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Abstract /

The infestations of the Asian longhorned beetle (ALB} in New York and Chicago, discovered in 1996 and 1998, respectively, are
believed to have originated with infested solid wood packing materials shipped to the United States from China. This insect posesase-
rious threat 1o urban trees and there is potential for vast devastation to commercial hardwood forests. Since 1998, the U.S. Department
of Agriculture (USDA) has required that all wood packing materials originating in China be fumigated. heat treated, or treated with
preservatives. To determine the feasibility of microwave irradiation as an alternative treatment, we performed laboratory experiments
on 4- by 4- by 4-inch and 4- by 4- by 1-inch blocks of wood artificially infested with live ALB larvae and pupae with subsequent 245
GHz microwave energy irradiation. Temperature gradients generated both by conventional and migrowave treatments were recorded.

Experimental results for aspen, eastern w
for short (< 3 min.} irradiation periods. T

hite pine, red pine, and loblolly pine showed that temperature gradients were not consistent
owever, all measurement points in the 4- by 4- by 4-inch green blocks reached 60°C within

0.5 to 5 minutes of irradiation, compared to 70 to 123 minutes with the conventional heat treatment; for the 4- by 4- by 1-inch green
blocks, the times were 15 to 60 seconds with the microwave treatment versus 21 to 160 minutes with the conventional treatment. In
China, both green and dry poplar blocks of the same dimensions were seeded with beetle larvae and pupae. Preliminary results
showed that 30 seconds and 3 minutes of irradiation at 900 watts was lethal to larvac and pupae in green 4-by 4-by 1-inchand 4- by 4-
by 4-inch poplar blocks, respectively. Only 5 seconds ofirradiation was necessary to kill the larvae in dry wood. These preliminary re-
sults suggest that microwave treatment can eradicate Asian longhorned bectles in solid wood packing materials. Further trials with
Al B-infested wood samples are planned to determine lethal microwave treatment protocols.

Many forests and strect trees in
China have been lost duc to attack by the
Asian longhorned beetle (dnoplophora
glabripennis [Motsch.]) (ALB). “Mem-
bers of the Biological Control Institute of
the Chinese Academy of Agricuitural
Sciences (CAAS) consider ALB as cne
ofthe most serious forest pests in China,”
according to the USDA/APHIS Initial
Pest Risk Assessment on Solid Wood
Packing Material from China (USDA
1998b), In 1996, the first infestation of
the ALB in the United Stases was identi-
fied in Brocklyn, New York (USDA

46

The authors are, respectively, PhD Candidate, "Materials $ci. and Engineering, Univ. of
Utah. Salt Lake City, UT; Assistant Protessor. “Dept. of Entomology, Pennsylvania State
Univ. (PSU)Y, University Park, PA: Assoc. Professor,” School of Forest Resources, PSU; Re-
search Assoc.. “Materials Res. Lab, PSU; Assoc. Res. Professor, 5QuaremtinE:Treatmem Res.
Div., Animal and Plant Quarantine Institute, General Admin. of Quality Supervision, Inspec-
tion, and Quarantine, People’s Republic of China (PR): Agronomist, ®Inner Mongolia En-
try-Exit [nspection and Quarantine Bureau of PR, Hohhut, PR; Directer and Professor;” Dep-
uty Director and Senior Agronomist 6. Senior Scientist and Director of Microwave Processing
and Enginec:rin;_z_;“l Director, Methods Development Lab., USDA-APHIS-PPQ, Otis ANGB,
MA: Entomologist;7 Assoc. Professor:’ and Prof. Emeritus.” Funding for this research was
provided by USDA, APHIS. and PPQ under Cooperative Agreement No. 99-8100-0581-CA.
We wish to acknowledge the following people from Penn State for their assistance with this
project: Scotl Ludwig, Mike Lanagan. Steve Perini, Mariz DiCola, and Jeff Kimmel. This pa-
per was received [or publication in September 2001, Reprint No. 4356.
= Forest Products Society Member.
©Forest Products Sociery 2003,

Forest Prod. J. 53(1):46-52

FOREST PRODUCTS JOURNAL VoL. B3, N&. 1



Table 1. Measured MC and SG of processed wood samples compared with published values.®

o4 MC? .
Wood Y MC SG {typical species avg.) SG
specics {calculated) {calculated) heartwood/sapwoad (typical species avg.)
spen 145 0.305 95113 (.35 100,36
Eastern white pine 88.8 0.350 0.34
Red pine 46.4 0.374 327134 0.41
Poplar (China) 73.3 0.400 NA NA
Lobiolly pine B 123 0.430 33110 - 0.47

AMC = moisture content; SG = specilic gravity.
PEPL 1987,

1996). Since then residential infestations
in Chicago, Du Page, and Summit, 111i-
nois; and Brooklyn, Manhattan, and
Amityville, New York have been identi-
fied (USDA Forest Scrvice 1999, 2001a,
2001b). The beetle has been found in in-
fested packing material in at least 26
warehouses in 14 states (USDA 2000b).
Giiven this large geographical area, it is
conceivable that the ALB may have been
introduced into other U.S. sites yet to be
discovered.

