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ABSTRACT

Laboratory evaluation of a promising new wood preservative, 2,3,5,6,-tetrachloro-4 methyl-
sulfonyl pyridine, was conducted to determine its relative effectiveness against two soft-rot
fungi using tensile strength as the measure of the protection value. One-sixteenth-inch sap-
wood specimens of three species: ponderosa pine (Pinus ponderosa Laws.), sweetgum
( Liquidambar styraciflua 1..), and pondcypress (Taxodium ascendens Bong.); were
treated with various levels of preservative and exposed to Graphium sp. and Acremonium
s$p. in test tube incubation chambers for 14 days. Statistical comparison of strength values
of treated sweetgum specimens exposed to Graphium sp. indicated no significant differ-
ence between the protective properties of chlorosulfonyl pyridine and pentachlorophenol.
Multiple comparisons of the untreated unincubated specimen mean with treated specimen
means, however, indicated that 0.05 pcf of chlorosulfonyl pyridine was required to pro-
vide the same protection as afforded by 0.03 pcf of pentachlorophenol. Results also re-
vealed that Graphium sp. had a relatively high wood-deterioration capacity.

Keywords: Pinus ponderosa, Liquidambar styraciflua, Taxodium ascendens, wood preser-
vation, wood preservatives, retention, soft-rot, Acremonium, Graphium, pentachlorophenol,

biodegradation, tensile strength.

INTRODUCTION

An essential step in developing a new
wood preservative is laboratory evalua-
tion of decay or deterioration occurring
in wood specimens treated to contain vari-
ous amounts of the test chemical.
Treated wood specimens are inoculated
with pure cultures of decay fungi and the
resulting amounts of decay are evaluated
by weight loss, strength reduction, or
other methods (Behr 1973). Loss in
strength due to decay often occurs before
significant weight loss; therefore, any pro-
cedure that uses strength loss as an indi-
cator of wood decay involves less incuba-
tion time, 12 weeks being required when
using the ASTM soil-block method ver-

sus several weeks when strength loss is
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used. For this rcason, strength loss has
frequently been proposed for use in lab-
oratory evaluation of wood decay (Brown
1963; Hartley 1958; Kennedy 1958; Mulhol-
land 1954; Toole 1971).

Soft-rot fungi characteristically deterio-
rate the surface layers of susceptible wood
when the latter is exposed in extremely wet
and otherwise favorable situations. The
manner in which the soft-rot fungi attack
wood is different from that of common
wood decay Basidiomycetes. Soft-rot fungi
have a number of physiological and ecologi-
cal characteristics that are distinctive. The
importance and uniqueness of their attack
in wood were not recognized until 1950 and
later (Findlay and Savory 1950; Savory
1954).

This paper reports the effectiveness of a
promising new wood preservative, 2,3,5,6-
tetrachloro-4 methylsulfonyl pyridine,? rela-

3 Dowicil §-13, U.S.D.A. Registration No. 404-
353, is a registered trademark of The Dow Chemi-
cal Company.
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tive to that of pentachlorophenol* for
protecting wood against biodeterioration
caused by the soft-rot fungi, Graphium sp.
and Acremonium sp. on sapwood specimens
of ponderosa pine (Pinus ponderosa Laws.),
sweetgum  ( Liquidambar  styraciflua 1.},
and  pondeypress  (Taxodium ascendens
Bong.). Tensile strength parallel to the
grain was the criterion for the laboratory
evaluation of deterioration.

MATERIALS AND METHODS

Test specimens were prepared from flat-
sawn sapwood planks of the three wood
species. These planks were freshly sawn
and kiln-dried. The character and dimen-
sions of the specimens are shown in Fig. 1;
dimensions were identical to those used by
Brown (1963). Specimens tested included
only those that were free from defect, even-
textured, straight-grained, and of accurate
dimensions. The wood-preserving chemi-
cals were prepared in concentrations
needed to produce the following reten-
tions: 0.01, 0.03, 0.05, and 0.07 pounds per
cubic foot (pef) of wood upon completion
of treatment. The fungal isolates® used
were a) Graphium sp., Designation: MCX-
11 (R-47F); b) Acremonium sp., Designa-
tion: MDX-1 (R-11). According to Dun-
can (1960} both of these soft-rot isolates
showed substantial wood-deteriorating ca-
pacities under a variety of test conditions.
The culture medium was agar substrate
which contained the ingredients recom-
mended by Duncan (1965).

Two similar but separate experiments
were conducted, one for each of the test
fungi. Each experiment followed a factorial
randomized block design to compare two
wood preservatives at four retention levels
using threc wood species. Three replicates
of each condition (preservative treatment-
wood species combination) were included.
For each wood species, there were nine un-

‘Dowicide 7, Prilled Technical Grade, U.S.D.A.
Registration No. 464-72, is a registered trademark
of The Dow Chemical Company.

