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Persistence and distribution of
dinotefuran in tree of heaven
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Methods Laboratory, United States Department of Agriculture, Animal and Plant Health Inspection
Service, Buzzards Bay, MA, United States, *Department of Entomology, Michigan State University, East
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Spotted lanternfly (SLF) (Lycorma delicatula (White)), an invasive planthopper
discovered in Pennsylvania, U.S.A. in 2014, feeds for approximately six months by
sucking phloem sap from trunks and limbs of tree of heaven, Ailanthus altissima,
along with several native trees and woody vines. Basal trunk sprays of
dinotefuran, a systemic neonicotinoid insecticide, are commonly used to
reduce SLF densities and spread. Information on dinotefuran persistence and
within-tree distribution can help identify optimal timing of annual basal trunk
sprays, facilitating efficient use of available resources. We applied dinotefuran to
20 uninfested A. altissima trees in early April then periodically sampled foliage to
monitor insecticide residues. Foliar dinotefuran residues averaged (+ SE) 7.8 + 1.1
and 6.3 + 1.2 in July and August, respectively, then dropped significantly to 2.6 +
0.5 ppm in September. In a second study, 20 A. altissima trees were similarly
treated with dinotefuran basal trunk sprays in early June. Trees were felled to
collect foliage and phloem from branches and the trunk in either mid-July or
September. Foliar residues averaged 12.7 + 1.3 and 14.6 + 2.2 ppm in July and
September, respectively. For trees felled in July, residues were detected in
phloem collected from below the spray line on trunks of seven trees and
above the spray line on three trees, averaging 8.6 + 4.4 and 7.4 + 2.9 ppm,
respectively. In trees felled in September, phloem from below spray lines of
seven trees averaged 3.7 + 1.3 ppm but dinotefuran was not detected in phloem
from above the spray line on any trees. Dinotefuran was not detected in phloem
sampled from any branches in either July or September. Results suggest
dinotefuran basal trunk sprays applied between late May and mid June should
persist long enough to effectively control SLF late instars and adults.

KEYWORDS

Ailanthus altissima, dinotefuran, spotted lanternfly, Lycorma delicatula, basal bark
spray, insecticide residues

1 Introduction

Spotted lanternfly (SLF), Lycorma delicatula (White) (Hemiptera: Fulgoridae), an
invasive planthopper native to China and Taiwan, became established in Korea in 2004
(1) and was subsequently detected in the United States in Pennsylvania in 2014. Since then,
established populations of SLF have been identified in localized areas of at least 14 states (2).

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/finsc.2023.1134064/full
https://www.frontiersin.org/articles/10.3389/finsc.2023.1134064/full
https://www.frontiersin.org/journals/insect-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/finsc.2023.1134064&domain=pdf&date_stamp=2023-03-23
mailto:mccullo6@msu.edu
https://doi.org/10.3389/finsc.2023.1134064
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/insect-science#editorial-board
https://www.frontiersin.org/journals/insect-science#editorial-board
https://doi.org/10.3389/finsc.2023.1134064
https://www.frontiersin.org/journals/insect-science

Keyzer et al.

Predictive models based on climate and host distribution suggest SLF
could potentially become established across much of the eastern U.S
(3, 4). Although SLF adults typically engage in migratory flights and
disperse to nearby areas in late summer or fall (5), long distance
spread occurs when people accidentally transport SLF life stages into
new areas.

Research in field sites in Pennsylvania has confirmed the
univoltine life cycle of SLF. Egg hatch begins in mid April and
peaks in May (6, 7). Nymphs feed throughout summer, completing
four instars. Adults, which first appear in late July, feed intensively
in aggregations during their four month life span (8). Mating can
occur from early September through late October and oviposition
occurs from mid September to early November (7, 8). Each female
lays 1-2 egg masses containing 30 to 50 eggs on tree trunks or
branches or on hard, solid items including boulders, bricks, outdoor
equipment and vehicles (6-9). Egg masses overwinter until
hatching begins the following spring.

Adults and all nymphal stages feed on phloem sap, excreting
copious amounts of honeydew, which leads to growth of black sooty
mold (Capnodium spp. [Dothideales: Capnodiaceae]) on host trees,
vegetation and outdoor items below infested trees (6, 8). Black sooty
mold reduces photosynthetic area of foliage, potentially affecting
plant vigor as well as appearance, and contaminating agricultural
crops (6, 8, 10). Wasps and ants are often attracted to the sweet
honeydew, causing further annoyance to residents in affected areas.
Given the relatively long duration of SLF adult activity and the high
densities SLF populations can reach, this insect can be a major
nuisance for residents in affected areas. To date, SLF is not known
to have caused tree mortality, although feeding has killed individual
shoots or small branches of black walnut (Juglans nigra L. [Fagales:
Juglandaceae]), maples (Acer spp. [Sapindales: Sapindaceae]) and
other native trees. Intensive feeding combined with black sooty mold
can also reduce yield, quality or simply render fruit from infested
trees, grapevines (Vitis riparia Michx [Vitales: Vitaceae]) and hops
(Humulus spp. [Rosales: Cannabinaceae]) unmarketable (8, 11).

Although SLF can feed on several trees and woody vines, tree of
heaven (ToH) (Ailanthus altissima (Mill.) [Sapindales:
Simaroubaceae]) is the most preferred host for SLF feeding and
reproduction (6, 8). ToH, native to China, was introduced into the
U.S. in 1784 and was widely planted in urban areas through the 19"
century (12). It has subsequently spread across much of the U.S.
Today, ToH is considered to be an undesirable invasive because of
prolific seed production by female trees and high germination rates
(13), its ability to colonize disturbed sites and outcompete more
desirable vegetation, and the unpleasant odor of crushed leaves or
twigs (14). Tree of heaven can also reproduce clonally via sprouts
from lateral roots (13, 15, 16) and may root graft with other ToH,
monopolizing available nutrients in a site (16). Because ToH is
highly intolerant to shade (12, 13, 17), it is rarely present in closed
canopy forests but often grows along forest edges.

