80.5) (24.9 87.3)
7~18 0~ 9 16~30 4~10.5 | —3.5~11 12~25
In the closet 82~92 74~88 68~86 64~88 60~84 49~77
(14.5 87.2) (6.4 82.7) (24.1 81.1) | (9.4 74.8) (5.2 71.9) (20.0 69.0)
Open air ¢’ 8.2 79 |-7.5 83 21.2 79 —0.4 82 9.0 80 15.6 68
a Temperature range
b RH range
¢ Average of the maximum value a day in month
d Maximum temperature was over 40
e Average value of month temperature RH
RH
RH RH
81 7 RH
7
7
RH 80 10
RH 23
RH 7 11
RH 2
RH 8l 2
% RH
15
25 30
3 4 6

RH



Absolute humidity (g/m')

Absolute humidity (g /m')

30 -
: Absolute humidity of the measurement point.
: Absolute humidity of the open air.
: The difference of the absolute humidity
between the measurement point and the
25 F open air.
o
20 F

" A //A
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Date of the measurement (month. year)
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25
Fig.25. The relationship between the change of the
relative humidity on the measurement point
and the relative humidity of the open air
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Fig.27. The relationship between the change of the
relative humidity on the measurement point
and the relative humidity of the open air
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Fig.26. The relationship between the change of the
relative humidity on the measurement point
and the relative humidity of the open air
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Fig.28. The relationship between the change of the

relative humidity on the measurement point
and the relative humidity of the open air



20 F o | The meaning of symbols are to be o 2 1 ) ¢ L
a found at Fig. 25
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E The meaning of symbols are to be
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14
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Fig.31. E;?Ochange of temperature_relative humidity

re and after the repair

o—-o July 1981 Maximum value on each day
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e —e June 1982 Maximum value on each day
...... e June 1982 Minimum value on each day
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61)-63

HFP

64),65)
9’ I
JIS Z 2119%
W O 16 17 )
2(0x 2(nNx 1()cm 500ml
60 48
@
, 1
60 40 30
16 (ONE)]
Table 16 Experimental conditions for decay test(l) (3
o i ; Decay perid . Decay temp
Test No. Wood species Medium (days) Test fungus )
) Sugi (S) PD agar 30, 60, 90 S. lacrymans 20
Buna (S) HFP 7701
(2) See Table 17. MP sand 60 S. lacrymans 20
HFP 7701
1FO 8697
T. palustris 28
FPRI 0507
(3) Buna (S) MP sand 60 S. lacrymans
Sugi (H) IF O 8697
Karamatsu (H) HFP 7701
Dafurika karamatsu (H) HFP 7702 20
Todomatsu (H) HFP 7802
Ezomatsu (H) T. palustris
FPRI 0507 28

a) S :sapwood. H : heartwood

67



17 2
Table 17 Wood species for the decay test 2

Botanical name Japanese name Sap — or heartwood 2’

Cryptomeria japonica Sugi S
Picea jezoensis Ezomatsu S and H
Abies sachalinensis Todomatsu H
Larix leptorepis Karamatsu® (1) S and H

" " (2) H

" " (3) S and H
Larix dahurica Dafurika —

karamatsu H

Larix gmelinii Guimatsu ¢’ (1) H

" " (2) S and H
Picea abies Doitsutouhi H
Tsuga heterophylla Beituga H
Fagus crenata Buna S
Betula maximowicziana Udaikamuba S and H
Kalopanax septemlobus Harigiri (Sen) H
Tilia Japonica Shinanoki H
Fraxinus mandshurica var. japonica Yachidamo H
Ulmus davidiana var. japonica Harunire H
Acer mono Ezoitaya H
Quercus mongolica var. grosseserrata Mizunara S

a S sapwod H heartwood
b 1  from Horobetsu Hokkaido Prefecture
2 from Asahikawa Hokkaido prefecture
3 from Nagano Prefecture
c Age of tree 1 30 years old
2 15 years old

, % JIS Z 2119

1/4 ,
@ 32 ,
1 915513
60
\Fungi| S. lacrymans | S. lacrymans _T. palustris
40 o 9 (IFO 8697) (HFP 7701) (FPRI 0507)
A Sugi sapwood 0~ T
QO : Buna sapwood 5
~10
301 I ]
S A .
8 o]
o 20 1
&
g
0 v T
o
/ : - // 1
5
ot g— ° | ~50
1 A i — 50~
0 30 60 90 a) 1l unit = a species of wood
Decay period (day) b) E;;‘;'tdw"g‘;gd
32 HFP7701 B
Fig 32 Decay of Sugi Cryptomeria japonica sapwood Fig 33 Veight loss  of various soft woods and hard
and Buna Fagus crenate sapwood by woods by some fungi

S lacrymans
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of samples on the decay test 2
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Table 18 Weight loss

18

Test fungus and strain No.

