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Significance to Industry: The American serpentine leafminer, Liriomyza trifolii Burgess
(Diptera: Agromyzidae), is a pest of many ornamental and vegetable crops. The adult fly
uses her ovipositor to punch holes in leaves from which to feed or within which to
deposit her eggs (3). Immediately after hatching, a larva will begin feeding within the
mesophyll layer of the leaf thereby creating the characteristic “mine.” (3). Damage by L.
trifolii is unsightly to consumers of ornamentals and can cause significant yield reduction
in vegetable crops. Integrated pest management of a pest complex that includes L.
trifolii often relies on releases of the commercially available larval ectoparasitoid of
leafminers, Diglyphus isaea Walker (Hymenoptera: Eulophidae), combined with
applications of compatible insecticides targeting the remaining pest complex (2).
Research-based recommendations on which insecticides are compatible with which
natural enemies are frequently lacking and use of the wrong insecticides can reduce
natural enemy populations and their effectiveness in controlling their target pest. For
growers to maintain a cost effective L. trifolii biological control program that is minimally
disrupted by insecticides, we conducted the following study to assess the compatibility
of two insecticides with the use of D. isaea.
Nature of Work: Azadirachtin and spirotetramat are insecticides often used to control
pests of ornamental crops and have been selectively tested for compatibility with D.
isaea under laboratory conditions. One test showed that azadirachtin caused 5.7%
mortality to adult D. isaea in laboratory assays (4) and another found that both
insecticides caused between 30 and 79% adult D. isaea mortality (1). However, it is
uncertain how azadirachtin and spirotetramat affect parasitoid development as larvae or
if the insecticides can lead to a reduction in D. isaea population numbers under
greenhouse conditions. To address these shortcomings, the objective of this study was
to determine if spirotetramat and azadirachtin (as Kontos® and Azatin O® respectively,
OHP Inc., Mainland, PA) reduce the number of D. isaea completing development to
adults on L. trifolii infesting chrysanthemums.
This study was conducted in a greenhouse at the Biological Control Facility at Texas
A&M University, College Station, Texas. L. trifolii used for this experiment were reared
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continuously under laboratory conditions en masse on bean plants (Phaseolus vulgaris
L.) and Gerbera Daisies (Gerbera jamesonii Bolus) supplemented with honey under a
14:10 (L:D) photoperiod.
Chrysanthemum morifolium Ramat (a mix of cv. Sunset Orange and Calisto Pink, Ball
Seed, Chicago, IL) served as plant hosts for the L. trifolii hosts in this experiment.
Rooted cuttings were transplanted into four inch pots, (Sunshine® LC1 soil, Sun Gro
Horticulture, Agawam, MA) and grown following commercial horticultural practices but
without the use of any pesticides. Eight weeks after transplanting, all plants were placed
into a single cage (10’ length x 3.5’ width x 3.5’ height) and 960 adult L. trifolii were
released into the cage and allowed to oviposit in the chrysanthemum leaves for one
day. After allowing the leafminers to develop for seven days, 1000 D. isaea (Syngenta
Bioline, Oxnard, CA) were released into the cage and allowed to parasitize the L. trifolii
larvae for 32 hours. At the end of this exposure period, the wasps were removed from
the plants and the plants were placed in a D. isaea-free cage for assignment to one of
five treatments.
The randomized complete block design consisted of five treatments: 1) azadirachtin
sprayed one day and 2) seven days after the last parasitoid oviposition, 3) spirotetramat
sprayed one day and 4) seven days after the last parasitoid oviposition, and 5) no
spray. Azadirachtin was sprayed at the rate of 12 fl oz per 100 gallons and spirotetramat
at the rate of 3.4 fl oz per 100 gallons. Chrysanthemums were sorted based on the
number of L. trifolii mines and arranged in 10 groups of five plants whereby the plants
within a group had approximately the same number of mines. One plant from each of
the 10 groups was randomly assigned to one of the five treatments with the individual
plant serving as an experimental unit with ten replicates per treatment (n=10).
Insecticides were applied using a 750 ml hand-spray bottle until insecticide runoff, and
the plants were laid on their side in 18” round plant saucers to allow any non-parasitized
L. trifolii prepupae to fall from the plant. Once plants dried following the final insecticide
application, each plant was cut at the crown and transferred into a closed white paper
bag to allow adult D. isaea to emerge. After waiting 10 days for the D. isaea to emerge,
the bags were frozen at -20ºC for three days to kill the D. isaea and the D. isaea in each
bag were subsequently counted using a stereomicroscope. Upon removing the
chrysanthemums from the plant saucers, the saucers were inspected for L. trifolii larvae,
pupae and adults. No L. trifolii were found in the saucers. Only two pupae and one adult
L. trifolii were found in the white paper bags, indicating a high percentage of L. trifolii
parasitism by D. isaea.
Our null hypothesis was that D. isaea populations were not lower in the insecticide
treated treatments than in the untreated treatment. Due to our one-tailed hypothesis
(which excludes ANOVA procedures and alternatives) and non-normality of the data
(which excludes parametric testing), treatments were compared using the nonparametric Wilcoxon-each pair test in JMP Pro 11 (SAS Institute Inc., Cary, NC) and
one-tailed p-values were obtained by 1-0.5*(two-tailed p-value).
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Results and Discussion: D. isaea emergence in the paper bags was not lower in the
insecticide treatments than in the untreated control (P>0.05, one-tailed Wilcoxon each
pair) (fig. 1), indicating the insecticides had no negative effect on D. isaea development.
We do not know if there were any sub-lethal effects of the tested insecticides on D.
isaea’s ability to control L. trifolii in biological control programs, as no effort was made to
quantify this effect in the presented study. Preliminarily however, it is unlikely that
Azadirachtin and Spirotetramat disrupts the en planta development of D. isaea to
control L. trifolii and pending future studies, azadirachtin and spirotetramat may be
compatible with biological control programs utilizing D. isaea.
Literature Cited:
1. Abraham, C.M., Braman, S.K., Oetting, R.D., and Hinkle, N.C. 2012. Pesticide
Compatibility with Natural Enemies for Pest Management in Greenhouse
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Figure 1. Diglyphus isaea emergence after insecticide applications. Insecticide
treatments were not significantly lower than the untreated treatment (one-tailed
Wilcoxon each pair, p>0.05).
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Significance to Industry: We began a pesticide survey project on Japanese maple
scale, Lopholeucaspis japonica (Cockerell) (Hemiptera: Diaspididae) alongside crawler
activity periods in middle Tennessee. This is significant to the industry because
Japanese maple scale, an armored scale, has become a significant pest in both
container and field nursery production systems and to landscape managers across the
eastern United States. (1,3). Japanese maple scale has key characteristics that make it
difficult to control, including a wide host range, an extended crawler emergence period
(7.5-8.5 weeks or more), at least two overlapping generations, small size (scale covers
approximately 1 mm long) and cryptic coloration (with respect to trees with light and
mottled barked) (1, 2, 3, 4). A limited body of research is available on this pest and
knowledge of peak crawler activity periods and pesticide efficacy is essential for making
control recommendations to both nursery and landscape professionals in middle
Tennessee.
Nature of Work: Japanese maple scale is a generalist feeder with a wide host range
including many high value deciduous trees and shrubs. It has been reported on plants in
at least 28 families 50 genera (4), including our additional report of infestation on a
seedling selection of witch-hazel, Hamamelis virginiana. As an armored scale, the
purple, soft-bodied insects are covered by a white, waxy covering that appears similar
to an oyster shell. Beneath the waxy surface, mature female scales have a brown
pupillarial cover that is the shed exoskeleton of the second instar (2). Armored scales
do not feed on vascular tissue (xylem and phloem) as do soft scales, but instead feed
directly on plant cell contents causing structural collapse of the tissues on which it feeds
(3). Damage is often not as severe as soft scales, however, extremely high infestation
levels can lead to branch dieback and plant death (2). Old scale covers from dead
scales can remain attached to the bark of trees for an extended period of time and the
presence of scale covers, even if the insects are dead, can result in rejection of nursery
product. The waxy armor secreted by armored scales combined with their feeding habit,
makes Japanese maple scale difficult to manage. Current recommendations for nursery
production systems out of Maryland include dormant oil spray in the fall or early spring
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and summer application of insect growth regulators. Application of systemic dinotefuran
(Safari) also provided control in crabapples with application recommended when 1st
generation crawlers began activity.
In this study, we chose to take a shotgun approach to evaluate several products against
Japanese maple scale in order to rule out products with little efficacy and to obtain data
on those products we are currently recommending. Some of the products tested here
are already being used by growers in Tennessee for other pest management
applications, and have been anecdotally reported to suppress this scale (e.g. Discus). In
addition to product testing, we began monitoring crawler activity in field plots and
containers in order to confirm activity with previously reported degree-day patterns. The
products tested in this study include those listed in Table 1. Data reported here is for the
dormant oil and drench treatments applied in March and April 2014. The long-term goal
of this research is to identify promising products for future testing in larger scale
experiments.
In March, a 3% Ultra Pure Oil dormant oil treatment was applied to four ‘Kwanzan’
cherry tree replicates until runoff with a backpack sprayer (Solo Diaphragm Backpack
Sprayer, 4-Gallon, 60 PSI, Model# 475-B). Prior to application, a sample twig was
removed from each tree and the number of live and dead scales counted. Counts were
repeated at 30 days post application. In April, soil applications of Kontos, Discus N/G
and Safari 2G were made to four replicate trees. Counts of live scales were again made
prior to and 30 days after treatment. On untreated control trees in the same field and 7gallon container witch-hazel at the Nursery Research Center, crawlers were monitored
with vasoline covered tape strips beginning May 1st (field = 4 trees, container = 5
plants). Crawlers were counted weekly and reported as crawlers/linear cm.
Results and Discussion: The most challenging aspect of this investigation was
determining how best to measure the effectiveness of tested products. Japanese maple
scale infestations within and among trees were extremely uneven. Also, many scale
covers visible on a tree in spring are dead scale covers still clinging to the bark. This
made the use of pure counts unreliable as a means to evaluate the effectiveness of the
treatments. Therefore, we chose to take before/after measures of live and dead scales
in order to evaluate percent increase or decrease in live scales following treatment. To
perform scale counts on each sample twig, a minimum of 100 scale covers were flipped
over under the microscope, live and dead scales were counted, and a percent live scale
was calculated. In the March dormant oil test, 58% of the scales were alive prior to
treatment but only 14 % were alive 30 days later, resulting in a ~76% fewer live scale
from one dormant oil treatment (Fig. 1). The early spring systemic drench treatments of
Discus and Kontos showed an increase in % live scale similar to untreated control trees,
with only Safari showing a decrease in live scale after 30 days (Fig. 2). Due to the
nature of the systemic treatments, additional counts will be made at 60 d to see if trends
persist.
Crawler activity in middle Tennessee began in early May. Crawlers were observed on
the container witch-hazel during the second week in May (May 5th-12th, 559 – 693 DD)
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with the first crawlers observed in the field ‘Kwanzan’ cherries a week later (693 – 769
DD). Counts appeared to be declining in both sets of plants by the first week of June
(1048 DD; Fig. 3).
Preliminary results from this study support previous findings on the efficacy of dormant
oil and dinotefuran treatments on Japanese maple scale. Anecdotal evidence from a
local grower who claimed 100% control of this pest with two fall applications of dormant
oil seem justified given our 76% reduction with a single spring application. We will
continue to monitor the drench treatments to see what levels of control are achieved by
Safari and whether Kontos or Discus has any long-term effect on scale populations.
Systemic options are particularly important to densely foliated evergreen hosts such as
holly, which are more difficult to treat effectively with dormant oil sprays. We will also be
testing summer foliar applications of several products including Duraguard ME
(clorpyrifos), Safari 20 SG (dinotefuran), Fulcrum (pyriproxifen), Ultra Pure Oil, M-Pede
(fatty acid potassium salts) and Kontos (spirotetrmat).
Acknowledgements: We would like to thank Kevin Trostel for assistance with data
collection, OHP, BASF and Southern Ag for the donation of product, and Donna Fare
for the donation of plant material. This work was funded by Tennessee State
University's Nursery Research Center.
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Table 1. Survey of pesticides for use against Japanese maple scale on 3.0 inch DBH
'Kwanzan' cherry trees.
Treatment
Ultra Pure Oil