Early efforts to eradicate or contain SLF in Pennsylvania
involved treating male ToH with dinotefuran, a systemic
neonicotinoid insecticide commonly applied as a basal trunk
spray (18). Although dinotefuran can be applied via trunk
injection, basal trunk sprays are relatively efficient and can be
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used on trees that are small or otherwise difficult to treat with
trunk injection. High rates of SLF mortality were consistently
observed following dinotefuran treatment (19, 20). At the same
time, female ToH in areas with SLF infestations were removed or
killed with herbicide (18). This encouraged SLF to feed on the
treated trap trees and also limited further ToH reproduction.

While SLF eradication is no longer a realistic objective,
dinotefuran continues to be widely used for control of SLF in
Pennsylvania and more recently infested states (21). Because
dinotefuran is highly water-soluble, it is translocated relatively
rapidly in trees compared to imidacloprid, another systemic
neonicotinoid insecticide, but is less persistent (22-26). For
example, in ash (Fraxinus spp. [Lamiales: Oleaceae]) trees treated
in May, foliar imidacloprid residues continued to increase through
the growing season while dinotefuran levels were dropping by late
summer (25-27). Recent studies have shown other insecticides,
including cover sprays of broad spectrum pyrethroid products, can
effectively control SLF nymphs or adults (28, 29). However, given
concerns about insecticide drift, impacts on nontarget insects and
the difficulty of effectively spraying tall trees, dinotefuran remains
an essential tool for SLF management.

Identifying the optimal timing for basal trunk sprays of dinotefuran
is an essential aspect of SLF containment and management programs,
given that feeding extends for at least six months, and label restrictions
prohibit multiple applications in a single year. In a previous study,
dinotefuran residues in foliage sampled from ToH treated in May
persisted into September, whereas in trees treated in April, residues
sharply declined between August and September (20). Spring
applications of dinotefuran reduce early instar densities, protecting
trees and vines from feeding, honeydew and sooty mold growth.
Whether insecticide residues remain adequate to control fourth
instars and adults in late summer or autumn when feeding and
honeydew production are most intense, however, remains a key
question for pest managers. Additionally, when SLF nymphs are not
controlled, mature adult females commonly engage in short-range
dispersal flights (5, 30), sometimes invading vineyards and orchards
where late season insecticide sprays just before or during harvest, are
especially problematic. Because resources are rarely sufficient for
multiple insecticide applications in a single year, understanding
translocation and persistence of dinotefuran can help pest managers
efficiently control SLF densities while limiting unnecessary applications.

Systemic insecticides such as dinotefuran are transported in
xylem tissue (27, 31) and accumulate in leaves, which function as a
major sink for water and nutrients during much of the growing
season. Insecticide residues in foliage samples are frequently used to
quantify insecticide concentrations, monitor insecticide persistence
over time or to compare treatment timing, application methods or
other factors. All SLF nymphal stages and adults, however, feed on
phloem in tree branches and trunks (6, 8, 32). Observations of high
and often rapid SLF mortality following dinotefuran application
(19, 20, 33, 34) suggest that either dinotefuran moves into the
phloem, i.e., via transverse rays, or the mouthparts of SLF insects
penetrate phloem and encounter insecticide in xylem vessels.
Evaluating dinotefuran presence and concentrations in phloem
could help to fully understand options for optimizing SLF control.
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We conducted two studies in 2019 to assess dinotefuran
persistence and within-tree distribution following basal trunk
sprays applied to healthy ToH in sites in Michigan, well beyond
any known SLF infestation. In the first study, dinotefuran was
applied in early April and residues were quantified in samples of
ToH foliage collected periodically until late September when leaves
were dropping. Based on previous research and experience, we
expected dinotefuran residues would remain relatively high for at
least two months before declining in mid to late summer. We also
evaluated whether tree diameter affected foliar dinotefuran
concentrations at each sampling period. We expected to find little
or no relationship between residue levels and tree diameter, given
that label application rates are based on tree DBH (diameter at
breast height) and the thin outer bark of ToH seemed unlikely to
prevent rapid movement of dinotefuran into xylem tissue.

In the second study, we quantified residues in ToH foliage and
phloem collected on two post-treatment dates following basal trunk
sprays of dinotefuran applied in June. Foliage and phloem samples
were collected from trees felled in either July or September to
compare dinotefuran levels in the two tissues and to assess potential
effects of aspect, sampling dates and tree DBH on dinotefuran
concentration. Phloem samples were collected from below and
above the spray line on trunks of trees felled in July and trees
felled in September. We expected phloem residues below the spray
line to decrease over time as insecticide was transported to the
canopy but whether dinotefuran would be detectable above the
spray line, especially in September, was unknown. Given the many
reports of rapid mortality of SLF nymphs and adults on trees treated
with dinotefuran (18-21), we anticipated that dinotefuran would be
present in phloem from branches, although perhaps at lower levels
than in foliage. We also were interested in determining whether the
relative sun exposure of leaves and branches affected dinotefuran
levels or persistence.

2 Materials and methods

2.1 Study sites

Study 1 was conducted with ToH growing in an unmanaged,
~0.1 ha strip of land in Lansing, Ingham County, Michigan. The site
was in an industrial area with an overstory composed entirely of
ToH, and an herbaceous layer of poison ivy (Toxicodendron
radicans (L.) Kuntze [Sapindales: Anacardiaceae]), and Virginia
creeper (Parthenocissus quinquefolia (L.) Planch [Vitales:
Vitaceae]). On 2 April 2019, 24 ToH trees with DBH ranging
from 10.9 to 34.8 cm DBH and averaging 19.3 + 1.4 cm were
selected and tagged. Twenty trees were assigned to a basal trunk
spray of dinotefuran and four were left as untreated controls. Brush
was cleared around each tree to facilitate access.

