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Monitoring Asian Ambrosia Beetles
Peter B. Schultz and Marie S. Dills
Virginia Tech, Hampton Roads AREC, Virginia Beach, VA 23455
Index Words: Asian Ambrosia Beetle, Xylosandrus crassiusculus, Monitoring
Traps
Nature of Work: The Asian ambrosia beetle (AAB), Xylosandrus crassiusculus
(Motschulsky) has been a serious pest of nurseries and landscapes throughout
the southeast for the past decade. The AAB is best described as a sporadic
pest, with the peak flight recorded in early spring (Oliver and Mannion 2001). In
Virginia, traps have been deployed for this pest since 1998 at the same nursery
locations. Results have been reported previously in SNA conference proceedings
(Schultz and Whitaker 1999, Schultz et al. 2002). The trapping data have not led
to accurate forecasting, because the peak flight of AAB is very much related to
spring temperatures, particularly the first warm (>70ºF) period in April. However,
winter temperatures that deviate greatly from normal also appear to affect peak
flight. Peak trap captures of AAB in Virginia occurred the week preceding April 2,
1998, April 14, 1999, June 9, 2000, April 17, 2001, and April 19, 2002. Therefore,
considerable variation in flight activity occurs among years.
Anecdotal reports of AAB infestations at locations not previously infested
support the need for site-specific trapping as a pest management tool. A nursery
monitoring on its property would have an increased likelihood of making correct
decisions regarding pesticide applications. Our objective was to develop a simple
and easy-to-use trap that would qualitatively determine the risk of AAB attack in
a given year. The trap would be simple and inexpensive, and allow the nursery to
use it as a decision-making tool.
Results and Discussion: The trap that we have deployed in Virginia nurseries
for survey and detection of AAB consists of components readily available at a
retail garden center or hardware store, or from several firms that supply these
businesses. Prices that are shown are from one vendor, and are meant to be
indicative of the total cost. The key player is the re-usable Japanese beetle
trap ($18.95). This bright yellow and green trap provides the architecture and
reservoir to attract and capture the AAB (and other flying insects). A metal hanger
($5-10) is needed to suspend the trap, and is normally available with the trap.
The attractant is ethyl alcohol, which can be purchased from a pharmacy
($1.50/pt). The ethanol is placed in a 35mm film canister (free where film is
processed), with the lid cut into an “X” shape. A 2-inch cotton wick ($2/roll) is cut
from laundry line or cord, and inserted through the “X” into the film canister with
about 1⁄2 inch of the wick exposed on the outside. The film canister is filled with
alcohol. Piano wire is used to hang the canister on the vanes of the Japanese
beetle trap.
Capturing the beetles drawn to the trap requires placement of a small cup inside
the base of the beetle trap with a diameter sized to the trap opening. We use 4oz
“specimen cups”, but any plastic container will suffice. One cup inside another
facilitates changing the collection cups. The insect collection container is partially
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filled with antifreeze, which leaves room for rainwater. Traps are serviced weekly,
and the antifreeze and alcohol are replaced. The contents in the collection cup
are removed for examination and determination of the insects captured. While
immediate identification of AAB is desirable, other species are frequently trapped
at the same time. During the expected peak flight periods, daily examination
would be encouraged.
Significance to Industry: The traps provide the nursery with an advanced
warning of beetle activity. A high population of AAB or related species would
trigger closer examination of susceptible trees, and possible chemical
applications. We have used these traps to alert nurseries of an impending
outbreak. Subsequently, we learned that the nursery managers were checking
the traps on their own on a daily basis. Daily trap checks are far more accurate
than a weekly check. Other traps and lures are available from firms that supply
pest management equipment.
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Development of Integrated Pest Management
Sampling Plans for Container Nursery Stock
Christine A. Casey
NC State University, Department of Entomology, Raleigh, NC 27695-7613
Index Words: Spruce Spider Mite, Oligonychus ununguis, Azalea Lace Bug,
Stephanitis pyrioides, Integrated Pest Management, Sampling
Nature of Work: Integrated pest management (IPM) is an approach to the
management of arthropods, pathogens, and weeds that includes the use of
sampling to determine if sufficient pest densities are present to justify control
measures. The development of IPM programs for ornamentals has lagged behind
other agricultural commodities, in part because of the challenge of efficiently
sampling for the myriad of potential pests that might occur at the typical nursery.
Current nursery sampling programs typically rely on examination of an arbitrary
number of plants. While useful for providing information about general trends in
pest densities, these sampling programs provide no information about actual pest