S. lacrymans

T. palustris

‘Wood species ®’

FPRI 0507

HFP 7701
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57.1 Fig.34. The decay capacities of strains of S lacrymans
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S, Photo.34. Optical micrographs of wood decayed by S

lacrymans A Polarized-light micrographs
B Shows the collapse in many tracheids
Note Birefringence was absent in the S3 layer

LCC

FL
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35 A B S2 >

C S2 col lapse D

Photo.35. Fluorescent micrographs of wood decayed by S lacrymans A Extensive observation showing
the irregular degradation of cell walls the region of with many hyphae in cell lumina | 4
B The early stage of decay showing collapse in many tracheids and red discoloration spots in
the S2 layer  p C Advanced stage of decay D Later stage of decay showing a retained
compound middle-lamella E Tangential section of tracheids showing red discoloration zones in

cell walls >

3%
|

Photo.36. Fluorescent micrographs of wood decayed by
T»palustris showing cracks in cell corners




Photo.37.

38 A E

bore hole bore hole

bore hole

erosion

E

>
Scanning-electron micrographs of wood
decayed by S lacrymans A Hyphal pene-
tration in tracheid lumina B and C Hyphal
penetration into simple pits D Hyphal
penetration into bordered pits E Cracks
formed in cell wall

oM

76



SEM
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bore hole

bore hole P D

E

>
Photo.38. Scanning-election micrographs of wood
decayed by T palustris A Sinmple-pit
canals enlarged by hyphal pentration tra-

cheid B Sinmple-pit canals enlarged by
hyphal penetration ray cell C Bore
hole fomatiqy P incell vall D Bordered-
pit canal enlarged by the fungi E
Hyphal &rrtration into bordered pit and bore
4.3 hole
5t x5 r x70 1 m
1.20 1.30 0.4
1,000kg/cm? 60 48
120 20
HFP7701 IFO8697 FPR10507
35 409
3g 159 11 209 30g
PDA
4mm 20 28
5
10 10 70
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Fig.35. Roux flask for the decay test of the bending
test sample
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Fig.36. Relationship between decay period and weight
loss  of ezomatsu wood decayed by the fungi
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T palustris FPRI0507



| |
O
3 Y =—0.047X +2.85 3 Y =-0.049X +2.85
% (r =—0.538)

Q
o ] (r =-—0.859)
0o OOOO%OOO o \0&\00 o
[ . OQGD O(go °@°oomo{{c
S 05 Ry O ° o ©0 I
(s} [} [ 0\009 o
= o 0 0°NRo
51 N a T, o
E s 2, K] RN
< o \ %ﬂ
2 ° e
= o g‘)
o]
1 r 1 F
0 10 20 0 10 20
Weight loss (%) Weight loss (%)
39 HFP7701 40 1F08697
Fig.39. Relationship between bending strength ob and Fig.40. Relationship between bending strength ob and
weight loss of ezomatsu wood decayed by weight loss of ezomatsu wood decayed by
S lacrymans HFP7701 S lacrymans 1FO8697
S,
Wazny ™
2
10
60 80 23
2 5
50kg 3 4
10 15kg
5% 5 mm 30 70 80
50x 50mm 30x 10 300