Study 2 was conducted in an ~0.4 ha, even-aged plantation of
ToH established in 1976 at MSU’s W.K Kellogg Forest in Augusta,
Kalamazoo County, ML A few northern red oak, Quercus rubra (L.)
[Fagales: Fagaceae] trees grew along the plantation borders while
black cherry (Prunus serotina (Ehrh.) [Rosales: Rosaceae]) saplings
and European buckthorn, (Rhamnus cathartica (L.) [Rosales:
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Rhamnaceae]) grew between and within the rows of ToH.
Herbaceous vegetation was dominated by poison ivy, multiflora
rose (Rosa multiflora (Thunb.) [Rosales: Rosaceae]) and wild
raspberry (Rubus sp. [Rosales: Rosaceae]) shrubs. On 16 May
2019, brush was cleared at the site (using hand tools) to facilitate
access to the trees and to allow a skidsteer to maneuver between and
within rows. We tagged and measured DBH of 26 trees across the
plantation. Tree DBH ranged from 7.1 to 37.6 cm DBH and
averaged 18.8 £ 1.2 cm. Six trees were randomly selected to be
left as untreated controls while the remaining 20 were treated with a
basal trunk spray of dinotefuran. Even-numbered treated and
control trees were felled in mid-summer while odd-numbered
treated and control trees were felled in late summer (see below).
Cumulative growing degree days corresponding to each
treatment and sampling date were acquired from data recorded
by MSU EnviroWeather stations located at the MSU Horticulture
Teaching and Research Center, approximately 13 km from the
Study 1 site, and from the MSU Kellogg Biological Station,
approximately 8 km from the Study 2 site. Cumulative growing
degree days were calculated using the Baskerville-Emin method
with a base 10°C developmental threshold and a starting date of 1
January. Growing degree day accumulations corresponding to
treatment and sampling dates are reported here for potential
application in other regions with different weather regimes.

2.2 Dinotefuran application

Trees in Study 1 and Study 2 were treated with dinotefuran on 9
April (25 GDD [growing degree days]) and 6 June (291 GDD) 2019,
respectively, using the same insecticide rate and application
method. Twelve water soluble packets of Transtect® were added
to 3.8 liters (one gallon) of distilled water in the tank of a low-
pressure 7.5 liter garden sprayer. Formulated insecticide was
applied as a basal trunk spray at a rate of 59 ml (2 oz) per
2.54 cm DBH (1.4 g active ingredient per 2.5 cm DBH) to tree
trunks from approximately 1.5 m high down to the base, ensuring
the entire trunk was covered and the appropriate amount of
insecticide was applied. Spray was applied at low pressure to
minimize any drift around tree trunks and care was taken to
avoid any spray contact with designated control trees.

2.3 Sampling

To account for the often irregular crown shape of ToH (17),
composite foliage samples from Study 1 trees were comprised of
shoots from branches on at least three different aspects, whenever
available. Leaf-bearing shoots were clipped from treated and control
trees on 25 July (770 GDD),107 days post-treatment. Foliage
samples from each tree were placed into labeled bags, returned to
the MSU Forest Entomology Laboratory in coolers with blue ice,
then frozen. In the lab, leaflets were stripped from petioles, and
petioles and woody twigs were discarded. Sampling was repeated on
20 Aug (1077 GDD) and 30 Sept (1425 GDD), at 133 days and 174
days post-treatment, respectively.
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For Study 2, half of the trees in the plantation were destructively
sampled on 16 July 2019 (771 GDD), 40 days post-treatment. The
spray line on each tree trunk was marked, then a skidsteer felled ten
of the treated trees and three untreated control trees. Trees were cut
at approximately the top of the spray line.

Leaves were collected with hand pruners from canopy branches
on three to four aspects of the felled trees, depending on crown
structure, and bagged separately by aspect for each tree. Phloem
samples were collected from the same canopy branches using
drawknives to remove long strips of bark and phloem beginning
near the trunk and extending distally until the branch was < 4-5 cm
in diameter. Heavy overcast conditions, however, limited our ability
to confidently assess relative amounts of sun or shade exposure of
individual branches. Drawknives were also used to remove 0.5 to
1.0 m long strips of bark and phloem from the upper half of the
trunk on the felled trees. Samples from above the spray line were
collected 2.5 to 4 m above ground and samples from below the spray
line were collected 0.5 to 1.0 m above ground, within the area that
had been sprayed. Phloem readily separated from xylem and outer
bark in the branch and trunk samples. Phloem samples from
different branches and from above and below the spray line on
tree trunks were placed into individual bags. All drawknives and
hand pruners used for sampling were sterilized with 70% ethanol
between each sample to avoid contamination.

Remaining trees in Study 2 in the plantation were felled and
sampled on 17 September (1478 GDD), 103 days post-treatment,
using the same methods as above. Exposure to sun, which could
presumably affect insecticide concentration or persistence, was
qualitatively ranked for each branch that was sampled as 1 if it
was fully shaded, 2 if it was partially shaded and 3 if it was fully
exposed to sunlight.

Foliage and phloem samples collected in July or in September
from the Study 2 trees were bagged, transported in a cooler with
blue ice to the MSU Forest Entomology Laboratory, then frozen as
in Study 1. Leaflets were stripped from shoots and petioles in the
laboratory, then re-frozen. Frozen foliage and phloem samples were
shipped overnight to collaborators at the USDA APHIS laboratory
in Buzzards Bay, MA on 22 October 2019 for insecticide
residue analysis.

2.4 Residue analysis

Foliage and phloem samples were removed from bags, air-dried
for at least two weeks, then ground in a commercial blender to a fine
powder. Blenders were tripled rinsed, scrubbed with soapy water
(LIQUINOX® detergent, Alconox Inc., White Plains, NY) and a
bottle brush, sprayed with 95% ethanol then rinsed in dionized
water to ensure any insecticide residue was removed. Personnel
changed nitrile gloves between samples to further minimize any risk
of cross contamination.

Analysis of insecticide residues in ToH leaves collected from
trees in Study 1 and Study 2, and in ToH phloem from Study 2 trees
was determined using commercially available Enzyme Linked
Immunosorbent Assay (ELISA) kits (FujiFilm/Horiba; Kyoto,
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Japan and Wako Chemical, USA Corporation, Richmond, VA). A
0.5 g sample of processed plant material was weighed into a 50 mL
plastic centrifuge tube and extracted in 10 mL of pure methanol for
3 hrs on a table-top shaker. Sample tubes were spun down in a high-
speed centrifuge for 10 min and the supernatant diluted a minimum
of 20x to avoid matrix effects from the kit due to the methanol.
Sample aliquots were added to a 96-well plate, developed and the
absorbance value calculated according to the manufacturer’s
instructions using provided standards of 1.5 ppb to 30 ppb. The
effective lower limit of kit detection following sample preparation
and dilution is 0.6 ppm.

