
J Wood Sci (2000) 46:154-158 �9 The Japan Wood Research Society 2000 

Kunio Tsunoda 

Gaseous treatment with allyl isothiocyanate to control established microbial 
infestation on wood 

Received: February 4, 1999 / Accepted: June 30, 1999 

Abstract Applicability of gaseous treatment with allyl 
isothiocyanate (AIT) was evaluated for controlling the es- 
tablished microbial infestation of wood in the laboratory. 
Small sapwood specimens from five wood species measur- 
ing 20ram (T) • 20mm (R) • 10mm (L) were first 
preincubated on 2% malt-agar medium with placing them 
on a fully grown monoculture of seven test fungi. After 
7 weeks of preincubation they were transferred to fresh 
medium and exposed to AIT fumigant at concentrations of 
2360 and 23600ppm AIT in the air of a petri dish to deter- 
mine threshold values of exposure periods for each test 
fungus. The 2360ppm concentration was not effective for 
PeniciIlium funicuIosum, Gliocladium virens, or Rhizopus 
stoIonifer for any of the wood species-exposure period com- 
binations. Those test fungi could grow even at 23600ppm 
after 48h exposure when Cryptomeria japonica and Fagus 
crenata were used as wood substrate. Growth of other test 
fungi was inhibited at 2360ppm with a few exceptions in the 
case of Aspergillus niger. The required periods of exposure 
to suppress microbial regrowth were different with wood 
species-test fungi combinations. As two wood-decaying 
basidiomycetes, Trametes versicolor and Fornitopsis paIu- 
stris, were easily controlled at 2360 ppm after 24 h exposure 
regardless of wood species, AIT treatment proved appli- 
cable to the control of internal decay of utility poles and 
other relevant products in service. 
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when applied with a preventive gaseous trea~men~.~ Further 
work, however, was needed to demonstrate applicability of 
AIT to eradication of microorganisms colonizing wood and 
inhibition of further microbial infestation in utility poles 
and posts. 

Gaseous treatment has been commercially carried out to 
inhibit internal decay of utility poles in service, and a few 
fumigants were tested for their potential in practical use) A 
few fumigants such as methylisothiocyanate, trichlorom- 
tromethane, and sodium N-methyldithiocarbamate have 
already been evaluated for their applicability as a remedial 
treatment for controlling internal decay of poles. 35 The 
effect of these fumigants was mainly tested on Douglas fir 
and southern yellow pine in the United States) 9 and 
only a few papers were concerned with other wood 
species. 1~ Nineteen decay fungi were isolated from preser- 
vative-treated Douglas fir transmission poles installed in 
the northeastern United States. Of those. Poria carbonica 
Overh. and Poria placenta (Fr.) Cke. were mos~ fie- 
quently isolated) 4 and they were often used in the subse- 
quent tests. 

Present investigations were designed to determine the 
comparative tolerance of selected wood-inhabiting micro- 
organisms to AIT fumigant using small wood blocks under 
laboratory conditions. Threshold exposure periods at dew 
sired concentrations of AIT were also determined with the 
test organisms. 

Introduction 

Allyl isothiocyanate (AIT) previously proved to be effec- 
tive in controlling microbial growth on wood substrate 
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Materials and methods 

Wood specimens 

Sapwood specimens were prepared from five wood species 
in dimensions of 20ram (T) • 20mm (R) • 10mm (L). 
Wood species tested were Fagus crenata Blume, Crypto- 
meria japonica D. Don, Pinus densiflora Sieb. et Zucc.  
Pseudotsuga menziesii (Mirb.) Franco, and Picea jezoensis 
Carr. var. hodoensis Rehd. 



