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Abstract
Through an integrated laboratory and field testing pro-
gram, the durability of a variety of wood species, when
treated with emerging preservatives, is being evaluated.
Results from this testing program will provide a broad
database on the potential of alternative wood species to
be treated with diffent preservatives. It is well recog-
nized that inorganic waterborne preservatives do not
protect hardwoods as well as they protect softwoods,
but the degree of difference has not been quantified. The
relationships between accelerated laboratory tests and
actual field performance have also not been quantita-
tively defined. ‘Therefore, a series of linked, laboratory
and field evaluations has been initiated that should
provide the opportunity to judge the merits of diffrent
experimental approaches to predict the ultimate field
performance potential of new wood species by preserva-
tive combinations. This information will contribute to
increasing the opportunities available for utilizing re-
gional forest resources in U.S. transportation structures
and strengthening the international trade of durable
wood products. This paper presents an overview of the
ongoing experimentation and the current status of this
integrated research program

Introduction
One important component of any program that focuses
on utilization of wood in U.S. transportation structures
is the desire to stimulate local economies and enhance
rural transportation systems through the use of locally
available wood species. The emphasis on locally avail-

able species often requires consideration of wood spe-
cies other than the primary commercially used wood
species. Regionally distributed, underutilized hard-
woods are of special interest in this program There is
also a national need for a strong export trade. Preserva-
tive treatments, in concept, are being increasingly
looked to as a technology that will generate additional
opportunities for U.S. wood products in global mar-
kets. Both nationally (Wipf and others 1993) and in-
ternationally, development and testing of new wood
preservatives that do not pose an environmental hazard
are needed, Specific actions vary with individual politi-
cal entities, but bans on one or more of the commonly
used preservative systems are either appearing or being
considered within several countries, including the
United States.

The resolution of these needs presents a challenge. Dur-
ing the past two decades, waterborne preservatives have
been used increasingly to treat softwoods. These pre-
servatives enjoy a public perception of environmental
preference over oilborne preservatives because of the
lack of odor and the dry surface of the waterborne
treated product. Indeed, waterborne preservatives are the
preservative of choice when a high degree of human
contact is involved. However, it is generally recognized
that hardwoods are less protected from decay by water-
borne preservatives than are softwoods. Furthermore,
the commonly used waterborne preservative chromated
copper arsenate (CCA) is now banned in Indonesia
(Permadi 1995).
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Hardwoods are commonly used for railroad ties, which
are almost universally treated with creosote. However,
many hardwoods that have a wide geographic distribu-
tion lack the density needed for ties, These hardwoods
also lack the quality required for tine furniture and re-
main relatively underutilized in construction. Examples
of such hardwoods in the United States are soft (red)
maple that is omnipresent east of the Mississippi; sil-
ver maple which is common through the Midwest,
Mid-Atlantic, and Northeastern regions; cottonwood
which is prevalent along river bottoms throughout the
West, North Central, and Southern regions; and yellow
poplar which is abundant in the Mid-Atlantic states
and Southeast region. Of these hardwoods, considerable
engineering research is being directed towards devel-
opment of designs and building components that will
permit enhanced utilization of red maple and cotton-
wood, in particular. All these hardwoods lack natural
durability and vary in treatability characteristics.

Another challenge in developing and testing new wood
preservatives is that protocols for acceptance to stan-
dards are structured to provide comparison of the pre-
servative chemical, not to characterize the variation
within a wood species or between species of wood
(AWPA 1994). Southern pine sapwood is the material
that is usually utilized in these evaluations.

Through an integrated laboratory and field testing pro-
gram, the durability of a variety of wood species, when
treated with emerging preservatives, is being evaluated.
The purpose of this paper is to present an overview
of the ongoing experimentation and the current status
of this integrated research program.

