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with termite-resistant properties, and have suggested '
Abstract that extracfives of s_ach woods could be useful in

The relative susceptibility of Alaska-cedar preserving susceptible ttmbers (9,10,17J.

(Chamaecyparis nootkatensis), redwood (Sequoia sem- Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco)
pervirens), southern pine (P/nus spp.), and Douglas-fir is the principal wood used in building construction in
(Pseudotsuga menziesii} heartwood to feeding by the Hawaii (26) and is very susceptible to attack by the
Formosan subterranean termite (Coptotermes for- Formosan subterranean termite (Coptotermes for-
mosanus) was evaluated in 4-week no-choice and mosanas Shiraki, Isoptera: Rhinotermitidae). Su and
two-choice laboratory tests. Termites fed equally on Tamashiro (23) documented that redwood and west-
pine and Douglas-fir, and signlflcamtly less (at least ern redcedar (Thujaplicata Donn.) were less suscepti-
50% less) on Alaska-cedar and redwood. Wlthin-spe- ble to Formosan subterranean termite attack than

cies variability in susceptibility, suggesting variability either Douglas-fir, ponderosa pine, Engelmann
in heartwood extractive content, was apparent with spruce, or western hemlock. A nuraber of tropical
both Alaska-cedar and redwood. Reduced feeding was hardwoods have also been found to ,deter feeding by
accompanied by high termite mortality, indicating C.formosanus (8).
that the heartwood extractives of both species are toxic
to termites. In choice tests, termites avoided feeding The two studies reported here were conducted as
on either Alaska-cedar or redwood if Douglas-fir was part of ongoing research on the factors affecting For-
also present. When presented with a choice of either mosan subterrarLean termite foraging and feeding
Alaska-cedar or redwood, termites fed significantly behavior. One goal of our research is the identification
less on Alaska-cedar. The suscept_ibility of teak (Tec- of naturally durable woods for use as construction
tona grandis) to termite attack, in comparison to materials in Hawaii and other regions of high termite
treated (ammoniacal copper zinc arsenate, chromated hazard. The first study reported herewas a laboratoryevaluation of the termite resistance of Alaska-cedar

copper arsenate, ordisodlumoctaboratetetrahydrate) (Pacific Coast yellow cedar), Chamaecyparts hOOt-and untreated Douglas-fir, was aJIso evaluated in a
6-week field exposure. In this test, there was no visible katensi,; (D. Don) Spach., heartwood kn comparison to
evidence of feeding on any of the teak samples. Our that of redwood. Heartwood of two susceptible species,
results indicate that these naturally durable woods Douglas-fir and southern pine (Ptnus sp.) was in-
compare favorably in termite resistance to preserv- cluded in this evaluation, and both no-choice and
ative-treated wood.
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choice (comparison) tests were conducted. The second mortality was compared by ANOVA and Tukey's Stu-
study was a short-term (6 weeks) field test of Laotian dentized Range Test at the 5 percent level (19).
teak (Tectona grandis L.F.) in comparison to locally Field evaluation of teak
obtained Douglas-fir boards treated with either am-
moniacal copper zinc arsenate (ACZA), chromated Samples of Laotian teak boards were provided by a
copper arsenate (CCA), or disodium octaborate tetra- local contractor (Tom Gentry Construction, Kamuela,
hydrate (DOT) in accordance with accepted treatment Hawaii). This contractor also provided Douglas-fir
practices for residential construction lumber in Ha- boards (88 by 38 ram, or nominal 2 by 4 in.) pressure-
waft. impregnated with ACZA or CCA from a Honolulu

construction site. The ACZA-treated board was in-

Experimental procedure cised and reputed[ by the contractor to, meet recognized
standards for preservative penetration and retention

Laboratory evaluations (4 kg/m 3, or 0.'_.5 pcf) in residential construction
of Alaska-cedar and redwood lumber out of ground contact (2,4,5). In accordance

Samples of top-grade all-heartwood gluelam stock with accepted practice in Hawaii, the CCA-treated
of Alaska-cedar, redwood, Douglas-fir, and southern board was not incised and was reputed to have been
pine were provided by Williamette Industries (Oregon) treated to a retention of 4 kg/m 3, with no requirement
and Standard Structures Inc. (California). Test wafers for depth of penetration.