Application
Active
Method
Ingredient
Trunk spray petroleum oil

Discus N/G

Drench

Safari 2G
Kontos

imidacloprid
(2.94%)
cyfluthrin
(0.70%)
dinotefuran
(2%)
spirotetramat
(22.4%)

Control

Application
Date
3/20/2014
4/24/2014

Rate
2%
66ml/tree (1.9 ml
imidacloprid,
0.46 ml cyfluthrin)
20g/tree
(0.4g AI/tree)
5ml/tree
(1.12 ml AI/tree)
untreated

20

% Change Live Scales

10
0
-10
-20
-30
-40
-50
-60
Control

Dormant Oil

Figure 1. Change in live scale 30 days post treatment with dormant oil (mean ± SEM).
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Figure 2. Change in live scale 30 days post treatment with April systemic applications
of Discus, Kontos and Safari (mean ± SEM).
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Figure 3. Crawler activity in late spring through early summer 2014 in field 'Kwanzan'
cherry and containerized seedling selection of witch-hazel.
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Significance to Industry: Ambrosia beetles are significant pests of woody landscape
plants in both nursery and landscape habitats. Many native species as well as
approximately 50 plus non-native species attack and often kill native and non-native
herbaceous and woody trees (1,6,7,8,9,10). These insects exhibit a variety of
behaviors in response to host tree selection and many attack a high number of species
of mostly “stressed” plants, e.g., plants that are either infected or infested with other
pests or debilitated by nutrient, water or other physiologically-related conditions, at
various times of the year, often in early spring (9). Interestingly, these predisposing
conditions may be ephemeral and trees may grow out of the stress to the point where
they are not a target of ambrosia beetle attack.
The granulate ambrosia beetle, Xylosandrus crassiusculus, a non-native ambrosia
beetle first detected in the early 1970’s in South Carolina, has spread from New York to
Florida and west to Texas and responds to mostly stressed trees. Other ambrosia
beetle species such as the redbay beetle, Xyleborus glabratus, are more host specific
and it attacks only a few species of trees in the Family Lauraceae, primarily redbay
Persea borbonia and a close relative avocado to which it spreads the fungal causal
agent of laurel wilt, Raffaelea lauricola, (1,5). Redbay beetle is steadily increasing its
range within the southern U.S. and in Florida has infested redbay and other hosts from
the eastern Atlantic coast to somewhere west of the Suwannee River. Along with the
spread of redbay beetle, many other ambrosia beetles and specifically X. crassiusculus
have apparently increased their populations by also attacking trees first attacked by
redbay beetle (Mizell, personal observations). This provides a reservoir of ambrosia
beetles that will likely increase the infestation rate of nursery and landscape trees,
although this remains to be documented.
Nature of Work: The availability of effective monitoring and detection methods are
critical to understanding the population dynamics and behavior of any arthropod pest.
Hanula and Sullivan (2) reported that manuka oil and phoebe oil, both plant extracts,
were useful attractants for the redbay beetle. Sex pheromones are not available
because it is only female beetles that actually attack trees and disperse. However,
phoebe oil is no longer available and manuka oil is not overwhelmingly attractive. Thus,
research into alternative attractants and optimization of traps and lures is ongoing (3).
Alpha-copaene and alpha-cubebene were identified as critical components of accepted
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host species along with a number of other related plant chemicals. Alpha-copaene was
considered the long range attractant with alpha-cubebene and others also behaviorally
active. However, it was found that cubeb oil was just as attractive to X. glabratus as
manuka and phoebe oil (4).
Based on such research results, several commercial lures containing manuka oil and
other proprietary constituents are currently available. These and other potentially
behaviorally-active chemicals or combinations of them were tested in north Florida in
2013-2014. Standard white elm bark beetle sticky traps were purchased from Great
Lakes IPM and cut into two equal halves to use as traps in this study. Traps were
placed in the Ichetucknee State Park near Branford, FL where a large number of redbay
trees were infested by redbay beetle. Commercial lures were obtained from Synergy
Semiochemicals Corp (www.semiochemical.com) and from AgBio, Inc. (www.agbioinc.com). AgBio, Inc. also provided single lures of 2 thermal fractions of cubebene (low
and high). Eucalyptol (cineole-99% pure, AC11034-5000) was obtained from Thermo
Fisher Scientific. All lures were used in the elution devices in which they were provided
and eucalyptol was placed in a small vial with a cotton dental wick. Traps were placed
within 3-4 feet of the ground in hardwood trees other than redbay having low growing
limbs large enough to support the weight of the traps. Three tests were conducted. The
first test was conducted for 4 weeks and tested eucalyptol and the low and high
fractions of cubebene alone and in combination versus an untreated control (Table 1).
The second test was conducted for five successive weeks and consisted of 3 rates of
AgBio cubebene presented by using 1, 2, or 3 lures together per treatment, the Synergy
lure, the AgBio manuka oil lure and an untreated control (Table 1). The third test was
conducted over three successive weeks and consisted of an AgBio cubebene lure,
AgBio cubebene plus an AgBio manuka oil lure, AgBio cubebene plus the Synergy lure
and an untreated control. The second and third test used only the AgBio low fraction
cubebene lures. Traps were placed in the field with 5 replicates per treatment in a
randomized complete block design with ~50-100 feet between traps in all directions.
Traps were checked in the field once every 7-10 days and beetle numbers present on
traps were detected and identified on site using a 10x binocular magnifier. After each
count, traps within each block were re-randomized in location to counter any positional
bias. The data were analyzed after a square root transformation using analysis of
variance to detect treatment differences with P<0.05. Untransformed means and
standard errors of the means are presented (Table 1).
Results and Discussion:
Redbay beetle populations during the study were very high in comparison to most other
reported studies (Table 1). However, numbers captured were highly variable between
dates and this variability masks somewhat the true differences among the treatments
and contributes to the inability to separate the treatments more definitively statistically
despite the data transformation. The lures used have the advantage of being
unattractive to most other ambrosia beetle species and only an occasional specimen of
other species was observed on the traps in very low numbers. In all tests relatively few
beetles were captured on the unbaited control traps. In test one, the low fraction of
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cubebene was more attractive and eucalyptol was not attractive either alone or in
combinations. In test two (Table 1), the results indicated that the rate of cubebene
affected trap capture rate and one lure was more effective than two or three lures
together. Additionally, one cubebene lure was also more attractive than any of the other
treatments. In test three, the cubebene and AgBio manuka oil in combination treatment
was more attractive than the other treatments. These results suggest that cubebene is
the most important lure for capture of redbay beetles but the data also suggests that
other unknown compounds contained in the manuka oil lure from AgBio and the
Synergy lure also contribute to increasing redbay beetle response. These results also
suggest that more research is warranted to develop better semiochemical attractants for
redbay beetle monitoring and detection.
Finally, an important corollary observation of this research is that the redbay tree, which
is not a highly important ornamental in its own right, and its pests, may possibly
influence the infestation rates of other important nursery or landscape plants. While this
phenomenon remains to be fully documented, redbay trees attacked initially by X.
glabratus, definitely produce high populations of X. crassiusculus in trees that without
X. glabratus would not be available for colonization by this difficult to manage tree pest.
Acknowledgments:
Thanks to Jan Meneley and AgBio, Inc. for providing the cubebene and manuka oil
lures for use in these and other tests.
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Table 1: Response of redbay beetle, Xyleborus glabratus, to different lure compounds
and combinations using half-size elm bark beetle traps in north Florida.
Treatments
Test 1
Cubebene Low Fraction
Cubebene High Fraction
Eucalyptol
Cubebene Low + Eucalyptol
Cubebene High + Eucalyptol