numbers and may not effectively detect pest outbreaks.
An approach to sampling that has been used in IPM programs is called fixed
precision sampling. The precision, or degree of acceptable error in the population
estimate, is decided upon in advance. The characteristic distribution (aggregated,
random, or uniform) of the pest of interest is then quantified and used to calculate
the sample size needed to obtain the desired precision. The more aggregated
a pest's distribution, the more samples are typically required to estimate its
population density. The model most widely used by entomologists for developing
this type of sampling plan is called Taylor's power law (Taylor 1961). Taylor's
technique uses the relationship between the mean1 and the variance2 to quantify
the pest's distribution. Taylor's method is a regression analysis3 in which the
coefficients4 of the regression line5 are used to calculate the appropriate sample
size.
This project is an evaluation of a sampling plan based on Taylor's power law to
effectively predict infestation levels of two common arthropod pests of container
nursery plants, spruce spider mite [Oligonychus ununguis (Jacobi)] and azalea
lace bug [Stephanitis pyrioides (Scott)]. Sampling began April 23, 2003 and was
continued until August 27, 2003 at three container nurseries in Chatham County,
NC in the central part of the state. Nurseries range in size from 5 to 300 acres.
Mite sampling is done on junipers (Juniperus spp.) and hollies (Ilex spp.), which
typically account for many mite problems in North Carolina nurseries. Azalea lace
bug sampling is done on azaleas (Rhododendron spp.). Mite sampling consists
of beating two randomly selected branches per plant three times each on white
paper. If any mobile stages are observed the plant is counted as infested. Azalea
lace bug sampling consists of inspection of the undersides of three randomly
selected one-year-old leaves per plant. If any mobile stages are observed the
plant is counted as infested.
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A different block of approximately 100 to 200 plants is sampled each week
at each nursery. The block is divided in half and all plants from one half are
sampled to determine the whole block infestation percentage. The other half
is sampled using the IPM sampling plan, with sample sizes determined using
generic Taylor's power law coefficients, an idea proposed by Jones (1990) to
facilitate the rapid development of fixed precision sampling plans.
Results and Discussion: Results to date indicate that the IPM sampling plan
is effective. A t-test comparing the proportion of spider mite infested plants
detected by each sampling method indicates that there is no significant difference
between the two programs (p> 0.9035). Figure 1 shows the results as of June
1, 2003. We have not yet collected sufficient azalea lace bug data for analysis.
To date, only one other IPM program for an ornamental crop that incorporates
the use of fixed precision sampling has been developed (Casey et al. 2003).
Their study demonstrated that cut rose IPM incorporating fixed precision
sampling for twospotted spider mites and western flower thrips could result in
significantly lower pest densities and equivalent control costs when compared to
a conventional control program.
Significance to Industry: We have demonstrated the feasibility of sampling, at
least on a small scale, as part of nursery IPM programs. This should facilitate
the development of nursery IPM programs that make pest management more
effective.
Footnotes:
1
Mean = the average of all values.
2
Variance = a measure that describes the dispersion of values about the mean.
3
Regression analysis — a statistical procedure used to describe how one variable
is related to another variable or group of variables (e.g., fertilizer level and plant
growth).
4
Regression line — the line on a graph resulting from regression analysis. The
shape of the line allows a visual interpretation of how two variables are related.
For example, if there is a one-to-one relationship the line will have a 45-degree
angle; a flat line indicates no relationship.
5
Coefficients — the numerical characteristics of a regression line that help
describe it, in the same way that numerical characteristics such as height,
weight, and age describe a person. Specific coefficients are the intercept (the
point at which the line on a regression analysis graph intercepts the vertical axis)
and the slope (the angle of the line on a regression analysis graph).
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Figure 1. Proportion of plants infested with spruce spider mite detected by each
sampling method (P>0.9035; df = 1, 29; F = 0.015).
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Entomopathogenic Nematodes and
Weevil Control in Ornamentals
Catharine Mannion
University of Florida, Tropical Research and
Education Center, Homestead, FL 33031
Index Words: Diaprepes abbreviatus, Heterorhabditis indica, Steinernema
riobrave, Root Weevil
Nature of Work: Diaprepes root weevil, Diaprepes abbreviatus (L.) (Coleoptera:
Curculionidae), an introduced pest, has spread over a large area of central
and south Florida where it is damaging citrus, ornamental plants, sugar cane,