(25 by 25 by 6 mm, or approximately I by 1 by 0.25 Additional Douglas-fir boards (nominal 2 by 4 in.)
in.) were cut cross grain from the interior of these pressure- impregnated with either CCA or disodium
samples. This was a more rigorous test than one using octaborate tetrahydrate (DOT, as HI-BOR @)were pur-
samples cut in the tangential (3) or ',radial (6) directions chased from a local lumberyard (Honsador Inc., Hono-
because the cross-grain face absorbs moisture more lulu, Hawaii). The CCA-treated board was a product
rapidly and is more accessible to termite penetration, of Honolulu Wood Treating Co. Ltd. and was not

Using a trapping technique, Formosan subterra- incised.. This board carried the American Wood-Pre-
nean termites were collected from an active field servers' Bureau {AWPB)stamp, which indicated that
colony on the Manoa campus of the University of it met an aboveground preservative requirement of
Hawaii immediately before their use in laboratory 0.25 pcf (4 kg/m 3) and was "AWPB Approved Hawaii
assays (24). Test containers were screw-top plastic Use Only." The DOT-treated board bore the purple dye
jars (8-cm diameter by 10 cm high), each containing that indicated treatment at Honolulu Wood Treating
150 g washed and ovendried silica sand and 30 mL Co. to a target minimum retention of 1.1 percent DOT
distilled water. The test wafers were ovendried (90" C by weight in an 0.6-inch assay zone (][8). An untreated
for 24 hr.), weighed, and allowed to equilibrate to Douglas-fr board (nominal 2-by 4-in., construction
laboratory conditions for several hours before test grade) was also purchased for use a,s a control in the
initiation. In the no-choice tests, one test wafer was field test.
placed on the surface of the damp sand, and 400
termites (360 workers and 40 soldiers, to approximate Test pieces 1 cm thick (8.8 by 3.8 by 1 cm) and
natural caste proportions) were ;added to each jar. weighing about 40 g each were sliced perpendicular to
Each wood species from each supplier (California and the long dimension from the middle of each board.
Oregon) was replicated five times and the jars were Each test piece from either teak or one of the preserv-
placed in an unlighted controlled-temperature cabinet ative-treated boards was paired with a slice cut from
at29oc+0.5oc for 4 weeks (28 days).Attheconclusion an untxeated board, and the two pieces were placed
of the test, percent termite mortality (transformed by inside a roll of corrugated cardboard within a 15-cm-
the arcsine of the square root) and the ovendry weight diameter, 20-cm length of plastic ABS pipe. Each pipe
changes in the test wafers were subjected to analysis was then placed vertically over the ,exposed end of a
of variance (ANOVA) and means significantly different Douglas-fr stake extending into the ground at one of
at the 5 percent level were separated by Tukey's our termite field sites on the Manoa campus of the
Studentized Range Test (I 9). University of Hawaii. These stakes were all infested by

Formosan subterranean termites at the time of trial.

Two-choice feeding tests were also conducted with Each stake and pipe assembly was covered by a
Alaska-cedar, redwood, and Douglas-fir. These tests 5-gallon metal cam with the bottom cut out and had a
more closely approximated the field situation in which sheet-raetal lid over the top to protect it from weath-
termites have a choice of food (13',I.The experimental ering. Each of the 5 different sample boards, including
setup was similar to that of the no-choice tests, except teak, was replicated 5 times, for a total of 25 experi-
that two wafers were placed on the :surface of the damp mental units.
sand, on opposite sides of the jar. Both Alaska-cedar
and redwood heartwood were paired with Douglas-fir; In this field test, the test specimens were placed
Alaska-cedar and redwood were also paired with each directly in contact with active Formosan subterranean
other. Each combination was replicated five times, termites for 6 weeks. After the 6-week exposure, the
After 4 weeks of incubation, ovendry wood weight condition of the test pieces was evaluated using the
changes were recorded and subjected to a paired standard grading system of 0 (complete failure) to 10
comparison t-test. Transformed percentage termite (sound) (1,3,6,7).
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Results and discussion These laboratory results demonstrate that Alaska-
In our no-choice laboratory te,_ts, Douglas-fir and cedar heartwood is at least as resistant to Formosan

southern pine were equally acceptable to Formosan subterranean termite attack as redwood. They also
subterranean termites (Table 1). :termites fed signifi- suggest that Alaska-cedar may be less preferred than
cantly less (at least 50% less) on Alaska-cedar and redwood when both woods are available to foraging
redwood. This reduction in feedingwas correlated with termites. Although data on field performance are
significant increases in termite mortality, 49 to 92 needed, Alaska-cedar appears to be; a suitable alter-
percent compared to 10 to 11 percent mortality ob- native to redwood for use in construction in regions
served in groups feeding on Douglas-fir or southern where subterranean termites pose the major hazard.
pine. Care must be taken, of course, in extrapolating these