Test fungi 

Seven test fungi were selected from those commonly used in 
Japanese standardized tests: two decaying fungi [Trametes 
versicolor (L.: Fr.) Pilat (FFPRI 1030)and Fomitopsis 
palustris (Berk. et Curt.) Gilbn. & Ryn. (FFPR10507)]; one 
sapstaining fungus [Aureobasidium pullulans (de Bary) 
Arnaud (IFO 6353)]; and four molds [Aspergillus niger van 
Tieghem (IFO 6341), Penicillium funiculosurn Thorn (IFO 
6345), Gliocladium virens Miller, Giddens & Foster (IFO 
6355), and Rhizopus stolonifer (Ehrenberg: Fries) Vui- 
llemin SN 32 (IFO 31005)]. 

Preincubation 

A monoculture of the test fungus was inoculated on 2% 
malt agar medium in a petri dish (8.9cm diameter and 
2.0cm height); it was incubated at 26 ~ _+ 2~ and over 85% 
relative humidity (RH) for 1-2 weeks until a mycelial mat 
thoroughly covered the medium. Five specimens of each 
wood species were then placed on the mycelial mat in a 
petri dish, and the assembled units were incubated for 7 
weeks so fungal growth was well developed over the 
specimens. 

Exposure of fungus-infected wood specimens to 
gaseous AIT 

After preincubation, a set of five specimens infected with a 
monoculture was transferred onto a fresh medium with a 
3 cm 2 Toyo filter paper no. 2 containing 100~1 of AIT  solu- 
tion. The filter paper was taped to the inside of a petri dish 
lid as a volatile AIT  source. The assembled units were 
sealed with vinyl tape to maintain the AIT concentration 
unchanged during exposure periods. Treatment stock solu- 
tions were prepared from Wasaohro, commercially avail- 
able synthetic AIT  1 with corn oil to supply the desired 
fumigant concentrations of 2360 and 23 600ppm in the air of 
a petri dish during exposure periods (2-168h). Exposure 
periods were selected from 2, 4, 6, 8, 12, 24, 48, 72, 96, 120, 
144, and 168h based on combinations of fungal species 
wood species AIT concentrations. The test concentrations 
were measured as previously described. 1 

155 

specimens that contributed to fungal regrowth around 
them: 

Protection (%) = [(5 - number of wood specimens with 
fungal regrowth)/5] • 100 

Results and discussion 

Relative tolerance of test fungi to fumigant treatment 
with AIT 

The first experiments were conducted at 2360ppm. The 
regrowth of two decay fungi, F. palustris and T. versicolor, 
was readily suppressed after a short exposure time (2-24h) 
regardless of wood species. A sapstaining fungus, A. 
pullulans, similarly tended to sustain serious damage after a 
short fumigant treatment with AIT (2-24 h). These results 
strongly support the potential of AIT as a fungistatic fumi- 
gant agent for remedial treatment of poles and piles, al- 
though the residual effect of AIT  is unknown. Residual 
protection, which is dependent on the volatile elements 
remaining in the treated wood, is advantageous to mainte- 
nance of the treated wood poles and piles because it pro- 
vides a longer retreatment cycle. 6 

Four mold fungi proved to be more tolerant to AIT 
vapor than others. Table 1 shows the durations needed for 
fungal regrowth when fungus-infected wood specimens 
were exposed to AIT vapor for 24h. This fumigant treat- 
ment did not succeed in inhibiting growth of the molds 
(P. funiculosum, G. virens, R. stolon@r), and the molds 
restarted growing on the 2% malt agar around wood speci- 
mens within a week. A higher concentration of 23 600ppm 
was therefore applied to the three molds in the subsequent 
tests. A. niger was more tolerant than wood-decaying ba- 
sidiomycetes and started growing during the second week of 
incubation. 

Effect of exposure periods and wood species on 
fungal regrowth 

Percentage protection was calculated from the data on how 
many wood specimens of five replicates contributed to fun- 

Incubation and inspection 

A set of five fungus-infected wood specimens were placed 
on fresh 2% malt agar medium in a petri dish after exposure 
to vaporized AIT and incubated at 26 ~ _+ 2~ and over 85% 
R H  for 5 weeks. Thus, five replicates were prepared for 
each wood species fungal species treatment concentration 
exposure period. Fungal growth around the wood speci- 
mens was inspected weekly to determine threshold expo- 
sure periods needed for fungal eradication on the basis of 
fungal regrowth. 

