
ABSTRACT 

Improved Fumigants 

After 13 years, chloropicrin, methylisothiocyanate (MIT), Vapam, and 

Vorlex continue to effectively control internal decay of pressure-treated 

Douglas-fir transmission poles. The estimated retreating schedules for 

application of these fumigants to treated wood may be as long as 10 years 

for Vapam and 15 years for the others. The close-tube bioassay, developed 

'-4 uring this research, has proven to be an effective method for determining - the persistence of these fumigants In wood and should help in determining 
when fumigant-treated poles should .be retreated. 

The use of gelatin to encapsulate MIT for wood treatment was ideal 

because the capsules did not react with MIT, were MIT impermeable when dry, 

permitting prolonged storage without significant fumigant loss, and 

readily released MIT when moistened in the wood. \ a 
Although release of encapsulated MIT in the wood was enhanced by small 

amounts of water, excess moisture appeared to hinder MIT diffusion into 

wood. Assays of Vapam treated wood show that the amount of MIT released by 

breakdown of Vapam is significantly lower than the expected theoretical 

yield from this fumigant. Encapsulated MIT reduced the decay fungus popu- 

lation in poles in service more effectively than applications of Vapam. 

The effectiveness of a fumigant in controlling decay may be expressed 

as the product of the fumigant concentration ( C )  and the time (T) the decay 

fungus is exposed to the fumigant before it succumbs. A higher value 

indicates a less effective treatment. In wood, the CT value obtained for 

MIT was two times greater at 20% wood moisture content (MC) than at 40 and 

75% MC. Although MIT was least effective at 20% MC, there was more MIT 



bound to the wood than at the higher moisture levels. This suggests that 

the MIT bound to the wood structure may be less effective against decay 

fungi than the MIT in the air and water in the wood. Although the effec- 

tiveness of MIT varied with the wood MC, it was nevertheless still very 

fungitoxic over a broad range of moisture levels. 

In chloropicrin treated wood, inhibition of invasion by decay fungi 

was indicated by the lysis and vacuolation of the fungal hyphae in the 

wood. Chloropicrin appears to hydrogen bond to YqQd & a y  form covalent 

bonds with phenolic wood extractives and lignin, possibly increasing the 

persistence of the t r  

Lontroung aecay of cedar sapwood 

8 - T ~ I  waterborne fun 

rs being tested b a r  pble sections at an O.S.U.  test site as I 
potential substitutes for 

used. The effective1 

e pentachlor~phenol in oil treatment currently 

F 
C treatments will be evaluated later this 

year using the Asp~.qgillus bioassay and a modified soil block test. The 

most effective treatments then will be tested on poles in service. 

Bolt-hole protection 4 
Later this year cores will be removed from the coxrol bolt holes to 

evaluate the extent of natural fungal colonization. If a suffica-~t level 

of colonization has occurred, the effectiveness of the various chemical 

treatments in preventing decay in field-drilled,bolt holes in,Dquglas-fir 
7 

poles will be evaluated. 

Detecting -- decay and esti-ting residual strength - in poles 

A serological technique for rapid detection of decay fungi was found 

to cross react with non-decay fungi and thus lacked the necessary specificity 



iii 

for identifying decay fungi in wood. Additional work is needed to purify 

the preparations to render them more specific to decay fungi. 

Measurements of modulus of rupture (MOR), modulus of elasticity (MOE), 

work to maximum load, specific gravity, radial compression strength (RCS), 

and Pilodyn pin penetration of souud appearing W Q Q ~  containing decay fungi 

were not significantly different from the corresponding values for wood 

from which no decay fungi were isolated. However, tests of poles with more 

advanced decay did show significant reductions in wood strength properties. 

Specific gravity alone was not a good predictor of bending strength of wood 

from decayed poles, but the use of both specific gravity and RCS tests 

significantly improved the ability to predict the bending strength of these 

wood samples. 

Decay'of - Douglas-fir poles prior - to pressure treatment 

The continued study of the fungal infestation of poles during air 

seasoning has demonstrated that there is a significant buildup of Poria 

carbonica, the major pole decay fungus, with time. In general, as air 

seasoning time increased, decay fungi infested more poles and occupied more 

wood within each pole. Sampling of freshly cut poles in the forest this 

past year showed that some contained potential decay fungi prior to 

reaching the pole yard. Frequent isolation of decay fungus monokaryons 

throughout the air seasoning period suggests that spores of these fungi 

were infesting the poles at a relatively - constant rate. The ability of the 

basidiomycetes isolated from these pol&'t6 r?duce wood strength will be 

evaluated in rapid _tests,for Koughness & impact breaking and changes in 
- 1  7 

I 

the breaking radius of &uglas-fir test sticks. 



germination of l-~idiospores of - P. carbonica was studied on 

culture mdium and laboratory techniques are being developed to follow 

germination on a wood surface under varying environmental conditions to 

further illucidate their role in the infestation of seasoning wood. 

Exposure of sterilized pole sections at four Pacific Northwest a i r  

seasoning sites for successive 31nonth periods has been continued. The 

dramatic increase in infection during Nov.-Jan. '81 at all locations 

except Arlington WA, did not reoccur in that same time period during 

1982. There was, how-, a htinuing low level of infection at all 

sites during the year with a slight peak of infection in May-June '82 in 
" C 

Arlington WA. The results of these fees h e  currently being computer 

analyzed to more effectively study the patterns of fungal invasion of 

wood as influenced by environmental factors. 
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OBJECTIVE I 

DEVELOP SAFE AND ENVIRONMENTALLY ACCEPTABLE FUMIGANT 
TREATMENTS TO CONTROL INTERNAL DECAY OF DOUGLAS-FIR 

POLES AT AND ABOVE THE GROUNDLINE 

PREVIOUS ONGOING AND RELATED RESEARCH ON WOOD IN SERVICE 

The evaluation of fumigants (Table 1) placed in decaying pressure- 

treated Douglas-fir transmission poles in 1969 through 1977 is being con- 

tinued. Results of this ongoing research and related research on Douglas- 

fir piles is presented as background information for the development of 

improved fumigant treatments for the future. 

Douglas-fir poles treated in 1969 with chloropicrin, Vapam or Vorlex. 

Forty pressure-treated poles from 18 to 24 m long with internal decay 

and located in a pole line near Corvallis, Oregon, were randomly assigned . 

to five test groups. No fumigants were applied to one control group. 

Poles in the other groups were treated with 1 liter of chloropicrin, Vapam 

or Vorlex distributed among four holes near the groundline and three holes 

1 m above the groundline. The 2-cm diameter holes were plugged with treated 

dowels. A laminated paper-polyethylene film wrap applied to poles after 

treatment deterioriated within 1 to 2 years. One group of Vapam-treated 

poles and the controls were not wrapped. 

To evaluate effectiveness of the treatments, three cores equally 

spaced around each pole starting near the widest check were removed at 

-0.3, 0, 0.6, and 1.2 m from the groundline and cultured for decay fungi. 

Three additional cores were removed at 0, 1.2, 1.8, and 2.4, m above the 

groundline to determine distribution of residual fumigant by the closed- 

tube bioassay. 



TABLE 1 

CJ~@~MICALS TESTED FOR FUMIGANT ACTION AGAINST 
DECAY FUNGI IN WOOD 

DESIGNATION SOURCE AND TRADE NAME ACTIVE INGREDIENT 

Ally1 alcohol Eastman Kodak Co. EK-518 

Chloropicrin Dow Chemical Co . 
MIT NOR-AM Agricultural Products 

Vapam 

Vorlex 

Stauffer Chemical Co. 

. m-&! Agricultural Products 

ally1 alcohol 

Trichloronitromethane 

96% methylisothiocyanate 

32% sodium N-methyl 
di thiocarbamat e 

20% methylisothiocyanate 
80X chlorinated Cg 
hydrocarbons 

Thirteen years after application, chloropicrin and Vorlex continue to 

be the most effective fumigants for co~trolling decay fungi (Table 2, and 

Figure 1). During the 13 years decay fungi have been cultured from three 

of the eight poles treated with chloropicrin, two of the eight poles 

treated with Vorlex, and 14 of the 16 poles treated with Vapam. 

Chloropicrin vapors have been the most persistant of the' three fumi- 

gants at various depths from the surface and as high as 2.4 m (8 feet) 

above the groundline (Table 3). A marked decrease in vapor concentrations, 

as measured by the increased growth of the assay fungus in the closed-tube 

bioassay, occurred within 5 to 7 years for Vapam, 10 to 11 years for Vorlex 

and 12 to 13 years for chloropicrin (Table 4). The marked decrease in 

vapm carlcrs-irati6f.B coincides with fungal buildup in Vapm-and Vorlex- 

treated poles. The closed-tube bioassay may prove to be a guide for 

retreatment of poles. 

A retreating cycle of 10 yeazs wigh V~pam and 15 o_r mqre years with 

the more persistent chloropicrin and Vorlex appears reasonable. 



Douglas-fir poles treated in 1977 with alcohol, methylisothiocyanate --- 
or Vorlex. 
.- - 

Methylisothiocyanate (MIT) and ally1 alcohol, were effective in 

controlling decay fungi in our laboratory test for fumigants, and were com- 

pared with Vorlex in poles in seivice. For the comparisons, internally 

decaying poles pressure-treated with pentachlorophenol in heavy oil were 

selected by removing three cores equally spaced around the poles at -0.3, 

fungi. Because of the prevalence of decay fungi at 1.2 m, cores also were 

removed at 1.8 and 2.4 m for culturing. 

TABLE 2 

EFFECTIVENESS OF FUMIGANTS IN 
DOUGLAS-FIR POLES TREATED IN 1969 

NUMBER OF POLES WITH DECAY  FUNGI^ 
VAJ?AM VORLEX CBLOROPICRI~ 

YEAR m g ' P e D  WRAPPED UNWUPPED WRAPPED WRAPPED 

1968 8 8 8 8 8 
1969 POLES TREATED WITH FUMIGANT 
1970 8 .  4 4 0 1 
1971 8 1 1 0 0 
1972 8 0 1 0 0 
1973 8 0 0 0 0 
1974 7 4 7 47 o7 l6 
1975 7 1 0 0 0 
1976 5 2 3 1 0 
1977 5 2 1 0 0 
1978 5 3 2 0 0 
1979 5 3 2 0 1 
1980 5 1 3 2 0 
1981 3 2 2 6 1 0 
1982 2 2 2 1 0 

lAll poles contained decay fungi before the fumigants were 
applied. The superscripts denote the number of poles 
remaining in test; the missing poles were inadvertently 
removed from service. 



TRANSMISSION POLES 
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' YEARS SINCE TREATMENT 

Figure 1. Changes i n  the  population of decay 
fungi  i n  i n t e r n a l l y  decaying pressure- 
t r e a t e d  Douglas-fir poles t r ea ted  with 
fumigants. Each value is based on 12 
cores removed each year times the 
number of poles i n  test (Table 1). 
Decreasing fungal population i n  
unt rea ted  poles r e f l e c t s  the  decreasing 
amount of undecayed wood from which 
decay fungi  can be cul tured as w e l l  a s  
the  small number of poles i n  test. 



TABLE 3 

RESIDUAL FUMIGANT VAPORS IN PRESSURE-PENTACHLOROPHENOL-TREATED 
DOUGLA!FFIB POLES THIRTEEN YEARS AFTER APPLICATION 

METERS SEGMENT 
ABOVE LOCATION AVERAGE GROWTH OF ASSAY FUNGUS, (m) l 
GROUND FROM S W A C E  NO FUMIGANT VAPAM V O W X  CHLOROPICRIN 

(cm) 
2.4 0-2 5 20 12 16 9 

5.1-7.6 24 16 i5 2 

A J.2 5- f i  18 21 . 17 7 

CONTROL (NO WOOD) 

1~ core was removed at each height from eight poles. A 2.5-cm long 
segment of the core was sealed in a test tube below the agar slant 
which had been inoculated with Poria placenta. Suppressed growth 
of &placenta compared to poles with no fumigant or to tubes with 
no wood indicates the presence of fungitoxic vapors. The lower the 
number the higher the concentration of vapors in the closed-tube 
bioassay. 