Total Redbay Beetles/Treatment/Date
Mean ± Standard Error
89.5 ± 36.7 a
8.5 ± 2.1 ab
8.0 ± 1.1 bc
53.3 ± 20.3 c
17.8 ± 1.8 c

Test 2
Cubebene - 1 Lure
Cubebene - 2 Lures
Cubebene - 3 Lures
AgBio Manuka Lure
Synergy Lure
Control

316.0
229.6
124.1
134.0
69.7
20.7

Test 3
Cubebene
Cubebene + AgBio Manuka Lure
Cubebene +Synergy
Control

435.0 ± 17.3 a
1162.3 ± 432.7 a
406.3 ± 143.2 a
9.0 ± 1.5 b
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Advances in Frankliniella spp. (Thysanoptera: Thripidae)
Management in Ornamentals
O. Milo Lewis, Peter Krauter and Kevin M. Heinz
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2475 TAMU, College Station Texas 77843
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Index Words: Integrated pest management, Frankliniella tritici (Fitch), Frankliniella
occidentalis (Pergande), thrips, eastern flower thrips, western flower thrips, insecticide.
Significance to Industry: Frankliniella spp. (Thysanoptera: Thripidae) are worldwide
pests of a wide variety of nursery crops including ornamentals. Through feeding,
Frankliniella spp. cause unsightly damage to leaves and premature necrosis of floral
tissue. These insects are often managed by vigorous insecticide programs that have led
to insecticide resistance in many populations of thrips. Resistance to various
insecticides including some often used active ingredients such as imidacloprid,
permethrin, and spinosad has been reported in populations of western flower thrips
(WFT) (Frankliniella occidentalis Pergande) in the U.S. and throughout the world (2).
Though not as widespread, the eastern flower thrips (EFT) (F. tritici Fitch) can
occasionally reach pest status of nursery crops, yet few studies have attempted to
determine which insecticides may be effective in controlling EFT.
Nature of work: Given insecticide resistance in WFT and the lack of data on EFT
management options, new insecticides are needed to combat these pests. In the
present study, our objective was to determine the efficacy of several new insecticides
against EFT in an outdoor nursery on potted roses and WFT in a glasshouse on caged
marigolds. The insecticides tested were Avid® 0.15 EC and Mainspring (Syngenta,
Wilmington, DE), AzaGuard™(BioSafe Systems LLC, East Hartford, CT), Conserve®
SC (Dow AgroSciences, Midland, MI), Proud 3® (Bio Huma Netics Inc., Gilbert AZ) and
three numbered products A16901B (Syngenta), MBI-203 and MBI-206 (Marrone Bio
Innovations, Davis, CA).
The EFT study was performed in the fall of 2012 on potted roses (Rosa spp.) at the
Antique Rose Emporium, an outdoor nursery located in Independence, TX. The
completely randomized design consisted of 12 treatments, defined by insecticide trade
name and application rate in tables one and two, and was replicated six times with two
replications in cv. ‘Caldwell Pink’ and four replications in cv. ‘Belinda’s Dream’ with data
from both cultivars pooled. Plots were six-roses wide by six-roses long situated side-byside in two gallon liners. One week prior to the first insecticide application, each plot
was pre-sampled and treatment designations were made in a stratified random process
resulting in no significant difference in initial EFT populations between treatments.
Applications were made using a two-gallon hand pump sprayer with a flat-jet nozzle and
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insecticides were applied on the leaves and flowers until run-off. Plots were sampled by
removing three arbitrarily selected rose flowers from each plot, placing them in plastic
containers, and transported in chilled coolers to the lab. The rose flowers from each plot
were then transferred to a 10” x 10” x 4” plastic container, closed with a lid and shaken
vigorously. Thrips were aspirated for 90 seconds from the walls of the plastic container
into vials containing 70% EtOH. Immature (larvae plus pupae) and adult EFT were
counted separately under a stereomicroscope.
The WFT study was performed in the fall of 2013 on potted marigolds (Targetes erecta
L.) in a glasshouse located on the Texas A&M University campus in College Station,
TX. WFT were reared under laboratory conditions using modified methods from Doane
et al. (1) and marigolds (cv. ‘Discovery Yellow’, Benary®, Dekalb, IL) were grown from
seed in four inch square pots. Four weeks after planting, marigolds were infested with a
total of 500 female and 250 male WFT over a four-week period that ended two-weeks
prior to the beginning of the study (week 0). Two weeks prior to the beginning of the
study, all marigolds were treated with Floramite® SC (OHP Inc., Mainland, PA) at a rate
of 4oz per 100 gal to treat a spider mite infestation. Our experimental unit was a clear
cylindrical cage made of Lexan™ polycarbonate sheeting with two 8” opposing holes
covered with Econet S® mesh (Gintec Shade Technologies, Inc., Waterford, Ontario,
Canada) designed to act as a barrier to WFT and allow air circulation. To enclose the
bottom and top of the cage, the cage was sat in and capped with an 18” clear plastic
plant saucer. Six marigold plants were randomly assigned to each cage and a presample was performed.
Sampling was accomplished by removing one plant from each cage, cutting it at the
base and inserting the plant material into a plastic container and transported to the
laboratory where WFT aspiration and counting was performed using the same methods
as the EFT study above. The randomized complete block design consisted of 12
treatments and six replications and was blocked by glasshouse bench with one replicate
of each treatment on each of the six benches. Treatment designations were based on
the pre-sample to ensure there were no statistical differences in mean thrips density
between all treatments. Insecticide applications were made using a 750ml hand sprayer
spraying foliage and flowers of the plants until insecticide runoff was achieved.
Insecticide applications in both studies were timed according to the results tables below.
Post-application sampling in both studies began the same day, immediately prior to the
second weekly insecticide application and occurred weekly through one week after the
final insecticide application. Statistical analyses were carried out using JMP Pro 11
(SAS Institute, Cary, NC) with details of the tests in the results tables below.
Results and discussion: In the EFT study, no significant differences were found in the
immature or adult EFT populations between treatments within any of the sampling dates
(Kruskal-Wallis, p>0.05) (tables one and two). In the WFT study however, the Conserve
treatment had lower immature and adult WFT populations than the water only treatment
beginning in week two and remained lower throughout the rest of the trial (Dunnett’s
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test, p<0.05) (tables three and four). In addition, immature populations of WFT in the
Mainspring treatments at the 8oz and 16oz per 100gal rate as well as the Avid
treatment were lower than the water only treatment beginning with week three and the
differences were carried out through the remainder of the trial (Dunnett’s test, p<0.05).
From a pest management perspective, it is disconcerting that none of the insecticides in
the EFT trial performed better than the water only treatment. However, these results
are not dissimilar to results obtain from a field trial using several insecticides on EFT
and WFT occurring concurrently in pepper fields (4). The results revealed that while
most of the insecticides controlled WFT, none controlled EFT. EFT are highly mobile
and populations may quickly re-colonize plants after an effective insecticide treatment or
when placing clean plants near EFT infested plant material (3). Therefore, our inability
to detect treatment effects in our EFT trial may have been due to EFT movement
between plots or immigration from surrounding plant material since we sampled seven
days after each application. The potential immigration of EFT into field plots prompted
the design of the WFT study. Using caged plants as experimental units, we minimized
WFT movement and showed that Conserve and Avid were efficacious against WFT. In
addition, Mainspring was as effective as Avid at controlling immature WFT, which is a
new insecticide that could fit well in grower’s thrips management programs.
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Ramachandran, S., J. Funderburk, J. Stavisky, and S. Olson, Population
abundance and movement of Frankliniella species and Orius insidiosus in field
pepper. Agricultural and Forest Entomology, 2001. 3(2): p. 129-137.
Reitz, S.R., E.L. Yearby, J.E. Funderburk, J. Stavisky, M.T. Momol, and S.M.
Olson, Integrated management tactics for Frankliniella thrips (Thysanoptera:
Thripidae) in field-grown pepper. Journal of economic entomology, 2003. 96(4):
p. 1201-1214.

Entomology

72

SNA Research Conference Vol. 59 2014

Table 1. Mean (+ SEM) immature eastern flower thrips infesting outdoor roses. Independence, TX. 2012.
Week(s)
applied
Rate per
1 2 3 4 5
Name
100 gal
Week 4
Week 5
Week 2
Week 3
A16901B 6.7 oz
X X X 6.50 + 2.53
2.33 + 1.17
3.00 + 0.73
10.67 + 5.22
3.33 + 1.73
2.17 + 1.58
3.67 + 1.15
A16901B 13.4 oz
X X X 3.67 + 2.72
Avid
16 fl oz
X X
3.67 + 2.69
3.50 + 1.38
3.33 + 1.26
5.50 + 1.88
Azaguard 16 fl oz
X X X X X 4.00 + 1.95
1.83 + 0.79
5.00 + 1.37
12.33 + 5.97
Conserve 8 fl oz
X X X 1.67 + 0.99
2.83 + 1.01
2.83 + 1.49
7.17 + 5.21
1
2 lb
X X X X X 3.67 + 0.84
3.17 + 1.19
4.50 + 1.23
8.67 + 3.30
MBI-203
MBI-2031 4 lb
X X X X X 6.17 + 2.77
3.67 + 2.32
3.67 + 1.58
8.83 + 3.64
1
1 gal
X X X X X 5.50 + 2.68
5.00 + 1.81
4.67 + 1.45
7.00 + 4.01
MBI-206
MBI-2061 2 gal
X X X X X 5.67 + 2.67
10.00 + 5.20
7.83 + 4.59
4.83 + 3.46
2.83 + 1.40
2.50 + 1.18
8.50 + 4.98
Proud 3
1 gal
X X X X X 4.67 + 2.28
Water
-X X X X X 10.50 + 7.94
5.17 + 2.06
3.67 + 0.95
3.17 + 0.70
Krusk al-Wallis p-value

0.8556

0.7073

0.6430

0.6028

Week 6
3.00 + 0.89
1.83 + 0.40
3.83 + 1.08
3.80 + 1.53
3.50 + 0.85
3.67 + 1.26
2.00 + 1.24
5.00 + 1.76
2.83 + 1.01
1.17 + 0.48
2.33 + 0.84
0.3199

1

Hyper-Active spray adjuvant used at 2 pint/100 gallon. Data were non-parametrically analyzed due to unequal variances
and no significant differences were found within columns (Kruskal-Wallis, p>0.05).