Effectiveness of gaseous AIT treatment was expressed as 
percentage protection calculated from the number of wood 

Table 1. Time (wk) required for fungal regrowth after 24h exposure to 
2360 ppm AIT 

Wood species Test fung? 

A.n P.f G.v R.s A.p T.v F.p 

Fagus erenata 2 1 1 1 >5 >5 >5 
Cryptomeria japonica 2 1 1 1 >5 >5 >5 
Pseudotsuga menziesii 2 1 1 1 >5 >5 >5 
Pinus densiflora 2 1 1 1 >5 >5 >5 
Picea jezoensis 2 1 1 1 >5 >5 >5 

A.n, Aspergillus niger; P.~ Penicilliurn funiculosum; G.v, Gliocladium 
virens; R.s, Rhizopus stolonifer; A.p, Aureobasidium pullulans; T.v, 
Trametes versieolor; Fp, Fornitopsis palustris 
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Table 2. Percentage protection after desired exposure periods to 
2360ppm AIT vapor (F. crenata) 

Exposure period (h) Protection (%), by weeks of incubation 

Table 4. Percentage protection after desired exposure periods :~o 
2360ppm AIT vapor (P. menziesii) 

Exposure period (h) Protection (%), by weeks of incubation 

1 2 3 4 5 1 2 3 4 5 

A. niger 
12 0 0 0 0 
24 100 0 0 0 
48,72 100 0 0 0 
96 100 20 0 0 
120,144,168 100 100 100 100 

A. pullulans 
2 10 100 40 0 
4 100 100 20 0 
6 100 100 100 100 

versicolor 
2 0 0 0 0 
4,6,8,12,24 100 100 100 100 

F. palustr& 
2 0 0 0 0 
4 40 0 0 0 
6 20 0 0 0 
8 100 80 0 0 

12 20 0 0 0 
24,48 100 100 100 100 

A. niger 
0 8,12,24,48,96,120 100 0 0 0 0 

0 A. pullulans 
0 2 100 80 80 40 40 
0 4,6,8,12,24,48 100 100 100 100 100 

100 
T. versicolor 

8 40 0 0 0 0 
0 12 80 20 20 20 20 
0 24,48 100 100 100 100 100 

100 
F. palustris 

8 100 100 6O 0 0 
0 12 100 60 0 0 0 

100 24,48 100 100 100 100 100 

0 
0 
0 
0 Table S. Percentage protection after desired exposure periods to 
0 

100 2360ppm AIT vapor (P. densiflora) 

Exposure period (h) Protection (%), by weeks Of 
incubation 

Table 3. Percentage protection after desired exposure periods to 
2360ppm AIT vapor (C. japonica) 

Exposure period (h) Protection (%), by weeks of incubation 

1 2 3 4 

A. niger 
2,4,6,8,12 0 0 0 0 
24,48,72 100 0 0 0 
96,120,144,168 100 100 100 100 

A. puHu~ns 
2 100 40 0 0 
4 100 60 0 0 
6,8 100 40 0 0 
12 100 20 0 0 
24,48 100 100 100 100 

T ve~icolor 
2 100 0 0 0 
4 100 80 20 0 
6,8 100 100 100 100 
12,48 100 100 100 100 