2.5 Statistical analysis

Normality of dinotefuran residues in foliage from Study 1 trees was
assessed with a Shapiro-Wilk test and residual plots (PROC MIXED,
PROC UNIVARIATE, SAS 9.4) and a square root transformation was
applied to normalize residue data (Pr <W = 0.1456).

A one-way ANOVA with repeated measures (PROC MIXED,
SAS 9.4) was used to compare differences in foliar dinotefuran
residues among the three sample dates with an a priori significance
level of o = 0.05. The Kenward-Roger correction was used for
calculating denominator degrees of freedom because it is more
conservative than the MIXED default and is generally
recommended for repeated measures analysis to minimize the
risk of an increased Type 1 error rate generated by improperly
fitted covariance structure. The Tukey-Kramer multiple
comparison test was applied when the ANOVA results were
significant to identify significant differences among sampling
dates. Additionally, linear relationships between foliar dinotefuran
residues and tree diameter were assessed with simple linear
regression (PROC REG).

Results of a Shapiro-Wilk test and residual plots (PROC
UNIVARIATE, SAS 9.4) showed dinotefuran residues in leaf
samples collected from the Study 2 trees in the plantation were
not normally distributed and data were not normalized by
transformation. A two-way nonparametric ANOVA was therefore
performed on ranked foliar insecticide residues to assess differences
among leaves collected from branches on different aspects of the
canopy and between the two sample dates (PROC RANK, PROC
MIXED, SAS 9.4). Dinotefuran was not detected in any of the
phloem samples collected from branches on either sampling date.

A composite foliar residue value for each tree in Study 2 was
calculated by averaging residues in the leaves from the three to four
sampled branches in July and again in September. Composite foliar
residue values in trees were normal on both sampling dates. An
independent t-test was used to assess differences in foliar residues
between samples collected from trees felled in July versus September
(PROC TTEST, SAS 9.4). Within each month, differences between
foliar and trunk phloem residues and between residues in phloem
from above and below the spray line were evaluated with paired t-
tests. Simple linear regression (PROC REG, PROC UNIVARIATE,
SAS 9.4) was applied to assess relationships between foliar residue
levels and tree DBH for trees sampled on each date.
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3 Results
3.1 Study 1

As expected, foliar dinotefuran residues from Study 1 trees were
significantly higher in foliage from treated trees than in untreated
controls, which had no dinotefuran, across all months (F = 20.52; df =
1,21.9; P < 0.001) and differed among post-treatment sample dates (F =
5.63; df = 2,34.6; P = 0.0076) (Figure 1). Residues averaged 7.8 + 1.1
ppm and ranged from 0.7 to 17.0 ppm in July, 6.3 = 1.2 ppm and 0 to
20.0 ppm in August, and 2.6 + 0.5 ppm and 0 to 8.8 ppm in September.
Residues were significantly higher in samples collected in July (770
GDD) than in September (1425 GDD) (P < 0.001) and in August (1077
GDD) compared to September (P = 0.0013), but the drop in average
dinotefuran concentration between July and August was not significant
(P =0.5412) (Figure 1). Residues in 14 trees were lower in August than
in July, while values increased in the six trees between July and August.
Between August and September, residues in 18 of the 20 treated trees
had declined and overall residues in September were 50% lower than in
August and 66% lower than in July. Residues in two trees increased
slightly in September from August, but residue values were
substantially lower in these trees from the July values. Tree size did
not affect foliar residues in any of the sampling periods; simple linear
regressions yielded R? values of 0.02 (P = 0.48), 0.03 (P = 0.41) and
0.002 (P = 0.85) in July, August and September, respectively.

3.2 Study 2

Dinotefuran residues were detected in foliage from all treated
trees sampled in mid-July (771 GDD), 40 days post-treatment, and
in mid-September (1478 GDD), 103 days post-treatment. Mean
foliar residue levels averaged 12.7 + 1.32 and 14.6 + 2.18 ppm in the
ten trees felled and sampled in July and the other ten trees sampled
in September, respectively. While average foliar residues were
approximately 5% higher in September than in July, the difference
was not significant (t = -0.55; df = 1,23; P = 0.5895). Results from
the two-way ANOVA confirmed the similarity in foliar residues
between samples collected in July and September (F = 0.40; df =
1,87; P = 0.53). Residues also did not differ among foliage samples
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[
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g 50
2 40 B
& 30

20

10

0.0

25-Jul 20-Aug 30-Sep

FIGURE 1

Mean (+ SE) dinotefuran residues (ppm) in foliage samples from
Ailanthus altissima trees in Study 1. Samples were collected
periodically in 2019 following a 9 April 2019 basal trunk spray. Letters
above bars indicate significant differences (P < 0.05) (n = 20 trees).
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collected from branches at different aspects (F = 0.02; df = 3,87; P =
0.89). Mean foliar residues ranged from 11.9 + 1.90 ppm (eastern
aspect) to 13.5 £ 2.69 ppm (southern aspect) in July and from 12.4 +
3.78 ppm (southern aspect) to 16.3 + 5.50 ppm (northern aspect) in
September. As in Study 1, tree DBH did not affect mean foliar
residues in trees sampled in either July (R* = 0.16; P = 0.25) or
September (R*=0.0002; P = 0.97). Leaves from one tree sampled in
September exhibited an unusually high dinotefuran concentration
but excluding this outlier had little effect on results (R2 =0.03; P =
0.621). All branches that were sampled to collect foliage and phloem
from trees felled in September were either partially (Rank 2) or fully
exposed to sun (Rank 3). There was no evidence that sun exposure
affected foliar dinotefuran residues.

Dinotefuran residues in phloem samples collected from above
and below the spray line on trunks of the felled trees varied
substantially and were often too low to be detected. Phloem
samples collected in July from below the spray line yielded
detectable dinotefuran residues in seven of the ten felled trees,
averaging 8.6 + 4.4 and ranging from 0.8 to 32.2 ppm. Three trees
had detectable levels of dinotefuran in phloem from above the spray
line, with concentrations ranging from 1.6 to 10.6 ppm and
averaging 7.4 = 2.9 ppm. Phloem from only one tree had
detectable dinotefuran residues in samples from both above (9.8
ppm) and below the spray line (0.8 ppm).