Table 2. Mean (+ SEM) adult eastern flower thrips infesting outdoor roses. Independence, TX. 2012.
Week(s)
applied
Rate per
1 2 3 4 5
Name
100 gal
Week 1
Week 2
Week 3
Week 4
34.50 + 14.30 47.67 + 20.95
68.17 + 15.45
A16901B 6.7 oz
X X X 31.50 + 9.58
37.67 + 11.09 44.83 + 14.25
57.83 + 20.92
A16901B 13.4 oz
X X X 40.50 + 8.40
30.83 + 15.71 31.83 + 17.08
52.83 + 22.56
Avid
16 fl oz
X X
27.17 + 5.16
17.17 + 4.35
56.50 + 15.50
64.17 + 13.32
Azaguard 16 fl oz
X X X X X 23.50 + 3.75
39.17 + 12.83
56.33 + 16.43
Conserve 8 fl oz
X X X 40.17 + 13.50 21.50 + 8.62
MBI-2031 2 lb
X X X X X 29.17 + 4.97
32.67 + 8.24
66.33 + 20.69
79.00 + 18.62
1
4 lb
X X X X X 34.83 + 8.47
43.33 + 16.01 63.67 + 20.83
79.67 + 31.17
MBI-203
X X X X X 31.17 + 11.19 25.50 + 13.01 64.67 + 19.88
47.50 + 16.53
MBI-2061 1 gal
1
MBI-206
2 gal
X X X X X 28.67 + 5.31
58.17 + 15.53 59.83 + 13.66
44.83 + 7.44
35.33 + 10.42 78.33 + 25.31
53.67 + 12.97
Proud 3
1 gal
X X X X X 42.00 + 8.65

Week 5
51.17 + 33.88
44.33 + 10.99
56.67 + 9.69
44.20 + 11.84
85.17 + 34.97
71.50 + 31.80
55.17 + 18.12
50.00 + 14.65
49.50 + 9.98
46.33 + 13.27

Water
-X X X X X 45.17 + 11.50 28.67 + 9.10
37.67 + 15.86
70.83 + 24.31
87.33 + 28.33
Krusk al-Wallis p-value
0.7289
0.5193
0.6905
0.8982
0.5942
1
Hyper-Active spray adjuvant used at 2 pint/100 gallon. Data were non-parametrically analyzed due to unequal variances
and no significant differences were found within columns (Kruskal-Wallis, p>0.05).
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Table 3. Mean (+ SEM) immature western flower thrips infesting greenhouse marigolds. College Station, TX. 2013.
Weeks
applied
Rate per
1 2 3 4 5
Name
100 gal
Week 2
Week 3
Week 4
Week 5
Week 6
8.17 + 0.43*
5.83 + 0.30*
7.40 + 0.20*
5.50 + 0.24*
Mainspring 8 fl oz
X X X 19.67 + 0.73
8.67 + 0.58*
5.17 + 0.31*
4.17 + 0.32*
5.67 + 0.24*
Mainspring 16 fl oz
X X X 22.83 + 0.81
Avid
8 fl oz
X X
13.33 + 0.41
7.50 + 0.41*
5.00 + 0.34*
7.00 + 0.41*
13.33 + 0.74*
37.33 + 0.59
22.17 + 0.33
33.83 + 0.59
46.33 + 0.88
AzaGuard 16 fl oz
X X X X X 30.50 + 0.67
3.33 + 0.43*
6.17 + 0.52*
2.67 + 0.21*
2.50 + 0.35*
Conserve 8 fl oz
X X X 6.50 + 0.15*
1
MBI-203
3 Ib
X X X X X 41.17 + 0.74
46.17 + 0.55
46.17 + 0.93
61.67 + 0.58
107.00 + 1.37
X X X X X 35.17 + 0.56
48.50 + 1.41
37.33 + 0.64
73.17 + 0.93
97.83 + 0.89
MBI-2031 4 Ib
1
MBI-206
1 gal
X X X X X 37.67 + 0.36
54.00 + 0.99
42.17 + 0.54
111.67 + 1.37
86.17 + 1.17
X X X X X 31.33 + 0.44
80.33 + 0.63
34.17 + 0.60
78.67 + 1.15
79.17 + 0.26
MBI-2061 2 gal
Proud 3
1 gal
X X X X X 40.00 + 0.59
40.00 + 0.62
36.50 + 0.79
60.00 + 1.03
57.00 + 0.62
Water
-X X X X X 28.17 + 0.52
46.83 + 1.09
33.33 + 0.77
61.67 + 0.79
75.50 + 1.25
ANOVA p-value

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

1

Hyper-Active spray adjuvant used at 2 pint/100 gallon. *indicates treatments that are significantly different from the water
treatment within the same column (Dunnett's test, p<0.05). Statistical analysis performed on square-root transformed
data to normalize residuals. Raw means with transformed standard errors are presented.

Table 4. Mean (+ SEM) adult western flower thrips infesting greenhouse marigolds. College Station, TX. 2013.
Weeks
applied
Rate per
Name
1 2 3 4 5
100 gal
Week 2
Week 3
Week 4
Week 5
Week 6
Mainspring 8 fl oz
X X X 3.33 + 0.22
4.00 + 0.29
1.83 + 0.12*
4.40 + 0.26
2.67 + 0.25
Mainspring 16 fl oz
X X X 3.67 + 0.24
2.67 + 0.34
3.00 + 0.21*
5.00 + 0.27
3.00 + 0.37
5.50 + 0.27
3.33 + 0.23*
5.17 + 0.34
6.83 + 0.32
Avid
8 fl oz
X X
4.83 + 0.22
AzaGuard 16 fl oz
X X X X X 9.33 + 0.29
10.17 + 0.59
6.83 + 0.37
9.67 + 0.38
7.50 + 0.13
0.50 + 0.22*
1.17 + 0.23*
0.83 + 0.24*
1.17 + 0.29*
Conserve 8 fl oz
X X X 1.17 + 0.29*
X X X X X 7.67 + 0.10
10.00 + 0.30
9.50 + 0.28
9.33 + 0.15
10.17 + 0.36
MBI-2031 3 Ib
MBI-2031 4 Ib
X X X X X 7.33 + 0.57
10.33 + 0.49
7.00 + 0.19
10.50 + 0.37
16.33 + 0.60
1
1 gal
X X X X X 5.83 + 0.17
11.83 + 0.36
12.17 + 0.29
21.00 + 0.74
12.67 + 0.51
MBI-206
1
MBI-206
2 gal
X X X X X 6.33 + 0.36
7.67 + 0.32
8.67 + 0.60
16.83 + 0.68
13.17 + 0.19
Proud 3
1 gal
X X X X X 5.00 + 0.34
7.67 + 0.22
4.00 + 0.27
12.50 + 0.58
14.83 + 0.43
6.50 + 0.21
9.50 + 0.31
14.17 + 0.31
8.83 + 0.49
Water
-X X X X X 5.67 + 0.20
ANOVA p-value