4.4

81
60
49 6
1 NaOH 0.5g 50 ml 1 NaOH 1
0.5g 0.1174g/ml  25ml 0 1
50 25ml 1G3
60
0.3g 72 4 ml 4
150 ml 2 100
19
0 10
20 19
Tablel9 The division of decayed wood for chemical analysis
82 Number of subjected sample
. (average of weight loss %)
weight loss
FPRI0739 (%) S. lacrymans S. lacrymans T. palustris
(HFP 7701) (IFO 8697) (FPRI 0507)
28.3 78 Control 2’ 300
0c? 20 12 3
56.8 ~10 23 ( 6.3) 28 ( 5.0) 10 ( 2.4)
71 ~15 19 (12.9) 14 (12.7) -
~20 8 (17.1) 16 (18.0) -
~30 — — 10 (20.5)
30 0 _ . 18 (37.1)
20 40~ - - 29 (50.6)
a Sound wood sample
b Ten of this number were subjected to bending tests
c This value means 0 of weight loss after the decay
procedure
20
20
Table 20 Analysis of ezomatsu decayed by S lacrymans
and T palustris
41 42 Same Weight E;nggle— 19 NaOH Holo-  Klason
P loss (%) ext. ext. cellulose  lignin
Control 1.9(100) 12.4(100)  69.6(100)  28.2(100)
50.6 Wood decaved 0 3.8(200) 25.9(209)  64.9 (93)  29.0(103)
by S L v s 6.3 6. 9(363) 38.6(311)  54.9 (78)  29.3(104)
HFP77071}W 129 7.1(374) 41.9(338)  46.3 (67)  29.2(104)
20 17.1  7.0(368) 42.0(339) 43.8 (63) 28.9(102)
Wood decayed 0 3.1(163) 22.1(178)  65.3 (94) 28.7(102)
by S. lacrymans 5.0 5.2(274) 33.2(268) 56.7 (81) 28.7(102)
IFO 8697 12,7 4.7(247) 34.3(277)  50.8 (73)  26.8(102)
HFP7701 18.0  5.6(205)  36.7(296) 35.0 (50) 27.5( 98)
Wood decayed .
St 2.4 4.0(211) 29.3(236)  62.4 (90)  28.1(100)
1F08697 gﬁ)glé’gé’;m 205 a6(ze2)  40.60320 40.2 (58) 27.0( %)
1 371 4.5(237) 35.2(284) 26.1 (38) 27. 1( 96)
50.6  5.1(268)  32.2(260) 16.2 (23)
NaOH

Results are percentages based on the dry weight of original
undecayed wood ) )
Values in parenthesis are ylelds to 100 in control



Holocellulose Holucellulose
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Fig.41. Relationship between yield of holocellulose and Fig.42. Relationship between yield of holocellulose and
EtOH-benzene extractives and weight loss of 1 NaOH extractives and weight loss of
decayed ezomatsu wood decayed ezomatsu wood
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5.1 CCA &

60  CCA 10

CCA

39
39 CCA >
511 Photo.39. Hyphal growth  p» on Ee surface and decay
beside the tenon P> of the CCA-treated sill

40

200

5mg
300 3

063

40 >
Photo.40. Hyphal grovth B>  on the creosoted sill
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JIS 1
21

235 315

Silicone SE 30 10
Chromosorb  PAW

FID

25 290 3 7/
300
30ml/
1.D. 3 @ x 200mm
JIS K 2524.5.1 &
43
JIS

JIS 1

JIS K 2439 No.1
Creosote oil

The creosote oil on the wood decayed by S. lacrymans.
i 1 it 1 i
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= g
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i3

The creosote oil not authorized.

—— T

0

JIS
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Extention time (min.)

43
Fig.43. Gaschromatogram of the creosote oil
86
JIS 1
87
8
21
Table 21 Yields of each distillate from creosote
oils in distillation
Sampl Temperature of distillation (C)
ampe 235 235315315 315~
JIS No. 1 15 402’ 55 45
Commercial product
JIS 1 172 not authorized 36 15 51 49

a) Specific gravity :1. 05



5.1.2 CCA

41
42
CCA

41 CCA »
Photo.41. Hyphal grovth P on the CCA-treated sill
made from Karamatsu

CCA
S0.2

CCA CCA
JIS K 1554 1975
JIS A 9108 1972

43

CCA

JIS

CCA  JISK 1554 1
CCA JIS K 1554

44

42 CCA >
Photo.42. Hyphal growth P on the CCA-treated sill
made from Ezomatsu

Karamatsu (Larix leptorepis) sill treated with CCA type 1.

e T A Tl

No.3

Ezomatsu ( Picea jezoensis) sill treated with CCA type 2.