In the choice tests, termites almost completely results to other wood-boring insects, such as wood-
avoided feeding on Alaska-cedar or redwood when boring beefles or drywood termites (FamflyKalotermi-
Douglas-fir was present as an alternative (Table 2). tidae). Since termites did feed, albert to a very limited

extent, on both redwood and Alaska-cedar in ourWhen presented with a choice of Alaska-cedar or
redwood, termites fed significantly less (p = 0.0141) on assays, these naturally durable woods should be
Alaska-cedar. Interestingly, when both of these less- considered "termite resistant" rather than "termite
preferred woods were present, termites suffered less proof."
overall mortality (30%) than was the case in no-choice At the conclu,_ion of the 6-week field test, there was
tests in which they were forced to feed on only one of no visible evidence of termite attack on the teak test
these wood species (49% to 92%). This suggests that specimens (Table 3). For Douglas-fir, test pieces cut
the toxic extractives in Alaska-cedar and redwood may from the ACZA-treated board and from the CCA-
have different modes of action and are not additive in treated/lumberyard board also showed no evidence of
their impact on the feeding insects. However, the attack. However, minor termite feec_tng was apparent
significantly increased termite soldier mortality in the on one ofthe five pieces cut from the CCA-treated/con-
choice tests with only Alaska-cedar and redwood, in tractor board, and on all five of the DOT-treated test
comparison to those tests where Douglas-fir was avail- specimens.
able as an alternative food source, indicates that Although this was a small-scale field test with
feeding on these two woods stressed the test insects actual construction materials, and[ certainly not a
and that mortality would likely increase with longer comprehensive evaluation of these wood treatments,
exposures. Since soldiers must be fed by the worker our results were :not unexpected. The limited penetra-
termites, they are sensitive to any decline in worker lion of' CCA tre.atments in un-incised Douglas-fir
activity, and may also be cannibalized by workers heartwood provides little protection when the inner
when food sources are limited, wood is directly exposed to termites, as in this test.

TABLE I. -- Formosan subterranean termite mortality and feeding on various heartwoods in a 4-week, no-cholce lal_aratory test.

Percent termite mortality b

Wooda Source Woodmass lossb Workers Soldiers Total

Alaska-cedar CA 0.110+0.057A 91.55+ 18.88A 99.50+ 1.12 A 92.35+ 17.11A

OR 0.469 + 0.371 AB 45.00 + 37.14 BC 80.00 + 35.13 A 48.50 + 35.69 BC
Redwood CA 0.416 ± 0.208 AB 80.72 ± 23.33 AB 72.00 + 37.18 A ,79.85 ± 24.70 AB

OR 0.626 ± 0.447 B 66.56 ± 28.13 AB 62.00 ± 35.86 AB 66.10 ± 28.86 AB

Douglas-fir CA 1.191 ± 0.094 C 10.00 + 2.16 C 12.50 + 6.37 B 10.25 ± 2.22 C

Southern pine CA 1.193 ± 0.062 C 10.56 + 2.78 C 13.00 + 8.18 B 10.75 ± 2.72 C

a Top grade heartwood lam stock. Samples were obtained from manufacturers in California (CA) and Oregon (OR).

b Five replicates, mean ± standard deviation. Means within a column followed by the same capital letlter are not significantly different at the 5 percent
level (ANOVA, Tukey's Studentized Range Test).

TABLE 2. -- Formosan subterranean termite; mortality and feedlng on Alaska-cedar (AC), redwood (RW). and Douglas-fir (DI_ in 4-week. two-choice
laboratory tests.

Wood mass loss Percent termite mort2dity c

Comparison a Wood 1 Wood 2 p > tb Workers Soldiers Total

AC/RW 0.121±0.035 0.546+0.200 0.0141' 29.22+4.32 A 32.50±13.11A 29.55+5.00 A

AC/DF 0.030±0.010 1.246+0.176 0.0001 33.94+ 18.56A 5.50 ±5.42 B 31.10±17.16A

RW/DF 0.087±0.026 1.208±0.137 0.0001 34.72+8.82 A 3.13 ±2.39 B 31.56+-7.72 A

a Top grade heartwood lain stock from a California manufacturer. Each wood wafer was paired with a wafer of the other species (Wood 1 / Wood 2) in
a test container containing 400 termites (n ". 5 replicates).

b Differences in mass loss for each pair of wood wafers are significant at the 5 percent level (paired comparisons t-test).
e Means within a column followed by the same capital letter are not significantly different at the 5 percent level (ANOVA. Tukey's Studentized Range

Test).
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TABLE 3. -- Termite ratings of teak, Douglas-Jlr heartwood pressure-lmpregnated with various presen_atlves for use in Hawaii, and paired untreated
control Douglas-fir samples exposed to a Formosan subterranean terrntte fteld colony for 6 weeks.

lVlean termite rating a Number of treatment samples in each category' (0 to 10 scale)
Treatment Source Treatment Controls 7 8 9 10

Teak Contractor 10.00 :±0.00 6.80 ± 2.17 0 0 0 5
ACZA Contractor 10.00 :±0.00 7.60 ± 2.79 0 0 0 5
CCA Contractor 9.40 :± 1.34 6.00 ± 1.58 1 0 0 4

CCA Lumberyard 10.00 :±0.00 6.00 + 1.87 0 0 0 5
DOTb Lumberyard 8.20±i. 10 5.90+2.25 2 0 3 0

a Mean of 5 replicates, ± standard deviation. Ratings follow the 0 to 10 grading scale, with 0 Indicating complete failure and I0 meaning sound. Refer
to text for details of wood treatments. Treatments do not necessarily correspond to those used outside of Hawaii.

b Post-test cross-sectional DOT retentions of samples were 0.64 and 0.76 percent (category 7); and 0.83. 0.96, and 1.12 percent (category 9).