K palustris 
2 0 0 0 0 
4,6,8,12 100 0 0 0 
24,48 100 100 100 100 

1 2 3 4 5 

A. niger 
4,6,8,12,24,48,72,96,120 100 0 0 0 0 

A. pullulans 
4 100 100 4O 0 0 

5 8 100 100 100 40 0 
12 100 100 [00 60 20 
24 100 100 100 100 tO0 

0 
T. versicolor 0 

4 100 100 0 0 0 100 
8,12,24 100 100 100 100 [00 

0 F. palustris 
4 100 0 0 0 0 0 
8 100 0 0 0 0 0 
12 100 20 0 0 0 0 24 lO0 100 !00 100 100 

100 

0 
0 
0 

100 

0 
0 

100 

gal regrowth after exposure to 2360ppm A I T  vapor. Results 
for each wood species and four test fungi (A. niger, 
A.  pul lulans,  7". versicolor,  F. palustris)  are shown in 
Tables 2-6. A longer exposure resulted in bet ter  protect ion 
in most cases as expected, whereas a shorter exposure could 
not inhibit fungal regrowth after prolonged incubation 

periods. 
Regrowth  of A. pul lu lans  was readily prohibi ted for the 

5-week incubation period after fumigant treatments of less 

than 24h in any wood species. A. niger did not have sup- 
pressed regrowth even after 120h exposure to A I T  vapor in 

the presence of P. menziesi i ,  P. densiflora, and P. jezoensis;  
and no effect of the exposure period was noted in the 

former  two wood species over a range of 4-120h. For  P. 
]ezoensis  a longer exposure seemed to produce bet ter  pro- 
tection, although the fungus finally started regrowing within 
3 weeks of incubation. On the other  hand, regrowth of the 
fungus was well controlled in F. crenata and C. japonica 
after 96-120h and 72-96h exposure to A I T  fumigant, 
respectively. 

Persistence of A I T  vapor varied with exposure period 
for F. paIustris,  and 24h of exposure could always ensure 
perfect protect ion after 5 weeks of incubation in any wood 
species. The other  decay fungus, T. versicolor,  seemed less 
tolerant to A I T  vapor and could not regrow after 2-24 h of 
exposure. 



Table 6. Percentage protection after desired exposure periods to 
2360ppm AIT vapor (P. jezoensis) 

Exposure period (h) Protection (%), by weeks of incubation 

1 2 3 4 5 

A. niger 
8,12,24 100 0 0 0 0 
48 100 40 0 0 0 
72 100 0 0 0 0 
96 i00 0 0 0 0 
120 100 100 40 0 0 

A. pullu~ns 
2 80 40 0 0 0 
4 100 100 80 80 80 
6,8,12,24 100 100 100 100 100 

Z versicolor 
8 100 6O 0 0 0 
12 100 80 60 60 60 
24,48 100 100 100 100 100 

F. palustr~ 
8 100 40 0 0 0 
12 100 60 0 0 0 
24,48 100 100 100 100 100 

Table 7. Percentage protection after desired exposure periods to 
23600ppm AIT vapor (F. crenata) 

Exposure period (h) Protection (%), by weeks of incubation 

1 2 3 4 5 

P. funiculosum 
8 40 0 0 0 0 
12 60 0 0 0 0 
24 0 0 0 0 0 
48 60 0 0 0 0 

G. virens 
8,12,24,48 0 0 0 0 0 

R. stolonifer 
8 0 0 0 0 0 
12 60 0 0 0 0 
24,48 0 0 0 0 0 

Table 8. Percentage protection after desired exposure periods to 
23 600ppm AIT vapor (C. japonica) 

Exposure period (h) Protection (%), by weeks of incubation 

1 2 3 4 5 

P. funiculosurn 
8 0 0 0 0 0 
12 100 100 20 0 0 
24,48 0 0 0 0 0 

G. virens 
8 0 0 0 0 0 

12,24 100 0 0 0 0 
48 0 0 0 0 0 

R. stolonifer 
8,12,24,48 0 0 0 0 0 
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Table 9. Percentage protection after desired exposure periods to 
23 600 ppm AIT vapor (P. menziesii) 

Exposure period (h) Protection (%), by weeks of incubation 

1 2 3 4 5 

P. funiculosum 
8 100 100 40 0 0 
12 100 100 100 80 80 
24 100 100 40 40 40 
48 100 100 100 100 100 

G. virens 
8,12 100 0 0 0 0 
24,48 10 100 100 100 100 

R. stolonifer 
8 100 100 60 0 0 
12,48 100 100 100 100 100 

Table 10. Percentage protection after desired exposure periods to 
23 600ppm AIT vapor (P. densiflora) 