2~verage growth in 11 tubes. 



TABLE 4 

RESIDUAL FUMIGANT VAPORS IN DOUGLAS-FIR TRANSMISSION POLES 
AT VARIOUS YEARS AFTER APPLICATION OF FUMIGANTS 

METERS 
AVERAGE GROWTH OF ASSAY FUNGUS, (mm) FOR PEARS SHOWN~ 

ABOVE NO FUMIGANT VAPAM VORLEX CHLOROP ICRIN 
GROUND 10 12 13 5 7 13 10 11 13 10 12 13 

Reduced growth denotes presence of fungitoxic fumigant vapors. 

The poles were randomly assigned to groups for treatment with 1 pint 

of fumigant which was distributed between four holes. MIT was rpelted.for 

pouring into the holes but not all of the chemical could be applied because 

it solidified too rapidly in the wood. We estimate that the amounts of MIT 

per pole may be as little as 112 pint. Annually thereafter three cores 

equally spaced aroun_d cash pole were removed at each of five levels aqd the 

cores were cultured to detect decay fungi. Additional cores were tested 

for residual fumigant vapor by the closed-tube bioassay. During 1980, 

three or four poles per test group were deleted from the test because they 

were inadvertently treated with Vapam by a coagsercial applicator. 

Five years after application of the fumigant, the MIT formulations 

including Vorlex, were controlling decay fungi but ally1 alcohol was inef- 

fective (Table 5, Figure 2). MIT was distributed most uniformly through 

the poles and produced the most persistent fungitoxic vapors (Table 6). 

- 



TABLE 5 

EFFECTIVENESS OF FUMIGANTS 
IN DOUGLAS-FIR POLES 

TREATED I N  1977 

NUMBER OF POLES WITH DECAY FUNGI1 
ALLYL METHYLISOTHIOCYANATE 

YEAR UNTREATED ALCOHOL VORLEX 20%" 100% 

lpoles  were t r ea ted  with fumigants i n  1977, and annually the rea f te r  
th ree  cores were removed a t  f i v e  heights  from the groundline and 
cultured f o r  fungi. Superscript  denotes poles remaining i n  test 
s ince  1981. Others were inadvertantly t r ea ted  with Vapam by a com- 
mercial applicator .  

2 ~ n  d i e s e l  o i l .  

Summer =winter  treatment of Douglas-fir po les  with fumigants. Forty- 

e igh t  poles from 21 t o  26 m long pressure-treated i n  1960 and containing 

i n t e r n a l  decay a t  various d is tances  from the groundline (Table 7)  were 

se lec ted  f o r  t h i s  t e s t .  Vapam, Vorlex and chloropicrin were applied during 

August and December of 1973 a t  0.15, 1, 2, and 3 m above the  groundline 

depending on the  height of the decay. One-half l i t e r  of fumigant was 

poured i n t o  three  2-cm diameter holes a t  0.15 m; 0.33 l i ter  w a s  applied a t  

o ther  heights. The holes were plugged with t rea ted  dowels. Less chemical 

w a s  used i n  the winter than i n  the summer because water i n  the  treatment 

holes in te r fe red  with appl ica t ion of the fumigants. The holes had been 



TABLE 6 

RESIDUAL FUMIGANT VAPORS IN 
DOUGLAS-FIR POLES 5 YEARS AF'TER APPLICATION 

1 
METERS SEGMENT AWRAGE GROWTH OF ASSAY FUNGUS, (rmn) 
ABOVE LOCATION NO  ALL^ METEIYLISOTHIOCYANATE 
GROUllJl FROM SURFACE FUMIGANT ALCOHOL VORLEX 20x2 100% , 

(cm) - 

CONTROL (NO WOOD) 

1~ core was removed at each height from four to six poles (Table 5). A 2.5-cm 
long segment of the core wao sealed in a test tube below the agar slant 
which had been inoculated with Poria placenta. Suppressed growth of P. 
placenta compared to poles with no fm&g&nnt Or DQ W Q Q ~  indicstes tha~Tungi- 
toxic vapors are present. 

2 ~ n  diesel oil 

3~verage growth in 11 tubes 

drilled in the sunmer and covered with tape but during the heavy autumn 

rains about one half of the holes filled with water which had to be 

siphoned ~ u t  h.&me th, fumigants could be applied, 



TRANSMISSION W L E S  

0 NO FUMIOANT 
0 ALLYL ALCOHOL 

VORLEX 
A METHYLISOTHIOCYAN ATE (20%) 
A METHYLISOTHIOCYANATE (100% 

YEARS SINCE TREATMENT 

Figure 2. Changes in the population of decay fungi in 
internally decaying pressure-treated 
Douglas-fir poles treated with fumigants. 
Each value is based on 15 cores removed at 
-0.3 to 2.4 m from groundline from the poles 
listed in Table 5. 



Nine years after application, all three fumigants continue to control 

decay fungi regardless of time of application (Table 8). 

Douglas-fir poles treated with different quantities of fumigant. Forty 

poles from 18 to 23 m long pressure-treated in 1965 and containing internal 

decay near the groundline were treated in 1973 by placing various quan- 

tities of Vapam, Vorlex and chloropicrin in six 2-cm diameter holes (three 

0.15 m and three 1 m above the groundline). The holes were plugged with 

treated dowels. 

Nine years after treatment, as little as 0.25 liters (112 pt) of 

Vorlex and 0.125 liters (114 pt) of chloropicrin continued to control decay 

fungi (Table 9). Residual fungitoxic concentrations of chloropicrin and, 

to a lesser extent, Vorlex were present in the poles as high as 2.4 ri (8 

ft) above the groundline (Table 10). 

TABLE 7 

FREQUENCY OF DECAY AT VARIOUS HEIGHTS 
IN 44 DOUGLAS-FIR POLES INSTALLED IN 1960 

AND INSPECTED IN 1973 

METERS FROM 
GROUNDLINE 

POLES WITH DECAY. ( x )  
NONE E m Y  ADVANCED 

lAdvanced decay was baaed on visual inspection of three cores 
equally spaced around the pole at each height. Early decay was 
based on out-growth of decay fungi from cores incubated on malt 
agar. 



EFFECT OF TIME OF APPLICATION OF FUMIGANTS 
ON POPULATION OF D E W  FUNGI IN DOUGLAS-FIR POLES 

TIME OF CORES WITH DECAY FUNGI (%)I 
APPLICATION 
AND FUMIGANT 1973z 1974 1975 1977 1979 1982 

AUGUST, 1973 
VAPAM 
VORLEX 
CHLOROPICRIN 

DECEMBER, 1973 
VAPAM 
v o m x  
CHLOROPICRIN 

l~ach value is based on culturing 150 cores in 1973, 30 cores 
in 1974, and 130 cores thereafter from eight poles. 

2~rior to treatment with fumigants . 

TABLE 9 

EFFECT OF QUANTITY OF FUMIGANT ON POPULATION 
OF DECAY FUNGI IN DOUGLAS-FIR POLES 

QUANTITY OF FUMIGANT COBgS WITH DECAY FUNGI, (%)I 
Lf TERS GRAMS OF 

FUMIGANT PEXPOLE ACTIVECHEMICAL 1973~ 1974 1975 1977 1979 1982 

VAPAM 0.5 2483 5 2 0 0 0 2 8 

VORLEX 

CHLOROPICRIN 0.25 
0.125 

l~ach value is based on culturing 116 cores in 1973, 20 cores in 1974, and 97 
cores thereafter from sight poles. 

2~rior to treatment with fumigant. 

3As the dihydrate. 



TABLE 10 

RESIDUAL FUMIGANT VAPORS I N  PRESSURE-TREATED 
DOUGLAS-FIR POLES N I N E  YEARS AFTER APPLICATIONS 

OF VARYING QUANTITIES OF FUMIGANT 

AVERAGE GROWTH OF ASSAY FUNGUS (m) FOR 
METERS LOCATION QUANTITIES OF FUMIGANT SHOWN ( 1 i t e r s ) l  
ABOVE FROM V A N  VORLEX CHLOROPICRIN 
GROUND SURFACE 0.5 0.5 0.25 0.25 0.125 

( cm) 

CONTROL (NO WOOD) 2 8 

1~ core was removed a t  each height from e igh t  poles. A 2.5-cm long 
segment of the core w a s  sealed i n  a t e s t  tube below the  agar s l a n t  
which had been inoculated with Por iap lacen ta .  Suppressed growth of 
P. p lacen ta  compared t o  poles with no fumigant or  t o  tubes with no - 
wood ind ica tes  the presence of fungi toxic  vapors. 

Douglas-fir.marine piles t r e a t e d  with fumigants. Creosoted Douglas- 

f i r  p i l e s  with sloped and unprote'cted tops i n  a 90 m long bulkhead 

a t  Florence, OR, were inspected a f t e r  4 years '  se rv ice  by cul tur ing 

cores from the  p i les .  A l l  were found t o  be decaying i n t e r n a l l y  

below the tops which appeared sound. I n  1974 the  tops were cut off 

f l a t ,  0.5 liters ( 1  p t )  of Vapam, Vorlex o r  Chloropicrin were 

d i s t r i b u t e d  among four holes within 1 m of the  top, and c o a l t a r  

cement-fiberglass mesh caps were applied. 



The fumigants virtually eliminated the decay fungi from the 

piles within 1 year (Figure 3). Chloropicrin and Vorlex have 

controlled reinfestation by decay fungi for 8 years, but the popula- 

tion of decay fungi has been gradually increasing in Vapam-treated 

piles since the 4th year. Fungitoxic vapors, especially of chloro- 

picrin and Vorlex, are still present in the wood from 0.3 to 1.8 m 

below the pile tops. 

Conclusions on the use of fumigants on wood in service ---- --- 

Chloropicrin, methyisothiocyanate, Vapam and Vorlex effectively 

control internal decay of pressure-treated transmission poles and 

piles. 

Estimated retreating schedules with these fumigants are: Vapam - 
10 years; chloropicrin and Vorlex - 15 years or longer. 
The closed-tube bioassay is an effective method for determining the 

persistence of fumigants in wood. It merits further research as a 

guide for determining when fqdgant-treated poles and piles should 

be retreated. 

A. PREPARATION AND EVALUATION OF ENCAPSULATED METHYLISOTBIOCYANATE 
IN LABORATORY WOOD-BLOCK TESTS. 

An ideal fumigant encapsulating material should be inert and not 

interfere with the activity of the fumigant, be impermeable to the fumigant 

prior to application for safe storage and handling, and be easily made per- 

meable to the fumigant for release from the capsule during treatment. 

Last year we reported on studies evaluating the use of gelatin for 

encapsulating MIT and chloropicrin for control of decay fungi in wood. 

These studies demonstrated that MIT could be sealed in gelatin capsules 
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Figure 3. Change in population of decay fungi in 
creoeoted Douglas-fir piles treated 
with fumigants. Each value in the figure 
is from 60 cores from twelve piles. 
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wi th  only s l i g h t  vapor l o s s  f o r  up t o  181 days, cnar MIT ana cnloropicr in  

can be released from capsules when placed i n  wood, and that encapsulated 

fumigant treatments a r e  j u s t  a s  e f f e c t i v e  a s  non-encapsulated treatments i n  

our standard wood block t e s t s .  W e  have continued t o  study and evaluate  

encapsulated MIT i n  the  laboratory and have extended t h e  evaluation t o  

f i e l d  trials. 

Ine r tness  o f g e l a t i n  tolaethylisothiooyanate. 

Two s tud ies  demonstrated t h a t  g e l a t i n  would not s i g n i f i c a n t l y  i n t e r  

f e r e  with the  ef fec t iveness  of MIT when used t o  encapsulate the  fumigant. 