0.0002

<0.0001

<0.0001

<0.0001

<0.0001

1

Hyper-Active spray adjuvant used at 2 pint/100 gallon. *indicates treatments that are significantly different from the water
treatment within the same column (Dunnett's test, p<0.05). Statistical analysis performed on square-root transformed
data to normalize residuals. Raw means with transformed standard errors are presented.
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Management of Hawthorn Lace Bug, Corythucha cydoniae,
with XXpire™ WG insecticide
Steven D. Frank
North Carolina State University, Department of Entomology
Campus Box 7613, Raleigh, NC 27695
sdfrank@ncsu.edu
Index words: Corythucha cydoniae, XXpire™ WG, dinotefuran, cotoneaster
Significance to Industry: In this research I investigate the efficacy of a new
insecticide, XXpire™ WG, for hawthorn lace bug management. This is significant to the
nursery industry because XXpire™ WG, with active ingredients spinetoram and
sulfoxaflor, was effective against this common pest and provides growers with a new
management tool.
Nature of Work: Hawthorn lace bug, Corythucha cydoniae, is an important pest of
many common nursery and landscape plants including cotoneaster, pyracantha, and
hawthorns (1). Hawthorn lace bugs damage plants by piercing leaf tissue and sucking
out leaf contents. This results in stippling damage that reduces the aesthetic and
monetary value of plants. A number of insecticides are available to reduce azalea lace
bug abundance and damage. Foliar and drench applications of neonicotinoids, such as
imidacloprid and dinotefuran, are often used to reduce lace bug abundance and
damage. I investigated using foliar applications of XXpire™ WG insectcide which
contains active ingredients spinetoram and sulfoxaflor, to prevent hawthorn lace bug
damage on cotoneaster.
On 1 June 2013, cotoneaster (Cotoneaster dammeri ‘Coral Beauty’) plants in 1 gallon
pots were purchased from a local nursery. Plants had not been treated with insecticide
during the 2013 growing season. I transplanted the plants into 2 gallon pots. Plants
were spaced 2 feet apart on gravel nursery beds and watered as needed.
I collected hawthorn lace bug infested twigs from pyracantha plants in local landscapes
on 2 June 2013. I placed twigs on the study plants so lace bugs would transfer to the
study plants. All lace bugs on the twigs were nymphs of the first generation. On 8 June
2013 I repeated this procedure at which point all lace bugs were late instar nymphs and
adults. All twigs were removed after 5 days.
On 13 and 19 June 2013 I inspected the study plants to count lace bug adults and
nymphs (Fig. 1). I held the plants above eye level and inspected the underside of each
leaf and branch using a 10x magnifying visor. Plants had from 0-3 adults but the lace
bugs had deposited eggs into many leaves. Therefore, I waited until eggs had hatched
and many nymphs were present on each plant before conducting the precount on 30
June 2013.
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I applied XXpire™ WG and Safari 20SG (dinotefuran) 1 July 2013 (0 DAT) using handheld compression sprayers with full cone nozzles. The surfactant Capsil was added to
all treatments (6 fl. oz./ 100 gallons). The top and bottom of all leaves were sprayed
until wet. Plants were inspected the next day 2 July 2013 (1 DAT) using the same
whole-plant inspection described above. I recorded adult and nymph abundance
separately and estimated phytotoxicity. Counts were repeated 3, 7, and 14 days after
treatment.
Hawthorn lace bugs have piercing-sucking mouth parts. Feeding causes stippling or
necrotic spots on the tops of leaves. To assess feeding damage, on the final day (14
DAT) I collected 3 random branches from each plant and counted the number of the ten
terminal leaves that had lace bug damage.
Data for each DAT were analyzed separately. Lace bug adults and nymphs were
recorded separately but combined for statistical analysis. Data for lace bug abundance
0 DAT and damage were analyzed using ANOVA. Data for 1, 3, 7, and 14 DAT did not
meet the assumptions of normality and homogeneity of variance required for ANOVA.
These data were analyzed using Kruskal-Wallis tests in the NPAR1WAY Procedure of
SAS version 9.3. Untransformed data  standard error of the means (SEM) are reported
in all tables.
Results and Discussion: Both rates of XXpire™ WG and dinotefuran treatments
reduced lace bug abundance to 0 by 1 DAT (Table 1). Lace bug abundance never
recovered on any of the treated plants even though eggs were present on all plants and
adults could potentially move from plant to plant. In some cases I observed dead
nymphs just emerged from eggs. On 7 DAT and 14 DAT I found 1 or 2 lace bugs on a
plant in each treatment that likely migrated from an untreated plant or other plant on the
area.
All three insecticide treatments reduced lace bug damage compared to untreated
plants. By 14 DAT treated plants had half as many damaged leaves as untreated plants
(Table 2; Fig. 2). Thus, treated plants had better appearance, more growth and less
damage at the end of the experiment.
This research shows that XXpire™ WG provides rapid lace bug control that is
comparable to an industry standard dinotefuran. This provides growers and landscapers
with additional management options for this persistent pest.
Literature Cited:
1. Johnson, WT and Lyon, HH. 1994.Insects that feed on trees and shrubs. 2nd edition
Cornell University Press, Ithaca, NY. 560 pg.
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Table 1. Mean (± SEM) lace bugs per cotoneaster plant 0, 1, 3, 7, and 14 days after
treatment (DAT). Means followed by different letters are not significantly different (P
<0.05).
Treatment
XXpire™
WG+
Capsil
XXpire™
WG+
Capsil
Safari 20
SG +
Capsil

Rate

untreated

.

0 DAT

1 DAT

3 DAT

7 DAT

14 DAT

2.75 oz/
100gal 35.5 ± 9.5

0.0 ± 0.0b

0.0 ± 0.0b

0.0 ± 0.0b

0.3 ± 0.2b

3.5 oz/
100gal

68.7 ± 22.7

0.0 ± 0.0b

0.0 ± 0.0b

0.2 ± 0.2b

1.7 ± 1.5b

6oz/
100gal

19.5 ± 5.4

0.0 ± 0.0b

0.0 ± 0.0b 0.0 ± 0.0b 0.8 ± 0.8b
41.
54.0 ± 21.9 82.3 ± 15.9a 2 ± 9.0 43.3 ± 18.8 43.5 ± 11.5a
F3, 20 = 1.66 X23 = 22.4
X23 = 22.4
X23 = 20.4
X23 = 15.6
P = 0.208
P < 0.0001
P < 0.0001 P < 0.0001
P = 0.0014

Table 2. Mean (± SEM) of ten terminal leaves with lace bug damage 14 days after
treatment. Means followed by different letters are not significantly different (P <0.05).
Treatment
XXpire™ WG + Capsil
XXpire™ WG + Capsil
Safari 20 SG + Capsil
untreated

Rate
2.75 oz/ 100gal
3.5 oz/ 100gal
6oz/ 100gal
.

Entomology

14 DAT
2.8 ± 0.7b
2.8 ± 0.5b
2.6 ± 0.4b
5.4 ± 0.7a
F3, 20 = 4.69
P = 0.012
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Figure 1. Hawthorn Lace bug adult (left) and nymphs (right) feeding on the underside
of cotoneaster leaves. Photos: S.D. Frank.

Figure 2. Example branch ends collected from 1) XXpire™ WG (2.75 oz/ 100 gallon), 2)
XXpire™ WG (3.5 oz/ 100 gallon), 3) Safari 20SG, and 4) untreated plants to show the
difference in number of undamaged leaves. Photos: S.D. Frank.
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Spray Penetration and Natural Enemy Survival in
Dense and Sparse Plant Canopies
Whitney Yeary1, Amy Fulcher1, Heping Zhu2, Bill Klingeman1, and Jerome Grant3
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University of Tennessee, Department of Plant Science
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USDA-ARS Technology Application Unit
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University of Tennessee, Department of Entomology and Plant Pathology
2431 Joe Johnson Dr., Knoxville, TN 37996
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Index Words: biological control, lady beetle, IPM, integrated pest management, nursery
pesticide
Significance to Industry: Nursery crop producers often rely on pesticides to manage
arthropod pests. However, cultural practices can influence plant architecture, which
may, in turn, affect pesticide penetration and pest control. Examining spray penetration
in dense and sparse canopies can help growers understand the implications of canopy
density on pest management for container-grown plants. In this study, spray coverage
in the interior of plants was low regardless of plant architecture. This indicates that the
interior of a plant may not be sufficiently penetrated for adequate arthropod control but
may serve as a refugium for natural enemies during a spray event or from spray residue
following a spray event. Additionally, the use of natural enemies may be a critical
management tool for controlling pests, such as scales, that infest the trunk and other
interior positions of dense plant canopies.
Nature of Work: Market forces, cultural practices, and pest management are
inextricably linked during production of ornamental crops. Consumers of woody
landscape plants prefer densely-branched plants over ones that are sparse (Glasgow
1999). However, a dense plant canopy can hinder foliar-applied insecticides from
penetrating to the interior of the plant (Zhu et al. 2006; Zhu et al. 2008) leading to
problems controlling pests, such as scale insects, within the plant canopy or directly on
the branches (Hanks and Denno 1993). Using natural enemies and a conventional
pesticide application as part of an integrated pest management approach may increase
pest control in dense canopies.
Research on pesticide application to field-grown nursery crops has been conducted, but
little information is available comparing spray penetration into dense and sparse plant
canopies in a container nursery (Bache and Johnstone 1992; Sánchez Hermosilla et
al. 2011; Zhu et al. 2006). There is also little information on the use of natural enemies
during woody ornamental plant production (LeBude et al. 2012) or how dense nursery
crop canopies may provide refuge to natural enemies. The objectives of this study were
to 1) characterize spray penetration in dense and sparse canopies of oakleaf hydrangea
‘Alice’ (Hydrangea quercifolia ‘Alice’) and 2) determine if denser canopies protect
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natural enemies from a foliar-applied insecticide, thus facilitating predator ability to
persist post-treatment and enhancing arthropod pest control.
Materials and Methods
Spray Penetration: Oakleaf hydrangeas grown in 3 gal (11.4 L) containers were pruned
so that six of the plants had 11 branches and six had 19 branches, a 42% difference,
creating dense and sparse canopy densities. Pruning consisted of thinning cuts to
remove interior branches, creating a more open canopy. To establish that the disparity
in branch number created a disparity in density, hydrangea plant height was measured
and then plants were destructively harvested at the conclusion of the study. All plant
biomass above the substrate surface was oven dried and weight was recorded. Density
was calculated as shoot dry mass per unit of height. While the disparity between dense
and sparse canopies was near 50%, both represented plant architecture available in the
marketplace.
Plants were placed on the ground in a row to simulate a nursery setting and spaced with
no contact between plants. Three cards of water sensitive paper (WSP) (Syngenta
Crop Protection AG, Basel, Switzerland) were placed on each plant, one per canopy
position. The canopy positions were the exterior, middle and interior of the canopy
(Figure 1). The exterior cards were attached in front of each plant with 5.1 cm (2 inch)
alligator clips (Grand Rapids Industrial Products, Wayland, MI) on a taught wire at 46
cm (18.11 in) above ground. Two alligator clips attached together with 15.2 cm (6
inches) of wire wrapped around the most central stem held the interior card flush
against the branch at 46 cm above the ground and the middle card half-way between
the interior and exterior card, 46 cm above the ground. The exterior position served as
the control as spray applied to cards in this position was unimpeded by leaves or
branches.
Water was applied to the foliage simulating a pesticide application using a hand held
CO2 sprayer. Cards dried in situ and were immediately collected, labeled, and scanned
with a business card scanner (WorldCard Office, Penpower Technology LTD., Fremont,
CA). Spray penetration was analyzed using DepositScan scanning software (Zhu et al.
2011) and characterized by coverage (the percentage of WSP surface area that was
covered by spray deposits) and droplet density (the number of droplets deposited on the
cards per cm2).
The experiment was arranged as a completely randomized design with six replications
for hydrangea. The experiment was repeated one time. Data were analyzed using the
mixed procedure of SAS (Version 9.3S; SAS Institute, Cary, NC). Means were
separated using Tukey’s HSD at a significance level of 5% (α = 0.05). Data were
pooled between experiments as data weren’t different.
Natural Enemy Survival: To determine how spray penetration affected natural enemy
survival within dense and sparse plants, Hippodamia convergens were confined to
arenas with hydrangea leaves from dense and sparse plants that were sprayed with
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either water or carbaryl (1-naphthyl N-methylcarbamate, Sevin® SL, Bayer
CropScience, Durham, NC). Carbaryl was chosen because it was shown in previous
research to be highly toxic to H. convergens populations (Yeary 2014).
Twelve oakleaf hydrangeas from the spray penetration experiments (six with dense and
six with sparse canopies) were sprayed with water using the same method as described
in the spray penetration experiment. Leaves dried on the plant and then were collected
from the exterior, middle, and interior of each plant canopy. Carbaryl was then applied
and leaves were collected in the same manner. Each petiole was secured in a water
pick and placed in its respective arena, one leaf per arena made from petri dishes as
described by Yeary (2014). Survival was recorded 24, 48, 72, and 96 hours of
exposure (HOE).
The experiment was a completely randomized design in a 3 (canopy positions) x 2
(canopy densities) factorial arrangement and analyzed with repeated measures using
the GLM procedure of SAS. Means were separated using Tukey’s LSD, α = 0.05. Data
between experiments were pooled.
Results and Discussion
Spray Penetration: Plant density measurements for hydrangea demonstrated that
different levels of plant density were achieved. Densely-branched hydrangea plants
were 52% denser than those pruned to create the sparsely branched plants (data not
shown). Spray coverage was not different between the exterior positions for dense and
sparse plants, indicating that spray applications were made consistently (Table 1).
Within the dense canopy, almost all spray penetrating the canopy was obstructed by
foliage and branches; the middle and interior had less than 1% coverage (Table 1).
Even within the sparse hydrangea canopy, coverage decreased 88% and 97% at the
middle and interior positions, respectively, compared to the exterior position.
Regardless of plant density, the interior received 1% or less coverage (Table 1). The
sparse plants received 463% more coverage in the middle of the canopy than the dense
plants, indicating that some pest insects may be easier to control in sparse canopies
due to greater insecticide coverage.
Within the dense canopy, droplet density was reduced from 56 deposits/cm2 on the
exterior position to 2 deposits/cm2 on the middle and interior positions, a 96% reduction
(Table 1). Similar decreases in penetration have been documented in panicle
hydrangea (Hydrangea paniculata ‘DVPpinky’ Siebold) where only 5% of the deposits
found on the exterior of the canopy reached the interior (Derksen et al. 2012). Given
the small droplet size, 2 deposits/cm2 may not be enough to achieve adequate control
of many insect species. Within the sparse canopy, droplet density decreased by more
than 70% from the exterior to the interior for both species. Regardless of density, the
interior had 10 or fewer deposits/cm2, which is below the industry recommendation for
foliar insecticide application droplet density (Syngenta Crop Protection AG 2013). The
middle of sparse plants received a greater droplet density than the middle of dense
plants. Spray penetration may be greater in sparse canopies, but for pests that are in
the interior, such as scale, pruning to create a sparse canopy may not be enough to
ensure adequate penetration.