Exposure period (h) Protection (%), by weeks of incubation 

1 2 3 4 5 

P. funiculosum 
8 100 60 0 0 0 
12 100 100 100 100 100 
24 100 80 40 0 0 
48 100 100 100 100 100 

G. virens 
8 100 100 100 100 0 
12 i00 100 0 0 0 
24,48 100 100 100 100 100 

R. stolonifer 
8,12,24,48 0 0 0 0 0 

Table 11. Percentage protection after desired exposure periods to 
23 600 ppm AIT vapor (P. jezoensis) 

Exposure period (h) Protection (%), by weeks of incubation 

1 2 3 4 5 

P. funiculosum 
8 100 100 40 40 0 
12,24,48 100 100 100 100 100 

G. virens 
8 i00 0 0 0 0 
12 100 20 0 0 0 
24 100 0 0 0 0 
48 100 100 100 100 100 

R. stolonifer 
8,12 0 0 0 0 0 
24,48 100 100 100 100 100 

A 10-fold  h i g h e r  c o n c e n t r a t i o n  (23 6 0 0 p p m )  of  A I T  fu- 

m i g a n t  was  a p p l i e d  to t he  r e m a i n i n g  t h r e e  t o l e r a n t  m o l d s  

us ing  e a c h  w o o d  spec ies  fo r  8 - 4 8 h  of  e x p o s u r e  b y  t he  s a m e  

m e t h o d ,  b e c a u s e  a 2 3 6 0 p p m  a p p l i c a t i o n  fa i l ed  to c o n t r o l  

r e g r o w t h  e v e n  a f t e r  1 6 8 h  of  e x p o s u r e .  T h e  ef fec t  of  t he  

w o o d  spec ies  was  p r o m i n e n t  for  t h e s e  mo lds ,  as s h o w n  in 

T a b l e s  7-11.  R e g r o w t h  of  t h e  m o l d s  was  n o t  i n h i b i t e d  e v e n  
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Table 12. Threshold values of exposure period a 

Wood species A. niger A. pullulans P. funiculosum G. virens R. stolonifer T. versicolor F. palusrris 

F. crenam 96-120 4-6 >48 >48 >48 2-4 12-24 
C. japonica 72-96 12-24 >48 >48 >48 8-12 12-24 
P. rnenziesii >120 2-4 24-48 12-24 8-12 12-24 12-24 
P. densiflora >120 12-24 24-48 12-24 >48 4-8 12-24 
P. jezoensis >120 4-6 8-12 24-48 12-24 12-24 12-24 

Results are given in hours 
Applied treatment concentrations of AIT: 2360 ppm for A. niger, A. pulluIans, T. versicolor, and F. palustris; and 23 600 ppm for P. funiculosum, 

G. virens, and R. stolonifer 

after the longest exposure (48h) to 23 600ppm AfT vapor in 
F. crenata and C. japonica, whereas such fungal regrowth 
was completely depressed in P. menziesii and P. jezoensis. 
P. densiflora indicated an intermediate tendency of these 
two groups; that is, R. stolonifer regrew and two others did 
not grow after exposure to a high level of AIT fumigant. 
Threshold values of the exposure period for test fungi are 
shown in Table 12 when a concentration of 2360ppm AIT 
was used for four fungi (A. niger, A. puIlulans, T. versicolor, 
F. palustris) and 23600ppm for the remaining three fungi 
(P. funiculosurn, G. virens, R. stolonifer). 