I n  the  f i r s t  study, t h e  a b i l i t y  of g e l a t i n  t o  bind and thereby reduce the  

a v a i l a b i l i t y  of MIT i n  encapsulated fumigations was studied. Small quan- 

t i t i t e s  of MIT (20 ~ 1 )  were placed i n  g lass  stoppered f l a s k s  along wi th  a 

comparatively l a rge  quant i ty  of g e l a t i n  (200 mg), a small v i a l  containing 

1.5 nil of water serving as a vapor t r ap ,  and 0.2 g of Douglas-fir heartwood 

sawdust a t  8.5% moisture content (MC). On-e-half o_f t .e  g e l a t i n  i n  the  
I 

f l a s k s  was kept dry, and the  ~ t h e ~ % k i  a s  kfstenaiX with 0.2 rl of water 

t o  allow g e l a t i n  i n  bofh amtea fh opportunity t o  bind MIT. 

f l a s k s  were prepared lacking only the  gela t in .  The sealed  f l a s k s  were s to red  

a t  20-22OC f o r  24 h r s  t o  allow the  MIT t o  p a r t i t i o n  between the  ge la t in ,  

wood, and the  v a p o r t r a p  water. The vapor-trap water was then ext rac ted  

wi th  e t h y l  a c e t a t e  and the  MIT concentrations were determined by gas-liquid 

chromatography (GLC) nethods. 

The concentrat ion of MIT i n  the  vapor-trap water i n  f l a s k s  containing 

g e l a t i n  was only s l i g h t l y  lower than t h a t  i n  i d e n t i c a l  f l a s k s  lacking gela- 

t i n  (4.4-4.5 versus 4.7-4.9 mg MITIml water) even though the  amount of 

g e l a t i n  was 10 times t h a t  of MIT. This demonstrates t h a t  an i n s i g n i f i c a n t  

amount of MIT w i l l  bind t o  g e l a t i n  and therefore  become unavailable f o r  

movement i n t o  wood f o r  control  of decay fungi. 



I n  the  second study, the  inf luence  of g e l a t i n  on t he  breakdown of MIT 

was studied. Technical grade HIT t h a t  had been encapsulated i n  a 1.0 m l  

g e l a t i n  capsule f o r  over 8 months was heated, t h e  MIT w a s  removed, and 25 

M I  was t r ans fe r red  and dissolved i n  5.0 ml of d i s t i l l e d  water. An iden- 

t i c a l  so lu t ion  was prepared from technica l  grade MIT t h a t  had been s to red  

i n  g lass  w e r  the  same t i m e  period. A bioassay was conducted t o  compare 

t h e  fung i tox ic i ty  of the  two MIT so lu t ions  t o  Por ia  carbonica i n  i n f e s t e d  

Douglas-fir heartwood. Af te r  48 hours exposure t o  the  MIT so lu t ions ,  

samples of the  t r e a t e d  wood were' ground and suspended i n  n u t r i e n t  medium t o  

determine the  v i a b i l i t y  of the  Por ia  i n  the  wood. 

The recovery of L c a r b o n i c a  propagules w a s  s i m i l a r  i n  both treatments 

(Table 11) demonstrating t h a t  s to rage  of MIT i n  g e l a t i n  capsules f o r  over 8 

months does not s i g n i f i c a n t l y  a l t e r  the  fung i tox ic i ty  of the  fumigant t o  - P. 

TABLE 11 

INFLUENCE OF METHYZISOTHIOCYANATE (MIT) STORAGE I N  GELATIN CAPSULES ON 
MIT ' s FUNGITOXICITY TO PORIA CARBONICA 

NUMBER OF Pa CARBONICA COLONIES RECOVERED FROM 
INFESTED DOUGLAS-F IR HEARTWOOD SECTIONS 1 EXPOSED 

MIT STORAGE FOR 48 HR TO VARYING QUANTITIES OF MIT ( , J ~ / C Z Z A W B E R )  
CONDITION 2.6 1.5 1.0 0.51 

Gela t in  encapsulated2 

Glass b o t t l e  0 3 20 9 4 

lFour wood sec t ions  ( 1 2 m  X 7 xum X 120pm) cut  from an i n f e s t e d  Douglas-fir 
heartwood block were randomly se lec ted  f o r  each treatment, fumigated, and the  
surviv ing - P. carbonica propagules determined by d i l u t i o n  plat ing.  

2~~~ had been s to red  i n  a g e l a t i n  capsule f o r  over 8 months p r i o r  t o  use. 



Encapsulation of MIT in gelatin. MIT was encapsulated into standard two-piece --- 
hard gelatin capsules. Prior to filling the capsules, a small injection hole 

was made in the center of each capsule top, and the capsules were cleaned with 

acetone to remove surface oils that might hinder sealing. The capsule halves 

were sealed together by coating the overlapping portions with a thick, hot gela- 

tin solution (Knox Unflavored Gelatin) and sliding the halves together. After 

the capsules dried, the joint was recoated with gelatin. Technical grade MIT 

(95% active ingreaent) was warmed to 40-50°C, pipetged gnto each c-gsule, and 

then allowed to cooi and solidify. Capsule tops were recleaned with acetone and 

the injection holes were sealed with solidified gelatin disks glued into place 

with a hot gelatin solution. After drying, the injection holes were recoated 

twice with gelatin to insure complete sealing. 

MIT loss from  ela at in capS-ules during storage. --- 
Slight leakage of MIT from gelatin capsules during an 181 day storage was 

reported last year. The capsules have now been maintained under dry 

atQxage f ~ l :  QW I y e w  w--i-tha ajgnLfLcat &-si o f  MTT (Table 

12). Capsule weights fluctuated slightly throughout the 389 day storage 

period probably due to moisture uptake or loss by the gelatin capsule 

material depending on the air moisture content. After the 389 days of 

storage, capsule weight losses averaged only 0.15% of the initial MIT con- 

tent of each capsule. This demonstrates that encapsulation of MIT in gela- 

tin capsules and storage under dry conditions should allow prolonged 

storage of the fumigant without serious loss of MIT. 



TABLE 12 

WEIGHT CHANGES OVER TIME OF GETATIN CAPSULES CONTAINING ME~ISOTEIOCPANATE 
(MIT) AND STORED IN A LABORATORY F W  HOOD 

TIME (DAYS) 

389 20.189 20.344 20.101 20.516 

lllmpty gelatin cepsules weighed +bout 3. lg . 
' I 

2~nitial capsule weights (zero time) were recorded 2 days after filling the 
capsules to allow them to thoroughly dry and equilibrate after sealing. 

Methylisothiocyaaate treatnuants - of Douglas-fir pole sections 

Wood pole sections were used to compare the concentration and movement 

of HIT vapor through wood treated with gelatin erlcagsulated HIT, non- 

encapsulated MIT, and Vapam. In adgition, the amount of water required for 

adequate release of MIT from capsule treatments was investigated. Fifteen 

Douglas-fir pole sections (2.6 meter by 25-33 cm diameter) were end-painted 

with "lwnber seal" to retard end penetration by preservatives and the pole 

sections were pressure treated with pentachlorophenol in heavy oil1. A 

single treatment hole (2.1 cm diameter of 24 cm deep) was drilled at a 30' 

angle downward at 0.75 meter from the butt end of each pole section. Three 

vapor sampling holes (1.1 ca! diameter by 16.5 cm deep) were drilled perpen- 

dicular to the surface of each pole at 0.3, 0.6, and 1.2 meters directly 

lpole sections were treated and donated by McCormick & Baxter Creosoting Co. 



above the treatmat holes. The two more distant vapor sampling holes were 

slightly offset to opposite sides of the first smpling hole to lninimize 

interference of the closer sampling holes on the diffusion of MIT to the more 

distant sampling holes. The sampling holes were sealed with rubber serum 

caps glued in place with a silicone sealant. All holes were positioned to 

avoid major checks, and spiral grain was taken into account during vertical 

alignment of the sampling holes. 

The pole sectioxs Wefa treated with one of five different fumigant 

treatments: 80-88 ml of Bapam, 45 ml of non-encapsulated molten MIT, or 45 

ml of gelatin encapsulated MIT with either 40, 25, or 15 ml of water added 

to each treetent hole al~qg with capsules to aid fumigant r&&se. The 

80-88 ml of yapam used in treatments was the m u n t  required to completeiy 

fill each treatprnnt hole, Qg nuximum amount of encapsulated HIT that 

could easily be placed in similar treatment holes was 45 ml, distributed 

between two 1.9 cm diameter by 9.5 cm long gelatin capsules, and the 

greatest quantity of water that could be added along with the capsules to 

each treatraent hole was 40 ml. Non-encapsulated MIT treatments also used 

only 45 m l  of fumigant per treatment hole to enable direct comparison with 

encapsulated treatments. All treatment holes were sealed with 5 to 6 cm 

long paraffin wax-coated hardwood plugs 2.2 cm in diameter. 

The pole sections were treated on 26 August 1982 and were then stored 

vertically in two rows outside in Corvallis, OR. MIT vapor concentrations 

in the pole@ Were monitored for ow 35 weeks bf peFLodically ret~oving 4.5 ml 

vapor samples from the sampling hol-es aM analyzing the samples for MIT 

content by mC. The air temperature during sampling varied from 1-24'C. 

MJT m 51ni& U e d  b aa@lng holea O,3 mlxs f z m  rls ftE&aent 

holes after 9 to 18 days (Figure 4), and in sampling holes 0.6 meter from 



treatment holes 100 t o  180 days a f t e r  treatment. Vapam t rea ted  poles had 

low l e v e l s  of MIT vzltxm a t  0.3 meter from the treatment holes throughout 

the  monitoring period. The MIT peaks produced following Vapam treatment 

were o f t en  a t  the lower limit of GLC resolut ion and sometimes could not be 

quantif ied.  Vapam is 32.7% sodium N-methyl d _ i t h i . r b a m a t e  . - and the  W u n t  

of Vapam added t o  each pole could theore t i ca l Iy  yzeld the aatount oE FlTT i n  

about 18 m l  of the technical  grade MIT. But the  recovery of MIT vapor a t  

0.3 meter above treatment holes i n  the  pole sec t ions  t r ea ted  with 80-88 ml 

of Vapam was general ly less than 1/15 of t h a t  recovered from poles t r ea ted  

wi th  45 m l  of MIT. 

One poss ib le  explanation f o r  low MIT recovery from Vapam t rea ted  poles 

i s  t h a t  the conversion of sodium N-methyldithiocarbamate t o  MIT i n  Douglas- 

f i r  heartwood occurs a t  less than 100% eff ic iency.  To t e s t  t h i s ,  0.2 g of 

Douglas-fir heartwood sawdust (9.5% MC) and a small open g lass  v i a l  con- 

t a in ing  7.5 ml of chromatographic grade e t h y l  a c e t a t e  were placed i n  each 

of four 250 m l  glass  stoppered Er lenmyer  f lasks .  The f l a s k s  were then 

t r e a t e d  by pipet ing e i t h e r  400 v1 of Vapam, o r  86 u l  of pur i f ied  MIT ( the  

amount of MIT expected from 400 u l  Vapam) i n t o  the  f l a s k s  which were then 

sealed. Af ter  10 hr ,  the e t h y l  ace ta te  was s p i l l e d  from v i a l s ,  and allowed 

t o  e x t r a c t  the  contents of the f l a s k s  f g r  1.5 hours, a f t e r  which the  MIT 

content  was determined by GLC. The FIfT concentrations i n  Vapam t rea ted  

chambers were _gply 39-42% of the  concentration detected i n  MIT t rea ted  

chambers, indica t ing about 40% conversion of Vapam t o  MIT. The poor con- 

version of Vapam t o  MIT observed i n  wood may be a r e s u l t  of the  a c i d i c  pH 

of wood and/or the low moisture content of the  wood. It a l s o  is  poss ib le  

t h a t  Vapam breaks down t o  o ther  fungi toxic  mater ia ls  i n  wood besides MIT, but 

these  mater ia ls  were not detected by our GLC methods. 
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Vapam is effective in controlling decay fungi in utility poles, but it 

has shown less residual effectiveness than Vorlex (20% MIT) with a virtual 

absence of fungitoxic vapors in wood poles 10 years after treatment. Even 

though smaller quantities of encapsulated MIT were used than Vapam (45 m l  vs 

80-88 m l ) ,  the resulting MIT c m t r a t i o n s  in the wood were much higher in 

MIT treatments. This is an important consideration for treatment of wood 

products serving a structural function, where size and number of treatment 

holes that can safely be drilled into the products is limited, and the maxi- 

mum amount of active ingredient for greatest control and residual effec- 

tiveness is desired. 

