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The activity of TCM TB and selected organotin TBTO, TBTS, TBTCA and TBT-DEDTK 
fungicides against the brown-rot fungus Serpula lacrymans and the white-rot fungus Trametes 
versicolor was evaluated by means of mycological tests in which treated and subsequently 
naturally aged beechwood samples were exposed to the effect of fungi in Kolle’s flasks. In 
accordance with P art 1 of this work (activity against moulds), the TCM TB fungicide could 
again be characterized as more weather stable than  organotin fungicides.
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Reinprecht L. (1998): S trata protihubovej účinnosti vybratých fungicídov v impregno- 
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Účinnost’ TCM TB a vybratých organociničitých TBTO, TBTS, TBTCA, TBT-DEDTK 
fungicídov proti celulózovornej hube Serpula lacrymans a  ligninovornej hube Trametes versicolor 
sa hodnotila prostredníctvom mykologických skúšok, pri ktorých sa impregnované a  následne 
prirodzene stárnuté vzorky buka vystavili aktivitě húb v Kolleho bankách. TCM TB fungicid 
sa v zhode s 1. častou tejto  práce (účinnost’ proti plesniam) prejavil poveternostne stabilnějším 
v porovnaní s organociničitými fungicídmi.

I n t r o d u c t io n

Wood-destroying fungi are divided into three classes based on the type of 
their enzymatic system, i.e. white-rot, brown-rot and soft-rot fungi (Eriksson et 
al. 1990). Rot in wood can be started both under outdoor and indoor exposures, if 
its moisture is above 20 %. Wood adequately treated with suitable fungicide(s) 
is resistant to fungi. However, in situations when treated wood is exposed to 
aggressive weather conditions, with or without contact with the ground, the 
original activity of the fungicides is often decreased and can start up a rotting 
process in the previously chemically protected wooden products or building 
structures.

The present work deals with the reduced resistance against rot of wood treated 
with fungicides after its exposure to model natural ageing processes.
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M a t e r ia l  a n d  M e t h o d s

W o o d
Sound and quality beechwood (Fagus sylvatica L.) samples with dimensions 

of 120 x 8.5 x 8.5 mm (120 mm in the longitudinal direction). All tested 
samples were weighed in oven dry state, next treated with fungicides, subsequently 
naturally aged, and finally exposed to the brown-rot fungus Serpula lacrymans or 
the white-rot fungus Trametes versicolor.

T r e a t m e n t  of b ee c h w o o d  s a m p le s  w i t h  fu n g ic id e s  an d  n a t u r a l  ag e in g  
of  t r e a t e d  s a m p le s

Treatment and natural ageing of the beechwood samples was carried out in 
accordance with Part 1 of this work (Reinprecht 1998).^

R e s i s t a n c e  of t r e a t e d  an d  ( u n ) a g e d  s a m p le s  a g a i n s t  w o o d - d e s t r o y i n g  
fun gi

Treated and aged wood samples underwent to laboratory mycological tests with 
the following wood-destroying fungi:

Serpula lacrymans (Wulf.: Fr.) Schroet. -  No. 6, brown-rot fungus;
Trametes versicolor (Fr.) Pil. [Stamm CTB 863 A -  Coriolus versicolor 

(L.) Quél.], white-rot fungus.

Samples from the tested series2  ̂ were primarily conditioned to a moisture level 
of «  18 % and then placed into 1/2 litre Kolle’s flasks on a fungal mycelium grown

1) Treatm ent of samples with two techniques: 
dipping (45 minutes at 20 °C);
pressure impregnation (15 minutes at 20 °C and 0.6 MPa); using the following fungicides: 
2-thiocyanomethylthiobenzothiazole (TCMTB) in water emulsions in the following concentra­
tions:

Ct C M TB  = 0-45 %, 0.9 %, 1.8 %, and 3.6 %.