and numerous other crops (1, 7). Currently in the U.S., Diaprepes root weevil
infests 22 counties in Florida and 1 county in Texas. Adult insects feed on foliage
and larvae feed on plant roots making D. abbreviatus particularly damaging.
In addition to the damage caused by the weevil, there are regulatory concerns
of spreading Diaprepes root weevil to non-infested areas. Although Diaprepes
root weevil is a strong flier, most of its spread is attributed to movement
of infested plant material. The insecticide, bifenthrin (Talstar), is currently
recommended for control of neonates (newly hatched) and young larvae.
Entomopathogenic nematodes [Heterorhabditis indica (Poinar, Kanunakar, and
David), Heterorhabditis bacteriophora (Poinar), and Steinernema riobravae
(Cabanillas, Poinar, and Raulston)] have also been shown to be efficacious
against young larvae (3, 4, 5, 6). Tests were conducted previously to evaluate
Talstar and entomopathogenic nematodes, alone and in combination, for control
of older larvae (5-9th instar) in container-grown ornamentals (2). In all cases, the
combination treatment of Talstar and the entomopathogenic nematodes provided
better control than either the Talstar or nematodes alone.
A field test was conducted to evaluate the combination of Talstar Lawn and Tree
Flowable and entomopathogenic nematodes against Diaprepes root weevil in
field-grown ornamentals. The test was conducted at a commercial nursery in
Miami-Dade County. One week prior to treatment, eight laboratory-reared larvae
(8th instar) were placed in holes around the base of each plant. Treatments
consisted of Talstar (1 oz product/1000 sq ft), H. indica (2 billion infective
juveniles [IJs]/acre), S. riobrave (2 billion IJs/acre), Talstar combined with each of
the two nematodes at the same rates, and an untreated control. Treatments were
applied to the root zone of each host plant (pigmy date palm, Phoenix roebeleni
O'Brien) during November 2002. Bifenthrin was delivered as a drench in 7.5 liters
(2 gallons) water per plant. The nematodes were delivered in 1 liter (0.3 gallons)
water per plant. Approximately 3 weeks after treatment, each plant was dug
and the soil in the root zone was examined for live larvae. Each treatment was
replicated eight times in a completely random design. The data were subjected to
analysis of variance.
Results and Discussion: As expected, the number of live larvae was variable
from plant to plant. Based on the size and variability of the larvae recovered, it
is assumed that most of the larvae found were from natural populations and not
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the larvae used to infest the plants. There were no significant differences among
treatments (F=1.101; df=5,42; P<0.374). However, the highest mean number
of live Diaprepes root weevil larvae was found in the untreated control and the
lowest mean number of live larvae was found in the combination treatment
of Talstar and S. riobrave (Fig. 1). The application of Talstar, H. indica, and
S. riobrave reduced the mean number of larvae by 32, 10, and 38%, respectively.
The combination of Talstar and H. indica reduced the mean number of larvae by
36% while the combination of Talstar and S. riobrave reduced the mean number
of larvae by 85%. These results do not exactly mirror the results of the tests
conducted with containerized plants in which there was a significant increase in
control when Talstar was combined with entomopathogenic nematodes (2). More
field testing is necessary to determine if the trend of increased control with the
combination of Talstar and S. riobrave is biologically significant.
Significance to Industry: There is little to no data regarding soil treatments
for immature stages of this Diaprepes root weevil in ornamentals, particularly of
older larvae. Therefore, there is a tremendous need for efficacious treatments in
ornamentals so growers can continue to ship plants without the risk of spreading
D. abbreviatus into new areas. Previous studies demonstrated that there is an
interaction between Talstar and entomopathogenic nematodes in containergrown ornamentals that results in increased control of older Diaprepes root
weevil larvae. Although this interaction was not significant in the field test, a
trend of increased control was observed in the combination of Talstar and one
of the entomopathogenic nematodes. Although more testing is necessary, the
combination of these two products may provide increased control compared
to either product used alone. The combination treatment may also provide an
opportunity to reduce the rate of insecticide required for control and encourages
the use of natural enemies in a control program.
Acknowledgement: The author thanks FMC Corporation for providing
insecticide, Integrated Biocontrol Systems and Certis for providing nematodes,
and Suzanne Fraser (Florida Department of Agriculture and Consumer Services,
Division of Plant Industry) for insect larvae.
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Fig. 1. Mean number of live Diaprepes root weevil larvae per plant in a
commercial field nursery three weeks after application of Talstar (bifenthrin) @
1 oz per 1000 sq ft, Heterorhabditis indica @ 2 billion IJs per acre, Steinernema
riobrave @ 2 billion IJs per acre, and the combination of Talstar with each
nematode.