In September, none of the phloem samples collected from above
the spray line on the trunks of the ten felled trees had detectable
dinotefuran residues. Seven of these trees had measurable
dinotefuran residues in phloem from below the spray line,
ranging from 0.8 to 10.8 and averaging 3.7 + 1.3 ppm.

Overall, residues in phloem samples collected from tree trunks
were significantly lower than residues in foliage collected from the
same trees in July (t = 3.60; df = 9; P = 0.0058) and September (t =
4.31; df = 9; P = 0.002). On average, phloem residues in samples
from below the spray line were 53% lower than foliar residues in
July and 83% lower than September foliar residues. Phloem residues
in samples from above and below the spray line did not significantly
differ in July (t = 0.99; df = 9; P = 0.35) but were significantly higher
below the spray line than above the spray line in September (t =
2.49; df = 9; P = 0.03). None of the phloem samples collected from
branches had detectable dinotefuran residues, regardless of sample
date or aspect.

4 Discussion

Basal trunk sprays of dinotefuran remain a key tool for
managing SLF infestations to reduce insect density, protect the
health of trees and other hosts, and lessen the annoyance or anxiety
experienced by residents during outbreaks. Identifying the optimal
time to apply dinotefuran, however, remains an essential question
for pest managers dealing with established SLF populations along
with newly discovered infestations. Regulatory personnel, IPM
specialists and resource managers desire a high level of SLF
control that is also cost-effective and logistically practical (21).
Launching dinotefuran applications in spring could be
advantageous when extensive areas require treatment, especially if
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personnel or funding are likely to be limited later in the season.
Reducing densities of SLF early instars in an area also decreases
feeding and honeydew production by later life stages, minimizing
potential injury to host plants. Conversely, in other situations, SLF
infestations may not be discovered until late summer or autumn
when brightly colored 4™ instars or the large adults are more easily
observed. High densities of SLF can also appear in previously
uninfested areas following migratory flights by mature adults in
late summer or fall (5).

In our studies, as in most research with systemic insecticides,
residues in samples of foliage were quantified to evaluate persistence
of dinotefuran. Sampling leaves to assess insecticide concentrations
causes minimal injury to trees and facilitates repeated sampling over
time. Tree DBH, which ranged from 10.9 and 7.1 cm up to 34.8 and
37.6 in Study 1 and Study 2, respectively, did not affect foliar
dinotefuran residues in any sampling period. This is not surprising
since the amount of insecticide applied to any tree is based on the
DBH of the tree. Previous studies with ash trees, which are ring
porous like ToH, have shown that systemic insecticides are carried
in xylem vessels in the outer ring of sapwood from the trunk to the
canopy, where expanding buds and leaves act as a strong sink for
xylem (27, 31, 35). It is notable, however, that the thicker outer bark
on large trees relative to the smaller trees in this study did not limit
absorption nor affect translocation of dinotefuran applied via basal
trunk sprays in early April (Study 1) or June (Study 2). Age of the
largest trees in Study 1 are unknown, but records show that the
mature trees in the plantation used for Study 2 were 48 years old at
the time of treatment and sampling. A high proportion of trees in
most areas where SLF is established will likely be of similar size and
can be efficiently treated with basal trunk sprays instead of more
laborious trunk injections. Since ToH trees can reportedly attain
diameters of >1.5 m (14), however, further evaluation of insecticide
translocation in very large trees may be warranted.

While foliar residues are ideal for monitoring insecticide
presence over time or comparing different treatments, SLF feeds
by sucking phloem sap from tree branches, trunks, and woody
vines. Several studies have reported high and relatively rapid SLF
mortality following dinotefuran application (19, 20, 28, 33, 34),
indicating that these insects must encounter lethal levels of
insecticide as they feed. We anticipated dinotefuran residues
would be relatively high in phloem samples collected from below
the spray line on tree trunks, e.g., the area where the dinotefuran
spray was physically applied. We also expected to detect some level
of dinotefuran in phloem samples from above the spray line and in
branches, indicative of dinotefuran translocation to the canopy.
Movement of dinotefuran from xylem into phloem via transverse
rays could presumably result in the consistently high SLF mortality
observed on treated trees (19, 20). However, in the ten Study 2 trees
sampled in July, only 40 days post-treatment, dinotefuran was
undetectable below the spray line in three trees and above the
spray line in seven of the trees. The lack of detectable dinotefuran
residues in phloem from any of the branches sampled on the Study
2 trees was also unexpected, particularly given the insecticide levels
in leaves from those same branches. It is possible that dinotefuran in
the phloem samples from the branches was present at
concentrations below the detection limit of 0.6 ppm of our assay.
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While LCs, values for dinotefuran corresponding to SLF mortality
are unknown, it seems unlikely that residues consistently below
detection limits would cause the high SLF mortality rates previously
observed in multiple infestations (19, 20).

A possible mechanism to account for these seemingly
contradictory observations is that while SLF need to access nutrients
in phloem, their mouthparts may penetrate phloem and reach xylem
tissue in the outer sapwood ring, which could result in the insects
encountering a lethal dose of insecticide. Research has suggested that
phloem-feeding emerald ash borer (EAB) (Agrilus planipennis
Fairmaire [Coleoptera: Buprestidae]) larvae may similarly encounter
insecticide when early instar galleries score the outer xylem in ash trees
(26, 35). Further research into the mechanics of SLF feeding is needed
to understand how these insects encounter systemic insecticides,
particularly small early instars with short stylets (36).

When young ash (Fraxinus spp.) trees were injected with *C-
labelled imidacloprid, another systemic neonicotinoid, residues in
subsequent foliage samples varied depending on the position of
branches relative to injection sites, and with the height of branch
whorls (31). Translocation patterns of ToH and ash, both ring
porous trees, are probably similar but in our Study 2 trees, foliar
residues were not affected by aspect of the leaf-bearing branches we
sampled. Basal trunk sprays, which are applied around the entire
circumference of the tree, may facilitate a more even distribution of
insecticide throughout the canopy than trunk injection.
Additionally, we hypothesized that higher transpiration rates in
leaves fully exposed to sun could result in more rapid translocation
or higher residues, at least initially, than in shaded branches.
However, we found no evidence that exposure to sunlight affected
insecticide translocation rates or persistence in foliage. Virtually all
foliage-bearing branches on trees in both Study 1 and Study 2 were
at least partially exposed to sunlight, while branches below the
canopy or those that were shaded by adjacent trees were dead, a
pattern consistent with the low shade tolerance exhibited by ToH,
and its rarity in closed canopy forests (17, 37).