* Obtained through courtesy of the U.S. Forest
Products Laboratory, Madison, Wisconsin.
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treated controls. To minimize strength vari-
ation within the test, observations of a given
wood species were assigned to three blocks
so the specimens within each block origi-
nated from the same annual rings and the
same Jongitudinal position or section (Fig.
1A) in the plank. Each of the three blocks
was comprised of one specimen to serve as
the untreated incubated control, eight speci-
mens for the preservative treatments, and
three specimens (untreated and unincu-
bated) for use to estimate the normal (un-
decayed) tensile strength for the group.
Thus each block contained twelve observa-
tions. Within each block, wood specimens
were assigned randomly to various treat-
ments.

Wood specimens were conditioned at
70% RH and 80 F temperature in humidity
jars similar to those described by Lin (1971).
After removal from the humidity jars, the
specimens were measured to obtain mini-
mum cross-sectional areas. Subsequent
preservative treatment and weathering of
wood specimens were accomplished in ac-
cordance with A.S.T.M.-D-1413 (1970)
with minor modifications, including the use
of a larger beaker to accommodate the spec-
imen and conditioned air instead of a water
bath to maintain the required temperature.
After weathering, the specimens were auto-
claved at 140 F under atmospheric pres-
sure for six hours.

Incubation chambers (Fig. 2) were pre-
pared similar to those used by Brown
(1963) except for a modification to favor
soft-rot attack. This modification involved
the addition of 15 ml of sterilized water to
each chamber to increase the moisture con-
tent of the wood specimens. According to
Duncan (1960, 1965) wood having a high
moisture content is necessary for soft-rot-
ting. To contain the water at a proper level,
with the ends of the test specimens par-
tially submerged, the incubation chambers
were placed on incubator shelves inclined
10 degrees from the horizontal. A prelimi-
nary test indicated that the optimum tem-
perature for growth of both fungi was be-
tween 34 and 36 C. The test specimens
were placed in contact with the growing
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Sapwood tensile test specimens. A. Flat-sawn plank with dotted lines indicating machining

required to produce test specimens. Specimens from longitudinal sections 1, 2, and 3 were assigned to

corresponding  statistical blocks.

culture and subjected to fungal attack for
14 days at a temperature of 34 C.

Upon removal from the incubation cham-
bers, the surfaces of the specimens were
brushed clean. The specimens were then
conditioned in the same manner as during
initial ~ conditioning.  Subsequently the
specimens were loaded in tension parallel-
to-the-grain using a static timber-testing
machine. The testing room was maintained
at 70% RH and 80 F temperature. Rate of
loading is a critical variable when testing
the strength of wood (King 1961; Mark-
wardt and Liska 1956; Sugivama 1967). Tt
was desirable, as shown by Brown (1963),
to use a deformation rate resulting in maxi-

B. Dimensions of specimens.

mum breaking load, thereby providing a
maximum range of tensile strength from
soft-rotted to sound specimens. A prelimi-
nary test determined the optimum loading
speed to be 0.1 inch per minute. The ulti-
mate load, in pounds, and the nature of the
failore were recorded for each specimen.
Load data were converted to tensile
strength (psi) and plotted against reten-
tion. Comparison of preservative treat-
ments was based upon statistical analysis.

RESULTS AND DISCUSSION

The average tensile strength values of
the tested specimens are presented in Table
1. Among all treatments within each wood
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chamber is inclined 10 degrees with the lower portion of the wood specimen submerged. The wood
is in contact with the fungus growing on agar contained in a glass insert.

species-fungus  category, highest tensile
strengths were exhibited by the untreated
unincubated controls. Coetficients of vari-
ations among these controls in the Graphi-
um sp. experiment for ponderosa pine,
sweetgum, and pondcypress were 4.8, 104,
and 14.9 percent, respectively. These co-
efficients provide an indication of the origi-
nal (normal) variation among the different
species of test wood specimens. Lowest
tensile strengths, with several exceptions,
occurred among the untreated incubated
(soft-rotted ) controls.

The relative degree of deterioration of
the various treated specimens caused by
the test fungi is indicated by loss of strength
of these spccimens when compared to the
strengths of the untreated unincubated con-
trols. Such comparicons (Table 1) indicate
that significant deterioration was caused by
Graphium sp., with greatest strength loss
occurring among sweetgum and ponderosa
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Incubation chamber containing water, a soft-rot fungus, and a sapwood specimen. The

pine species. Acremonium sp. under condi-
tions of this experiment caused limited
strength reduction among the treated and
untreated test specimens of all three test
woods, a somewhat unexpected result in
view of the earlier findings of Duncan
(1960).