The ALB is known to attack poplar,
willow, maple (including sugar, silver,
and Norway), svcamore, elm,
horsechestnut, boxclder, and other hard-
wood trees (USDA 2001, USDA Forest

ervice 2001¢). As of January 2001,
6,608 infested trecs have been cut down
and destroyed to control the ALB threat
in the United States (USDA Forest
Service 20014, 2001b). A recent report
predicts that if the ALB were to spread
to urban arcas throughout the United
States, the maximum national urban im-
pact would be a loss of 35 percent of to-
tal canopy cover and a valuc loss of $669
billion (Nowak ¢t al. 2001). This projec-
tion does not take into account that
widespread ALB infestations in the
United States could also adversely im-
pact forest preducts, commercial fruit,
maple syrup, nursery, and tourist indus-
tries (estimated at 541 billion in poten-
tial Tosses) (USDA 2001).

The ALB normally takes 1 year to
complete its life cycle (USDA 2001).
Adults may start to emerge from trees in
June, but peak cmergence is usually July
(USDA 1996). Emergence gencrally
ceases by October, but warm weather
may prolong cmergence. Upon emer-
gence, females mate and begin a period
of oviposition that lasts between 10 and

) days. Femalc beetles chew a small
depression through the bark where they
oviposit a single egg. A female beetle
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can lay from 33 to 90 eggs during her
lifetime (USDA 2001), but recent stud-
les in the laboratory suggest fecundity
may be even higher (Keena 2001). Eggs
hatch in approximately 15 days. Young
larvae tunnel bencath the bark feeding
on the cambium and phloem tissue, and
then move into the sapwood and heart-
wood as older larvae (Peng and Liu
1992y, The larvae feed within the tree
until early spring, Larvac pupate begin-
ning in late May and early June. The
adults chew an emergence hole ~1 cmin
diameter, These exit holes are often how
beetle infestations are detccted. Newly
emcrged adults may disperse or oviposit
on their natal host (USDA 2000a). It is
unknown how long adult bectles live in
the field. The feeding activity of the lar-
vae disrupts the flow of water and nutri-
ents, which weakens branches, and may
cventually kill the tree (USDA 1998a).

Preventing additional ALBs from cn-
tering North America is of major impor-
tance. Consequently, the Solid Wood
Packing Material from China Intcrim
Rule was issued by the U.S. government
in September 1998 (USDA 1998c). It
states that “wooden packing material be-
ing shipped from China to the United
States must be heat treated, furmnigated or
treated with preservatives prior to depar-
ture from China” Microwave energy
may be a feasible alternative treatment.
Microwave irradiation o control insect
infestations has been reported for wood
products (Burdette et al. 1975), for ter-
mites in wood (Lewis and Haverty 1996,
Lewis etal. 20009, for stored-grain (Ncl-
son 1996b, Tilton and Brower 19835),
walnuts (Wilkin and Nelson 1987), and
soil (Nelson 1996a). According to
Lewis et al (2000), microwave irradia-
tion has been available in California
since 1989 for termite control. However,
no previous research has been reported
on microwave irradiation of wood in-
fested with the ALB. [n order to provide

the Chingse pallet manutacturers with a
reliable treatment alternative, our re-
search sought to determine if microwave
energy 1s a feasible method to treat solid
wood packing materials containing
wood-boring insects such as the ALB.

Materials and methods

Experimental wood
sample preparations

The following four native U.S. wood
specics were choscen for the temperature
gradient experiments because of their
specific gravity (SG), moisture content
(MC), and availability: aspen (Populus
tremuloides), eastern white pine {Pinus
strobus), red pine (Pinus resinosa), and
loblolly pine ( Pirus taeda). With the ex-
ception of loblolly pine, the wood spe-
cies were locally harvested with logs
bucked into 6-foot lengths for transport.
Relatively small-diameter trees (=10 in.
diameter at breast height) were har-
vested 1o minimize processing require-
ments. Log ends were painted with
Anchorseal™ wax coating (UC Coat-
ings, Buffalo, New York) to control
end-grain moisture loss and the log bolts
were stored in an unheated warehouse
until needed. Each log bolt was manu-
ally debarked with two swrfaces pro-
cessed on a wood jointer. A planer was
then used to square and dress size the
green material into surfaced-four-sides
dimension 4 by 4 stock, Stock lengths
were cut into two [inal sizes (4- by 4- by
4-in. +/- 1/8-in. tolcrance or 4- by 4- by
l-in. +i- 1/16-in. tolerance) with a radial
arm saw. These dimensions were chosen
because typical pallets utilize approxi-
mately I-inch-thick slats as well as
4-inch-thick stabilizers. Thickness is the
maost important parameter for this appli-
cation since length can be adjusted for
by the design of the nuicrowave cham-
ber. Finished cubes and the 4- by 4- by
l-inch material samples were then
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Figure 1. — Configuration of the microwave set-up used for irradiation of Asian
longhorned beetles in wood blocks.
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Figure 2. — The hole configurations used in the 4- by 4- by 4-inch and 4- by 4- by
1-inch wood blocks in which live Asian longhorned beetle larvae were experimen-
tally irradiated with microwave energy.