Although dinotefuran LCs, values for SLF have not been
determined, we assumed that trees with high dinotefuran
concentrations in leaves would be more toxic to SLF nymphs and
adults than trees with lower residues. Foliar residues from Study 2
trees, treated in June (291 GDD), averaged 12.8 + 1.3 and 14.6 + 2.2 at
40 and 103 days post-treatment, respectively, while residues in Study
1 trees, treated in early April (25 GDD), averaged 7.8 + 1.1 and 6.3 +
1.2 ppm in samples collected in July and August, 107 and 133 days
post-treatment, respectively. Generally lower foliar residues in Study
1 trees compared with Study 2 trees may reflect the poor Study 1 site
conditions, reflected in lower respiration and translocation rates.
Study 1 trees were in a narrow, highly disturbed strip of land
bordered by parking lots, while Study 2 trees were on a relatively
high quality site with minimal disturbance. Variability in foliar
residues among Study 1 trees, as evidenced by standard errors,
increased between July and August (albeit slightly), and between
July and Sept for Study 2 trees, a pattern consistent with differences
among trees in insecticide translocation. Increased foliar residues in
Study 2 trees between 40 and 103 days post-treatment presumably
reflects continued translocation of insecticide from the lower trunk to
canopy branches and leaves. Six of 20 Study 1 trees had higher
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residues in mid August (133 days post-treatment; 1077 GDD) than in
late July (771 GDD), indicating translocation of insecticide was still
occurring between 107 and 133 days post-treatment in some trees.

Collectively, these results suggest basal trunk sprays should
provide effective control of SLF for at least 100 days and probably
for as much as 135 days post-treatment in most trees. However,
residues dropped sharply in Study 1 trees during the 41 days
between the mid August and late September samples, when
residues averaged < 3 ppm (174 days post-treatment). Similarly,
the number of Study 1 trees with relatively low foliar residues, e.g., <
5 ppm, increased from seven trees in the July samples, to 12 trees in
August and 18 trees in September. In an earlier study, dinotefuran
residues in trees treated in mid to late May remained relatively
stable in September (20).

Early season treatments to reduce densities of early instars
would presumably limit feeding, honeydew production and
associated impacts in a given area throughout the summer.
However, applications made too early will likely result in trees
with relatively low and rapidly declining residues from late August
through October, a period when SLF adult feeding, dispersal and
migratory flights are likely to peak (38). Delaying dinotefuran basal
trunk sprays until late May or mid June should provide effective
control of late instars and SLF adults in October, although early
instar feeding and local dispersal would still occur. Understanding
more about translocation and persistence of dinotefuran and other
systemic insecticides including imidacloprid would be valuable for
SLF programs and more broadly for insect pests of other trees.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Author contributions

DM and PL conceived the project, acquired funding, and
designed the experiments. DM oversaw the experiments,
coordinated and participated in field work including insecticide
applications, sampling and data collection. PL directed sample
analysis of the insecticide residues. JK assisted with field work,

References

1. Kim H, Kim S, Lee Y, Lee HS, Lee SJ, Lee JH. Tracing the origin of Korean
invasive populations of the spotted lanternfly, Lycorma delicatula (Hemiptera:
Fulgoridae). Insects (2021) 12:539. doi: 10.3390/insects12060539

2. New York State Integrated Pest Management. Spotted lanternfly reported
distribution map. (Ithaca, NY: Cornell College of Agriculture and Life Sciences).
(2022). Available at: https://nysipm.cornell.edu/environment/invasive-species-exotic-
pests/spotted-lanternfly/spotted-lanternfly-ipm/introduction-native-range-and-
current-range-us/.

3. Jones C, Skrip MM, Seliger BJ, Jones S, Wakie T, Takeuchi Y, et al. Spotted
lanternfly predicted to establish in California by 2033 without preventative
management. Commun Biol (2022) 5:558. doi: 10.1038/s42003-022-03447-0

Frontiers in Insect Science

10.3389/finsc.2023.1134064

processed samples and analyzed data. JK and DM drafted the
manuscript with contributions from PL. All authors contributed
to the article and approved the submitted version.

Funding

Funding to help support this project including USDA personnel
who cooperated in the research was provided by a Cooperative
Agreement (AP19PPQS&T00C034) from the U.S. Dept. of
Agriculture Animal and Plant Health Inspection Service (APHIS).
Views expressed here may not necessarily be those of
USDA APHIS.

Acknowledgments

We thank Patrick Engelken, Asia Frei, Chase Hannahs, Steven
Rann and Andrew Tluczek, from the MSU Forest Entomology
Laboratory, for their assistance in the field. We appreciate the use of
the A. altissima plantation and help provided by Mickey Trimner
and KJ. Kettler at the MSU W.K. Kellogg Experimental Forest.
Amanda Davila-Flores and DJay Lafoon, USDA APHIS, assisted
with sample preparation and ELISA residue analysis.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

4. Wakie TT, Neven LG, Yee WL, Lu Z. The establishment risk of Lycorma
delicatula (Hemiptera: Fulgoridae) in the united states and globally. J Econ Entomol
(2019) 113:306-14. doi: 10.1093/jee/t0z259

5. Wolfin MS, Myrick AJ, Baker TC. Flight duration capabilities of dispersing adult
spotted lanternflies, lycorma delicatula. J Insect Behav (2020) 33:125-37. doi: 10.1007/
§10905-020-09754-w

6. Dara SK, Barringer L, Arthurs SP. Lycorma delicatula (Hemiptera: Fulgoridae): A new
invasive pest in the united states. ] Integr Pest Manag (2015) 6:20. doi: 10.1093/jipm/pmv021