Entomology

81

SNA Research Conference Vol. 59 2014

Natural Enemy Survival: Plant density and canopy position had no effect on lady beetle
survival when water was applied to plants (data not shown). Because survival remained
greater than 70%, the authors concluded that hydrangea leaf and arena environment
were suitable conditions in which to conduct the insect survival experiments. When
carbaryl was applied to plants, survival was not different in the exterior position for both
dense and sparse plants indicating that the carbaryl was consistently applied (Table 2).
The interior and middle positions of both dense and sparse plants received less than
10% coverage of insecticide (Table 1), but only the interior and middle positions of
dense plants protected greater than 50% of the natural enemies over the course of the
study. Insects in the middle position of dense plants had a higher survival than those in
the middle position of sparse plants by 62%, 160%, and 205% at 48, 72, and 96 HOE
(Table 2). Additionally, the interior position population never dropped below 60%, which
is consistent with survival in the water application experiments. The low survivability
even in areas with limited penetration seems to indicate that even a small amount
carbaryl can harm some natural enemies and may also be effective against pest
insects. This study was conducted in an unnatural environment where insects were
confined to arenas with treated leaves; survival may have been different if natural
enemies were able to move around. In a natural setting, insects move around the
canopy searching for prey, making them more likely to come into contact with residue
from other canopy positions. It is also possible that in a natural setting, natural enemies
may avoid insecticide residue.
Growers are subject to market pressure to produce plants with dense canopies.
However, plant producers and landscape managers need to understand the implications
of plant architecture on pest control. Canopy density may affect both control of pest
insects with contact insecticides and the ability to use natural enemies with chemical
control. In future studies, other beneficial insect species should be tested and other
insecticides should be incorporated to see if the insecticide is a determining factor in
natural enemy survival within dense canopies. Additional research conducted in a
natural environment is needed to determine the distribution and movement of natural
enemy species within the plant canopy in order to further evaluate the significance of
plant density on conventional and biological control.
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Table 1. Coverage and droplet density in the exterior, middle, and interior of oakleaf
hydrangea ‘Alice’ (Hydrangea quercifolia Bartr. ‘Alice’) with dense or sparse branch
architecture.
Coverage
Droplet density
Canopy density
Canopy position
(%)
(Deposits/cm2)
Dense
Exterior
38.2 ± 1.0 az
56 ± 3 a
Middle
0.8 ± 1.0 c
2±3c
Interior
0.4 ± 1.0 c
2±3c
Sparse
Exterior
36.5 ± 1.0 a
47 ± 3 a
Middle
4.5 ± 1.0 b
15 ± 3 b
Interior
1.0 ± 1.0 bc
8 ± 3 bc
Num DF
5
5
Den DF
66
66
***
Significance
***y
P-value
<.0001
<.0001
F Statistic
311.50
56.54
z
Means followed by the same letter within a column were not significantly different (Tukey
α = 0.05)
y
Significance at P=0.01 (*), P=0.001 (**), P=0.0001(***)
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Table 2. Interaction of canopy position and plant density within oakleaf hydrangea
‘Alice’ (Hydrangea quercifolia Bartr. ‘Alice’) canopies sprayed with carbaryl on adult
convergent lady beetles (Hippodamia convergens GM) survival (experiment one and
two pooled).
Survival
Position
Density
(% alive)
Hours of exposure
24
48
72
96
z
Exterior
Dense
73 ± 1
48 ± 1 b
24 ± 1 b
10 ± 0 b
Exterior
Sparse
58 ± 1
39 ± 1 b
8±1b
5±0b
Middle
Dense
83 ± 1
73 ± 1 a
65 ± 1 a
58 ± 0 a
Middle
Sparse
68 ± 1
45 ± 1 b
28 ± 1 b
19 ± 0 b
Interior
Dense
85 ± 1
80 ± 1 a
72 ± 1 a
71 ± 0 a
Interior
Sparse
63 ± 1
38 ± 1 b
16 ± 1 b
13 ± 0 b
Position P-value
0.1542
0.0077
<.0001
<.0001
Density P-value
0.0614
<.0001
<.0001
<.0001
Position*Density DF
2
2
2
2
Position*Density
NSX
*z
**
***
Significance
Position*Density P0.7841
0.0190
0.0013
<.0001
value
Position*Density F
0.24
4.21
7.39
15.92
Statistic
z
Means followed by the same letter within the same column were not significantly
different (Tukey α = 0.05)
x
Significance at P=0.01 (*), P=0.001 (**), P=0.0001(***), NS signifies non-significance