Entomology Section

135

SNA RESEARCH CONFERENCE - VOL. 48 - 2003

Ornamental Host Influences the Longevity and
Fecundity of Whitefringed Beetles
Deborah R. Ketchersid and William E. Klingeman
University of Tennessee, Department of Plant Sciences,
252 Ellington PSB, Knoxville, TN 37996-4561
Index words: Curculionidae, Fitness, Naupactus leucoloma, Pest Resistance,
Weevil
Nature of work: Non-native whitefringed beetles (WFB) (Naupactus leucoloma
(Boheman)) (Coleoptera: Curculionidae) feed on at least 385 plant species
distributed among 41 orders (5). The beetles reproduce parthenogenically (i.e.,
without mating). Recently, the larvae have been identified causing severe root
injury (e.g., girdling) when feeding on ornamental plants. Seedling liners typically
yellow, wilt, and eventually die from feeding damage.
The species of plant host leaf tissues eaten by adult beetles directly influence
their longevity and fecundity (1, 2, 5). Leguminous plants, particularly peanut
[Arachis hypogaea (L.)], are known to induce high levels of longevity and
fecundity in WFB adults (3, 4, 5). To date, research has not dealt with WFB grub
damage in ornamental production, but anecdotal observations suggest that
flowering dogwood [Cornus florida (L.)], kousa dogwood [Cornus kousa ((Buerger
ex Miq) Hance)], kobus magnolia [Magnolia kobus (DC)], yellowwood [Cladrastis
kentukea ((Dum-Cours.)Rudd)], oakleaf hydrangea [Hydrangea quercifolia
(Batr.)], and witchhazel [Hamamelis virginiana (L.)] are preferred hosts.
Whitefringed beetle presents a considerable threat to ornamental production in
the southeastern U. S., because of the potential for rapid population development
and the high probability of establishment once a population is founded. The
objective of this study was to quantify the influence of ten ornamental plant
species, a common weed species, and an optimum host (i.e., peanut) on
longevity and fecundity of WFB adults.
In June 2002, approximately 400 newly emerged adults were hand picked from
host plants and weeds within the first week of emergence from soil. Adults were
kept in a greenhouse under an ambient photoperiod at 55% shade in Knoxville,
Tennessee. Temperature and relative humidity were maintained at 25 ± 10ºC
(75 ± 18ºF) and 80 ± 10% RH. Beetles were individually caged in 16 oz. paper
containers (Sweetheart, Inc.,Chicago, IL). Containers were covered with a 15cm (6-in) square of tulle fabric held in place with a 7.7 cm (3 in) rubber band.
Thirty adult beetles (replicates) were fed tissue from one of each of the twelve
species (total 360 adult experimental units). Each adult was fed only one type
of leaf tissue for the duration of the study. Leaf petioles were placed in a clear
polypropylene, 12 x 75 mm culture test tubes (Baxter Diagnostics, McGraw Park,
IL). The test tubes were filled with water and capped with 1.5-inch, #2 medium,
cotton dental wick (Patterson Dental Supply, Saint Paul, MN) to provide moisture
for the leaves, as well as a water source for the beetles. Foliage was replaced
at 3 to 5 day intervals due to consumption or decline in quality. Fir strips 5-cm
(2-in) long (Forster Craft Sticks, Wilmington, ME) were placed on the bottom of
the beetle containers for egg deposition. Fir sticks were inspected at leaf change,
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collected if eggs were attached, and replaced with new sticks. Collected strips
were dated and labeled with host plant and insect code number. Experimental
units were arranged in a randomized block design. Data consisted of adult WFB
longevity (number of days survived), total eggs laid, and oviposition rate (average
number of eggs laid per day). Longevity and fecundity were analyzed using
the mixed model analysis of variance, and means were separated using the
LSMEANS option of PROC MIXED in SAS to determine if significant differences
existed between plant species (2).
Results and Discussion: Longevity differed among ornamental species for WFB
adults provided with foliage of a single host plant (P<0.0001). Beetles fed kobus
magnolia lived longer (100.6 ± 13.9 days) (Least Square Means [LSM] ± S.E.)
than beetles provided other ornamental host plant food resources. Beetles fed
glossy abelia leaves had the shortest longevity (LSM 22.1 ± 2.3 days) (Table 1).
Ornamental host plant resources also resulted in different cumulative egg yield
from beetles (P<0.0001). The summed total eggs per treatment ranged from
734 eggs laid by beetles confined with flowering dogwood foliage to 11,351 total
eggs laid by beetles fed peanut leaves. Peanut leaf tissue yielded an average of
378.4 ± 71.2 eggs per beetle. Beetles fed flowering dogwood, kousa dogwood,
and glossy abelia deposited the fewest eggs with averages of 24.5 ± 6.3,
34.0 ± 7.0, and 29.7 ± 6.9 eggs per beetle, respectively.
Daily fecundity among host-confined beetles also differed (P<0.0001). The
greatest fecundity, which averaged 4.2 ± 0.7 eggs per day, was observed for
adult beetles fed peanut leaves. Lowest daily fecundity levels were recorded
among beetles provided kousa dogwood, flowering dogwood, glossy abelia, and
redbud leaf tissue.
In nursery production fields, the roots of witchhazel and both flowering and kousa
dogwood liners have been observed to have extensive feeding damage from
WFB. Yet, fecundity of WFB is dependent upon adult, rather than larval food
resources (1). Despite regular observations of adult feeding injury to flowering
dogwood and kousa dogwood in production fields, survivorship among beetles
confined with this food resource was poor. Beetles fed the witchhazel foliage did
not exhibit increased longevity (25.6 days), and consequently, did not produce a
high average number of eggs (67.1). Yet, beetles fed witchhazel laid an average
of 2.5 eggs per day. In the field, where adults actively disperse and are exposed
to a range of natural mortality factors, longevity and fecundity are probably less
than the values recorded in this trial. Oviposition rate (i.e., the average number of
eggs laid per day) helps to supplement this information by predicting the relative
effects of plant species on WFB populations in the field. For example, beetles
feeding on kobus magnolia exhibited the greatest longevity (100.6 days) and
were moderately fecund (215.1 eggs per beetle), but daily egg yields on kobus
magnolia were among the lowest (1.7 eggs per day).
Beetles feeding on honeysuckle foliage, a weed common in Tennessee
production field borders, survived for 48.5 days on average and laid an average
of 94.2 eggs per beetle, or 1.7 eggs per day. Honeysuckle could serve as
a reservoir of WFB populations in the borders of otherwise well-maintained
production fields.
Entomology Section
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Significance to Industry: Growers who encounter populations of whitefringed
beetles in their production fields, need to consider the longevity, fecundity, and
oviposition influence of ornamental plant species on the pest. Witchhazel and
the two dogwood species, which can experience extensive root damage in the
field, did not yield high longevity and fecundity in WFB. However, these plants
should not be grown near ornamentals that induce fecundity, like kobus magnolia
or yellowwood. Fields infested with WFB should also be kept free of weeds, and
high-risk crops should be rotated within a field at three to four year intervals.
Inclusion of a cover crop, like sudex, oats, or a small grain or cereal can restrict
populations of WFB, while leguminous cover crops, like red clover, should not
be planted where WFB are a concern. Finally, presence of adult beetles should
be monitored, and adults should be targeted with insecticidal sprays as they
emerge. Since adults mature continuously throughout the season, persistent
monitoring for adults and possible repeat treatments will be necessary.
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Table 1. Longevity, Fecundity, and Oviposition Rate of Whitefringed Beetle Adults
on Selected Ornamental Plants
Mean
Longevity
(Days)