Materials And Experimental Methods

Linkage Through Experimental Design
This research is supported through several funding pro-
grams,1 thus specific objectives of individual studies

1This research is supported in part by the U.S. Federal
Highway Administration, the USDA Foreign Agricul-
tural Service, the Western Wood Products Association,
and several chemical suppliers. The total program in-
volves cooperative studies with CSIRO, Division of
Forest Products, Clayton, Victoria; Department of
Primary Industries, Forest Service, Indooroopilly,
Queensland; Forest Products Research and Develop-
ment Center, Bogor, Indonesia; State University of
New York, ColIege of Environmental Science and For-
estry, Syracuse, NY; Michigan Technological Univer-
sity, Houghton, MI; Mississippi State University,
Starkeville, MS; Oregon State University, Corvallis,
Oregon; and University of West Virginia, Morgan-
town, WV.
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differ. However, all individual studies being done at
various institutions and geographic locations are linked
by the common objective to evaluate accelerated meth-
ods for predicting the performance life of preservative-
treated wood. Either a component of the experimental
design or the complete design of field trials conducted
at all locations is repeated in field stake plots at the
USDA Forest Service, Harrison Experimental Forest,
in southern Mississippi. Furthermore, in either separate
experiments or by means of subsampling, replicate
stakes, which were treated at the Forest Products Labo-
ratory (FPL) for field exposure in tropical and temperate
locations, were also used to conduct parallel soil-block
studies at FPL. This gives us a prime opportunity to
explore whether results from laboratory soil-block stud-
ies and those from field plots in tropical locations fore
cast relative performance of treated-wood products in
temperate climates.

Whenever possible, a minimum of 20 replicate
units/species by preservative by retention combination
was used in laboratory-scale, simulated ecosystems and
in field studies that permitted repeated measurement
of the same unit. This was done to permit development
of failure curves for small populations of the same wood
by preservative by retention combination when evalu-
ated by different methods or in different environmental
settings. In a data analysis from prior FPL field plots
with stakes that were nominally 50 by 100 mm in
cross section, we estimated that 20 was the minimum
number of replicate units needed to characterize popula-
tion trends. This design protocol had some impact on
limiting the number of field sites when exposures had
to be made on a fixed budget, and the protocol did
restrict the number of combinations that could be
evaluated in soil beds that have a finite physical capac-
ity. In the end, the experimental design will allow a
detailed comparison of performance histories of treated-
wood species in tropical and temperate plots. These
comparisons will hopefully enable researchers to deter-
mine whether tropical environments yield the same
relative performance among experimental combinations
and whether tropical exposures yield any quantitative
indication of potential durability of treated products.

Selection Of Wood Species
Several wood species have potential application in
transportation structures. To gain information on pos-
sible interactive effects among wood species and pre-
servatives, three species were considered as a core to be
included in each evaluation, if possible. Other species
were selected because of the regional abundance or an-
ticipated unique performance profiles with waterborne
systems (Table 1).



Table l—Wood species utilized in efficacy evaluations of alternative preservatives.

Species Characteristics

Selection Of Preservatives
In this research program, we emphasize evaluating the
efficacy of emerging preservatives in alternative wood
species rather than conducting chemical research on
new preservative compounds. We selected preservatives
in which the active ingredient (biocidal component)
was being considered within the United States, was
approved by the Environmental Protection Agency
(EPA), or was in use in another country. Thus far, we
have worked principally with systems that contained
only a single active ingredient. In future work and as
our ability to design protection systems increases, we
anticipate emphasis to be placed on blends or combina-
tions of active ingredients.

Both waterborne and oilborne preservatives are consid-
ered in this research program. Although several
anticipated uses for treated-wood products might entail
a high level of human contact, therefore favoring
inorganic systems, many transportation structures are
not frequently exposed to humans. These structures

also endure repeated vibration and are exposed to
lengthy periods of weathering where organic systems
function well. Not every preservative is used in all ex-
perimental combinations, but the program, as a whole,
includes the preservatives listed in Table 2 in at least
one experiment.

Preparation Of Wood Materials
Some experimental units were prepared and treated at
the FPL, shipped to field locations, and installed by
cooperators. Other units were prepared, treated, and
installed by cooperators. All experimental materials
used in FPL laboratory experiments and field plots
were prepared and treated at FPL.