« 30em . 30cm _,10cm

No.5
Decay area

44 CCA

Fig.44. The inner decay area of the wooden sill treated
with CCA type preservative and the sampling
position for CCA analysis

CCA
CCA
CCA 1



4-1 Sound

3D§f§3’ 5 59%6.6
i Sg"xgd Sound
0.7
_, Sound
e L
e - Sound
Sound-decay | Decay =3 5.7
1.8 0.3
45 CCA
S CCA kg/m3
44 Fig.45. The result of analysis for absorbance of CCA in
Photo.43. Decay condition of the CCA-treated sill the sill  All values are calculated from copper®
Note “ Dark-blue” indicates CCA-treated part s absorbance  kg/m?
Numbers correspond to the ones in Fig 44
13 22 0.3 0.6kg/m®
5 15kg/m
12 0.7kg/m’ 11
1 322
CCA 2 4 1
6.6kg/n?
JIS A 9108 * CCA 1 6.0kg/m* CCA 2 4 5kg/m?
1 2
5_2 2 A
CCA
5.2.1
1 ADT
ADT CCA 2 JIS K 1554
HFP7701 1F08697 FPR10507
CCA2 1.6 120 20 PDA
0.016 0.16 PDA
4 mm 20+

2 26+ 2 10 CCA



JIS A 9302
CCA1 B 2 JIS K 1554
PF 1 1 JIS K 1550 JISK 2439 1 JIS
60 Tributhyltin oxide
TBTO 4 Bromo 2 5 dichlorphenol95
NaF  Tribromophenol TBP 30 40
TBTO 2
JIS
JIS A 9302 IF08697 HFP7802
FPRI0507 1
2
3 CCA
CCA1 B1 1.5 2 CCA2 1.6 1.2 0.8
2
1 ADT CCA 2
ADT CCA 2 22 CCA
CCA
22 CCA2
Table 22 Growth of fungi on PDA media containing CCA 2
0.016
0.064 Fungi Concentration of CCA (%)
0.016 0.064 0.16
CCA S. lacrymans (HFP 7701) T 2 0 0
S. lacrymans (IFO 8697 ) 18.5% 0 0
HFP7701 T. palustris  (FPRI0507) 38.0 0 0
1F08697 Six replicates were made for each of the media containing
CCA and growth diameter of fungi were observed.
FPR10507 %% a) T ; Trace
b) Growth Index
_ Growth diameter of the fungus in media containing CCA
- Growth diameter of the fungus in blank media
X 100
Gersonde” DIN 52176
PCP NaF
CCA
1.6 JIS A 9302
2
JIS A 9302 0 100
10

23



CCA 2

100
JIS

23

Table 23 The effectiveness of wood preservative against the fungi

JIS A 9302

10
preliminary weathering 10 rounds

Preservative Loss in
(Retention) Fungi weight Hyphal g‘lrov:?h Eff]ectlbv)e
ke m % on sampl e$~” value
Control (1) S. lacrymans (HFP 7802) 19.1 ++
(2) S. lacrymans (IFO 8697) 22.2 ++
(3) T palustris (FPRI0507) 52.3 o+
CCA2 16% :i 8 : igg
(14.4) (3) 0 + 100
Creosote oil t :12 ) g g i 2’51
out of JIS (220) (3) 20. 8 + 60
3 -
Chlornaphthalene ‘( é { 8 }gg
type (180) (3) 0 B 100
Control 1) S. lacrymans (HFP7802) 11.9 ++
(2) S. lacrymans (IFO 8697) 22.7 ++
CCA1-B (1) 0 + 100
2% (21.5) (2) 0 + 100
PF1-12% 1) 0 + 100
0.7 (2) [} + 100
Control (1) S. lacrymans (HFP 7802) 26.2 ++
(2) S.lacrymans (IFO 8697) 39.1 ++
(3) T palustis  (FPRI 0507) 7.7 ++
Sodium fluoride ; é { 8 i %gg
1% (0.7) P
° (3) 0 + 100
(1) 0 + 100
TBP 1% (4.9) (2) 0 + 100
) (3) [\ + 100
(1) 0 = 00
TBTO 0.5% (2.0) (2) 0 - 100
(3) 0 - 100
Creosote oil ‘ i : 3 :E %gg
(JIS 1) (418.9) } (3 ‘ 0 _ 100
4 —Bromo — 2,5 (1) 0 + 100
dichlorphenol (2) 0 + 100
0.5 % (6.5 (3) 0 + 100
(1) 0 — 100
Commercial (2) 0 + 100
product ¢’ (275.8) (3) 0 - 100
a) -+ + ;good growth, + ; growth, + ; slight growth, — ; no growth
b} Footnote is to be found at the end of Table 22.
¢) Organic solvent preservative (organic tin type)
CCA1 B
PF1 1 NaF TBP TBTO 4 Bromo 2 5 dichlorphenol
60 TBTO 2
0 CCA 2 B TBP 1 JIS
JIS
23 1
JIS A 9201%®