No correlation was remarkable between fungal regrowth 
and wood species, although in general fungi belonging to 
Fungi Imperfecti (A. niger, P. funiculosum, G. virens) and a 
zygomycete (R. stolonifer) were more tolerant than wood- 
decaying basidiomycetes. In contrast, one of the Fungi 
Imperfecti, A. pullulans, proved to be less tolerant to AIT 
fumigant than the other test fungi in the present study. 
Some factors may be involved in the tolerance of fungi to 
AIT fumigant treatment: permeability of AIT vapor into 
wood, structural characteristics of fungal cells, and affinity 
of AIT to mycelial mat, among others. Nothing, however, is 
known to account for such discrepancy in tolerance among 
combinations of wood and fungal species. 

Conclusions 

In situ treatment of poles, piles, and large wooden structural 
members is important to extend their service lives. AIT 
proved effective in controlling microbial regrowth when 
the chemical was applied to previously fungus-infected 
wood specimens as a fumigant for 2-24h. The results sug- 
gested a potential use for AIT in gaseous treatment of 
wood in service as existing commercial products containing 
methylisothiocyanate or sodium N-methyldithiocarbamate, 
registered with the US Environmental Protection Agency 
for application to wood. ~ As the interactions between AIT 
and wood remain unclear, further investigations should be 

conducted to understand the mechanism of gaseous treat- 
ment of wood and to determine the effectiveness of AIT as 
a fumigant. 

References 

1. Tsunoda K (]994) Effect of gaseous treatment with allyl 
isothiocyanate on the control of microbial growth on a wood sub- 
strate. J Antibact Antifung Agents 22:145-148 

2. Morrell JJ, Corden ME (1986) Controlling wood deterioration 
with fumigants: a review. For Prod J 36(10):26-34 

3. Cordon ME, Morrell JJ, Graham RD (1988) Fumigant protection 
of untreated Douglas-fir posts. Holzforschung 42:I27-130 

4. Zahora AR, Morrell JJ (1989) Diffusion and sorption of the fumi- 
gant methylisothiocyanate in Douglas-fir wood. Wood Fiber 
21(1):55-66 

5. Morrell JJ, Newbill MA, Sexton CM (1992) Remedia] treatment of 
Douglas-fir and southern pine poles with methylisothiocyanate. 
For Prod J 42(10):47-54 

6. Helsing GG, Morrell J, Graham RD (1984) Evaluations of fumi- 
gants for control of internal decay in pressure-treated Douglas-fir 
poles and piles. Holzforschung 38:277-280 

7. Zahora AR, Morrell JJ (1988) A note on the sensitivity of a 
closed-tube bioassay to volatile methylisothiocyanate residues in 
fumigant-treated wood. Wood Fiber Sci 20:91-96 

8. Zahora AR, Morrell JJ (1989) The influence of wood moisture 
content on the fungitoxicity of methylisothiocyanate in Douglas-fir 
heartwood. Wood Fiber Sci 21:343-353 

9. Morrell JJ, Zahora AR, Corden ME, Newbil /MA (1990) Perfor- 
mance of gelatin-encapsulated methylisothiocyanate in Douglas-fir 
poles. For Prod J 40(7/8):37-40 

10. Scheffer TC, Inwards R; Graham RD (1982) Movement and per- 
sistence of chloropicrin fumigant in western redcedar p01esl For 
Prod J 32(5):33-36 

11. Morrell JJ, Scheffer TC (1985) Persistence of chtoropicrin in west- 
ern red cedar poles. For Prod J 35(6):63-67 

12. Morrell JJ, Corden ME, Zahora AW, Giron MY (1986) Applica- 
tion of fumigants to control decay fungi that colonize Scots pine, 
eucalyptus, apitong, and tangile. Mat Org 21:265-271 

13. Sexton CM, Morrell JJ, Giron MY (1990) Survival of selected 
wood-inhabiting fungi in tangile after exposure tO chloropicrin or 
methylisothiocyanate. Mat Org 25:115-121 

14. Zabel RA, Kenderes AM, Lombard FF (1980) Fungi associated 
with decay in treated Douglas-fir transmission poles in the north- 
eastern United States. For Prod J 30(4):51-56 