Entomology

84

SNA Research Conference Vol. 59 2014

Figure 1. Water sensitive card placement positions (top view).
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Native vs. Nonnative Lepidoptera and Symphyta Larval Host Records in the
Southeastern United States
C.S. Clem and D.W. Held
Auburn University, Department of Entomology and Plant Pathology, Auburn, AL 36849
Index words: ornamentals, native, herbivore, caterpillar, congener
Significance to Industry: The “native plant movement” is becoming popular among the
general public and has potential to influence IPM for the nursery and landscape
industries. This project evaluates caterpillar diversity on native and non-native plants
that are common to southeastern suburban landscapes. In general, native trees host
more species of caterpillars than non-native trees that are introduced to North America.
Some genera (Rhodendron, Populus, Salix, and Malus) of tree species related to native
trees (congeneric), however, also have similar caterpillar diversity as native trees.
Among the caterpillar species that attack non-native trees, more are generalist feeders
than specialist herbivores. This has implications for IPM, urban sustainability, and
urban planting design. Native plants, and certain related non-native plants, are prone to
caterpillar problems. Landscape architects and horticulturalists need to understand how
this will affect pest management and aesthetics, and educate clients about the ecology
of native plants and their associated herbivores.
Nature of Work: At least 5000 non-native plant species have been introduced into the
United States since European settlers landed in North America. Most of these species
have been introduced for ornamental purposes [19, 14] for beautification of home,
municipal, and commercial landscapes. Previous research suggests that native insect
herbivores, such as caterpillars, suffer reduced population numbers and reduced
diversity in areas where non-native plants are prevalent [22, 13, 24]. In addition, the
lack of herbivores has the potential to impact natural enemies occupying higher trophic
levels (Greenstone 2013, 11, 4).
The primary objective of this study was to summarize existing caterpillars (Lepidoptera)
and sawflies (Hymenoptera: Symphyta) host records from the literature. We focused on
common native and non-native plants occupying the southeastern United States. Using
these data, we sought to address three questions. 1) Do non-native woody plant
species occupying southeastern suburban areas support fewer species of eruciform
larvae than natives? 2) Do non-native congener plants (i.e. non-native plants within the
same genus as a native plant) support more species than non-native, non-congeners?
3) Do non-native plants support more generalist larvae (larvae that feed on many
species) than specialist larvae?
Twenty seven genera of woody plants were chosen based on popularity of use in
suburban and urban landscapes of the southeastern United States [16, 18, 3, 23]. For
this report, the southeastern United States consisted of Tennessee, North Carolina,
Mississippi, Alabama, Georgia, South Carolina, and Florida. Some plant species were
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also chosen based on a report by Tallamy and Shropshire [21], who compiled a list of
the most Lepidoptera-attractive genera. Common native and nonnative congener
species were chosen (if possible) from within each genus. For Question 1, plants were
categorized as “native,” or “non-native.” Native plants were defined as those that occur
naturally in the southeastern United States, while non-native plants were also common
in the southeastern United States, but were introduced from other areas of the world.
Furthermore, in order to answer Question 2, non-native plants were split into two
categories: “congener” and “non-congener.” Congeners are plant species that have at
least one native member of the same genus in the southeastern United States, while
non-congeners are non-native plant species with no close, native relatives.
Host records of caterpillars as well as sawfly larvae were recorded from three major
resources [9, 12, 17]. The geographic range, in the southeastern U.S., of these species
was also confirmed [25, 15]. Larval species were then counted and recorded in a
spreadsheet. For Question 3, larval species were categorized as either generalist or
specialist relative to the number of recorded host plants. Generalists were defined by
utilizing plant species in more than 3 plant families while specialists were defined as
utilizing plants in three or fewer families [2]. We used this information to determine if
specialist larval species present on non-native plants were also found on congener or
non-congener plants. A chi-square contingency table analysis was used to analyze diet
breadth, and a chi-square goodness-of-fit test was used to analyze the specialist larval
species.
Results and Discussion:
Do non-native plant species support fewer species of eruciform larvae than native
species? Among the 27 selected genera common in urban and suburban landscapes,
all native plants hosted eruciform larvae (Table 1). The 31 native species hosted 551
species of larvae compared to just 120 reported on non-native plant species. Six
genera, Zelkova, Pistacia, Nandina, Lagerstroemia, Pyrus, and Ligustrum, are only
represented by non-native species in the southeastern U.S. In the larval host records
sources that were searched, no eruciform larvae were listed for Zelkova, Pistacia,
Pyrus, or Nandina, but all other non-native genera hosted at least one species of
caterpillar or sawfly (Table 1). It was the general trend that native plants supported
many more caterpillar species than non-native plants, and this is concurrent with the
majority of reports in the literature [22, 1, 13, 5].
Many non-native ornamentals are favored by horticulturists, plant breeders, and
urbanites for aesthetics and the tendencies for these plants to be less prone to pests
[19]. This seems obvious with Lagerstroemia indica, Pyrus calleryana, Pyracantha
coccinea, Pistacia chinensis, Nandina domestica, Ligustrum spp., and Acer palmatum,
which are all common plants in southeastern United States landscapes and show few to
zero larval host records. This creates a paradox because having a disproportionate
number of non-native plants with these traits can somewhat “sterilize” and upset
sustainability in urban ecosystems [19]. There are several reasons for why native
insects might be less common on non-native plants. One theory, known as the Enemy
Release Hypothesis, states that non-native species are less susceptible to attack in
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non-natural ranges due to a lack of natural enemies [8]. As described by Tallamy [20],
native insects have evolved to overcome secondary plant compounds and other
defenses harbored by native plants. Non-native plants did not evolve with these native
herbivores, making most non-native plants less susceptible to herbivore attack.
Do congeners of native plants support larval diversity similar to their native
counterparts? Fifteen selected genera were represented by non-native and native
species (Table 1). Among the congener species, most of the non-native representative
species supported fewer larval species than their native congeners. For example, Acer,
Quercus, Prunus, and Ulmus have >100 additional records on native species relative to
non-native species in those genera. However, Rhododendron, Salix, Populus, and
Malus, supported similar numbers of larval species on native and non-native plant
species (Table 1). The non-native, non-congener species within the genera Ginkgo,
Lagerstroemia, Nandina, Pistacia, Pyracantha, Pyrus, and Zelkova were found to have
very few, if any, host records. This doesn’t imply that all non-native plants (or even
these genera) are pest free since several (Lagerstroemia, Nandina, Pyracantha, and
Zelkova) are common hosts for scales insects, lace bugs, and aphids. These results
demonstrate a slight ecological spillover effect occurring where larval species that
normally feed on native representatives of a genus also have the capability of feeding
on common non-native representatives of that genus.
Do non-native plants support more generalist larvae than specialist larvae? Among the
selected plant species, native plants hosted similar numbers of generalist and specialist
larval species (Figure 1). However, for larval species feeding on non-native plants,
more are generalists than specialists (χ2=6.2, P < 0.01). Since generalists have the
ability to feed on a broad range of plants, this was not unexpected. Unexpectedly,
however, a large number of specialists were found feeding on non-native plants. After
further analysis, about 40 species of specialists were feeding on non-native congeners
compared to about 5 species that attack non-native, non-congeners (χ2=29.5, P <
0.001). This provides additional evidence that ecological spillover can occur in
landscapes where closely related species are interplanted.
Native plants and related non-native woody plants, trees in particular, tend to be more
susceptible to damage and severe defoliation. This would be especially important when
trees are young and defoliation would be more apparent to the client or homeowner and
likely to trigger use of insecticides. As trees age, the apparent damage to the canopy
would become less apparent. Native plants also may host more natural enemies and
this may help to reduce perceived damage and increase sustainability. Dr. Greenstone
(USDA-ARS) has established native and non-native gardens at the national arboretum.
Gardens with only native woody and herbaceous plants have greater diversity and
abundance of parasitoid wasps than gardens with strictly non-native plants [10].
Landscape architects should consider these ecological principles as they plan designs
that include native plants or non-native congeners. Native only landscapes or natives
interplanted into conventional landscapes may add sustainability to urban ecosystems
by locally increasing populations of natural enemies.
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A survey of urban landscapes in Pennsylvania showed a clear connection between
native plants, insect herbivores, and avian abundance, diversity, species richness,
biomass, and breeding pairs [4]. Notably, 61% of North American terrestrial bird
species are primarily insectivorous and 28% are partially insectivorous [7]. Neotropical
migratory birds (birds that fly thousands of miles to spend the winter in Central or South
America) have, on average, been declining by 1% every year since 1966 [6].
Landscape architects and the horticulture industry can positively impact backyard
habitat for these birds by adding native plants to urban and suburban landscapes.
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Table 1. Caterpillar host records of native (N) and non-native (NN) plants documented in
the southeast (i.e. Tennessee, North Carolina, Mississippi, Alabama, Georgia, South
Carolina, and Florida). Host data from: Ferguson 1975 [9], Johnson and Lyon 1991 [12],
Robinson et al. 2013 [17]. Caterpillar range data from: Wagner 2005 [25], and NAMPG
2013 [15]. North American plant range data from: USDA 2013 [23].
Number of recorded
caterpillar species

Plant Genus

Native (N) and Non-native (NN) plant species

Acer

A. saccharinum –Silver Maple (N)
A. rubrum – Red Maple (N)
A. palmatum – Japanese Maple (NN)
A. platanoides – Norway Maple (NN)

Betula

B. nigra – River Birch (N)
B. lenta – Sweet Birch (N)
B. pendula – European White Birch (NN)
B. platyphylla – Japanese White Birch (NN)

15
18
4
0

Castanea

C. dentata – American Chestnut (N)
C. pumila – American Chinquapin (N)
C. sativa – European Chestnut (NN)
C. mollissima – Chinese Chestnut (NN)

67
11
35
4

Cercis

C. canadensis – Eastern Redbud (N)

19

Cornus

C. florida – Flowering dogwood (N)
C. eliptica – Chinese Evergreen Dogwood (NN)
C. kousa – Korean Dogwood (NN)

24
0
0

Ginkgo

G. biloba – Ginkgo Tree (NN)

4

Ilex

I. opaca – American Holly (N)
I. aquifolium – English Holly (NN)

9
2

Juniperus

J. virginiana – Eastern Redcedar (N)
J. chinensis – Chinese Juniper (NN)

Lagerstroemi
a

L. indica – Crepe Myrtle (NN)

4

Ligustrum

L. vulgare – European Privet (NN)
L. japonicum – Japanese Privet (NN)
L. ovalifolium – Oval-leafed Privet (NN)
L. lucidum – Glossy Privet (NN)

9
0
5
0

Liquidambar

L. styraciflua – American Sweetgum (N)

32

Liriodendron

L. tulipifera – Tulip Poplar (N)

23
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Magnolia

M. grandiflora – Southern Magnolia (N)
M. virginiana – Sweetbay Magnolia (N)
M. stellata – Star Magnolia (NN)
M. liliiflora – Japanese Magnolia (NN)

Malus

M. angustifolia – Southern Crab Apple (N)
M. floribunda – Japanese Flowering Crab
Apple (NN)

Myrica

M. cerifera – Wax Myrtle (N)

Nandina

N. domestica – Heavenly Bamboo (NN)

Pinus

P. taeda – Loblolly Pine (N)
P. palustris – Longleaf Pine (N)
P. mugo – Mugho Pine (NN)

Pistacia

P. chinensis – Chinese Pistache (NN)

0

Populus

P. deltoides – Eastern Cottonwood (N)
P. nigra – Lombardy Poplar (NN)

31
30

Prunus

P. americana – American Plum (N)
P. serotina – Black Cherry (N)
P. avium – Sweet Cherry (NN)
P. serrulata – Japanese Cherry (NN)