5.1.1



a NaF Gersonde™
23 1 3
JIS 1 NaF
TBTO Savory Carey'® BS
838
0.02 0.06kg/m
2.0kg/m?
CCA
5.2.2
3 CCA
23 CCAl1 B2 CCA2 1.6 JIS A 9302
100
1 mm 5 Tkg/m*  CCA
24
CCA1 B 7 15kg/m* CCA 2 6 12kg/m?
CCA 2 100 1.6
1/2 Tkg/m?
CCA1 B 1F08697
90 11kg/n?
CCA
1
Savory™ 2% A ) N
CCA 1 A Table 24 l‘]rle Wgwffectlveness of CCA retentions on decay durability
0.84 2.12kg/m’ Fungi Zf’j{f:Al.lS%Bl% 1.65CVC0A1;; 0.8%
0.38 0.8%Kg/ir? Gy, W WE oS Teoms Tlo6
0_81 2_03kg/m3 W. L2 21.6% E. value?® 100 100 100 100 100 100
S. lacrymans Retention 15.0 10.2 7.4 9.8 8.7 6.6
O " 86 2 b 16kg/m3 i;PFI 021?)7% \Ey. Vtil{l’,l/oe 108 108 108 108 108 108
2 S. lacrymans Retention 15.1 9.9 7.7 11.8 8.6 6.6
(IFO 8697) WL % 1.7 2.8 4.9 0 0 0
W. 1 56.5% E. value 97 95 91 100 100 100
3 CCA  gwRioen  wos as e ar o e %
W. 1 35.7% E. value 94 85 87 100 100 100

a \Weight loss of the control samples

b Retention of assay kg/m3
c Loss in weight
d Effective value Footnote

is to be found at the end of Table 22



m  CCA
5.2.2
720mmHg 40
CCA2 B JISK 1554 1.7
365cm
3
46 25
HFP7802 HFP7701
5x 30cm
45¢cm 45¢cm 90cm
5cm
30
1 1.5
CCA
25 CCA

Table 25 Hyphal growth of the surface of CCA-treated
wood

15kg/m? 8

Surface Incising
Sample No.

exposed Yes No
1 Radial 33 83
5 Transverse 100 100
6 Tangential 33 33
2 Radial 67 67
3 Transverse 0 100

Hyphal growth on the control surface is 100
each

center

Fig.46. The sampling location of the tested wood for
exposure process against S lacrymans

5 Tkg/

720miHg 30
10.5x 10.5x
4,500 /m?
60cm
10.5x%
47
CCA
20 85 RH
48
S : Tested sample
F ! Feeder block
S P . Wooden post
| P [ [7 ] Pl I : Inoculated wood

with S. lacrymans

~Horticultural
I Sand 7

% long from the

Test fungi : S. lacrymans HFP 7702
S. lacrymans HFP 7802

Horticultural soil
Water content : 30%
pH :55

Scale

10cm

47 CCA
Fig.47. The exposure method against S lacrymans for
the CCA-treated wood sill



1mm
6
1.5
CCA
CCA
44 45
102

pH5.5

10cm

RH

25

20cm

2

CCA
Photo.44. The sill exposed to S
gential surface
Note Center control both side CCA-treated ones

lacrymans on the tan-

2cm
Sample for
measurement — -
\ 2cm
® 10cm
2cm
10cm
2cm
48 CCA
Fig.48. The sampling method of test
piece for the measurement of
CCA absorbance and penetra-
tion
12.1 15.7
CCA SH
103
CCA
JIS A 9302
CCA

45

Photo.45. The sill exposed to S lacrymans on the radial

surface

Note center control the upper and the lower CCA-

treated ones



28 Tricoderma sp

20
CCA
26
46
1mm 9kg/m?
5 3 104 106
2
26 CCA
Table 26 CCA penetration and absorbance of sills exposed to S lacrymans and the change
of specilic gravity for them after exposure
Average in®’ ; b Avers fe)
Sample Strain of Surface length of ‘i&bvsec;i)’fnce sp\;ri?i%e N Decay ¢/
5 tration “ .
No. S. lacrymans exposed pe(nri r;a)l ol (kg /m) gravity
: 1. 9.3 8.8 0.40 -
1 HFP 7802 &adljgl o0d) N. 15 14.0 0.45 -
cartw C. — - 0.31 ++
Transverse 1 10 8.3 0.41 +
5 HFP 7802 ( d) N 4.0 9.3 0.42 +
Sapwool C o _ 0.25 4+
. I. (L) 8.7 12.2 0.38 -
6 HFP 7802 omgenial N. (D) 10 8.8 0.34
(heartwoo C - — 0.25 ++
. I. 9.3 11.1 0.42 -
2 HFP 7701 &adf’t‘l oo0d) N. 1.8 8.3 0.32 -
cartw C. — - 0.28 ++
I. 10 10.8 0.39 -
3 HFP 7701 (Trahse"gse N.10 6.2 0.34 +
Sapwoo C. — — 0.20 ++