Organotin compounds (OTC): -bis-(tributyltin)oxide (TBTO), tributyltin sulfamate (TBTS), 
tributyltin  chloroacetate (TBTCA) and tributyltin-N,N-dietyldithiocarbamate (TBT-DEDTK), 
in ethanole solutions in the following concentrations:

C oT C  =  0.1 %, 0.33 %, and 1 %.

N atural ageing of treated and conditioned samples was carried out w ithout having contact 
with the ground, in the industrial zone of the town of Zvolen, a t an altitude of 320 m, the 
southern exposure, under an angle of 4 5 ',  during periods of 0, 2 or 4 months.

2) Each series (totally 96 series —> type of fungicide X concentration X treatm ent X age­
ing X fungus: see Tables 1, 2 and 3) contained 12 samples (8 tested samples =  treated, aged 
and exposed to  fungal activity; 4 comparative samples =  treated and aged, bu t not exposed 
to  fungal activity, i.e. used for the determination of the corrective coefficient k f  —  relation 2).
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grown on stiffened agar malt cultivating medium. Mycological tests lasted 16 weeks 
in a dark sterile room at a tem perature of T =  20 ±  1 °C, and a relative air humidity 
RH =  70 ±  5 %.

The resistance of treated and aged samples against fungi was assessed visually 
(e.g. Fig. 1) and also according to the quantitative criterion “loss of wood mass -  
6m p” (relation 1).

8m F =  /"/»»»«c«- • ~ . 10() [%] (1)

where: Smp  -  loss of wood mass in the tested sample due to a rot caused by 
the applied fungus

m0 -  mass of the original tested sample in oven dry state 
nip -  mass of the tested sample after treatm ent, ageing and fungus activity in 

oven dry state
m fungicide ~ mass retention of the applied fungicide in the tested sample 
k 'f  -  mean corrective coefficient (arithmetic mean of 4 comparative samples in 

each series)

kf  =  (m^l/j — m0fc): m fungicide—k (2)

where: m 0k — mass of the original com parative sam ple in oven dry s ta te  
mAfc -  m ass of the  com parative sample after trea tm en t and ageing in oven dry 

s ta te
m fungidde-k ~ mass retention of the applied fungicide in the comparative 

sample

R e s u l t s  a n d  D is c u s s io n

The achieved results3) concerning the resistance of treated and aged beechwood 
samples against the wood-destroying fungi are presented in Tables 1, 2 and 3, 
Figures 1-5.

For the TCM TB and organotin (OTC =  TBTO, TBTS, TBTCA, TBT- 
DEDTK) fungicides the following critical toxic values, i.e. critical obligatory 
retentions of fungicide in kilograms per cubic meter of treated wood to guarantee 
im jr <  3 % (by the EN 113 standard) have been determined:

3) Evaluating the mycological tests (relation 1), negative values of ¿mp  (from 0 % to  -3.1 %) 
were rarely determined, probably as a  consequence of particular methodical or experimental 
errors, e.g.: unequal absorption of emissions during ageing processes, possible m alt diffusion in 
wood samples, etc. In the tables an figures these uniformly are marked as zero —> ¿rrip  =  0.
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Rot characteristic (Snip) determined for beechwood samples primarily treated with the TCM TB 
fungicide (present in Busan 30 L) and exposed to  natural ageing, and subsequently tested against 
the brown-rot fungus Serpula lacrymans
(Ct C M TB  — concentration of TCM TB fungicide; n — number of samples; R f  — retention of 
TCM TB; Sm p  — loss of wood mass caused by fungus activity)

Fungus: Serpula lacrymans 

Ctcmtb Ageing Technique of the TCMTB fungicide application
DIPPING PRESSURE IMPREGNATION

n R, <5rrv n R, <5mf

[% ] [month] [kg.m - 3 ] [% ] [kg.m - 3 ] [% ]