MIT vapor concentrations 0.3 meter from the treatment holes were 

highest in poles treated with gelatin encapsulated MIT and the lowest quan- 

tity of water, i.e. 15 m l  per pole (Figure 4). The encapsulated treatments 

with larger quantities of water produced MIT vapor concentrations that were 

slightly higher than those in non-encapsulated treatments, but only about 

0.5-0.75 the concentrations detected in encapsulated treatments with only 

15 m l  of water added per pole. The larger quantities of water added with 

the gelatin encapsulated MIT may have hindered the movement of fumigant 

vapor through the wood. This experiment was run over the wet winter months 

(Sept.-April) and it is not yet known whether the ~ m l l e t  quantity of water 

used would have been sufficient for MIT release during the warmer and drier 

summer months. 

B. EVALUATION OF MEW FUMIGANTS IN THE LBBOBBTORY 

No new fumigants were evaluated in the laboratory during the past 

year. The volatile fungicides identified for con~ideration as wood fund- 

gants all had undesirably high mammalian toxicity. 



C. INFLURNCE OF ENVIROIWENTAL FACTORS ON EFF'ECTIVENESS AND PERSISTENCE OF 
FUMIGANTS. 

To obtain as better understanding of the fungitoxicity of MIT to decay 

fungi in wood, and the influence of environmental factors on the effec- 

tiveness of this fumigant, fungitoxicity curves were generated for -- P. car- 

bonica grown in Douglas-fir heartwood and then treated at different 

moisture contents.. Results of these studies should be useful in defining 

the effective range of fumigant movement through poles, the length of the 

residual effectivenessi and &imitations_ k h a  anvironmt+l con_d.itl~ -my 
I I - 

2 

impose on fumigant ef f&iitlvenkis. 

Influence of wood moisture content on the fungitoxicity of MIT 

Dosage-response relationships describing the response of P. carbonica 

in Douglas-fir heartwood to MIT vapors was studied at three different wood - 
I I 

moistura contents. Small Douglas-f ir heartwood blocks b e 7  3nf ested with 

P. carbonica for 8 weeks and then the blocks were adjusted to about 20%, - 
40%, or 75% MC. The blocks ranged in moisture content, i.e. 17-22X, 36-43% 

and 66-803 MC respectively, but will be referred to by their average values. 

The blocks were fumigated at dif ferens [IT vapor concentrations and time 

periods in a continuous flow fumigation apparatus and t& e f f e c t L m  - ef 
- - 

the treatments was determined by comparing prefumigatlon and post-fumigation 

population levels of Lcarbonica in each fumigated block. Methodology 

details were presented in the 1981 Ann. Rept., pages 12-15, and the 1982 Ann. 

Rept., pages 17-21. 

The dosage-response curves (Figure 5 )  for Lcarbonica in wood at the 

three moisture levels were used to generate concentration-time (CT) curves 
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Figure  5. I n f l uence  o f  t h e  wood mois tu re  conten t  on t h e  f u n g i t o x i c i t y  
o f  MIT t o  P. carbonica growing i n  Doug las - f i r  heartwood 
blocks., ~ n f e s t e d  wood b locks were a t  e i t h e r  17-22% MC 0, 
36-438 MC 0 ,  o r  66-80% MC A (oven d r y  weight  bas is ) ,  and were 
exposed t o  cons tan t  concentrat ions o f  MIT vapors f o r  6, 
12, 16, o r  32 h r  per iods. Each data p o i n t  i s  t h e  average 
s u r v i v a l  from f o u r  fumigated blocks. 
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that describe the product of fumigant concentrations and exposure times 

necessary for HIT to kill 90% of the P. carbonica propagules in wood at the - 
three different wood moisture contents (Figure 6). 

The effectiveness of MIT was influenced by the moisture content of the 

wood. For example, 5 carbonica in wood at 20% MC required a 1.4 to 2.2 

fold higher CT product for 90% kill than in wood at 40% MC, and about a two 

fold higher CT product than in wood at 75% MC. The CT cuwes in wood at 40% 

and 75% MC intersected, with higher CT products necessary to control -- P. car- 

bonica in wood at 40% M(: than in wood at 75% MC, except during short expo- 

sures (less than about 8 hr) where the reverse relationship was found. 

The greater resistance of - P. carbonica to MIT in wood blocks at 20% 

MC , than in a ~ f ~ r  M w k s  , is pm&,ably &B to f bs fungus being mtahs- 

lically less active in the drier wood.A The fiber-saturation point of 

Douglas-fir heartwood is about 28% MC, and fungi in wood below this 

moisture content do not actively grow and significantly decay wood. On the 

other hand, the wood blocks at 40% and 75% MC are above the fiber- 

saturation point of Douglaa-fir heartwood and fungi in these bloclcs should 

be actively growing. 

Theoretically, the fumigant dose or CT product required for a given 

level of fungal control should remain constant except during extremely 

short exposure periods or for very low fumigant concentrations. However, 

with MIT fumigations of - P. carbnica in wood at the different wood moisture 

contents, a lower CT product was required for 90% kill during long expo- 

sures than during short exposures (Table 13). This was particularly evident 



i n  wood a t  20% and 75% MC where an almost two-fold higher CT product 

was required during the  6 h r  fumigant exposures than during t h e  32 h r  

exposures. 

The observation t h a t  L c a r b o n i c a  i s  llK5YS SiWEptible  t o  MIT during 

long exposures than during shor t  exposures may be important i n  def in ing 

r e s i d u a l  ef fec t iveness  i n  l a rge  wood poles where low  fumigant con- 

cen t ra t ions  ga be detect@$ <or  many years a f t e r  the  i n i t i a l  treatment, and 
T .-[--1lL 

i n  determini1ng'&a r a t e  an3 e f f e c t i v e  range of fumigant movement through 

wood. Resul ts  f o r  longer fumigant exposure periods a r e  needed t~ 

t h e  l i m i t  of increas ing NIT t o x i c i t y  with increas ing length of fumigant 

exposure, and the  minimum MIT concentrat ion t h a t  w i l l  e rad ica te  P. c a r  
I 

bonica from wood. 

TABLE 13 

CONCENTRATIONS X EXPOSURE TIMES (CT) NECESSARY FOR 90% KILL OF PORIA CaElB0NIC.A 
PROPAGULES I N  DOUGLAS-FIR HEARTWOOD BLOCKS AT 

THREE DIFFERENT WOOD MOISTURE CONTENTS. 

HOURS 
CT vALUES~ Cpg MIT X BR/cc A I R )  FOB 90% KILL OF 

P. CARBONICA I N  WOOD AT VARIOUS MOISTURE CONTENTS 

EXPOSURE 17-22% MC 

The CT values were obtained from the  regression l i n e s  i n  Figure 5. 



The - P. carbonica infested Douglas-fir heartwood blocks used in these 

toxicity studies were raonitored for MIT sorption after each fumigation by 

measuring the amount of MIT extractable with ethyl acetate. This included 

MIT bound to the wood structure, as well as MIT in the air and dissolved in 

the water within the wood. The greatest quantity of MIT was sorbed by wood 

at 20% E, the least by wood at 40% MC, and an intermediate amount by wood at 

75% MC (Figure 7). 

Most of the MIT sorbed by these blocks was bound in some way to the wood 

structure. For example, wood at 75% MC and exposed to 2 MIT/niL air for 32 

hours sorbed a total of about 1000 pg of MIT/g OD weight wood (Figure 7). 

Based on the published ratio of MIT in water to MIT in air at 21°C (150:1), 

ehere should be about 0.3 mg MIT dissolved per m l  water in theee blocks. 

Douglas-fir heartwood at 75% MC contains about 1 cc air and 0.5 niL free water 

(water above fiber-saturation point) per g OD weight. Therefore, of the 1000 

pg MIT/g OD weight, only about 150 pg MIT should be dissolved in water, and 

about 2 pg MIT in the air within the wood. The rest of the MIT (848 pg/g 

OD weight wood) must be hound jg ~ m e  way fq ghz mad s ictura. The amount of 

MIT bound to wood at 20% PM: is higher (Figure 7), even though there is no 

free water in the wood. This suggests that essentially all the MIT must be 

bound to the wood structure at this moisture content. 

The higher sorption of MIT by wood at 75% MC than by wood at 40% MC is 

probably due to the MIT dissolved in the larger quantity of water present in 

the 75% MC wood. The greater sorption of MIT by the dry wood (20% MC), in 

comparison to wood at higher moisture contents suggests that water may inter- 

fere with the ability of MIT to bind to the wood structure. 



M IT Vapor Concentration During Wood Fumigations (yg/ml air) 

Figure 7. Inf luence of  wood moisture content  on MIT s o r p t i o n  by Por ia carbonica i n fes ted  
Douglas- f i r  heartwood blocks a f t e r  exposures f o r :  A) 3 m  hr,  t o  
a i r  conta in ing  var ious concentrat ions o f  MIT vapors. Moisture contents of t he  
i n fes ted  blocks (oven-dry weight bas is )  ranged from 17-22% (20% MC), 36-43% 
(40% MC), and 66-80% (75% MC). Each p o i n t  i s  t he  average so rp t i on  o f  four 
blocks fumigated together.  



The fact that infested wood with the highest total fdgant sorption 

(20% MC wood) also has the highest survival of the decay fungus is contrary 

to what might be expected. However, this suggests that the MIT bound to the 

wood structure is probably less effective against the decay fungus than the 

MIT in the air and water surrounding the fungus. Furthermore, determination 

of the total MIT content of wood without knowledge of wood moisture content 

will be a poor predictor of expected control. 

Although thme m e  diff erencee in the eff ectivedgsi of MIT in woods 

of varying -,i-sture content, MIT was still very fungitoxic at all three 

wood moisture contents tested. The increased effectiveness in wet wood 

should be benefici.al during fumigation o f  large poLe8 wh&r@ fumigant . -- - 

penetration into wet areas of the wood may be hindered compared to penetra- 
, 

tion into drier wood. Furthennore, effectiveness in wet areas of wood is 

desirable because this is where active decay and wood degradation are most 

likely to occur. 

D. EVALUATION OF TEE MOST PROMISING FUMIGANTS IN POLES 

New Pork field test with encapsulated MIT ----- - 
Twenty four Douglas-fir poles treated with CCA and placed in service 

near Hamburg, New Pork in 1972, were infested with decay fungi and were used 

to cornpare the effectiveness of gelatin encapsulated MIT with a standard 

Vapam treatment. In October 1981 groups of six poles were either treated 

with 475 ml encapsulated MIT plus 1 liter of water, 950 m l  encapsulated MIT 

plus 900 ml of water, 950 ml of Vapam per pole, or were left untreated as 

controls. Water was added with encapsulated MIT treatments to aid in fumi- 

gant release from the capsules. Details of treatments were described in 

the 1982 Ann. Rept., pages 21-22. 
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In ~uli, m, these ioles were sampled to determine the effectiveness 
of the fumigant treatments. A singla.rgre aef; around U e  gals  by 120" 

was removed at 0, 0.6, and 1.2 meter above the groundline from each pole, 

and the presence of fungitoxic vapors from these cores was determined by 

Hew York State Electric and Gas Corp. personnel using the closed tube 

bioassay. Reduced growth of the assay fungus, indicating the presence of 

fungitoxic vapors in the wood, was observed in all pole treatments (Table 

14). Fungitoxic vapors were particularly strong in wood 12.5-15 cm inside 

the CCA treated shell, while wood nearer the outside of the pole (0-2.5 cm 

SEGMENT AVERAGE G R O ~ H  OF m ASSAY PUMGUS~ (m~) 
METERS LOCATION 
ABOVE INSIDE THE TREAT- 
GROUND ED SmLL (cm) 

NO VAPAM ' ENCAPSULATED MIT 
FUHIGANT 950 ml 475 m l  950 m l  

Control (No wood) 33 

lpoles were 52-60 cm DBH, treated with CCA and placed in service near 
Hamburg, NY in 1972. 