Plant Species

1

Fecundity2
(Eggs)

Oviposition Rate3
(Eggs per day)

Red Maple

48.0bcd

146.0bc

2.94b

Black Gum

45.5bcde

122.8cd

3.06b

Yellowwood

42.9cdef

144.9bc

3.03b

Flowering
Dogwood

26.0def

24.5e

0.81d

Kousa Dogwood

29.6cdef

34.0e

1.33d

Peanut

67.1b

378.4a

4.18a

Glossy Abelia

22.1f

29.7e

1.14d

Oakleaf
Hydrangea

29.0cdef

63.9de

1.50cd

Honeysuckle

48.5bc

94.2cde

1.69cd

Redbud

45.1bcde

92.5cde

1.26d

Kobus Magnolia

100.6a

215.1b

1.68cd

Witchhazel

25.6ef

67.1de

2.48b

Means within a column followed by the same letter were not significantly different.
1

LSD Mean Separation α=0.05, LSD value = 22.1

2

LSD Mean Separation α=0.05, LSD value = 77.78

3

LSD Mean Separation α=0.05, LSD value = 1.11.
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2002 IR-4 Ornamental Pest Control Research
J. Ray Frank
Rutgers/State University of New Jersey, New Market, Maryland 21774
Index Words: Pesticides, biopesticides, label, registration, insecticides,
fungicides, herbicides, nematicides, plant growth regulators, PGR's.
Nature of Work: Research trials were conducted by State, Federal and
independent cooperators within the IR-4 ornamentals program. This program
was established in 1977 to develop data for use in obtaining national label
registrations and special local needs (24C) registrations for nursery and floral
crop production and maintenance. Research now also includes that for forestry,
christmas tree and turf production and maintenance. Data is also collected for
future registrations for use in plant propagation, including tissue culture, the
commercial landscape, and the interior plantscape. Many of the 2002 trials
were evaluated for phytotoxicity alone but some also included the collection
of pesticide effectiveness data. During 2002, 122 protocols were developed
including 41 fungicides, 40 herbicides, 29 insecticides, one nematicide, and
11 plant growth regulators. These protocols were developed to help collect
accurate and, uniform data for national or special local need label registrations.
Of these 122 protocols, 68 were used in the 2002 trials. These included
22 fungicides, 23 herbicides, 17 insecticides, one nematicide and five plant
growth regulators. A total of 650 trials were conducted by 44 state, federal and
private researchers at 35 locations in 24 states. (A trial consists of a single
pesticide and a single plant taxa or pest species).
Results and Discussion: The following twenty-two (22) fungicides were
evaluated:
Acibenzolar (Actigard 50WP)
Dimethomorph (Stature DM)
Azadiractin (AZA Direct 10sp)
Dimethomorph + Mancozeb
Azoxystrobin (Heritage 50)
(Stature 69 WP)
Bacillus Iicheniformis (Nova-Guard)
Fludioxonil (Medallion 50)
Bacillus subtilis (Rhapsody
Gliocladium catenulatum (Primastop)
biofungicides AS)
Mancozeb + Propamocarb
Boscalid(Emerald 70 WG) (BAS 510)
Hydrochloride(Tattoo)
Boscalid + Pyraclostrobin (Pristine)
Mefenoxam (Subdue Maxx)
(BAS 516)
Milsana Bioprotectant (KHH-CN-01-01)
Chlorine Dioxide (Aseptrol)
Myclobutanil (Eagle 20EW)
Copper Hydroxide + Mancozeb
Polyoxin D (Endorse 10DF)
(Junction, Mankocide)
Pyraclostrobin (Insignia 20WG)
Copper Salts-Fatty + Rosin Acids
(BAS 500)