a Average value measured in three points right left center of sectioning sample showed in Fig 48
I Insised N Not incised C Control

b Average value measured in the center of surface width 10 nm thickness ca 1 mm length ca 20 nm of treated sample
in Fig 48

¢ Average value of three samples of 2 cm thick transverse section in Fig 48 In case of the exposure of transverse
surface this value is obtained this surface

d Sound Slight decay Obvious decay



5.3.1

PDA
46
-CCA
MPA 20g 10g CCA
209 / u 12 Photo.46. Decay condition of the sill
exposed to S lacrymans
Note center control left incised-
27 CCA-treated right CCA-
treated
HFP7802  IF08697 FPRI0507 e
6
28
300ppm
100
250ppm
500ppm 1,500
ppm 100 OPP -
Na 200ppm
300ppm
27
Table 27 Fungicides tested on agar dilution technique
e e . Type
Fungicide Active ingredient (conc. of active ingredient)
A, maneb manganese ethylene -
bisdithiocarbamate Powder (75 %)
B, Benomyl methyll-1- (buthylcarbamoyl) —
2 —benzimidazole
carbamate Powder (50 % )
C, OPP-Na o — phenyl phenol sodium salt Reagent 1 class (100 % )
D. flutolanil a, a, a—trifluoro—

3’ — isopropoxy — 0—
toluanilide Dust (1.5 %)




5.3.2

5.3.1
28
Table 28 Inhibition of fungal growth by some fungicides diluted into agar media
Conc. of active Percentage inhibition®’ (%)
Fngicide @’ ingrdient T. palustris S. lacrymans
(ppm) FPRI 0507 HFP 7802 IFO 8697
A 100 31 60 52
200 46 85 89
300 69 84 91
B 500 26 68 56
1000 57 82 71
1500 89 100 95
C 100 0 75 31
200 11 96 77
300 80 100 100
D 10 74 100 100
50 80 100 100
100 80 100 100
a See Table 27
b Percentage of the growth inhibition Gc Gt /Cc x100
where G ¢ average diameter of fungal mycelium on control medium
G t average diameter of fungal mycelium on tested medium
1 1 MP 05 t x1 r x1 1
cm HFP7802 30 40
pH 5.5 25.2
10 77 30g
20 20
5
2 A 2 tx2r x51 HFP7802
MP 20 2
800ppm
500ppm 1 200g
B 20 40 49
B
A 20
20 4
1 50

500ppm ~ 800ppm

7 10



T T S

Wood block (81 ___|

Treated soil —__—

—e—

o Hyphoe

—o—
—eo—¥
1x

&\ Wood block [A] ~———f== — 2
s 30r
——T——— Sand + Medium | g
H
L | : w“
S 2 -
49 2 . . :
Fig.49. The method for soil treatment test 2 with = -, . g
maned and flutolanil LA I R A
T
flutolanit Control maneb
J. 1 1 1 | 1 1
500 800 500 800 500 800 500 800
Concentration of chemical (ppm)
50 1

Fig.50. Inhibition of hyphal growth of S lacrymans by
flutolanil and maneb in soil

7 10

800ppm

800ppm 500ppm

A 20 20 PDA

29 U 2

Table 29 Effectiveness of flutolanil and maneb against S lacrymans by soil treatment

Chemicals tested Percentage Hyphal growth 2’
(Concentration) weight loss
of wood blocks on wood blocks on treated soil

maneb ®’ 31.2 ++ +

(300 ppm)

flutolanil 0 - —

(500 ppm)