0 0 16 —  22.8 16 —  22.8

2 16 —  21.4 16 —  21.4

4 16 —  24.5 16 —  24.5

0.45 0 8 0.57 6.3 8 2.13 1.8

2 8 0.69 12.2 8 2.04 8.0

4 8 0.63 16.1 8 1.95 11.0

0.9 0 8 1.21 3.7 8 3.87 0.2

2 8 1.19 10.8 8 3.87 3.7
4 8 1.16 15.2 8 3.84 6.7

1.8 0 • 8 2.39 0 8 7.17 0

2 8 2.75 8.9 8 7.71 0

4 8 2.81 14.9 8 7.53 0.7

3.6 0 8 4.67 0 8 14.31 0

2 8 4.45 4.2 8 13.98 0

_____________4__________ 8__________4.72 13.3 8__________14.61 0_________
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Rot characteristic (¿m jr) determined for beechwood samples primarily treated with organotin 
(OTC =  TBTO , TBTS, TBTCA, TBT-DEDTK) fungicides applying the pressure impregnation 
technique and exposed to  natural ageing, subsequently tested against the brown-rot fungus 
Serpula lacrymans
(C oT C  — concentration of the used OTC-fungicide; n — number of samples; R f  —  retention 
of the fungicide; Sm p  — loss of wood mass caused by fungus activity)

Fungus: Serpula lacrymans 

Cotc Ageing Fungicide application technique
PRESSURE IMPREGNATION 

6  mf  n R, F n R, <5mf

[%]________ [month]________________ [kg.m ~3] [%]________________ [kg.m ~3] [%]
TBTO T B T C A _____________

0.1 0 ~ 8  0.41 T o  8 0.38 0

2 8 0.41 7.2 8 0.39 9.7

4 8 0.39 9.8 8 0.40 12.7

0.33 0 8 1.21 0 8 1.34 0

2 8 1.35 0 8 1.34 0

____________  4 8 1.35 2.5 8 1.31 1.9
1.0 0 8 3.97 0 8 4.07 0

2 8 3.90 0 8 4.00 0

_____________ 4____________  8 3.94 0 8 3.96 0________
TBTS TBT-DEDTK

0.1 0 ~ 8  0.40 T o  8 0.40 0

2 8 0.39 7.9 8 0.39 15.7

4 8 0.39 14.4 8 0.39 20.2

0.33 0 8 1.35 0 8 1.32 0

2 8 1.34 0 8 1.34 0

4 8 1.34 0.2 8 1.34 3.6

1.0 0 8 3.76 0 8 4.05 0

2 8 4.06 0 8 3.86 0

_____________ 4_______________8 4.08 0___________8 3.91 0________

TBTS =  tributyltin sulfamate; TBTCA =  tributyltin chloroacetate;
TBT-D EDTK  =  tributyltin-N,N-diethyldithiocarbamate;
TBTO  =  tributyltin  oxide

R e i n p r e c h t  L .:  L o s s  o f  a n t i f u n g a l  a c t i v i t y  o f  s e l e c t e d  f u n g i c i d e s  2
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Rot characteristic (6m p) determined for beechwood samples primarily treated  with organotin 
(OTC =  TBTO , TBTS, TBTCA, TBT-DEDTK) fungicides applying the pressure impregnation 
technique and exposed to  natural ageing, subsequently tested against the white-rot fungus 
Trametes versicolor
(COTC  — concentration of the used OTC-fungicide; n — number of samples; R f  — retention 
of the fungicide; 6mp  — loss of wood mass caused by fungus activity)

Fungus: Trametes versicolor 

Cotc Ageing Technique of fungicide application

____________________________  PRESSURE IMPREGNATION

n R, SmF n R, 6  mF

[% ] [month] [kg.m- 3 ] [% ] [kg.m- 3 ] [%]