(Camelot)
Trifloxystrobin (Compass 50W)
Cyprodinil + Fludioxanil (Switch)
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The following twenty-three (23) herbicides were evaluated:
Benefin + Trifluralin (Team 2G)
Oryzalin (Surflan)
Bentazon (Basagran)
Oxadiazon (Ronstar G)
Clethodim (Envoy)
Oxadiazon + Pendimethalin
Clopyralid (Lontrel T & O )
(Kansel Plus)
Diclobenil (Casoron 4G)
Oxadiazon + Prodiamine (Regalstar G)
Diquat Dibromide (Reward LS)
Oxyfluorfen + Oryzalin (Rout 3G)
Dithiopyr (Dimension 1EC)
Ozyfluorfen + Oxadiazon
Fluazifop P Butyl (Fusilade II)
(Regal 0-0 3G)
Flumioxazin (Broadstar 0.17G,
Oxyfluorfen + Pendimethalin
Sureguard 51WDG)
(Ornamental Herbicide II)
Halosulfuron (Manage 75 WDG)
Pendimethalin (Pendulum 60WDG)
Isoxaben (Gallery 75DF)
(Corral 2.68G)
Isoxaben + Trifluralin
Prodiamine (Barricade 65WG)
(Snapshot 2.5TG)
Trifluralin (Trifluralin 5G)
Linuron (Lorox)
The following seventeen (17) insecticides were evaluated:
Acephate (Orthene TTO)
Halofenozide (Mach 2)
Azadiractin (Aza-Direct 10SP)
Milbamectin (Ultifora 0.78EC)
Carbaryl SL (Sevin)
Novaluron (Pedestal)
Chlorpyrifos (Dursban 50W)
Pyraclostrobin (Insignia 20WG)
Clofentezine (Ovation)
Pyridaben (Sanmite 75WP)
Diazinon (Diazinon)
Tefluthrin (Fireban 1.5G)
Fenoxycarb (Precision)
Thiamethoxam (Flagship)
Fenpyroximate (Akari 5SC)
Trichlorfon (Dylox 80 SP)
Flonicamid (F1785/50WG)
The following nematicide was evaluated:
Sodium tetrathiocarbonate (Enzone)
The following five (5) plant growth regulators were evaluated:
6-Benzyl Adenine (BAP-10)
Prohexadione Calcium (Appogee)
Chlormequat Chloride (Cycocel)
Uniconazole (Sumagic)
Ethephon (Florel)
The IR-4 Ornamental Research Program led to 482 new label registrations in
2002 for use by the ornamental industry (Table 1).
Significance to Industry: Since the IR-4 Ornamental Research Program was
initiated over 9900 Ornamental National label registrations and 266 Special Local
Needs (24C) label registrations have been obtained using IR-4 generated data.
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Table 1. 2002 pesticide registrations supported by IR-4 data.
Acephate (Orthene TTO)
Pine (Pinus)
Boston Daisy (Argyranthemum)
Pinks (Dianthus)
Dahlia
Poinsettia (Euphorbia
Namaqualand Daisy
pulcherrima)
Shasta Daisy
Privet (Ligustrum)
Shrub Verbena (Lantana)
Purpleleaf Wintercreeper
(Euonymus radicans)
Azadirachtin (Aza-Direct)
Rose (Rosa)
Balsam (Impatiens)
Sage (Salvia x sylvestris)
Begonia
Snapdragon (Antirrhinum majus)
Blanket Flower (Gaillardia)
Stock (Matthiola incana)
Bougainvillea
Tailflower (Anthurium)
Calathea
Transvaal Daisy (Gerbera)
Camellia
Umbrella Tree (Schefflera)
Columbine (Aquilegia)
Vervain (Verbena)
Dahlia
Zebra Plant, Saffron Spike
Dogwood, Flowering
Zinnia
Dumb Cane (Dieffenbachia)
English Ivy (Hedera helix)
Azadirachtin (Nimbecidine)
Fern, Boston, Sword
African Violet (Saintpaulia)
Flag (Iris)
Ageratum
Gardenia
Arrowwood (Viburnum)
Geranium (Geranium)
Balsam (Impatiens)
Geranium (Pelargonium)
Begonia
Holly (Ilex)
Cotoneaster
Hydrangea
Dumb Cane (Dieffenbachia)
Japanese Pittosporum
Fern (Polypodium)
Juniper (Juniperus)
Gardenia
Larkspur (Delphinium)
Honey Locust (Gleditsia)
Leatherleaf Fig (Ficus)
Linden, Basswood (Tilia)