7. Liu H, Hunter M. Spatial distribution, seasonal dynamics and sex ratio of

Lycorma deliculata (Hemiptera: Fulgoridae) adults on tree of heaven. Psyche: |
Entomol (2022) 4775718. doi: 10.1155/2022/4775718

frontiersin.org


https://doi.org/10.3390/insects12060539
https://nysipm.cornell.edu/environment/invasive-species-exotic-pests/spotted-lanternfly/spotted-lanternfly-ipm/introduction-native-range-and-current-range-us/
https://nysipm.cornell.edu/environment/invasive-species-exotic-pests/spotted-lanternfly/spotted-lanternfly-ipm/introduction-native-range-and-current-range-us/
https://nysipm.cornell.edu/environment/invasive-species-exotic-pests/spotted-lanternfly/spotted-lanternfly-ipm/introduction-native-range-and-current-range-us/
https://doi.org/10.1038/s42003-022-03447-0
https://doi.org/10.1093/jee/toz259
https://doi.org/10.1007/s10905-020-09754-w
https://doi.org/10.1007/s10905-020-09754-w
https://doi.org/10.1093/jipm/pmv021
https://doi.org/10.1155/2022/4775718
https://doi.org/10.3389/finsc.2023.1134064
https://www.frontiersin.org/journals/insect-science
https://www.frontiersin.org

Keyzer et al.

8. Liu H. Oviposition substrate selection, egg mass characteristics, host preference,
and life history of the spotted lanternfly (Hemiptera: Fulgoridae) in north America.
Environ Entomol (2019) 48:1452-68. doi: 10.1093/ee/nvz123

9. Liu H. Seasonal development, cumulative growing degree-days, and population
density of spotted lanternfly (Hemiptera: Fulgoridae) on selected hosts and substrates.
Environ Entomol (2020) 49:1171-84. doi: 10.1093/ee/nvaa074

10. Barringer LE, Donovall LR, Spichiger SE, Lynch D, Henry D. The first new world
record of Lycorma delicatula (Insecta: Hemiptera: Fulgoridae). Entomol News (2015)
125:20-3. doi: 10.3157/021.125.0105

11. Johnson AE, McCullough DG, Isaacs R. Spotted lanternfly: A colorful cause for
concern. (2020) East Lansing, MI: Michigan State University Extension. Available at:
https://www.canr.msu.edu/news/spotted-lanternfly-a-colorful-cause-for-concern.

12. Miller J. Ailanthus altissima (Mill.) swingle. ailanthus. In: Burns RM, Honkala
BH, editors. Silvics of north america. vol 2: Hardwoods. Washington, D.C: U.S. Dept. of
Agriculture, Forest Service (1990). p. p.101-104.

13. Sladonja B, Susek M, Guillermic J. Review on invasive tree of heaven (Ailanthus
altissima (Mill.) swingle) conflicting values: Assessment of its ecosystem services and
potential biological threat. Environ Manage (2015) 56:1009-34. doi: 10.1007/s00267-
015-0546-5

14. Jackson DR, Gover A, Wurzbacher S. Tree of heaven. Pennsylvania state
university extension (2020). Available at: https://extension.psu.edu/tree-of-heaven.

15. Kowarik I. Clonal growth in Ailanthus altissima on a natural site in West
Virginia. ] Veg Sci (1995) 6:853-6. doi: 10.2307/3236399

16. O’Neal ES, Davis DD. Intraspecific root grafts and clonal growth within
Ailanthus altissima stands influence Verticillium nonalfalfae transmission. Plant Dis
(2015) 99:1070-7. doi: 10.1094/PDIS-07-14-0722-RE

17. Knapp LB, Canham CD. Invasion of an old-growth forest in new York by
Ailanthus altissima: Sapling growth and recruitment in canopy gaps. J Torrey Bot Soc
(2000) 127:307-15. doi: 10.2307/3088649

18. Urban J, Calvin D, Hills-Stevenson J. Early response (2018-2020) to the threat of
spotted lanternfly, Lycorma delicatula (Hemiptera: Fulgoridae) in Pennsylvania. Ann
Entomol Soc Am (2021) 114:709-18. doi: 10.1093/aesa/saab030

19. Lewis P. Application methods to control spotted lanternfly. In: Trepanowski N,
Vieira K, Heller S, Booth E, editors. Otis Laboratory annual report 2018. Buzzards, Bay,
MA: US Dept of Agriculture, Animal Plant Health Inspection Serv, PPQ, CPHST
(2018). p. 35-7.

20. Lewis P. Sensitivity of spotted lanternfly to insecticides and use of sentinel traps
on the infestation periphery, pp. 32-35.. In K. A. McManus (ed.), Proceedings, 30th
USDA Interagency Research Forum on Invasive Species, 14-17 January 2020, Annapolis,
MD. U.S. Dept. of Agriculture, Forest Service, For. Health Tech. Enterprise Team
(Morgantown, WV) (2020).

21. Leach H, Swackhamer E, Korman A, Walsh B. Spotted lanternfly management
guide. Happy Valley, PA: Pennsylvania State University Extension Bull (2021).

22. Cowles RS, Montgomery ME. Activity and residues of imidacloprid applied to
soil and tree trunks to control hemlock woolly adelgid (Hemiptera: Adelgidae) in
forests. J Econ Entomol (2006) 99:1258-67. doi: 10.1603/0022-0493-99.4.1258

23. Doccola JJ, Bristol EJ, Sifleet SD, Lojiko J, Wild PM. Efficacy and duration of
trunk-injected imidacloprid in the management of hemlock woolly adelgid (Adelges
tsugae). Arboric Urban For (2007) 33:12-21. doi: 10.48044/jauf.2007.002

24. Herms DA, McCullough DG, Sadof CS, Smitley DR, Miller FD, Cranshaw W.
Insecticide options for protecting ash trees from emerald ash borer. 3rd Ed. East Lansing,

Frontiers in Insect Science

08

10.3389/finsc.2023.1134064

MI and Ames, IA: North Central IPM Center Bull. (2019). Available at: http://www.
emeraldashborer.info/documents/multistate_eab_insecticide_fact_sheet.pdf.

25. McCullough DG, Cappaert DA, Poland TM, Lewis P, Molongoski J. Evaluation
of neo-nicotinoid insecticides applied as non-invasive trunk sprays. In: V. Mastro, D.
Lance, R. Reardon, and G. Parra, comps. Emerald ash borer and Asian longhorned beetle
research and development review meeting; October 29-November 2, 2006; Cincinnati,;
October 29-November 2, 2006, pp. 52-4. OH. FHTET 2007-04.. Morgantown, WV. US
Forest Service, For. Health Tech. Enterprise Team. (2007) 52-54.