2 ~ h e  average growth of Poria placenta in the closed-tube bioassay was 
determined after 8 days using cores from six replicate poles frog! each fumi- 
gant treatment. 



from the treated ohal l )  kod much lower concentrations and vapora could not be 

detected in wood na&f5%R the outside of 8- poles. In line with previous 

experience, this test indicated that poles treated with encapsulated MIT had 
I 

higher levels of fungitoxic v13pors'fhan wood from poles treated with Vapam. 

These poles were also sampled for the presence of decay fungi. 

Three cores equally spacad around each pole a; 0, 0.6, and 1.2 meters above 

the groundlin~ wAr3 r-vd Ln W y 198- Ksra m. auEFLea% 

\ ' medium. m e  fudg&t treatments greatly reduced the number of cores containing 

decay fungi (Table 15). Tlw most effective treatment was the 950 ml of 

encapsulated MIT, followed by the 475 m l  of encapsulated MIT. Vapam was 

slightly leea at ehla iirs+ nampling date. 

TABLE 15 

FREQUKNCP OF DECAY FUMGI IN DOUGLAS-FIR POLES IN NEW YO= STATE PRIOR TO 
AND AFTER TREATMSNT WITB ENCAPSULATED MIT OR VAPAM. 

METERS 
SAMPLING ABOVE 
DATE GROUNDLINE 

NUMBER OF COBES WITH DECAY  FUNGI^ 
NO VAPAM . - E- 

FUMIGANT 950 d 475 ml 950 ml 

June 1981 

Oct. 1981 

July 1982 

Poles treated with fumigants 

'A total of 18 cores were removed from six poles at each positioii bii the 
poles for each sampling datr- 

2~bout 1 liter of water per pole was added along with the capsules for the 
475 ml MIT treatmnts and about 900 m l  of water with the capsules for the 
950 m l  treatments. 



sulated MIT, and the condition of the capsules was observed. Most capsules 

were about one half full of MIT crystals, the gelatin was soft and rubbery, 

and the capsules and treatment holes smelled strongly of MIT. This suggests 

that the capsules were still releasing MIT for movement into the wood. 

This first evaluation of fumigant effectiveness was only 9 months 

after treatment which is a relatively short time period for fumigation of 

large wood poles. The cold winter temperatures during the treatment period 

may have slowed fumigant diffusion through the wood. These poles have been 

resampled in June of 1983 and this should give a more definitive comparison 

of the effectiveness of encapsulated MIT and Vapam treatments. 

Oregon field test of encapsulated fumigants in poles above the groundline 

A field test comparing the effectiveness of MIT and chloropicrin 

applied in gelatin capsules was initiated in Bonneville Power Administration 

poles (Dorena tap line) near Cottage Grove, OR. In June 1982 cores were 

removed from 16 poles for culturing to detect decay fungi. Subsequently 

six infected poles with decay fungi well above the groundline were selected 

to evaluate the ease of applying encapsulated fumigants above the groundline. 

Three to six holes (0.75" diameter x 16" deep) at 2 to 14 feet above the 

groundline were drilled in the poles (Table 16) and generally two 4 inch cap- 

sules and one 2.5 inch capsule containing the fumigants were placed in each 

hole. A small quantity of water was added to all treatment holes before 

sealing with treated wooden dowels. The poles will be sampled late this 

summer to determine the decay-fungus population as an estimate of fumigant 

effectiveness. 



TABLE 16 

EXPERIMENTAL DESIGN FOR THE EVALUATION OF ENCAPSULATED 
MIT AND QILOROPICRIN I N  DOUGLAS-FIR TRANSMISSION POLES 

I N  SERVICE 

NUMBER OF 
POLE CORES WITH FUMIGANT LOCATION OF TREATMENT 
NO. DECAY m~11 FUMIGANT PER POLE (ml) HOLES ( f t  ABOVE GROUND) 

312-A 114 MIT 310 3, 5, 7, 9, 11 

3 12-B 2 17 HIT 372 4, 6, 8, 10, 12, 14 

4 /6-A 4 19 MIT 372 4, 6, 8, 10, 12, 14 

4 16-B 3 14 Chloropicrin 310 2, 4, 6, 8, 10 

5 14-B 213 Chloropicrin 177.5 2, 4, 6 

5 15-A 417 Chloropicrin 248 2, 4, 6 ,  8 

l ~ u m b e r  of cores with decay fungi over the  t o t a l  number of cores removed 
from the  poles. 

MICRODISTRIBUTION AND RETENTION OF CHLOROPICRIN I N  SOUND AND DECAYED 
WOOD 

Retention of chloropicr in  i n  wood, chloropicr in  breakdown products i n  

wood, and the  e f f e c t s  of chloropicr in  treatment on invading decay fungi  were 

explored and the  following conclusione were reached: 

Chloropicrin t r ea ted  wood does not swell,  suggesting t h a t  the  monomo- 

l e c u l a r  lgyer of chloropicrin,  which may hydrogen bond t o  wood, does not 

have s u f f i c i e n t  bulking e f f e c t  t o  overcome t h e  forces  binding the  l i g n i n  and 

ce l lu lose  const i tuents  of the  wood c e l l  walls. Evidence t h a t  chloropicr in  

l ~ o o d e l l ,  Barry S. 1983. Microdistr ibution and Retention of Chloropicrin 

i n  Douglas-fir Heartwood. PhoD. Thesis,  Oregon S t a t e  University. 



w i l l  hydrogen bond t o  wood i s  suggested by the  lower re ten t ion  of chlori-  

nated material  i n  wood with g rea te r  amounts of decay. Both hydrogen bonding 

and van der Waal's forces  play a s i gn i f i c an t  ro le  i n  the  re ten t ion  and slow 

re lease  of chloropicr in  from wood. 

A 1-1.5X residue of chlorinated mater ia l  is  pmsent  i n  aera ted 

chloropicr in  t r ea ted  wood. The residue cannot be removed by heating, 

repeated acetone extract ion,  o r  high vacuum treatment suggesting t ha t  cova- 

l e n t  bonds between chloropicr in  and/or i t s  breakdown products and wood may be 

formed. Thin l ayer  chromatography of acetone-extracted, t r ea ted  wood a l s o  

indi_c~t@s th t  chlorim. ~ c m t ~ i n i q g  proLu~Es wvale-ntly h n 4  t o  W Q P ~  extras- 

t ives  . 
Indicat ions  of covalent bonding between chloropicrin degradation 

products and phenolic wood ex t rac t ives  and l i gn in  may be observed by mass 

spectrographic and energy dispers ive  X-ray analyses. Greater amounts of 

chlorinated materials  a r e  found i n  phenolic r i c h  s i t e s  of t r e a t ed  wood. 

Chloropicrin desorbtion s tud ies  and energy dispers ive  X-ray analys is  

show tha t  the  anrount of chlorinated residues re ta ined by t rea ted  wood is 

a f fec ted  by the  amount of chemical applied and the  length of contact time 

with wood. A time dependent e f f e c t  could be explained by the  slow breakdown 

of chloropicrin t o  a compound o r  compounds t ha t  react  with wood. However, 

preliminary s tud ies  t o  t e s t  the  r e ac t i v i t y  of chloropicrin degradation pro- 

ducts with wood der ivat ives  w@fe inconclusive. 

Light microscopic analys is  shows t ha t  chloropicrin treatment cannot 

be expected t o  f u l l y  protect  wood from fungal a t t a ck  under severe decay con- 

d i t ions .  Preliminary micromorphological s tud ies  of the fungi invading 



treated wood show that the treatment does have an inhibitory effect, as 

evidenced by lysis and vacuolation of the fungal hyphae. It was not deter- 

mined whether the fungi played an active role in releasing the fumigant from 

the wood. 



OBJECTIVE I1 

DEVELOP ENVIRONMENTALLY ACCEPTABLE PRESERVATIVE TREATMENTS FOR SAFELY 
CONTROLLING ABOVE-GROUND SAPWOOD DECAY OF CEDm POLES 

The aim of this research is to find waterborne chemicals as replace- 

ments for pentachlorophenol in oil to arrest sapwood decay by spraying cedar 

poles in service. Several decay fungi associated with sapwood rot in 

western redcedar poles have been identified and laboratory tests were deve- 

loped to screen 12 potential new fungicides for evaluation in the field. 

One of the waterborne preservatives exhibited qualities equal to those of 

pentachlorophenol in oil, and a number of others also appeared very pro- 

mising. Seven chemicals were incorporated in field trials on pole sections 

in 1981. (1982 Ann. Rept., pages 25-30). 

During this past year, four additional fungicides were tested in the 

laboratory (Table 17), and although none were outstanding in these tests all 

but the chromic acid were added to the field trials. 

This fall plugs or cores of treated wood will be removed from the pole 

sections and the presence of fungitoxic residues in the wood will be deter- 

mined by the Aspergillus bioassay where appropriate and by soil-block tests 

of decay resistance. 



TABLE 17 

CHEMICAL EFFECTIVENESS IN PREVENTING NORMAL DEaLOPMENT OF ASPERGILLUS NIGER 
SPORES AND WEIGHT LOSS OF WOOD BLOCKS EXPOSED TO PORIA PLACENTA 

ZONES OF EFFECT (mm) IN THE ASPERGILLUS BIOASSAY 
FROM WAFERS CUT AT DISTANCES SHOWN FROM ENDS 

OF UNWEATHERED AND WEATHERED 
WOOD BLOCKS~ WEIGHT LOSS 

BY WAFERS IN 
0 mm 5 mm 10 mm 15 am WEIGHT LOSS 

CHEMICAL U W2 W4 U W2 W4 U W2 W4 U W2 W4 DECAY TEST (%) 

l~ample size was six blocks. U = unweathered, W2 = weathered 2 weeks, 
Wq = weathered weeks. 

2~ Pentachlorophenol, 10% in diesel oil 
P = solubilized copper naphthenate, cunapsol, 2% copper in water, Chapman 

Chemical Co. 
Q = Fluor-chrome-arsenic-phenol, 5% in water 
R = Chromic acid, 5% in water 
S a Amrnoniacal copper arsenate, 3% in water, J. H. Baxter C Co. 
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OBJECTIVE IV 

DETECT KAIZLY DECAY OF WOOD AND ESTIMATE THE ReSIDUAL 
STRENGTH OF POLES IN SERVICE 

A. DETECTING EARLY DECAY IN DOUGLAS-FIR BY A SEROLOGICAL TECHNIQUE. 

A serological technique for the detection and identification of decay 

fungi in culture and in wood was investigated as a method for detecting 

incipient decay in poles. Two rabbits were injected with aqueous prepara- 

tions of Poriaplacenta hyphae. Later, the rabbits were bled to obtain 

serum which might contain antibodies specific against Poria. 

Initial results indicate that antibody specificity for the decay fungus 

is marginal. Although the antisera from the rabbits reacted positively with 

Poria cultures, its reaction with Aspergillus niger and Pennicillium expan- 

sum, two nondecay fungi used as controls, was undesirably strong. 

Additional extensive experimentation would be needed to fully evaluate this 

technique for detection of early decay in poles. 

8. ESTIMATING RESIDUAL STRENGTH OF POLES 

Compression, bending, ePilodyn tests of wood from air seasoned Douglas- 

fir poles. - 
Pole sections from our studies on decay development during air 

seasoning ('81 Ann. Rept., pages 44-45) were used to evaluate strength tests 

on wood that recently had become infested with decay fungi. The pole sections 

had been exposed at four sites in the Pacific Northwest. ~fter air- 

seasoning for 1 year, 24 pole sections (six from each of the exposure sites) 

were cut to provide six beams 2.54 x 2.54 x 40.6 cm long from each pole 

section (144 beams in all). 



All beams were immersed in water under a vacuum-pressure cycle to bring the 

wood to a moisture content of at leasf. 3Q&, she beams m t e d  to failure 

at mid-span by bending. Radial compression strength (RCS) of the wood was 

tested on 0.5 inch diameter plugs cut radially near one end of each beam. 

Before testing, the plugs were soaked in water under vacuum to insure a moisture 

content above 30%. Strength perpendicular to the grain in the radial direction 

was then raeasured using an Instron Universal Testing Machine at a head speed of 

0.03 cm/min. Following the latter test, the plugs were cultured for decay fungi. 