In soil-bed (fungus cellar) studies at FPL, stakes were
3 by 19 by 150 mm, with the longest dimension paral-
lel to the grain. In most of our field trials, stakes were
19 by 19 by 450 mm, with the longest dimension par-
allel to the grain. With a few studies, however, we
used stakes that were 25 by 50 by 500 mm. The Doug-
las-fir were incised prior to treatment. No other wood
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Table 2—Preservatives Included in integrated research program.

Waterborne perservatives                  Oilborne perservatives/creosotes   

species was incised. Stakes were prepared from the
kiln-dried wood furnish as supplied. Except for Doug-
las-fir, only wood that was free of knots was used
for stakes. Douglas-fir stakes for field plots included
wood with small-sized knots.

All wood stakes were cut from the finish to the de
sired dimension, then equilibrated to a constant
weight. The equilibrated stakes within each size group
in each species were then weighed and arrayed by
weight, The entire lot of weighed stakes was then di-
vided into groups of 30, each with equivalent mean
density and equivalent variation in density. This was
accomplished by dividing the total population of stakes
that were arrayed by weight into divisions of 30 repli-
cate stakes, Each division was sequenced by density
(weight/constant volume). To develop the set of 30
replicate stakes per treatment, we selected stakes from
each of the divisions in a selection process that alterna-
tively passed up and down the array from the least
dense to most dense division.

Soil-Block Procedures
Standard and modified soil-block procedures were util-
ized within FPL. In a study that is evaluating alterna-
tive preservatives for use in softwood construction in
Indonesia, blocks of Southern Pine sapwood were se-
lected and treated with preservatives in accordance with
A WPA E-10 (AWPA 1995c), except that the blocks
were pressure treated by the fill-cell process in the
same work tank and treating solution as were the field
stakes to which the blocks are referenced. In other stud-
ies, an attempt was made to compare soil-block meth-
odology with field test procedures. In these compara-

tive evaluations, soil blocks were made from cross
sections of 10 randomly selected stakes that were with-
drawn from the set of 30 that were treated with each
concentration of preservative in their respective tests.
For each assay fungus used in the soil-block test, one
19-mm-long block was cut from midlength of each
of the 19- by 19-by 450-mm stakes that were removed
for analyses from each lot of 30 stakes per treatment.
This created 10 replicate cubes per preservative treat-
ment for each assay fungus.

Treating Procedures At FPL
Comparisons of wood preservative chemicals in wood
products are usually made on a basis of equivalent
loadings (retention levels) in a given wood species,
Standard procedures for preparing soil blocks (AWPA
1995c) or field stakes (AWPA 1995b) define Southern
Pine sapwood as the preferred wood and require selec-
tion of clear wood materials with a maximum allow-
able variation in density.

This research program encompasses a host of wood
species. Each experiment entails treatment of a number
of wood species to different retention levels with a
group of preservatives (Table 3). To accomplish this
array of treatments with a minimal amount of chemical,
the retention series for all preservatives in all wood
species is accomplished by treating all woods with the
same gradient series of percentage active ingredient and
allowing the resultant retention (weight/volume) to be
distributed as determined by the variability in density
of the wood materials being treated. As a result of the
method of stake selection, a comparability in distribu-
tion of solution uptakes is anticipated for each wood by
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Table 3—Concentration of active ingredients Table 4-Concentration of active ingred-
used at FPL when treating different wood spe-
cies for evaluation of preservative efficacy.

Active ingredient (%)

Chloro-
Water- thalonil
borne Creo- (oil-

systemsa sotes borne)

0.08 a 7.5 0.37

0.15 a 15.0 0.74

0.30 abc 30.0 1.48

0.60 abc 65.0 2.96

1.20 abc
2.40 abc
4.80 c

Copper (%)

Oxine Copper
copper naph-

(oil- thenate
borne) (oil)

0.04 0.04
0.08 0.08
0.30 0.30
0.60 1.20

1.20
4.80

aLetter following concentration identifies type
of experiment in which that concentration of
active ingredient was used: a = soil-block stud-
ies; b = stake tests in U.S. field plots,
c = stake tests in Indonesia. This partitioning
of experiments was done only with the water-
borne preservatives as indicated here.