Table 2. — Timea measurements to reach 60° C for microwave irradiation versus con-
ventional thermal exposure.

Time to reach 60°C

Wood type Conventional _ Microwave
4- by 4- by 4-in. block (green)
Aspen 123 min. 210 5 min.
Loblolly pine 123 min. 1.5 te 5 min.
Eastern white pine 7610 117 min. 2 to 2.5 min.
Red pine 70 10 73 min, 0.5 to 1 min.
4- by 4- by !-in. block (green)
Aspen 45 10 86 min. 15 to 60 sec.
Loblolly pine 69 10 160 min. 30 to 45 sec.
Eastern white pinc 39 t0 48 min. 15 to 30 sec.
Red pine _ 21 to 28 min. 15 to 30 sec.
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meter {model #HI1501: 0.1 to 100
mW/em? at 2450 MHz) was used to test
the microwave set-up for radiation
leaks. The simple boiling water test as
described for the ULS. experiments
showed an acceptable temperaturc rcad-
ing of 98°C.,

Nine different wood/hole configura-
tions were used in thesc experiments
(Fig. 2). Holes for each larva or pupa
were drilled on one side of the wood
block (approximately 1/2 in. in diameter
and slightly less than 2 in. deep). For
most experiments, a hole (~1/4 in. in di-
ameter and slightly less than 2 in. deep)
was drilled for the thermocouple wires
on the opposite face. Only a thin wall of
wood then separated the larva/pupa and
the thermocouple tip. This set-up al-
lowed a fairly accurate measurement of
temperatures cxperienced by the
tarva/pupa throughout the experiment.
One larva or pupa was placed in each
hole and a wood plug was used to cover
the hole. The wood block was then
placed in the center of the microwave
oven and the thermocouple wires werc
positioned in the appropriatc holes.

Once the insect was irradiated, it was
visually checked for movement and de-
hydration. If the larva was dehydrated
and not moving despite repeated prod-
ding, it was considered dead. Otherwise,
it was placed on filter paper dampened
with water in the bottom of a plastic
petri dish. The filter paper was checked
daily for frass production, a physiclogi-
cal parameter of live versus dead. If no
frass was produced in 24 hours, then the
larva was cither dead (no movement
with prodding) or decmed non-viable.
All pupae were placed on damp filter
paper in petri dishes and visually in-
spected daily. If a pupa was not moving
and dehydrated or had changed color, it
was deemed dead.

Results

Temperature gradient studies
Temperature gradicnts for the conven-
tional drying oven experiments with
green samples were as expected for all
wood species. The surface temperature
increased rapidly to near the air temper-
ature, wheveas the off-center hole was
always hotter than the center hole until
cquilibrium was reached. Due to time
constraints, the conventional frials were
halted once the center reached 60°C. The
temperature gradient results for the micro-
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Table 4. — frradiation of Asian longhorned bestie larvae and pupae in 4- by 4- by

4-inch green poplar blo__cks_.

Time %4 of maximum
irradiated

1 larva in center or in off-cenler holes

3 minutes 100
3 minutes R
3 minules 90
3.5 minuics 100

3 larvae im one block
3 minutes 100

| pupa it center hole

3 minuics 95
3 minutes 100
| pupa in eoff-center
hole
3 minutes 100

3 pupae in cne block

3 mimues G5

No, ol replicates under
the same conditions

Status of
larvac or pupac

Dead® 3 center, 5 off-center
Dead® 3 center, 5 off-center
Dead” 1 center

Dead® 5 center

Dead I rep, 3 larvae

Dead 3

Dread 2

Dread 1
Dead - 1

* One of the larvae in this rep died within 48 hours post-irradiation, the remaining larvae died immediarely.

Table 5. — Irradiation of Asian longhorned beetle larvae in dry poplar blocks.