Beams containing only sapwood were tested with a Pilodyn which consists of a 

spring driven pin and an indicator to measure radial penetration of the pin. 

Decay fungi or.fungi with decay potential were isolated from 28 of the 144 

beams representing 14 of the 24..pole sections (Table 18). The fungi were 

equally prevalent in the sapwood and heartwood. 

Measurements of modulus of rupture @OR), modulus of elasticity (MOE), work 

to maximum load, RCS, and Pilodyn pin penetration of the wood containing decay 

fungi were not significantly different from the corresponding values for wood 

from which no decay fungi were isolatg (Table 191, A u o u g h  infested with 
I I I 

potentially destructive decay fungi, the wood in these pole sections was 

apparently at too early a stage of decay to show significant strength reduction. 

Pilodyn and RCS test values for these specimens will be used as the range of - 

values indicative of sound, untreated Douglas-fir (Figure 8). 

Some interesting associations between the test values (Table 19) were evi- 

dent. For example, specific gravity was more highly associated with MOR than 

with MOE or work to maximum load, while RCS was not associated with specific 

gravity or bending strength properties of the wood. For sapwood, specific gra- 

vity was more highly associated with MOR than Pilodyn penetration. Combining 

specific gravity and Pilodyn penetration did not improve the association with MOR. 



TABLE 18 
DECAY FUNGI I N  SMALL BEAMS FROM DOUGLAS-FIR 

POLE SECTIONS AIR-SEASONED FOR ONE YJ3AR 

NUMBER OF BEAMS WITH DECAY  FUNGI^ TOTAL 
FUNGUS SAPWOOD OUTER HEARTWOOD INNER ~ T W O O D  ISOLATED 

Coriolus ve r s i co lo r  

Phanerochaete sordida 

Por ia  carbonica 

Por ia  .placenta 

Ste- birsutum 

Unidentif ied 

To ta l s  9 8 11 2 8 

Decay fungi  i s o l a t e d  from 144 beams cultured.  

TABLE 19 
MECHANICAL PROPERTIES OF SMALL BEAMS CUT FROM COAST 

DOUGLAS-FIR POLE SECTIONS AIR-SEASONED FOR ONE YEAR 

STATIC BENDING STRENGTH 
DESCRIPTION NUMBER SPECIFIC ~ D U L U S  MODULUS WORK TO PILODYN~ RCS 
OF OF GRAVITY OF OFELAS- MAXIMUM PENETRATION (GEEEN) 
MATERIAL BEAMS (GREEN) RUPTURE TICITY LOAD (12% MC) 

(GREEN) GREEN) (GREEN) 
( p s i )  (mi l l ion  ( l b / i n 3 )  (4 ( p s i )  

p s i )  
Sound wood 11 7 0.44 7 100 1.5 8.6 18 
no decay 
fungi  

Sound wood 2 6 
decay fungi  
present  

Coast 
Douglas-fir 
(Publ. values)  

l1.8 MKP Model, pin 3 nm diameter 70 mm long. S p w  m t e d  contained only sap- 
wood. 

2 ~ o o d  plugs were 0.5 inches i n  diameter and 0.75 inches long. 
3 ~ r o m  ASTM D2555-78. Es tabl ish ing c l e a r  wood s t r eng th  values. 
4 ~ o o d  Handbook value. 
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Compression, bending, g P i l o d y n  t e s t s  of wood from decayed Douglas-fir 

p o l e s  i n  service.  

Matched pa i r s  of beams (2.5 by 2.5 by 35-cm long) were cut  from poles 

with wood t h a t  varied from sound appearing t o  obviously decayed. The beams 

were s tored a t  70°C and a r e l a t i v e  humidity providing a wood equil ibrium 

moisture content of 12%. O n e  s e t  of beams was t e s ted  f o r  bending s t rength ,  

s p e c i f i c  gravi ty ,  RCS, and Pilodyn penetrat ion.  The da ta  were analyzed f o r  

the  a b i l i t y  of various tests t o  predic t  bending strength.  The remaining set 

of bearas w i l l  be analyzed using sonic stress wave pat terns .  

The bending s t reng th  values ,of  most of the  beams were much lower than 

the  average s t reng th  values f o r  coast  Douglas-fir (Table 20). Spec i f i c  gra- 

v i t y  (measured near the test break) was less useful  f o r  predic t ing modulus of 

rupture  (MOR) of beams from poles with decay than it w a s  f o r  beams from 

undecayed poles. This is i n  agreement with observations t h a t  decay causes 

s t r eng th  l o s s  more rapidly  than s p e c i f i c  gravi ty  loss.  

Radial compression s t reng th  (RCS) values were general ly less than 200 

p s i  i n  the plugs from beams with an MOW (green) below 4949 psi.which 

approximates the  lower 5% limit f o r  coast  Douglas-fir (Table 20). These 

r e s u l t s  a r e  i n  agreement with previous f indings (Fig 8,  A) t h a t  the  RCS of 

sound h e a r t ~ o o d  ranges from 221 t o  539 psi .  The cor re la t ion  between RCS and =- 

MOR i n  these teams from decayed poles was poor, but when s p e c i f i c  gravi ty  

values were considered along with the RCS values the re la t ionsh ip  t o  the  MOP 

values was improved. 

The Pilodyn pin  penetrated completely through a l l  but one beam with an 

MOR (green) below 4949, coasequently readings above 25 mm ind ica te  low s t reng th  

wood. These r e s u l t s  support the  previous f inding (Fig. 8, B) t h a t  Pilodyn 

p in  penet ra t ion  ranging between 10 and 25 urn ind ica tes  sound Douglas-fir wood. 



TABLE 20 

MECHANICAL PROPERTIES OF 19 SMALL HEARTWOOD BEAMS CUT FROM 
DOUGLAS-FIR POLES WITH DECAY 

STATIC BENDING STRENGTH 
SPECIFIC MOR MOE WORK PILODYNL RCS 
GRAVITY (ad j. t o  PENETRATION 
(green)  (12% MC) green MC) (12% MC) (12% MC) (12% MC) ( ~ r e e n )  

p s i  PSI p s i  x 1000 lb /cu . in  mm PSI 

AVERAGE PROPERTIES OF SOUND DOUGLAS-FIR 

1.8 dcp model, p i n  3mm diameter  70 mm long. 
Specimen too  decayed f o r  test. 
+=Pilodyn p in  penet ra ted  through specimen. 

'+ From ASTM D 2555-78. E s t a b l i s h i n g  c l e a r  wood s t r e n g t h  values.  
Wood Handbook value. 
From previous t e s t s  of sound Douglas-fir  ( see  Figure 8).  
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In summary, these results suggest that specific gravity is not a good 

predictor of bending strength of wood from poles with decay, but considering 

both specific gravity and RCS tests improves the ability to predict bending 

strength. RCS and Pilodyn tests merit further study as field methods for 

identifying poles with low strength wood. 

Significance of discolored heartwood in ammoniacal copper arsenate (ACA) - - 
treated Douglas-fir poles. 

Red discoloration of wood on the inside edge of the treated zone along 

with the isolation of bacteria and imperfect fungi from the treated zone led 

one electric utility to believe that there was wood deterioration in poles 

which had been in storage for 4 years. To assess the condition of these 

poles, plugs were removed with a half-inch diameter plug cutter from 26 

poles and radial compression strength was determined. The RCS values of the 

sapwood and hearrwood from the ACA-treated poles were significantly lower 

than the corresponding values from untreated Douglas-fir (Table 21). The 

sapwood value for the ACA-poles was especially low and may indicate reduced 

strength tests should be made on small beams removed from these poles, and 

Pilodyn readings be taken. 

Results of tests to determine ACA penetration and observations of 

untreated Douglas-fir soaked in ammonia suggest that red-discolored wood is 

probably heartwood stained by ammonia. 

Douglas-fir poles infected with the decay fungus Schizophyllum commune --- 
during air-seasoning. 

Abundant growth of a black mold and fruiting bodies of Schizophyllum 

commune appeared on freshly peeled Douglas-fir poles during the wet mild 



Oregon winter of 1983. Yard personnel observed that poles with the black 

mold were slow to dry and were concerned about wood degradation. In 

April, 1983, a preliminary study was made on a small sample of poles. 

TABLE 21 

RADIAL COMPR3SSION STRENGTH (RCS) OF WOOD FROM 
ACA-TREATED AND UNTREATED DOUGLAS-FIR  POLES^ 

WOOD 
TESTED 

AVERAGE RCS VALUES (poi) 
ACA-TREATED UNTREATED 

POLES POLES 

Sapwood 

Heartwood 
(red discolored) 

Heartwood 
(untreated) 

Prom previous tests of sound Douglas-fir (Figure 8, A) 

Poles with the black mold had a sapwood moisture content of about 45%, 

but RCS values for wood from Fhese poles wer-e not significantly different 

from those for sound, untreated ~ouglas-fir . 
The poles containing Schizophyllum commune h& gqisture contents bet- 

ween 25 and 32%, and RCS values slightly lower than the average values for 

sound, untreated ~ou~las-f ir (Table 22). Should this problem reoccur, tests 

will be made to determine contributing factors and bending strength tests 

will be performed on samples from the infected poles. 
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OBJECTIVE V 

CONSERVE ENERGY BY PROCURING DOUGLAS-FIR POLES THAT 
HAVE BEEN SEASONED BY THE MOST EFFICIENT METHODS 

AND THAT ARE AWD WILL ReMAIN FREE OF VIABLE 
DECAY I N  SERVICE 

A. DETERMINE THE INCIDENCE AND SPECIES OF DECAY FUNGI I N  FRESEZLY CUT POLES 
AND I N  POLES STOEZED I N  WIDELY SCATTERED AIR-SEASONING YARDS ONE, TWO OR 
MORE YEARS. 

S tudies  under t h i s  object ive  were i n i t i a t e d  i n  the  summer and f a l l  of 

1981, when air-seasoning poles i n  11 pole yards i n  the  P a c i f i c  Northwest 

were sampled. Fourteen 6-inch long cores d i s t r i b u t e d  along the  length of 

each pole were removed and brought t o  the  laboratory where they were flamed 

and pla ted  on malt agar medium. Result ing fungal  cu l tu res  were examined 

microscopically t o  de tec t  the  presence of basidiomycetes, the  major wood 

decay organisms. The basidiomycetes and fungi  suspected of being basidiomy- 

cetes were i s o l a t e d  i n  pure cu l tu re  f o r  i d e n t i f i c a t i o n  and tes t ing .  Suspect 

fungi  a r e  i s o l a t e s  with most of the! morphological c h a r a c t e r i s t i c s  of basi- 

diomycetes but pos i t ive  i d e n t i f i c a t i o n  is pending. Often these  i s o l a t e s  

t u r n  out t o  be monokaryons of decay fungi t h a t  lack clamp connections, one 

microscopic c h a r a c t e r i s t i c  used t o  i d e n t i f y  b a s i d i o q c e t e s .  

Ten air-seasoning yards were sampled i n  1982, seven of which were not 

v i s i t e d  i n  1981. Sampling was concentrated on poles seasoned f o r  1 year and 

longer and on f resh ly  cut  poles which were sampled a t  s i x  add i t iona l  loca- 

t i o n s  d i s t r i b u t e d  through the  geographic range of Douglas-fir pole produc- 

tion. A t o t a l  of 21,222 cores from 1540 gz~lss have b a n  taken and processed 

s ince  the  beginning of t h i s  study. I d e n t i f i c a t i o n  of most of the i s o l a t e s  

from 1981 has been completed and i d e n t i f i c a t i o n  of 1982 i s o l a t e s  is 

current ly  underway. About 77% of the t o t a l  number of i s o l a t e s  have been 



identified. The large amount of data generated in this study has been pre- 

pared for computer analysis. We are now in the final stages of debugging 

the data base so that reports can be prepared. 

Decay fungi from air-seasoning poles. 

Infestation of the poles by decay fungi increases rapidly during air 

seasoning so that after 1 year nearly all poles contain decay fungi (Table 

23). Poria carbonico, the major pole decay fungus, is the second most fre- 

quently isolated fungus from poles air-seasoned for 25 months or longer. 