TBTO TBTCA

0.1 0 ~ 8  0.40 10.2 8 0.40 10.1

2 8 0.40 31.6 8 0.40 26.0

_____________4_____________ 8 0.40 29.1 8 0.39 34.0
0.33 0 8 1.32 0 8 1.34 0

2 8 1.32 5.9 8 1.38 4.0

4 8 1.31 3.9 8 1.36 14.2

1.0 0 8 4.11 0 8 3.99 0

2 8 3.60 2.1 8 3.98 2.3
4 8 4.00 2.6 8 4.14 4.0

TBTS TBT-DEDTK

0.1 0 8 0.37 10.7 8 0.40 12.6

2 8 0.39 19.9 8 0.39 36.3
4 8 0.41 24.7 8 0.38 39.0

0.33 0 8 1.31 0 8 1.30 0.1

2 8 1.31 8.0 8 1.35 5.4

_____________4_____________ 8 1.33 13.3 8 1.31 13.5

1.0 0 8 3.98 0 8 3.94 0

2 8 4.04 3.4 8 4.01 4.4

_____________4_______________ 8 3.96 3.2__________ 8 4.06 13.2

TBTO  =  tributyltin oxide
TBTS =  tributyltin sulfamate TBTCA =  tributyltin chloroacetate 
TBT-DEDTK =  tributyltin-N,N-diethyldithiocarbamate
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a) lower toxic values for unaged samples:

TOXIC VALUES OF FUNGICIDES AGAINST WOOD-DESTROYING FUNGI -  W ITHOUT 
AGEING

Fungicide Toxic value [kg.m- 3 ] Treatment
Serpula Trametes
lacrymans versicolor

TCMTB 1.21-2.39 dipping

<  2.13 pressure

impregnation (p.i.)

TBTO <  0.41 0.40-1.32 p.i.

TBTS <  0.40 0.37-1.31 p.i.
TBTCA <  0.38 0.40-1.34 p.i.

TBT-DEDTK_____________<  0.40________________ 0.40-1.30_______________ p i __________________

b) higher toxic values for aged samples (2 or 4 months of ageing):

TOXIC VALUES O F FUNGICIDES AGAINST WOOD DESTROYING FUNGI -  W ITH 
AGEING

Ageing Fungicide Toxic value [kg.m- 3 ] Treatment
Serpula Trametes
lacrymans versicolor

2 months TCMTB >  4.45 dipping

3.87-7.71 pressure

impregnation (p.i.)

TBTO 0.41-1.35 1.32-3.60 p.i.
TBTS 0.39-1.34 > 4 .0 4  p.i.

TBTCA 0.39-1.34 1.38-3.98 p.i.

_____________ TBT-DEDTK 0.39-1.34 > 4 .0 1  p.i.

4 months TCMTB >  4.72 dipping

3.84-7.53 p.i.

TBTO 0.39-1.35 1.31-4.00 p.i.
TBTS 0.39-1.34 >  3.96 p.i.

TBTCA 0.40-1.30 >  4.14 p.i.

_______________TBT-DEDTK 1.34-3.91_______________>  4.06_________________ p i __________________

The TCM TB fungicide, compared to organotin (OTC =  TBTO, TBTS, 
TBTCA or TBT-DEDTK) fungicides, was characterized with a several times lower 
efficacy, or with several times higher toxic values against the brown-rot fungus 
Serpula lacrymans, both for unaged and aged samples.

R e i n p r e c h t  L .:  L o s s  o f  a n t i f u n g a l  a c t i v i t y  o f  s e l e c t e d  f u n g i c i d e s  2
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F ig . 1. ^he resistance of treated beechwood against the I
brown-rot fungus Serpula lacrymans decreased due to  ageing 
processes: growth of its mycelia on samples

ROT BY SERPULA LACRYMANS - BEECHWOOD TREATED BY DIPPING

AG E IN G  [m onth]

°'45 0,9 , „ - r
1'8 3,6

TC M TB  -  CO NCENTR ATIO N [%]

F ig . 2. Losses of mass (6 m f) of beechwood due to rot caused 
by the brown-rot fungus Serpula lacrymans. The wood was 
primarily treated with TCM TB by dipping, and naturally 
aged 0, 2, or 4 months.