42
153
35
3

Pyracantha

P. coccinea – Scarlet Firethorn (NN)

2

Pyrus

P. calleryana – Bradford Pear (NN)

0

Quercus

Q. alba – White Oak (N)
Q. falcata – Southern Red Oak (N)
Q. rubra – Northern Red Oak (N)
Q. stellata – Post Oak (N)
Q. palustris – Pin oak (N)
Q. acutissima – Sawtooth Oak (NN)
Q. robur – English Oak (NN)

Rhododendro R. calendulaceum – Plum-leaf azalea (N)
R indicum – Kaempfer azalea (NN)
n
Salix

S. discolor – American Willow (N)
S. nigra – Black Willow (N)
S. babylonica – Weeping Willow (NN)
S. caprea – Goat Willow (NN)
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Ulmus

U. americana – American Elm (N)
U. rubra – Slippery Elm (N)
U. parvifolia – Chinese Elm (NN)
U. procera – English Elm (NN)

Zelkova

Z. serrata – Japanese Zelkova (NN)

Number of Larva Species

300

280

121
26
5
7
0

271
Generalists

225

Specialists

150
76

75

44

0
Native
Non‐native
Figure 1. Number of generalist and specialist species of caterpillar and sawfly larvae on
native vs. non-native plants. X2 = 6.20, P = 0.0072
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Cooperative Agricultural Pest Survey, Farm Bill, and Southern Plant Diagnostic
Network Are Three Important Programs that Help Us Detect Invasive Pests,
Diseases and Weeds
F. A. Hale, D. Hensley, J. Grant, S. Stewart, H. Kelly, A. Windham,
S. Bost and P. Grewal
Entomology and Plant Pathology
University of Tennessee
5201 Marchant Drive
Nashville, TN 3721
FAHale@utk.edu
Index words: Cooperative Agricultural Pest Survey, Farm Bill, National Plant
Diagnostic Network, Southern Plant Diagnostic Network, invasive organisms
Significance to Industry: The accidental movement of invasive pests, weeds and
diseases associated with travel and trade is having an extremely costly impact each and
every year. Land Grant Universities and state departments of agriculture receive
funding and collaborate with federal government agencies to upgrade diagnostic lab
capabilities and to do extensive surveys for early detection of these invasive organisms.
Early detection of invasive organisms increases the likelihood that eradication efforts
can be successful, thus saving money and protecting valuable natural resources.
Nature of work: Economic damages associated with alien invasive species effects and
their control in the U.S. are approximately $120 billion each year (3). Invasive wood
and phloem boring insects annually caused local governments $1.7 billion in
expenditures and homeowners $830 million in lost property values (1). Early detection
gives us the opportunity to eradicate an invasive organism before it becomes
widespread. The emerald ash borer was probably in the U.S. (Detroit, Michigan area)
since 1992 or 1993 or possibly earlier although it was not discovered until 2002 (2).
Consequently, eradication efforts were unsuccessful which will result in the eventual
loss of all species of ash in North America.
Results and Discussion: What is being done to help prevent future ecological
disasters caused by invasive organisms? Cooperative Agricultural Pest Survey (CAPS)
is a cooperative agreement between state institutions and USDA APHIS. The CAPS
program conducts science-based national and state surveys targeted at specific exotic
plant pests, diseases, and weeds identified as threats to U.S. agriculture and the
environment.
In Tennessee, the CAPS program is coordinated from within the University of
Tennessee Entomology and Plant Pathology Department. The 2014 surveys in
Tennessee include: Exotic Wood-Boring Bark Beetle Survey for invasive wood-boring
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beetles of deciduous trees and conifers, Soybean and Cotton Commodity Survey for
invasive pests and diseases of soybeans and cotton, and the Nursery and Greenhouse
Survey for invasive snails, slugs, insects and diseases in 25 ornamental greenhouses
and 25 ornamental nurseries.
The exotic wood-boring bark beetle survey in Tennessee utilizes traps with lures to
attract and catch potential invasive beetles such as red-haired bark beetle (Hylurgus
ligniperda), Japanese pine sawyer (Monochamus alternatus), pine shoot beetle
(Tomicus destruens), lesser spruce shoot beetle (Hylurgops palliatus), sixtoothed bark
beetle (Ips sexdentatus), European spruce bark beetle (Ips typographus),
Mediterranean pine engraver (Orthotomicus erosus), oak ambrosia beetle (Platypus
quercivorus), and European hardwood ambrosia beetle (Typodendron domesticum).
The CAPS Nursery and Greenhouse Survey in Tennessee uses visual surveys to look
for exotic slugs and snails such as giant African snail (Achatina [Lissachatina] fulica),
channeled apple snail (Pomacea canaliculata), Monacha cartusiana, Ovachlamys
fulgens, and the white garden snail (Theba pisana). Slugs and snails were collected for
identification which will give us a baseline for the native and any invasive species found
in Tennessee nurseries and greenhouses. Other pests of interest in this visual survey
include hemlock woolly adelgid (Adelges tsugae), pink hibiscus mealybug
(Maconnellicoccus hirsutus), chrysanthemum white rust (Puccinia horianna), southern
bacterial wilt of geranium/potato brown rot (Ralstonia solanacearum race 3 biovar 2),
sudden oak death (Phytophthora ramorum), and gladiolus rust (Uromyces transveralis
Thum.). In 2015, additional pests to be surveyed include crape myrtle bark scale
(Eriococcus lagerostroemia), a soft wax scale (Ceroplastes destructor), a spider mite
(Tetranychus roseus), and boxwood blight (Cylindrocladium buxicola). The crape myrtle
scale was first detected in the U.S. in the Dallas, Texas area. Since then it has been
found in other areas in Texas; several locations in Louisiana; Littlerock, Arkansas;
Newnan, Georgia; Germantown, Tennessee and nearby areas in the Memphis area.
The CAPS Soybean and Cotton Survey in Tennessee utilizes pheromone trapping plus
field scouting in West and Middle Tennessee. The pheromone trapping survey is
conducted at 16 locations. Traps are deployed for four exotic moths: old world bollworm
(Helicoverpa armigera), Egyptian cottonworm (Spodoptera littoralis), silver-Y moth
(Autographa gamma), and cotton cutworm (Spodoptera litura). Visual field surveys are
made for cotton seed bug (Oxycarenus hyalinipennis), soybean rust (Phakopsora
pachyrhizi), brown marmorated stink bug (Halyomorpha halys), and the bean plataspid
or kudzu bug (Megacopta cribraria)
The USDA APHIS provided the Farm Bill funding for plant pest & disease management
and disaster prevention programs (4). It enhances plant pest disease surveys, targets
domestic inspection activities at vulnerable points in the safeguarding continuum,
enhances and strengthens pest identification technology, safeguards nursery
production, conducts outreach and education to increase understanding, acceptance
and support of plant pest and disease eradication and control efforts, and enhances
mitigation capabilities.
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Farm bill funded programs for Tennessee in the “Survey” funding category include:
(Phytophthora ramorum Nursery Survey) Cooperator Tennessee Department of
Agriculture (TDA); (Solanaceous/Tomato Commodity Survey) Cooperator University of
Tennessee (UT); and (Walnut Twig Beetle/Thousand Cankers Disease Survey)
Cooperator TDA.
Funded programs in the “Conduct Outreach and Education” include (Forest Pest
Outreach & Survey Project) Cooperator UT; and Expansion of Regional Outreach Plan
for Thousand Cankers Disease on Black Walnut) Cooperator UT. Note that thousand
cankers disease of walnut, Geomithia morbida, originated in the western U.S. and was
first found in the native range of eastern black walnut in the eastern U.S. in Knoxville,
Tennessee in the summer of 2010. The walnut twig beetle, Pityophthorus juglandis, is
the vector of thousand cankers disease of walnut
The mission of The National Plant Diagnostic Network (NPDN) and the regional
Southern Plant Diagnostic Network (SPDN) which includes Tennessee, other southern
states, and territories is to enhance national agricultural security by quickly detecting
introduced pests and pathogens. It provides a means for quick identification with
protocols for immediate presorting to appropriate responders and decision makers.
Funding has allowed state diagnostic labs to upgrade equipment and diagnosticians to
receive training, which increases the capacity of the labs to process samples. (5)
An important tool of The NPDN is its First Detector Program (6). The program trains
Customs & Boarder Protection and phytosanitary inspectors plus other agricultural
professions & volunteers such as Master Gardeners for the early and rapid identification
of pests and diseases. The NPDN Training and Educational site (7) offers First Detector
E-learning courses and information (8). There is also First Detector Training for the
Master Gardener with an extensive list of insect, disease and weed fact sheets (9). The
First Detector Entomology Training Project is an on-line general entomology course
designed for Master Gardeners and homeowners (10). It provides a general overview
of entomology and helps home owner’s recognize the common arthropods (pests and
non-pests) and confirm the identification of pest problems. Topics covered in the
module include: Introduction to Arthropods, How to photograph insects, How to collect
insects, How to preserve insects, Spiders and other arachnids, Basic insect biology, and
Brief introduction to the major different kinds of insects (orders).
The collaborative efforts of state land grant universities, state departments of agriculture
and USDA APHIS have increased our collective ability to educate the general public,
Master Gardeners, agricultural based groups and other First Detectors about the
importance of invasive organisms. This heightened awareness greatly increases our
ability to detect invasive organisms early so eradication efforts can have a better chance
of being successful. Pest survey programs at the state level have also been
strengthened and the capabilities of state pest diagnostic labs have been greatly
improved. Many successes have and will continue to arise from these collaborative
efforts.
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