treatment combination. However, visual identification
of heartwood is not always possible, so some varia-
bility results. At each treatment, the preservative up-
take of individual stakes is recorded on a computer.
The identity of each stake is maintained in the field,
and ultimately the performance of individual stakes will
be related to the actual preservative uptake for that
stake. Field results from each plot will ultimately be
displayed in a computer-generated spreadsheet that re-
lates performance to preservative retention on an indi-
vidual stake basis. We anticipate that this will be an
improvement from past practices of recording only the
average retention and not accounting for the actual
variation in retention that occurred in the population
of stakes at time of treatment (Gutzmer and Crawford
1995).

In a study in which several preservatives were evaluated
for their ability to protect Douglas-fir, we used a
slightly different concentration of active ingredients
(Table 4). All experimental materials were treated us-
ing the full-cell process. Calculations of chemical reten-
tion in each treated item were made on the basis
of weight gain during treatment.

Creosote was diluted with toluene to simulate an
empty-cell process. Copper naphthenate, chloro-
thalonil, and oxine copper were dissolved in No. 2
diesel oil, which met AWPA requirements for hydro-
carbon Type A (AWPA 1995a), and then diluted with

ients used at FPL in treatment of Douglas-
fir for evaluation of preservative efficacy.

Active ingredient Copper
(%) (%)

Copper
Water- Chloro- naph-
borne Creo- thalonil thenate

systems sotes (oilborne) (oil)

0.37 7.5 0.37 0.31

0.75 15.0 0.74 0.62
1.50 30.0 1.48 1.25

3.00 60.0 2.96 2.50

toluene to achieve desired solution concentrations
of diesel fuel and active ingredient. Treating solutions
with oxine copper and copper naphthenate were mixed
with toluene so that the amount of No. 2 diesel fuel
was only 30% by weight of the total solution. Treating
solutions with chlorothalonil were adjusted so that the
diesel fuel comprised 22%, by weight, of the total
solution.

For field testing, 30 replicate stakes were treated
for each wood species by preservative by retention. At
time of treatment, the retention of each treated stake
was calculated on the basis of weight gain. Stakes
treated with oilborne and waterborne preservatives other
than ammoniacal systems were then allowed to air dry
prior to shipment to a field site. Stakes treated with
ammoniacal systems were wrapped in plastic and
stored at least 2 weeks at ambient temperature before
being unwrapped and allowed to air dry. Ten stakes
were randomly withdrawn from each set of 30 replicate
stakes for chemical analysis and to use in laboratory
decay studies.

Evaluations
Evaluations of wood preservative efficacy in different
wood species include the following:

●

●

●

●

Laboratory decay studies in which treated-wood
products are challenged with pure cultures of wood-
destroying fungi

Laboratory-scale, simulated ecosystems in which
treated wood is exposed in soil beds that are main-
tained to selectively favor one or more grouping
of deterioration organisms

Field trials structured to expose treated wood to
selective attack by termites

Field trials designed to subject treated wood to
naturally occurring microflora and fauna, either in
ground contact or above-ground exposure
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Pure Cultures
Laboratory experiments with pure cultures of wood-
destroying fungi offer the opportunity to challenge the
treated-wood product with organisms known to be tol-
erant of the preservative or the generic family of pre-
servatives under evaluation. As such, pure cultures
offer an opportunity to present a challenge for a specific
wood by preservative combination that represents the
worst possible exposure that could occur in the field.
Laboratory decay studies with pure cultures also pro-
vide the opportunity to explore specific questions about
the effect on wood species, veracity of fungi from differ-
ent ecosystems against a specific wood product by
treatment, effect of different physiologic groups of fungi,
and even sequential effects of different, known organ-
isms. A weakness of this approach is that pure cultures
do not reproduce natural environmental settings and
thereby do not simulate the interactive, competitive
effects of natural microbial systems. Another limitation
is that there is no universal agreement on the merits
of these methods as predictors of actual field perform-
ance. The ASTM-type soil-block tests are generally
more severe than the agar-block tests in that soil block
usually gives greater threshold values (Cockroft 1974).
Some researchers (Duncan 1953) consider results from
soil-block studies with oilborne preservatives to be
indicative of threshold values that occur in the field.
Others (McNamara 1994) remain to be convinced. The
severity of challenge posed by soil-block tests is greater
than what occurs within 5 years of exposure above
ground (De Groot 1994), but long-term relationships
are not yet identified.