The original resistance against rot of beechwood treated with TCMTB or OTCs 
decreased apparently due to natural ageing processes. This result is evident from 
the higher toxic values of those samples which were primarily aged (Table 1, 2 
and 3, Fig. 2, 3, 4 and 5). The external factors had on the whole a comparable 
negative effect on both groups of tested fungicides (TCMTB and OTCs), assessing 
their antifungal efficacy against the brown-rot fungus Serpula lacrymans.
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ROT BY SERPULA LACRYMANS - BEECHWOOD TREATED BY PRESSURE IMPREGNATION

40 ; " — -------------------

5  / 2  AGEING [month]

1'8 3,6
TCMTB - CONCENTRATION [%]

F ig . 3. Losses of mass (Sm p) of beechwood due to  rot caused 
by the brown-rot fungus Serpula lacrymans. The wood was 
primarily treated with TCM TB by pressure impregnation, and 
naturally aged 0, 2, or 4 months.

ROT BY SERPULA LACRYMANS - BEECHWOOD TREATED BY PRESSURE IMPREGNATION

• ■ ' J J

OTC - CONCENTRATION [%]

F ig . 4. Losses of mass (6mp )  of beechwood due to  rot 
caused by the brown-rot fungus Serpula lacrymans. The wood 
was primarily treated with organotin compounds (OTC) by 
pressure impregnation, and naturally aged 0, 2, or 4 months.
(Note: Sm p  =  mean value determined from all tested OTC:
TBTO , TBTS, TBTCA, and TBT-DEDTK)

The toxic values of OTCs were apparently higher against the white-rot fungus 
Trametes versicolor compared to  those determined against the brown-rot fungus 
Serpula lacrymans. This result corresponds with other authors referred to  by 
Schwienfurth et al. (1991), who found that organotin compounds are more active 
against brown-rot and less active against white-rot and soft-rot fungi.
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Comparing the absolute losses of wood mass (6mp) as well as the toxic values 
(i.e. critical fungicide retentions to guarantee 6mp <  3 %), it is evident tha t 
tributyltin-N,N-diethyldithiocarbamate (TBT-DEDTK) lost antifungal activity 
earlier due to  ageing processes in comparison with other organotin compounds 
(TBTO, TBTS, TBTCA). This result corresponds with P art 1 in which TBT- 
DEDTK demonstrated the lowest antimould activity after ageing processes.

ROT BY TRAMETES VERSICOLOR - BEECHWOOD TREATED BY PRESSURE IMPREGNATION

OTC - CONCENTRATION [%]

Fig . 5. Losses of mass ( im p )  of beechwood due to rot 
caused by the white-rot fungus Trametes versicolor. The wood 
was primarily treated with organotin compounds (OTC) by 
pressure impregnation, and naturally aged 0,2, or 4 months.
(Note: 6m p  =  mean value determined from all tested OTC:
TBTO, TBTS, TBTCA, and TBT-DEDTK)

C o n c l u s io n s

Based on mycological tests with wood-destroying fungi carried out with treated 
and (un)aged beechwood samples, the following conclusions can be drawn:

The toxic values of all tested fungicides (TCMTB and OTCs =  TBTO, TBTS, 
TBTCA, TBT-DEDTK) significantly increased due to natural ageing processes in 
intervals of 0 to 4 months.
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Mean toxic values of fungicides against wood-destroying fungi [kg.m-3 ]

“ Pressure impregnation" TCMTB OTCs
Serpula lacrymans

unaged -  0 month < 2 .1 3  <  0.41

aged -  2 months 3.87-7.71 0.41-1.35

aged -  4 months 3.84-7.53 0.40-3.91
Trametes versicolor

unaged -  0 month —  0.40-1.34

aged- 2  months —  1.32 >  4.04

aged -  4 months —  1.31 >  4.14

The TCM TB fungicide was characterized as slightly more stable under natural 
exposures in comparison with the organotin compounds (OTCs) TBTO, TBTS 
and TBTCA.

On the other hand, the tributyltin-N,N-diethyldithiocarbamate (TBT-DEDTK) 
was the most weather unstable fungicide.

The OTCs were less effective against the white-rot fungus Trametes versicolor, 
and also against moulds (Part 1), comparing their efficacy against the brown-rot 
fungus Serpula lacrymans.
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