Further insight regarding the relative de-
teriorating effects caused by the test fungi
and information on their deterioration ca-
pacities were gained by calculating and
comparing average strength reduction data
of the untreated specimens. Such strength
reductions calculated from differences in
tensile strengths of unincubated and incu-
bated controls (Table 1) are presented in
Table 2. These data show that among all
wood species-fungus groups, Graphium sp.
attack on sweetgum sapwood caused the
greatest reduction in tensile strength; spe-
cifically, 10.08 psi X 103, or 57.9%. The
attack of the same fungus on ponderosa
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TasLe 1. Average tensile strength (psi X 107) of sapwood specimens® exposed to various preserva-
tive and soft-rot fungus treatments.
Treated Incubated Specimensb
Untreated Untreated
Wood Incubateg Chlorosulfonyl Pyridine Pentachlorophenol Unincubated ,
Species Controls Retentions (pcf) Retentions (pcf) Controls
0.0T7 0.03 0.05 0.07 0.01 0.03 0.05 0.07
-------------------------- Exposed to Graphium sp. for 14 days-----=----=-c-mnooo
Ponderosa
pine 7.62 9.96 9.55 9.60 9.21 9.31 9.60 9.36 9.86 10.15
Sweetgum 7.33 7.82 11.28 14.37 15.74 9.36 15.77 15.77  15.41 17.41
Pondcypress 11.76 10.84 11.10 11.37 11.84 12.20  13.00 12.50  11.93 12.67
————————————————————————— Exposed to Acremonium sp. for 14 days----------ccm-no-
Ponderosa
pine 7.36 7.84 8.21 7.64 8.33 8.22 8.36 7.44 7.33 7.70
Sweetgum 15.06 14.79 14.36 16.83 15.32 15.88 14.73 14.35 14.76 16.67
Pondcypress 12.78 14.23 12.86 12.71 12.26 13.00  12.99 13.7¢6 12.3 12.98

“Specimens were weathered and reconditioned at 70% RH and 80°F temperature prior to tensile testing;

retentions are those at time of treatment.
bMean of 3 determinations.
®Mean of 9 determinations.

pine resulted in a 24.9% strength reduction.
On the basis of past experience, strength
reductions of about 60% or higher are usu-
ally observed among untreated controls
which exhibit significant levels of Basidio-
mycete decay (Brown 1963).

The apparent limited effects of Acre-
monium sp. on untreated controls led to the
conclusion that comparisons of the two test
chemicals could be based only on the data
from sweetgum exposed to Graphium sp.
This conclusion was confirmed when re-
sults of the analysis of variance of the treat-
ments among all other wood species-fungus
categorics were determined to be non-

significant. The analysis of variance of ten-
sile strength values of sweetgum species ex-
posed to Graphium sp. is presented in Table
3. An “F” value of 4.77 indicated signifi-
cant differences at the 0.01 level among
treatments, and thus the data provided a
valid basis for testing the effectiveness of
the test chemical.

Subsequent statistical analysis revealed
no significant difference between the pro-
tective properties of chlorosulfonyl pyridine
and pentachlorophenol when they were
used to protect wood against soft-rot fun-
gus. In such analysis the calculated “t”
value obtained from the comparison of ten-

TasLe 2. Average strength reduction® and percent reduction” of untreated sapwood specimens ex-
posed to soft-rot fungi.

7 Soft-Rot Fungi

Wood Graphium sp. Acremonium sp.

Species

psi x 107 9 psi x 1073 %

Ponderosa pine 2.53% 24.9° 0.34 4.4
Sweetgum 10.08 57.9 1.61 9.7
Pondcypress 0.9 7.2 0.20 1.5

“Tensile strength differential between unincubated and incubated controls.

1

Tensile strength reduction expressed as percentage of unincubated control tensile strength.
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tion levels of two preservative chemicals, pentachlorophenol

Average tensile strength of weathered sweetgum specimens as affected by various reten-

and chlorosulfonyl pyridine

(—

(—-), and Td-day exposure to Graphium sp. compared with tensile strength of the unincubated

controls.

sile strength values of chlorosulfonyl pyri-
dine versus pentachlorophenol on sweet-
gum specimens in the Graphium experiment
was 1.47, the table “t” value indicating a
significant difference for the comparison
was 2.10.

Employing Dunnett's multiple compari-
son procedure (Steele and Torrie 1960) to
compare the untreated, uninoculated sweet-
gum control mean (17.41 X 10-*) with each
of the eight treated incubated (Graphium

sp.) means provides a statistical method to
determine for each preservative the lowest
effective retention level needed to protect
wood. For example, the four means repre-
senting the tensile strength of specimens
treated with chlorosulfonyl pyridine at the
four differcnt retention levels were

7.82, 11.28, 14.37, and 15.74 psi X 1073,

respectively.