Lilac (Syringa)
Lupine (Lupinus)
Lily (Lilium)
Palm, Bamboo (Chameadorea
Marigold (Tagetes)
erumpens)
Pansy (Viola)
Pansy (Viola)
Peony (Paeonia)
Periwinkle
Persian Violet (Cyclamen)
Persian Violet (Cyclamen)
Petunia
Purpleleaf Wintercreeper
Philodendron
(Euonymus radicans)
Phlox (Phlox laphamii)
Shrub Verbena (Lantana)
Photinia
Vervain (Verbena)
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Chlorfenapyr (Pylon)
Begonia
Chrysanthemum
Transvaal Daisy (Gerbera)
Vervain (Verbena)
Chlormequat Chloride (Cycocel)
Aster
Coleus, Flamenettle
Lily, Easter (Lilium longiflorum)
Sunflower (Helianthus)
Zinnia
Chlorothalonil (Daconil Ultrex 82.5%)
Pine (Pinus)
Purpleleaf Wintercreeper
(Euonymus radicans)
Chlorothalonil + Thiophanate-Methyl
(Spectro 90WDG)
Pinks (Dianthus)
Rose (Rosa)
Chlorpyrifos (Dursban 50W)
African Violet (Saintpaulia)
Azalea (Rhododendron)
Geranium (Pelargonium)
Juniper (Juniperus)
Persian Violet (Cyclamen)
Rhododendron
Clethodim (Envoy)
Arborvitae (Thuja)
Aster, Bolton (Boltonia)
Aster, Michaelmas
Aster, New York
Beach Plum (Prunus maritima)
Bearberry (Arctostaphylos)
Bee Balm (Monarda didyma)
Blazing-Star, Gayfeather (Liatris)
Blue Lyme Grass (Leymus
areanarius)
Bluestar (Amsonia)
Bluettes (Houstonia serpyllfolia)
Butterfly Bush (Buddleia Davidii)
Cardinal Flower, Indian Pink
Catnip (Nepeta cataria)
Cherry (Non-Bearing) (Prunus)
China Aster (Callistephum chinensis)
Cockscomb, Wool Flower (Celosia)
Cosmos
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Creeping St.-Johns-Wort (Hypericum
calycinum)
Dead Nettle (Lamium)
Dogwood, Red Osier (Cornus
sericea)
Evening Primrose, Sundrops
(Oenothera)
False Spirea (Astilbe)
Fern, Autumn, Shield, Wood
(Dryopteris)
Fern, Royal, Flowering Fern
(Osmunda)
Fern, Shaggy Shield (Dryopteris)
Fern, Uncrested Lady (Athyrium)
Foxglove (Digitalis)
Gaura (Gaura Lindheimeri)
Godetia, Farewell-To-Spring (Clarkia)
Gold Flower (Hypericum x
Moseranum)
Golden Bells (Forsythia)
Golden Star (Chrysogonum)
Goldenrod, Dwarf (Solidago
sphacelata)
Hydrangea, Climbing (Hydrangea
anomala)
Jacob's Ladder (Polemonium)
Lady's-Mantle (Alchemilla)
Larkspur (Delphinium)
Magnolia
Mazus (Mazus reptans)
Ornamental Cabbage (Brassica)
Ornamental Gourd (Cucumis pepo)
Ornamental Kale (Brassica)
Pennywort (Hydrocotyl
sibthoripiodes)
Peony (Paeonia)
Phuopsis (Phuopsis stylosa)
Purple Coneflower (Echinacea)
Ribbon-Grass, Gardeners-Garters
(Phalaris arundinacea)
Rupture Wort (Herniaria glabra)
Sage, Russian; Blue Spire
(Perovskia)
Sandwort (Arenaria)
Sea Holly (Eryngium maritimum)
Sedge (Carex)
Speedwell, Brooklime (Veronica)
Statice (Limonium)
Strawflower (Helichrysum
bracteatum)
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Summersweet (Clethra alnifolia)
Thyme, Creeping (Thymus praecox)
Virginia Sweetspire (Itea virginica)
Yarrow, Woolly (Achillea tomentosa)
Yellow Archangel (Lamiastrum
galeobdolon)
Yew (Taxus)
Copper Hydroxide (Kocide)
Hawthorn (Crateagus)
Holly (Ilex)
Poinsettia (Euphorbia pulcherrima)
Privet (Ligustrum)
Wandering Jew (Tradescantia
albiflora)
Copper Salts-Fatty & Rosin Acid
(Camelot)
Aglaonema
Cherry (Non-Bearing) (Prunus)
Dogwood, Flowering (Cornus florida)
Dumb Cane (Dieffenbachia)
Geranium (Geranium)