Time % of maximum
irradiated power (900W)

4- by 4- by 4-in. block

I larva in center hole

30 scconds 100
15 seconds 100G
5 seconds 100

4- by 4- by 4-in. block
1 larva in center hole
30 seconds 30

5 seconds 80

Status of
larvac or pupac

No. of replicates under
the same conditions

Dead 1
Dead 1
Dead 2
[Dead 5
Dead 5

power died. However, | of the 5 larvac
placed in off-center holes was stiil mov-
ing its head after being subjected to
these conditions. No frass was produced
by this larva in 24 hours. With 3-1/2
minutes of irradiation at 100 percent
power, | of 5 larvac was also moving its
head; however, within 48 hours it was
dead. Given the injuries sustained by
these two living larvae, even if they sur-
vived the microwave treatment, most
likely they would not be capable of fur-
ther development and would cventually
dic. All experiments using pupae (both
center and off-center holes) subjected to
irradiation for 3 minutes at 95 and 100
percent of power were lethal.

Larvae placed in dry wood (Table 5)
‘ied more quickly and under less severe
conditions than in the moist wood exper-
iments. Larvae placed in center holes of
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4- by 4- by 1-inch blocks died in 5 sec-
onds at 8( pereent power. Larvae placed
in the center hole of 4- by 4- by 4-inch
blocks were killed in 5 seconds at 100
percent power. MC could be one reason
for these observations. Unpublished
diefectric studies on these five wood
types conducted at Pennsylvania State
University showed that transmission of
microwaves at 10-GHz frequencies
through the dry wood is much greater
than through the green wood. If, as ex-
pected, this trend holds true for
2.45-GlHz frequencies, microwave inter-
action with the water in the wood may
potentially shield the larvae and pupae.
Eventually the temperature surrounding
the insect in the wood will reach lethal
levels, and/or a lethal dosce of the micro-
waves may reach and interact with the
insect itself.

Conclusion

The ALB poses a significant threat
U.S. urban and forest resources. Our pre-
liminary findings indicate that ALB larvae
and pupae in 4-inch or thinner poplar can
be eradicated with relatively low levels of
microwave irradiation of both moist and
dry woed. Due to the small number of lar-
vae irradiated additional trals are being
conducted in order to determine parame-
ters for effective weatment. Temperature
profiles for the five wood specics studied
were not predictable in the microwave
field. Varation in MC, density, defects, or
other parameters on the local level could be
contributing factors. However, power and
time appear to be sufficient parameters for
lethal microwave treatment of poplar. As a
method to control the geographic move-
ment of the ALB, microwave energy may
prove to be a feasible commercial process
as an alternative to fumigation, heat, or pre-
servative treatments.

Literature cited

American Society for Tesiing and Materials
(ASTM). 19%6. Standard test methods for
specilic gravity of wood and wood-based ma-
ierials. ASTM Standard D 2365, Annual
Book of ASTM Standards, Vel, 4. 1), ASTM,
West Conshohocken, PA.

Burdette, E.C., N.C. Hightower, C.P. Bums,
and F.L. Cain. 1975, Microwave encrgy for
wood products insect control. /z; Proc. Micro-
wave Power 10th Symp. Waterloo, Ontario,
Canada. pp. 276-281.

Forest Products Laboratory (FPL). 1987. Wood
Handbook: Wood as an Engincering Material.
Agri. Ttandb. 72. USDA, Forcst Prod. Lab.,
Madison, WI.

Keena, M.A. 2001. dnoplophora glabripennis
from egg to adult. fa: Prec. 11th Interagency
Research Forum on Gypsy Moth and Other
Invasive Specics. Annapolis, MD. General
Tech. Rept. NE-273:22-23. USDA Forest
Serv., Northeastern Forest Expt. Sta..
Broomall. PA.

Lewis, V.R. and M.I. Haverty. 1996, Evalua-
tion of six techniques for control of the west-
ern drywood termite in structures. J. Econ.
Entomol. 89(4).922-934

. A.B. Power, and M.1. Haverty.
2000, Laboratory evaluation of niicrowaves
for contrel of the western drywood termite.
Forest Prod. J. 30(5):79-87.

Nelson. 5.0, 1996a. A review and assessment
of microwave energy for soil treatment to
control pests. Transactions of the ASAFE
39(1%281-289,

. 1996h. Review and assessment of
radio-frequency and microwave energy for
stored-grain insect control. Trunsactions of
the ASAY 39(4):1475-1484,

Nowak, DI, JE. Pasek, R.A. Sequeira, D.E.
Crane, and V.C. Mastro. 2001, Potential ef-
feet of awnoplophora glahripennis
(Coleoptera: Cerambycidae) on urban trees in
the United States. ). Beon, Entomol,
94:116-122,

51