The appeal of agar-block methodology lies in its sim-
plicity, relative ease of repeating the test with different
fungi in any laboratory around the world, and reported
speed, i.e., results within 3-6 weeks (Levi 1969). For
these reasons, agar-block studies were included in our
integrated evaluation protocol. In one study, a recent
variation (Worrall and others 1991; Worrall  and Wang
1991 ) of the agar-block procedure was used to evaluate
the efficacy of waterborne and oilborne formulations
of copper naphthenate in red maple (Smith and others
1996). In this procedure, miniature blocks measuring
5 mm (longitudinal dimension) by 10 mm (tangential)
by 20 mm (radial) were treated according to experimen-
tal design and then supported on a plastic
“needlepoint” mesh (2.5 perforations/cm) that rested on
the mycelium of the assay fungus. This methodology
proved useful in evaluating the preservative treatments
against soft-rot and white-rot fungi, but did not pro-
mote aggressive decay by brown-rot fungi. Conse-
quently, the agar-block method proved not to be
of value as a way to evaluate efficacy against brown-rot
fungi. This result with brown-rot fungi was surprising
in light of Levi’s (1969) prior success with veneers
of wood that rested directly on mycelial mats. Smith
(1996) believes that the reduced decay by the brown-rot
fungus G. trabeum in this type of test is due to a

requirement for a greater wood moisture content than
occurs with this experimental procedure. Nonetheless,
we confirmed this general performance profile in subse-
quent experimentation at FPL.

We also determined that variation among replicates can
be controlled with soft-rot and white-rot fungi. In prior
research with brown-rot fungi in which blocks were
supported on glass rods over an agar substrate, variabil-
ity recognized it as being too severe to permit statisti-
cal analysis (Cowling 1957). Through this integrated
laboratory and field testing program, we will have the
opportunity to relate results on copper naphthenate in
red maple to subsequent field performance. However, it
appears that more can be gained from the agar-block
procedure, especially in light of its reported quick
response time.

The use of wood blocks of small volume in laboratory,
soil-contact decay studies (Bravery 1979) holds prom-
ise as a technique for rapid evaluation of new preserva-
tives (miniblock procedure). This technique has been
used previously to evaluate efficacy of wood preserva-
tives on western red cedar sapwood (Scheffer and others
1987, 1988). For these reasons, the miniblock proce-
dure was investigated for its utility as a tool for initial
evaluations of relative performance of alternative pre-
servatives on a variety of wood species. A cooperative
evaluation of this test procedure was executed with
Oregon State University. Laboratory activities were
conducted at the university; data analysis was done at
FPL. We found that this method lacked sensitivity in
detecting significant differences among experimental
varieties. This was probably due to the heterogeneity of
variance in the experiment. We also observed that only
a few fungi caused relatively more decay in a variety
of wood species than did other fungi. These results
suggest that the efficiency of this type of procedure
could be increased by minimizing the number of assay
fungi and maximizing the number of independent repli-
cations. The miniblock procedure seemingly has poten-
tial as an accelerated method for evaluating new pre-
servatives. However, before this procedure can be
accepted as a standard protocol, the source of procedural
variability, reproducibility, and sensitivity needs to be
defined.