Only two of these, 7.82 and 11.28, were
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TasLe 3. Analysis of variance of tensile strengths of sweetgum specimens exposed to Graphium sp.
Source of Variation d.f. S.S. M.S. F

Blocks 56.42 X 10°

Treatments 375.57 X 106 41,73 X ]06 4.77%%
Error 18 157.40 X 10° 8.74 x 10°

Total 29 589.39 X 10°

**Significant at 0.01 Jevel.

found to be significantly different from
17.41; the other two, 14.37 and 15.74, were
not significantly different. Since 14.37 rep-
resented the strength of specimens treated
with 0.05 pcf of chemical, this retention lev-
el for chlorosulfonyl pyridine under con-
ditions of this study is the lowest effective
retention level that will prevent degrada-
tion of sweetgnm sapwood by Graphium
sp. Using the same procedure, the lowest
effective retention level for pentachloro-
phenol to protect sweetgum sapwood was
0.03 pcf.

Tensile strength data of the chlorosulfonyl
pyridine and pentachlorophenol specimens
plotted against retention at time of treat-
ment are presented in Fig. 3. Mean tensile
strength and confidence limits (%t o587) of
the unincubated treated controls are shown
for comparison. Data for the treated, weath-
ered, and incubated specimens in Fig. 3
suggested that at the midpoint of the ten-
sile strength range, chlorosulfonyl pyridine
as a preservative for protecting wood
against Graphium sp. attack was approxi-
mately three-fourths as effective as penta-
chlorophenol when based on retention at
time of treatment.

As previously indicated, strength reduc-
tions caused by Acremonium sp. were lim-
ited. The attack of this isolate on the un-
treated incubated control specimens was
insufficient to provide a basis for evaluating
the preservative value of chlorosulfonyl pyr-
idine. The test results provide additional
information, however, on the wood-deteri-
oration capacity of the fungus, at least un-
der conditions used in this experiment. Ex-
tending the incubation period, decreasing
the wood moisture content or other changes
in technique will undoubtedly be neces-

sary to enable this isolate to cause signifi-
cant damage when similar studies are con-
ducted.

Tensile strength testing is sensitive in
evaluating limited deterioration and is
recommended when soft-rot fungi are em-
ployed. The tensile strength method has
the disadvantage of being a destructive test.
As such, it is impossible to measure strength
loss directly because the normal tensile
strength of each soft-rotted specimen is an
estimated value based on the average
strength value of unincubated controls.
Since an additional variable—strength of
wood—is added to the test, factors that in-
fluence the strength properties of wood
must be critically controlled.

In order to obtain satisfactory informa-
tion for fungistatic evaluation, a fungus
isolate having a high deterioration potential
should be selected for testing wood pre-
servatives. Woods selected should be of
uniform texture and highly susceptible to
soft-rotting. The combination of Graphium
sp. and sweetgum sapwood appear to have
these attributes and therefore may be use-
ful for evaluating wood preservation when
the tensile test method is employed. Pond-
cypress sapwood, on the other hand, is not
a satisfactory material for tensile testing be-
cause of its relatively uneven texture and
low susceptibility to deterioration by this
isolate.

The patterns of wood failure in the speci-
mens subjected to tensile strength testing
were satisfactory; that is, the nature of the
failures indicated that the majority of speci-
mens failed in tension. In a few cases, how-
ever, the failure patterns were not satis-
factory because they did not break at the
point of smallest cross-scctional area. In
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such cases, there is no assurance that fail-
ures of the test specimens were due entire-
ly to tensile stresses; thus a more appropri-
ate term should be used. The term
“breaking tenacity,” as used by the textile
fiber industry (ASTM. 1975) is sug-
gested.

CONCLUSIONS

1. A statistical comparison of tensile
strength values of treated sweetgum speci-
mens exposed to Graphium sp. indicates no
significant difference in the protective
properties of 2,356 -tetrachloro-4 methyl-
sulfonyl pyridine and pentachlorophenol.

2. Multiple comparisons of the un-
treated unincubated specimen mean with
treated incubated specimen means indicate
that 0.05 pcf of chlorosulfony! pyridine is
required to provide the same protection as
afforded by 0.03 pcf of pentachlorophenol.

3. The degradation capacity of Graphi-
um sp. enables this soft-rot fungus to de-
teriorate thin sweetgum sapwood specimens
significantly during a 14-day incubation
period.

4. The tensile test method as described
in this study using sweetgum sapwood and
Graphium sp. is a satisfactory procedure
for evaluating the protective properties of
a wood preservative.
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