Infestation of poles on a cores basis provides an estimate of the volume of 

wood inhabited by decay fungi. As with the number of poles, the number of 

infested cores increases greatly as the air-seasoning period becomes longer 

(Table 24). In general, as air seasoning time increases the fungi are 

infesting more poles and within each pole they are occupying more wood. 

Sampling of freshly cut poles in the forest this past year has 

demonstrated that some poles contain potential decay fungi before they reach 

the pole yard. Following is a brief characterization of the most frequently -- -r - 
isolated decay fungi from the a E m n i n g  poles: 

Haematostereua sanguinolentum. This fungus is a white rotter that is very 
common in the Pacific Northwest. It causes reddish heartrot in living 
trees and continues to decay the wood after the tree is cut. It 
accounts for 74% of the rot resulting from wounding of living Douglas- 
fir. Commonly found on slash and recently down trees, L s m g u i n o -  
lentum may be seen fruiting in pole yards on untreated poles. 

Peniopnora spp. This is a group of common white rot fungi that are 
distinctive as a group, but hard to separate into species. These 
fungi are capable of decaying wood, but are generally limited to the 
sapwood in Douglas-fir. 



TABLE 23 
$/,, A- J 

FREQUENCY OF DECAY TYPE FUNGI ISOLATED FROM DOUGLAS-FIR POLES 
SEASONED FOR VARIOUS TIME PERIODS IN EIGHTEEN 

POLE YARDS IN THE PACIFIC NORTBWEST 

NUMBER OF POLES CONTAINING DECAY TYPE FUNGI 
FUNGI AIR SEASONED FOR VARYING LENGTHS OF TIME (MONTHS) 

FRESH1 UNPEELED 0-6 7-12 13-18 19-24 25+ TOTAL 

JHaematostereum sanguinolentum 
Peniophora spp . 
Sistotrema brinkmanii 
(species complex) 

'~oria carbonica 
Epicoccum nigrum2 
Poria placenta 
Coriolus versicolor 
Stereum hirsutum 
Phanerochaete sordida 
(species complex) 

Gloeophyllum saepiarium 
~ ~ c h i z o ~ h ~ l l u m  commune 
Fomitopsis caj anderi 
Cystostereum pini-canadense 
Fomitopsis pinicola 
Poria cinerascens 
Phlebia "A" 
Type lo3 
Heterobasidion annosum 
Phlebia radiata 

d o r i a  xantha 
Phlebia gigantea 
Type 1 4 ~  
Antrodia serialis 
Crustoderma dryinum 
Phlebia albida 
Unidentified basidiomycetes 
Unidentified without clamps 

Total number of poles 
with fungi5 95 4 8 154 193 152 141 161 

Total number of poles 
samples 

Percentage of poles 
with fungi 34.7 22.7 54.4 72.0 92.7 91.6 86.6 

These poles were sampled within 4 weeks of cutting. 
A non basidiomycete fungus that influences wood strength. 
Type 10 is a white rot fungus probably a Peniophora sp. 
Type 14 is a clampless brown rot fungus with fiber hyphae. 
The sum of these totals does not equal the total of the final column because indi- 
vidual poles may have yielded more than one fungal species. 



TABLE 24 

FREQUENCY OF DECAY TYPE FUNGI ISOLATED FROM CORES TAKEN FROM DOUGLAS-FIR 
POLES SEASONED FOR VARIOUS TIME PERIODS IN EIGIITEEN 

POLE YARDS IN THE PACIFIC NORTHWEST 

NUMBER OF CORES YIELDING DECAY TYPE FUNGI 
FUNGI AIR SEASONED FOR VARYING LENGTBS OF TIME (MONTHS) 

FRESH1 UNPEELED 0-6 7-12 13-18 19-24 25+ TOTAL 

Haematostereum sanguinolentum 2 
Peniophora spp. 0 
Sistotrema brinkmanii 1 

(species complex) 
Poria carbonica 0 
Epicoccum nigrum2 1 
Poria placenta 1 
Coriolus versicolor 10 
Foalitopsis cajanderi 1 
Stereum hirsutum 0 
Phanerochaete sordida 4 

(species complex) 
Gloeophyllum saepiarium 1 
Schizophyllum cormaune 2 
Cystostereum pini-canadense 0 
Fomitopsis pinicola 1 
Type lo3 0 
Poria cinerascens 0 
Phlebia "A" 1 
Phlebia radiata 1 
Heterobasidion annosum 0 
Poria xantha 0 
Phlebia gigantea 0 
Type 144 2 
Phlebia albida 0 
Antrodia aarialis 0 
Crustoderma dryinum 0 
Unidentified basidiomycetes 2 3 
Unidentified without clamps 104 

Total number of cores 149 83 373 590 723 643 664 
with fungi5 

Total number of cores 
isolated 

Percentage of cores 
with fungi 3 -9 3.3 9.5 15.6 30.8 29.8 25.3 

These poles were sampled within 4 weelcs of cutting. 
A non basidiomycete fungus that influences wood strength . 
Type 10 is a white rot fungus probably a Peniophora sp. 
Type 14 is a clampless brown rot fungus with fiber hyphae. 
The sum of these totals does not equal the total of the final column because indi- 
vidual poles may have yielded more than one fungal species. 



Sistotrema ~rinkmanii. This is a complex of species grouped under one name. 
Their natural habitat is quite variable, ranging from decaying sporo- 
carps of other fungi to bark and wood. Although they can live in wood, 
they probably are not extremely damaging. Both Peniophora and 
Sistotrema are commnly found fruiting on untreated poles in the yards. 
These fungi are prevalent in the younger air seasoning poles, but 
decrease in numbers in the older poles. This suggests that they are 
inhabiting the sapwood - where they don't pose much of a strength loss 
hazard. 

Poria carbonica 
Poria placenta. These are the two major decay fungi found in Douglas-fir 

poles in service. They cause a brown rot which results in rapid 
strength loss in the early stages of decay. P. carbonica increases 
with seasoning time until it is one of the m o z  frequently isolated 
fungi. - P. placenta increases tt_q a_ Lower wkrrg it appear8 to 
remain. 

Epicoccum nigrun. This is a non basidiomycete that is commonly found in 
wood. Preliminary tests indicate it may be capable of causing strength 
loss in Douglas-fir. 

Coriolus versicolor. This fungus is a common white rotter on many hard- , 

woods and softwoods and is capable of decaying heartwood and sapwood. 
Strength loss tests indicate this fungus can be highly destructive to 

- L  

wood products. 

Fomitopsis cajanderi. This fungus causes a top rot in living trees and can 
cause a brown rot in logs and timber in service. Like H. sanguinolen- 

' -- tum, F. cajanderi occurs in living trees and may continz to be active 
in poles made from the infected trees. 

Gloeophyllum saepiarium. This fungus is a brown rotter commonly found on 
slash and downed timber. It is an important products rot and has been 
reported as a problem in poles and timbers. 

Schizophyllum commune. This fungus is an extremely common white rot fungus 
which occurs naturally on slash and downed timber. F ~ i t i n g  bodies are 
very common in pole yards, however damage appears slight and is pro- 
bably limited to sapwood. 

Stereum hirsutum 
Phanerochaete sordida. These two fungi are common white rotters but are pro- 

bably not a problem in Douglas-fir poles. 

From the frequent isolation of the monokaryons of decay fungi (Table 

25) it is evident that infection by basidiospores that initiate the mono- 

karyons is occurring in the pole yards. The relatively high percentages of 

monokarpons bf - P. placenta and - C. versicolor in poles of all age classes 



- .  is. 

suggest that spores of these fungi infect the pa"Psi3 at Slatively cbhBl2an€ 

rates. The prevalence of fruiting bodies of many of these fungi in the pole 

yards further suggests that the local spore concentration may be fairly 

high . 
Currently, - P. carbonica and - P. placenta are the major decay fungi found 

in _Dauglrra-fir poles, bf fJ3;LS muld change as different preser- 

vatives and pole production methods are used. Air seasoning poles contain 

many fungi with potential to decay wood and some of these fungi could become 

problems in the future. 

TABLE 25 

FREQUENCY OF DECAY FUNGUS MONOKARYONS ISOLATED FROM 
CORES REMOVED FROM DOUGLAS-FIR POLES 

SEASONED FOR VARIOUS TIME PERIODS IN EIGHmJN - 
POLES YARDS IN THE PACIFIC NORTHWEST 

MONOWYONS AS A PERCEEPPAGE OF 'IBE TOTAL FUHGAL ISOLATES 
FUNGI FROM POLES AIR SRASONED FOR VARYING LENGTHS OF TIME (MONTHS) 

Boria placenta 100 
Coriolus versicolor 90 
Poria carbonica 0 
Schizophyllum commune 50 
Phlebia "A" 100 
Poria cinerascens 0 
Fodtopsis pinicola 100 
Fomitopsio caj anderi 0 
Phlebia radiata 100 
Phlebia albida 0 
Poria xantha 0 

These poles were sampled within 4 weeks of cutting. 
Percentage of the total q-ber of isqlates of each fungus that are mnohryone. 



Pole coring methodology. - 
All of the cores from poles in our studies have been taken using a power 

drill. There is & ~ssibility that the heat generated by repeated boring 
J -r- r 

with the same borer might be influencing the frequency of fungi isolated 

from the cores. To test this, three untreated pole sections that had been 

exposed for 1 year at the Northwest Forest Genetics Station, Corvallis, OR 

were sampled by taking cores in rows spaced 6 inches apart around the cir- 

cumference of the pole and staggered 6 inches along the length. One set of 

cores (215) was taken using a power drill and two borers, as per usual, while 

the second set (215) was taken by hand from the same pole sections using 

borers which were cooled over dry ice between uses. These cores were taken 1 

inch from the holes of the cores taken with the power drill, resulting in two 

sets of paired cores. The cores were then treated identically through pro- 

cessing and culturing for decay fungi. 

Slightly higher numbers for several fungi were obtained from the cores 

taken by hand (Table 26). Statistical anal sis however s@-ed Ghat th-e fre- 
-+7 I 4 - 

quencies of isolation obtained with the -io technf.ques ;ere not different, 

and thus we are sat:-fied that our coring technique di.d m t  influence the 

populations of fungi obtained from the poles. 



TABLE 26 

FREQUENCY OF DECAY TYPE FUNGI ISOLATED FROM CORES 
TAKEN BY HAND OR POWER DRILLING OF DOUGLAS-FIR POLES 

NUMBER OF CORES YIELDING DECAY TYPE FUNGI 
TAB;EN FROM DOUGLAS-FIR POLES BY 
EITHER HAND OR POWER DRILLING~ 

FUNGI HAND CORED POWER CORED 

Por ia  placenta 7 1 5 5 
Poria  carbonica 50 43 
Haematostereum sanguinolentum 29 2 3 
Stereum hirsutum 4 1 
Coriolus vers icolor  1 1 
Poria  xantha 1 0 
Peniophora spp. 0 1 
Unidentif ied basidiomgcetes 2 2 
Unidentif ied without clamps 11 14 

The r e s u l t s  a r e  based on 215 cores taken by hand and 215 by power d r i l l i n g .  

B e  WOOD DECAY POTENTIAL OF FUNGI FROM AIR-SEASONING POLES 

Strength-loss t e s t s  have been evaluated t o  rapidly  assess  the  decay 

p o t e n t i a l  of fungi i s o l a t e d  from a i r s e a s o n i n g  poles. The r e s u l t s  of these 

tests w i l l  a l s o  focus i d e n t i f i c a t i o n  e f f o r t s  on the  more des t ruc t ive  fungi. 

Douglas-fir heartwood s t i c k s  (17 x 6 x - 1 mrm) were placed on fungal  colonies 

a c t i v e l y  growing on n u t r i e n t  medium &-ri pla tes .  One month l a t e r ,  the  

s t i c k s  were removed and t e s t e d  f o r  toughness by impact breaking and bending 

radius,  

Wood toughness is the  t o t a l  amount of s t r a i n  the  wood can absorb up t o  

complete f a i l u r e .  It is one of the  f i r s t  proper t ies  of wood a f fec ted  by 

decay fungi  and losses  up t o  50% have been reported a t  2% weight loss .  