At the FPL, we are conducting soil-block studies
(AWPA 1995c) that utilize blocks prepared from sub-
sets of the lot of stakes that were treated for either field
exposure or analysis, as previously described, and we
are conducting soil-block tests of parallel design using
pine sapwood blocks. This should give us an opportu-
nity to determine whether relative performance profiles
in the laboratory are equivalent to those that we ob-
serve in the field. We are using representative, standard
brown-, white-, and soft-rot fungi in the decay tests. It
is anticipated that we will be able to define separate
performance profiles for treated woods against each
of the three major groups of wood-decomposing fungi.
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We then will be able to compare those separate profiles
with field performance in different ecosystems and with
performance of comparable treatments by wood combi-
nations in soil-bed (fungus cellar) exposure. In our in-
vestigation of alternatives to CCA
for treatment of pine in Indonesia, we are complement-
ing an extensive field trial that is replicated in West
Java, southern Mississippi, and Wisconsin, with a
soil-block study of alternative preservatives in pine
sapwood blocks. In that soil-block study, we utilize
only leached blocks because the pine in Indonesia is
used mostly for cooling towers. Wood-decaying fungi
that are important in both countries are used in this
study.

Simulated Ecosystem
Beds of nonsterilized soil can be used as a medium
for accelerated evaluation of treated-wood materials in a
laboratory setting that more closely simulates a natural
ecosystem than do pure culture studies. Small, elon-
gated members of treated and untreated wood are im-
mersed vertically into a bed of soil and incubated at a
temperature and soil moisture content that allows natu-
rally occurring microorganisms to flourish. The size
of the wood members can be several millimeters to
centimeters in dimension. Since the inception of soil-
bed methodology almost 30 years ago (Gersonde and
Becker 1958), there has been a growing recognition
that the predominant microflora in the soil (i. e., soft-,
brown-, or white-rot fungi) can be somewhat selected
through control of soil moisture content in these beds.
Even termites can be introduced to more completely
simulate field exposure (Johnson and others 1988).
There has been a growing interest in quantifying the
measurements of decomposition (Baines 1984) and
characterizing the performance profiles of populations
of replicates in soil beds (Thorton and others 1995)—
an approach that will allow meaningful comparison
of results from these systems with results from field
trials.

In our current research program, the performance of sev-
eral species of hardwoods treated with both oilborne
and waterborne systems is being evaluated in the soil-
bed facility at Michigan Technological University.
Stakes treated with the corresponding retention levels
of the same preservatives are also being field tested in
Hawaii and southern Mississippi. In the Michigan
facility, the soil-bed stakes are 10 mm thick.

Three formulations of creosote that are not currently
accepted within AWPA standards are also being evalu-
ated in soil-bed tests at FPL. One formulation is also
being evaluated in several wood species in a field simu-
lator at CSIRO, Clayton, Victoria. In addition, the
experimental design for the FPL soil-bed study is rep-
licated with two sizes of stakes in an FPL field plot in
southern Mississippi and, in part, in the CSIRO field

sites near Walpeup, Victoria. A soil-block study using
these formulations was previously completed at FPL.
In the FPL beds, the soil is kept at a high moisture
content to promote attack by soft-rot fungi, Stakes are
3 by 19 by 150 mm (radial, tangential, and longitudi-
nal, respectively), Stakes in the CSIRO accelerated
field simulator (AFS) are 25 by 50 by ˜250 mm
(approximately half lengths of the 15 by 50 by 500 mm
stakes that were cross sectioned for chemical analysis),
Soil in the AFS is maintained at a moisture content
that promotes attack by brown- and white-rot fungi.

Field Trials
Field trials (graveyard tests), in which the durability
of experimentally treated woods is ascertained by moni-
toring the duration that those wood members resist
attack of naturally occurring microflora and fauna, have
the greatest international recognition as the method
for evaluating wood preservatives. Wood members
(i.e., stakes) are usually vertically inserted to a depth
of half their length into the soil and monitored during
years of exposure. Stakes of various dimensions are
used, but there is a general perception that comparative
results will be obtained more quickly with stakes
of smaller dimension than with those of larger dimen-
sion. Except for some procedural concerns about the
relative potential for chemicals to leach from thin stakes
with large surface area/cross-sectional area ratios, grave-
yard tests or field trials are generally regarded as pro-
viding the most direct evidence of preservative efficacy
for actual products used in field conditions.