26. McCullough DG, Poland TM, Anulewicz AC, Lewis P, Cappaert D. Evaluation
of Agrilus planipennis (Coleoptera: Buprestidae) control provided by emamectin
benzoate and two neonicotinoid insecticides, one and two seasons after treatment. J
Econ Entomol (2011) 104:1599-612. doi: 10.1603/ec11101

27. Mota-Sanchez D, Cregg BM, McCullough DG, Poland TM, Hollingworth RM.
Distribution of trunk-injected 14C-imidacloprid in ash trees and effects on emerald ash
borer (Coleoptera: Buprestidae) adults. Crop Prot (2009) 28:655-61. doi: 10.1016/
j-cropro.2009.03.012

28. Leach H, Korman A, Swackhamer E. Spotted lanternfly management for
landscape professionals. Happy Valley, PA: Pennsylvania State University Extension
Bull (2019).

29. Lee DH, Park YL, Leskey TC. A review of biology and management of Lycorma
delicatula (Hemiptera: Fulgoridae), an emerging global invasive species. ] Asia Pac
Entomol (2019) 22:589-96. doi: 10.1016/j.aspen.2019.03.004

30. Wolfin MS, Binyameen M, Wang Y, Urban JM, Roberts DC, Baker TC. Flight
dispersal capabilities of female spotted lanternflies (Lycorma delicatula) related to size
and mating status. ] Insect Behav (2019) 32:188-200. doi: 10.1007/s10905-019-09724-x

31. Tanis SR, Cregg BM, Mota-Sanchez D, McCullough DG, Poland TM. Spatial
and temporal distribution of trunk-injected '*C-imidacloprid in Fraxinus trees. Pest
Manag Sci (2012) 68:529-36. doi: 10.1002/ps.2281

32. Leach H, Leach A. Seasonal phenology and activity of spotted lanternfly
(Lycorma delicatula) in eastern US vineyards. J Pest Sci (2020) 93:1215-24.
doi: 10.1007/s10340-020-01233-7

33. Leach H. Evaluation of residual activity of insecticides for control of spotted
lanternfly in grape, 2020. Arthropod Manag Tests (2021) 46:1-2. doi: 10.1093/amt/tsaal23

34. Leach H, Biddinger D, Krawczyk G, Smyers E, Urban JM. Evaluation of
insecticides for control of the spotted lanternfly, Lycorma delicatula (Hemiptera:
Fulgoridae), a new pest of fruit in the northeastern U.S. Crop Prot (2019)
124:104833. doi: 10.1146/annurev-ento-120220-111140

35. McCullough DG, Poland TM, Tluczek AR, Anulewicz A, Wieferich ], Siegert
NW. Emerald ash borer (Coleptera: Buprestidae) densities over a 6-yr period on
untreated trees and trees treated with systemic insecticides at 1-, 2-, and 3-year intervals
in a central Michigan forest. ] Econ Entomol (2019) 112:201-12. doi: 10.1093/jee/toy282

36. Avanesyan A, Maugel TK, Lam WO. External morphology and developmental
changes of tarsal tips and mouthparts of the invasive spotted lanternfly, Lycorma
delicatula (Hemiptera: Fulgoridae). PloS One (2019) 14(12):¢0226995. doi: 10.1371/
journal.pone.0226995

37. Swearingen JM, Pannill PD. Fact sheet: tree-of-heaven. Washington, D.C: Plant
Conservation Alliance Alien Plant Working Group (2009). Available at: https://www.
invasive.org/alien/fact/pdf/aial1.pdf.

38. Baker TC, Smyers EC, Urban JM, Meng Z, Pagadala Damadaram KJ, Myrick AJ,
et al. Progression of seasonal activities of adults of the spotted lanternfly, lycorma
delicatula, during the 2017 season of mass flight dispersal behavior in eastern
Pennsylvania. ] Asia Pac Entomol (2019) 22:705-13. doi: 10.1016/j.aspen.2019.05.006

frontiersin.org


https://doi.org/10.1093/ee/nvz123
https://doi.org/10.1093/ee/nvaa074
https://doi.org/10.3157/021.125.0105
https://www.canr.msu.edu/news/spotted-lanternfly-a-colorful-cause-for-concern
https://doi.org/10.1007/s00267-015-0546-5
https://doi.org/10.1007/s00267-015-0546-5
https://extension.psu.edu/tree-of-heaven
https://doi.org/10.2307/3236399
https://doi.org/10.1094/PDIS-07-14-0722-RE
https://doi.org/10.2307/3088649
https://doi.org/10.1093/aesa/saab030
https://doi.org/10.1603/0022-0493-99.4.1258
https://doi.org/10.48044/jauf.2007.002
http://www.emeraldashborer.info/documents/multistate_eab_insecticide_fact_sheet.pdf
http://www.emeraldashborer.info/documents/multistate_eab_insecticide_fact_sheet.pdf
https://doi.org/10.1603/ec11101
https://doi.org/10.1016/j.cropro.2009.03.012
https://doi.org/10.1016/j.cropro.2009.03.012
https://doi.org/10.1016/j.aspen.2019.03.004
https://doi.org/10.1007/s10905-019-09724-x
https://doi.org/10.1002/ps.2281
https://doi.org/10.1007/s10340-020-01233-7
https://doi.org/10.1093/amt/tsaa123
https://doi.org/10.1146/annurev-ento-120220-111140
https://doi.org/10.1093/jee/toy282
https://doi.org/10.1371/journal.pone.0226995
https://doi.org/10.1371/journal.pone.0226995
https://www.invasive.org/alien/fact/pdf/aial1.pdf
https://www.invasive.org/alien/fact/pdf/aial1.pdf
https://doi.org/10.1016/j.aspen.2019.05.006
https://doi.org/10.3389/finsc.2023.1134064
https://www.frontiersin.org/journals/insect-science
https://www.frontiersin.org

	Persistence and distribution of dinotefuran in tree of heaven
	1 Introduction
	2 Materials and methods
	2.1 Study sites
	2.2 Dinotefuran application
	2.3 Sampling
	2.4 Residue analysis
	2.5 Statistical analysis

	3 Results
	3.1 Study 1
	3.2 Study 2

	4 Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