The bending radius of the  s t i c k s  w a s  measured on a series of 17 mandrels 

varying i n  radius from 3.5 t o  0.125 inches (89 t o  3.2 m). A s t i c k  is bent 

around succeedingly smaller  mandrels u n t i l  it breaks. A decayed s t i c k  w i l l  

break on a l a r g e r  radius than a sound one. Impact breaking o r  energy 



ab-ed to b w  B stick W&l -&fed by a pendulum device. Tha swinging 

arm is dropped and strikes the test stick placed at the bottom of the arc. A 

pointer moving with the swinging arm remains at the highest point on the arc 

reached by the pendulum after breaking t-he stick. The &.stance the pointer 

moves up the arc is a measure of the energy absorbed by the pendulwn passing 

through the stick. Thus, the greater the arc traveled by the pointer the 

weaker the wood in toughness and the larger the indication of its being 

decayed. 

In preliminary experiments we determined that the shortest incubation 

period of sticks with Poria carbonica and - P. placenta that gave strength loss 

values significantly different from the controls (no fungus) was 2 weeks. 

However, we have adopted a 1 month incubation period for the tests to allow 

detection of fungi that might decay wood at a slower rate. 

The moisture content of the sticks placed directly on the fungal 

cultures growing on nutrient medium was generally above 100% and signifi- - .  
cantly slowed decay by the PorCa BpP. Soaking the sticks for 5 minutes 

before putting them on glass supports in the culture plates lowered the 

moisture content to about 50% and enhanced the decay rate. 

Wood tough!&e~!g is k p o ~  to b+. in.lueced bq m~isture content and thus 

our tests were perfomed at uniform moisture levels. For bending radius 

tests, oven dry wood g w  a e  best results, h t  ikr a $mp& brr.aking test, 

wood above the fiber saturation point (30% MC) was better. 

A number of fungi isolated from air-seasoning poles were evaluated in 

the breaking radius test to determine how the test conditiom established for 

the Poria spp. worked with other fungi. Sticks were placed on the agar or on 

glass supports and toughness was estimated on the mandrels after various 

incubation periods. 



Generally the s t i c k s  were more decayed when incubated on the  g l a s s  sup- 

por t s  giving a lower moisture content (Figure 9). Of the  11 fungi t e s ted ,  

f i v e  decayed wood s i g n i f i c a n t l y  f a s t e r  when supported. The fungi  t h a t  

decayed wood slower when the  wood w a s  supported above the  cu l tu re  surface  

genera l ly  had d i f f i c u l t y  reaching the  s t i c k s  and t h i s  has lead t o  modifica- 

t i o n s  i n  our reethods t o  a i d  t h e  contact  between the  fungus and the  wood 

without increasing the  moisture content of the wood. 

C. DETERMINE THE ABILITY OF VARIOUS FUNGAL STRUCTURES TO INITIATE DECAY AND 
DETERMINE HOW AND WHEN POLES IN. SERVICE ARE INFECTED WITH DECAY FUNGI. 

Por ia  carbonica is the  fungus i n  Douglas-fir poles i n  the  - 
P a c i f i c  Northwest, but r e l a t ~ e % * t t l e  i s  known about i t s  means of spread 

and in fec t ion  i n  o l e s  In fec t ion  can occur thrpugh d i r e c t  contact  with 
y ! j T  ' 1 , .  J 4 - 1 -  4.; -?-- L -  % 

soil-borne hyphaii, but a l r - d i s ~ e ~ ~ k n  by the  ' ~ u n g u s  is a l s o  involved. I n  

e a r l i e r  s tud ies  we demonstrated t h a t  s ing le ,  asexual spores (i.e. 

chlamydosporee) a r e  capable of e s tab l i sh ing  in fec t ion  under near optimum con- 

d i t ions .  Sexual spores (i.e. basidiospores)  a r e  iapor tant  dissemination 

u n i t s  f o r  many decay fungi  and i s o l a t i o n  of monokaryons from our in fec t ion  

s t u d i e s  ind ica te  that these spores play a s imi la r  ro le  f o r  L c a r b o n i c a .  A 

method f o r  obtaining spores i n  cu l tu re  was developed and current  s tud ies  a r e  

concentrat ing on understanding basidiospore germination. 

Basidiospore germination. 

Environmental conaL:ions favc--'ng basidlospore gemina t ion  a r e  of 

i n t e r e s t  a s  predic t ive  ind ica to r s  of Qh-zisk d e c a y  gsr iods .  The t i m e  
-\-- - .1 -1 I - I I 

required f o r  @EGii%ation and g e r m d t i o n  p e e c e n m e  w~e ' Ibea8ured t o  assess  

the  e f f e c t s  of various environmental fac tors .  Basidiospores were a s e p t i c a l l y  

co l l ec ted  from under ac t ive ly  sporula t ing cu l tu res  and the  spores were 

suspended i n  ate- ' le  d i s t i l l e d  water. The snore concentration was adjusted 
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to lxlo5 spores/ml, and 25 v1 drops were placed on a malt agar medium (12.4 g 

malt extract and 15 g agarlliter). The plates were incubated at room tem- 

perature (22OC) and monitored periodically for spore germination. Germination 

was defined as the time when the germ tube length equalled the spore length. 

Fields of view were examined until at least 100 spores had been counted. 

After 18 hours about 6.4% of the spores had geminated and by 96 hours 

17.3% had germinated. Although quite low, this percentage germination is 

similar to that of some other decay fungi. After 96 hours, mycelial growth 

obscured the tmgerminated spares making them difficult to axamine accurately. 

One major determinant in infection success is the moisture content of 

the wood and to sfudy this, two methods are' needed: a system for placing the 

spores on wood m d  a gethod fo_r ,o&serying the spores on the wood. A drop of 

water containing spores adds too much moisture to the wood consequently, we 

developed a system in which the basidiospores drop from a fruiting body 

directly onto the wood surface. This system has the advantage that it clo- 

sely parallels natural infection. 

There are several approaches to observing the spore on the wood surface, 

one of which is to use extremely thin (e.g. 60 micron) sections that can be 

mounted and observed with a light microscope. This method is unacceptable 

however, because it is too difficult to accurately control and measure the 

moisture content in thin wood sections. Initially we are using blocks 1 cm3, 

with one surface planed with a dcrotome to give a smooth surface for 

viewing. 

Viewing the spores on the w36d surface is a problem now under study. 

The basidiospores, which are 3x5 microns, are 1/100,000 the size of the 

period at the end of this sentence and are semi-transparent. Conventional 

fungal staining & s h a $ q u ~  !mre u u & M s g g g y  fs &h&! purpwx and we are 

currently experimenting with stains that cause living cells to fluoresce. 



Fungal hyphae on - the wood surface  can be seen by t h i s  .mth,od, but i t  remains 
R - 

t o  be t e s ted  on spores. Preliminary e x p e r l ~ n f s  i n d i c a t e  t h a t  

f luoresce in  d iace ta te  is  picked up by germinating basidiosporea and not by 

nongerminating spores of L c a r b o n i c a  which should allow d i r e c t  obaervation 

of the germination process on the  wood. 

In fec t ion  Study 

To study the influence of the environment on how and when poles become 

in fec ted  with decay fungi, s t e r i l i z e d  pole sec t ions  placed hor izonta l ly  and 

v e r t i c a l l y  are being exposed f o r  3 month i n t e r v a l s  a t  four  locat ions  i n  the 
T i b y  

P a c i f i c  ~ o r i b e f i .  The sec t ions  a r e  s a ~  -ed a f t e r  exposure and t h e  r e s u l t i n g  

fungi  cultured and ident i f ied .  De ta i l s  of the e x p e r i m e ~ ~ & s i g n  ( '81 Ann. -- - - J T  L 
Rept., pages 42-44) and the  f i r s t  yGrFs fes3f"ts ('82 f i n .  =Gt., pages 

45-47) have been reported. 

The dramatic increase  i n  i n f e c t i o n  during Nova-Jan. '81 a t  a l l  locat ions  

except Arlington, WA did not repeat  i n  t h a t  same time period during 1982 

(Table 27). There was, however, a continuing low l e v e l  of in fec t ion  a t  a l l  

s i t e s  during the  year with a s l i g h t  peak of in fec t ion  i n  May-July '82 i n  

Arlington WA. We a r e  current ly  i n  t h e  process of computer ana lys i s  of the  

i n f e c t i o n  study data. We w i l l  soon be able  t o  study, f o r  example, the  corre- 

l a t i o n  between the  weather a t  the  four s i t e s  and the  i n f e c t i o n  r e s u l t s .  This 

type of ana lys i s  may provide leads t o  a better understanding of' the  seasonal  

v a r i a t i o n  i n  pole in fec t ion  by decay fungi. 

Decay Developnent Study 

This experiment was designed i n  1981 ('81 Ann. Rept., pages 44-45) t o  

determine the volume of wood t h a t  might become in fes ted  by decay fungi  during 

a i r s e a s o n i n g .  I n  1982, the  f i r s t  set of pole sec t ions  were sampled ( '82 
7. '5P 7' 



Ann. Rept., pages 47-48) and we have cultured the cores and identified msts 

of the decay fungi obtained. Currently we are sampling a second set of pole 

sections that have been air seasoned for 2 years, and we are working with the 

computer analysis of the results to provide a three-dimensional estimate of 

the volume of wc ' infested each year. 

D. INVESTIGATE PiETHODS OF PMVEXYTING INFECTION OF POLES BY DECAY FUNGI 
DURING AIR-SEASONING AND FOR ELIMINATING DECAY FUNGI PRIOR TO AND 
DURING PROCESSING. 

Pole sections treated with amoniuni bifluoride from the four exposure 

sites were sampled in 1982 ('82 Ann. Rept. page 48). The cores have been 

cultured and decay fungi, whan present, have been identified. Currently we 
F-T  

are sampling a seem sw'of pole sections that have been air-seasoned for 2 

years following treatment. Results of these tr--tmnts will be computer ana- 

lyzed along with the results from the decay day -opment pole sections. 

This s-er the first set of cores will be removed from the pole sac- 

tions treated with encapsulated chloropicrin or methylisothiocyinate to pro- 

tect the bole sections from decay fungi durinn ai seasoninn. 



TABLE 27 

INCIDENCE OF WASIDIOMYCETES AND SUSPECT FUNGI I N  
DOUGLAS-FIR POLE SECTIONS EXPOSED FOR 3 MOMTH 

PERIODS AT FOUR LOCATIONS I N  THE PACIFIC NORTHWEST 

FRACTION1 AND PERCENTAGE OF CORES WITH BASIDIOMYCETES AND 
YW SUSPECT  FUNGI^ FROM 2 AND 4 FT. POLE SECTIONS EXPOSED FOR 3 
AND MONTH INTERVALS 
PLOT May - Ju ly  Aug. - O c t .  Nov. - Jan. Feb. - Apr. 
LOCATION Frac t ion  X Frac t ion  X Frac t ion  % Frac t ion  X 

1981-'82 
Arl ington,  WA 91219 4.1 121215 5.6 151304 4.9 51286 1.7 
Scappose, OR 171335 5.1 151211 7.1 481288 17 161288 5.5 
Eugene, OW -------- 181209 8.6 991288 34 6/280 2.1 
Orov i l l e  CA 71183 3.8 121222 5.4 118/302 39 191288 

1982-'83 
Arl ington,  WA 281267 10.5 101317 3.2 61253 2.4 
Scappoose, O r  81257 3.1 81257 3.1 51261 1.9 
Eugene, OR 21281 0.7 2/281 0.7 81293 2.7 
Orov i l l e ,CA 41266 1.5 91261 3.4 01275 0 

"Fraction" is the  nupber of cores wi th  basidiomycetes or  suspect  fungi  over 
'he t o t a l  number of cores. 

Suspect fungi  a r e  i s o l a t e s  t h a t  have most of the  morphological charac- 
t e r i s t i c s  of basidiomycetes but p o s i t i v e  i d e n t i f i c a t i o n  i s  pending. 

Core cu l tu res  l o s t  due t o  extens ive  contamination of t h e  c u l t u r e s  by non- 
basidiomycete fungi.  
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