However, a major limitation of field trials is the time
required needed for comparative results, particularly in
temperate environments, Sometimes, decades of expo-
sure are required to obtain results. For this reason,
there is a growing interest in exposing treated materials
in tropical settings. However, this practice has raised
questions as to whether performance data generated in a
tropical ecosystem will predict relative performance in
temperate environments (Freitag and others 1995).
Trends in performance of nonpressure-treated wood
packaging that was exposed above ground in an open
field in Panama forecast trends for similarly exposed
materials in temperate environment, but results from
packaging exposed above ground in the jungle did not
(De Groot and Stroukoff 1986). We have also deter-
mined that comparative evaluations with field trials can
be slightly accelerated by increasing the number of rep-
licates per treatment and referencing comparisons to
population medians or quartiles rather than means
(Link and De Groot 1990).

In the research program reported here, field trials
of treated-wood materials are being conducted in tem-
perate and tropical climates (Table 5). Three separate
studies permit us to address whether results for field
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Table 5—Location of field plots included in the integrated evaluation program.

Location Environmental description

USDA Harrison Experiment Forest: South- Mean annual precipitation, 1580 mm
ern Mississippi, 2 km from Gulf of Mexico, Average annual temperature, 19.6°C
USA Soil type at plots: poarch sandy loam

Mean annual precipitation, 780 mm

Madison, Wisconsin Average annual temperature, 7.4°C
USA Soil type: clay loam soil

Hawaii USA Mean annual precipitation, 3290 mm
Mean annual temperature, 23°C
Soil type: hilo silty clay loam

Morgantown, West Virginia Mean annual precipitation, 995 mm
USA Average annual temperature, 11.4°C

Soil type: Clarksburg silt loam

Innisfall Field Station Mean annual precipitation, 3556 mm
North Queensland Mean annual temperature, 22.7°C
Australia Soil type: clay-loam of basaltic origin

Mallee Research Station Mean annual precipitation, 340 mm
Walpeup, Victoria Mean annual temperature, 16.2°C
Australia Soil type: light and sandy overlaying a calcareous

clay-pan

Cikampek, West Java Mean annual precipitation, 1,891 mm
Indonesia Average annual temperature, 32°C-34°C

Soil type: association of red Iatosol, brown Iatosol,
reddish laterit; parent material: intermedier tufvolcan

trials with stakes in tropical environments forecast per-
formance of treated-wood products in temperate cli-
mates. These comparisons are (1) Hawaii versus south-
ern Mississippi, (2) Indonesia versus southern
Mississippi and central Wisconsin, and (3) northern
Queensland versus southern Mississippi. Two of these
studies are established with complete replication
of experimental design and a minimum of 20 replicate
stakes per variable. This should provide an opportunity
to compare the performance profile of individual wood
species by preservative combinations in terms of rela-
tive performance, i.e. rank, population parameters
of average, median, percentile, variability, and rates
of decomposition after a defined starting point.

The objective of one experiment is to determine the
durability of Douglas-fir obtained from second-growth
forests, which are likely to be the source of most lum-
ber in the future. Field trials with treated stakes ex-
posed in ground contact are being conducted in south-
ern Mississippi and northern Queensland, The same
experimental design is used at both locations but size
of stakes and number of replicates per treatment differ.
The stakes in Queensland are nominally 50 mm

square; stakes exposed in Mississippi are 19 mm
square. Only 10 replicates per treatment are exposed in
Queensland; 20 replicates per treatment are exposed in
Mississippi. In northern Queensland, treated materials
are exposed above ground and in ground contact. The
above-ground evaluations will be made on several dif-
ferent configurations designed to simulate construction
components in Australia. Ten replicate, treated Doug-
las-fir members with nominal cross-section dimensions
of 50 by 100 mm were used per treatment by retention
combination. Four different simulated construction
components were fabricated from each replicate mem-
ber.

A mixture of hardwoods and softwoods is included in
two other studies that pair field plots of comparable
design in tropical and temperate ecosystems. Southern
Pine sapwood is used as a reference wood species in
field trials that are replicated in Indonesia, southern
Mississippi, and central Wisconsin. Several hardwoods
from the northeastern United States are included in this
study, which also addresses performance of tropical
hardwoods that are treated with emerging preservatives.
Twenty replicate stakes per combination are exposed in
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each plot. These field plots are matched with a labora-
tory, soil-block evaluation of the same preservatives
used in the field. This laboratory study is restricted to
Southern Pine sapwood only.