Control 33.9 + 4 ++

a no growh poor growh normal growth

b manganese ethylene-bis ~dithiocarbamate



5.3.3
107
HFP7802
20 S5 mm
TBTO IF
1000 30
4 20 30 2509
20g 1,500ml 11.5cm 80ml 1
2 120 20
20 50 8 20 100g 7.5
g 4 20 1209
42ml 21
26
3cm 20 2 25 t x
25 r x1 1 onm 1 3
80
900ml 9cm 20 30 150g
40ml 20 30
2 t x2r x5 1 om 2
3 8 20 25.2  pH5.5
26
30
Table 30 Fungicides tested on soil treatment test
Fungicides Active ingredient Type
(Conc. of active ingrdient)
F. TBTO tributhyltin oxide Emulsion (10 %)
G Todoios o 28 ditlon p bl o Emison@n%)
H IF — 1000 flfchlorphenyl—B'f Emulsion (10 %)
iodopropagyiformal

3cm



107

50 21
1.6
31 32
1
26
31
Table 31 Effects of fungicides by soil treatment on Kanuma-soil against S lacrymans
Mycelial growth at 80 days after setting Hyphal colonization
Retention | of wood blocks ¢’ Weicht loss %
Fungicide* the side wall of jar in the surface of eight foss 7
\ contact with treated lay treated lay
(kg/m) yer reated layer 0 -1/3 -2/3-3/3¢" | of wood blocks !
bottom middle top | 0-1/3 1/3-2/3 2/3-3/39
A 0.019 3 3 9 26.6 (10.2)
0.038 3 3 25 2 1.2 (2.5)
0.076 — - 9 -
B 0.019 1r 20 1 2 2 1 6 22.7 (15.8)
0.038 - - 9 -
0.076 - - 9 -
C 0. 091 1» 20 - 9 -
0.181 - = 9 =
0. 362 - - 9 -
D 0.019 1 3 3 2 7 28.6 (19.2)
0.038 1 1 - 8 1 -
0.076 - - 9 -
E 0. 450 3 3 9 4.2 ( 5.7)
0.907 3 1 2 9 48.8 ( 6.7)
1.361 3P 1 2 9 41.4 (14.4)
Control 3 3 9 38.4 (2.5)

See Table 27 and 30
a kg/m Active ingredient in fugicide / m° of treated soil
b Numder of jar in which arraival of mycelium was observed number of jar used were 3
“ p" means slight growth of hyphal strand
¢ Number of wood blocks on which arraival of mycelium was observed number of wood blocks used were 9
d Area covered with mycelium / area of the surface of treated layer
e Area of myceliun growth on the wood block
T Average weight loss  of wood blocks covered with myclium standard deviation



Table 32 Effects of fungicides by soil treatment on horticultural-soil against S

32

lacrymans

Mycelial growth at 80 days after setting ®’ Hyphal C()]L)nlzat)l()n
R N of wood blocks © Weight loss %
Fungicide® etention the side wall of jar in the surface of g o
g (k1) contact with treated layer treated layer 0 -1/3 -2/3 -3/2¢) | of wood block !
bottom  middle top | 0-1/3 1/3-2/3 2/3-3/3 ¢
A 0.019 2 2 1 3 6 43.7 ( 4.7)
0.038 1 1 6 3 50.1 ( 1.1)
0.076 - - 9 —
B 0.019 1r 1 6 3 50.6 ( 2.9)
0.038 1 1 6 3 47.6 ( L.1)
0.076 1r 1 6 3 46.6 ( 1.4)
C 0.091 — - 9 -
0.181 - - 9 -
0. 362 - - 9 -
D 0.019 - - 9 -
0.038 - - 9
0.076 - - 9 -
E 0. 450 1° 1 6 3 58.7 ( 0.8)
0.907 3 3 9 5L.6 ( 4.5)
1.361 1» 1 6 3 56.2 ( 1.9)
Control 3 3 1 8 25.3 (15.0)
See Table 27 and 30
a T Foothotes are to be found at the end of Table 31
IF 1000 0.076a.i. active ingredient kg/m?
0.091a.i.kg/m
1.36la. i .kg/iP
5.3.2
TBTO 0.038a.i.kg/m
0.076a.i.kg/m*
FPRI0739 108
IF 1000 TBTO FPRI0739

IF 1000 0.038a.i.kg/i

TBTO  0.019.i.kg/m
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CCA

JIS A 9108

OPP Na
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JIS

1 mm
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28

JIS 1
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30 1958 109

GW25mm -
24kg/m?

GW50mm -~ GW100mm 10kg/m?

100

110

11

Im

—

GW100mm

20 40cm

16kg/m?
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