Despite this limited preservative penetration, the tox- foraging termites. StrategicaUy placed baits will also
icity of the outer layers of CCA-treated wood was likely be used to control subterranean termite popu-
sufficient to prevent feeding on 9 of the 10 specimens, lations in the near future (12,22), and these will also

Since DOT treatments have lJitfle repeliency to complement the use of termite-resistant wood prod-
Formosan subterranean termites, at least minor feed- ucts.
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Battelle forecasts slight sion-making, it is apparent that the Federal funding supports research
R&D picture will be improving. What in all four sectors. About 46 percent of

increase in R&D is perhaps most striking is the im- the federal R&Ddollars are used by in-
expenditures for 1994 proved environment for capitalizing dustry. Federal laboratories and col-

Expenditures for research and devel- on our total national science and tech- leges and universities receive about
opment (R&D)in 1994 in the United nology resource, and utilizing that ca- 24 percent each, and the remainder,
States are expe_ed to reach S164.5 pacity for the betterment of industry about 5 percent, goes to other non-
billion,accordingto the annual Bat- and the economy." profitorganizations.
telle forecast. Industrial funding for R&Dwill ac- Industry absorbs almost allof its own

This represents an increase of 53.8 count for 51.6 percent of the total. In- funds, either performing the R&Ditself
billion, 2.3 percent, over the $150.7 bil- dustrial support is forecast to be 583.6 or contracting with other industrial per-
lion the National Science Foundation billion, up 1.6 percent from 1993. formers. Contracts and grants to non-
estimates actually was spent for R&D Battelle sees an increase of 2.6 per- profit organizations are about half of
in 1993. cent infederal support forR&D,with what is receivedby collegesand univer-

Since about 2 percent of the R&D in- funding expected to be 569.8 billion, sities. (Thefigure used for colleges and
crease will be absorbed by inflation, This is 42.2 percent of the total expen- universities does not include the sup-
Battelle forecasts a negligible increase ditures for 1994, but it represents a port of long-range "endowed research"
in real total R&D expenditures. This is smaller increase than originally pro- programs). Nonprofit organizations fi-
considerably less than the 10-year av- posed in President Clinton's first nance both themselves and academic
erage real increaseof2.5percent budget, institutionsabout equally;ly;colleges
since 1983. Fundingby academic institutionsis anduniversitiesconsumealloftheir

"The recent slowdowns in industrial expected to be 56.4 billion, 3.9 percent own funds.

support of R&D and the changing pri- of the total. Other nonprofit organiza- Defense, energy, space, and health
orities of the federal government have tions will provide nearly 53.5 billion and human services dominate the fed-
resulted in a slowdown in R&D spend- (2.1%). eral R&Dscene and account for 82.6 per-
ing, as we have expected for some Since 1980, industry and government cent of the total proposed federal ROD
time," said Douglas Olesen, Battelle have switched roles as the primary funding for 1994,only slightly less than
president and chief executive officer, source of RODsupport- Government in 1993. The make-up of this funding

Olesen continued, "The diverse as- had been the principal funder before

pects of technology today dictate that 1980.Industrial support willcontinue to will not change significantly in 1994.Changes in the character of military
industry needs to focus on a few core dominate in 1994and for the next sev- threats and the associated defense
competencies that are critical to gain- eral yeara
ing a competitive edge. Technology is According to the report, industry R&Dspending, an appreciation of do-
so complex, so dispersed, and so ex- will continue to perform the majority mestic challenges, and the overall fed-
pensive that no one can be world- of R&D.In 1994, performance by in- eral deficit have had a significant ef-
class in everything. Industry also must dustry is expected to rise to $114.8 bil- fect on the distribution of resources
rely on creating strategic alliances lion, slightly less than 70 percent of all within the federal B&D budget. This
with technology organizations that research. This compares with 516.8 bil- change in emphasis among the princi-
can provide a critical and constant lion (10.2%)by federal government pal research-intensive agencies is
flow of information about emerging laboratories, $26.7 billion (16.2%)by demonstrated by comparison of his-
technology, academic institutions,and nearly 56.2 toricaland planned expenditures.

"In spite of the complex and interre- billion (3.7%)by nonprofit organiza-
lated factors that are influencing deci- tions, continuedonpage48.
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