Another study that places great emphasis on hardwoods
from a large geographic distribution within the eastern
United States pairs field plots of comparable design in
Hawaii and southern Mississippi. Selected combina-
tions of woods and preservative treatment are also ex-
posed, above ground, in Hawaii in a procedure that is
selective for attack by Formosan termites. The core
of this experimental design is also duplicated in a soil-
bed study at Michigan Technological University.
Twenty replicate stakes were used in the field and soil-
bed methods.

Formulations of creosote that are not included within
AWPA standards are being evaluated in soil-bed stud-
ies at FPL and CSIRO, as previously described. These
evaluations are also being related to matched field plot
designs in Victoria and southern Mississippi. Southern
Pine, red oak, red maple, and Douglas-fir were used in
field plots. Only stakes that were 25 by 50 by 500 mm
in dimension were used in Australia. Two plots were
installed in southern Mississippi: one with stakes
of the same size as used in Australia; the other with
stakes that were 19 by 19 mm in cross section. The
latter experiment contained 20 replicates of treatment
by wood combinations. The FPL plot in southern
Mississippi that was conducted with 25- by 50-mm
stakes contained only two formulations of creosote.

Concluding Remarks
In this integrated laboratory and field testing program,
emphasis is placed on evaluating alternative wood spe-
cies that are treated with emerging preservatives rather
than on a fundamental research that focuses on the de-
velopment of new active ingredients. It is perceived
that this approach will enable rapid deployment of new
technology to the protection of additional wood spe-
cies. The development of a new preservative requires a
considerable investment of time and resource to bring
an idea into the marketplace. Not only must the efficacy
of the active ingredient be demonstrated, but a host
of environmental performance criteria must be addressed
before the EPA will permit its use, i.e., grant a label
permitting its use on wood. Therefore, all new pre-
servatives have to meet criteria of standard-setting bod-
ies, such as AWPA and EPA. As noted previously,
efficacy evaluations are being conducted principally
with Southern Pine sapwood, which yields little in-
formation relative to the performance of hardwoods. By
working with active ingredients that have either com-
pleted EPA review or are in the process of being re-
viewed, we selected those compounds and systems that
had immediate potential for use in the wood-treating
industry if their technical performance shows promise.

Success in developing composite structures for engi-
neering applications increases the further prospects
for utilization of alternative wood species, hence the
interest in durable species goes far beyond transpor-
tation structures and cooling towers. You might antici-
pate that greater emphasis will also be placed upon
designing treatments that address unique challenges
presented by the alternative species. Towards that an-
ticipated trend, this integrated program still needs to
identify an accelerated, reliable, sensitive method to
evaluate preservatives that will yield results quickly
enough to permit feedback into a design program
for new systems.

None of the field experiments that we are conducting
has progressed far enough to allow definitive conclu-
sions. However, we have gained an impression that
relative trends observed among creosote formulations in
the soil-bed trials reflect relative trends observed in the
field exposures. We sense that when stakes of only a
few millimeters thick are used in soil-bed studies, the
performance of creosote, relative to that of CCA, is
much less than actually occurs in large products in the
field. We have not seen this indication with the larger
soil-bed stakes, but that study is not complete. Soil-
bed studies involving alternative waterborne and oil-
borne treatments are showing some separation of treat-
ment efficacy. There is some indication of differences
among species in performance of individual preserva-
tives. The soil-bed studies have not run sufficiently
long enough to allow definitive evaluations of relative
performance or provide a pattern of results for compari-
son with field results.

Populations of untreated 19- by 19-mm Douglas-fir
stakes exposed in southern Mississippi were degraded
at the same rate as was observed in populations
of larger, untreated Douglas-fir stakes exposed in
Queensland. Results from soil-block studies completed
at FPL have demonstrated some significant differences
among preservatives in threshold (minimum retention)
levels required to prevent attack by different fungi.
These results indicate that we should see some marked
differences in field performance.
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