Geranium (Pelargonium)
Lily, Plantain (Hosta)
Mallow, Rose Mallow (Hibiscus)
Pansy (Viola)
Patience Plant, Zanzibar
Balsam(Impatiens wallerana)
Poinsettia (Euphorbia pulcherrima)
Rose (Rosa)
Rose Periwinkle (Catharanthus
roseus)
Snapdragon (Antirrhinum majus)
Spathe Flower (Spathiphyllum)
Vervain (Verbena)
Zinnia
Dithiopyr (Dimension WSP)
Lily-Of-The-Nile (Agapanthus)
Shrub Verbena (Lantana)
Viburnum (Viburnum suspensum)
Fenhexamid (Decree 50 WDG)
Daffodil (Narcissus)
Lily (Lilium)
Fenpropathrin (Tame)
Ash (Fraxinus)
Crabapple (Non-Bearing) (Malus)
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Honey Locust (Gleditsia)
Hydrangea
Spirea (Spiraea)
Fludioxonil (Medallion 50)
Ash (Fraxinus)
Cherry (Non-Bearing) (Prunus)
Crabapple (Non-Bearing) (Malus)
Magnolia
Maple (Acer)
Oak (Quercus)
Peach (Non-Bearing) (Prunus
persica)
Rose (Rosa)
Fomesafen (Reflex)
Arrowwood (Viburnum)
Boxwood (Buxus)
Cherry (Non-Bearing) (Prunus)
Crape Myrtle (Lagerstroemia indica)
Photinia
Privet (Ligustrum)
Gliocladium catenulatum Strain J1146
(Primastop)
Cedar, Western Red (Thuja plicata)
Fir (Abies)
Fir, Douglas (Pseudotsuga Menziesii)
Hemlock, Western (Tsuga
heterophylla)
Pansy (Viola)
Imazapic (Plateau)
Annual Phlox (Phlox drummondii)
Black-Eyed Susan (Rudbeckia hirta)
Lance Coreopsis (Coreopsis
lanceolata L.)
Iprodione (26 GT, 26019)
African Violet (Saintpaulia)
Balsam (Impatiens)
Isoxaben (Gallery)
Butchers Broom, Israeli Ruscus
(R. aculeatus)
Cypress, Leyland (Cupressocyparis
leylandii)
Fern, Tree (Asparagus virgatus)
Hardy Ice Plant (Delosperma
nubigenum)
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Ribbon-Grass, Gardeners-Garters
(Phalaris arundinacea)
Serviceberry (Amelanchier)
St.-Johns-Wort (Hypericum)
Yarrow (Achillea Millifolium)
Isoxaben + Trifluralin
(Snapshot 2.5 TG)
Fern, Tree (Asparagus virgatus)
Palm, Pygmy Date (Phoenix
Roebelenii)
Sedge (Carex)
Oryzalin (Surflan)
Cheddar Pink (Dianthus
gratianopolitanus)
Crape Myrtle (Lagerstroemia indica x
Fauriei)
English Lavender (Lavandula
angustifolia)
Fern, Japanese Painted (Athyrium
goeringianum)
Speedwell, Brooklime (Veronica)
Oxadiazon (Ronstar G)
Butterfly Bush, Silver (Buddleia
alternifolia)
Pendimethalin (Pendulum 60 WDG)
Ageratum
Baby's-Breath (Gypsophila elegans)
Beard-Tongue (Penstemon)
Begonia
Bellflower (Campanula)
Blanket Flower (Gaillardia)
California Fuschia (Zauschneria
californica)
Cypress (Cupressus)
Daylily (Hemerocallis)
Elm, Chinese (Ulmus parvifolia)
Elm, Winged (Ulmus alata)
Fern, Hayscented (Dennstaedtia
punctilobula)
Foxglove (Digitalis)
Gayfeather (Liatris spicata)
Geranium (Geranium)
Honeysuckle (Lonicera)
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Pendimethalin
Japanese Iris (Iris Kaempferi)
Jasmine, Star; Confederate
(Trachelospermum jasminoides)
Moonbeam, Tickseed (Coreopsis
verticillata)
Periwinkle (Vinca)
Pinks (Dianthus)
Plum (Non-Bearing) (Prunus)
Purple Coneflower (Echinacea)
Sage, Scarlet (Salvia splendens)
Shrub Verbena (Lantana)
Silver Mound (Artemisia schmidtiana)
Statice (Limonium)
White Fringetree (Chionanthus
retusus)
Witch Alder (Fothergilla gardenii)
Yarrow (Achillea Millefolium)
Zinnia
Pyridaben (Sanmite)
Ash (Fraxinus)
Baby's-Breath (Gypsophila elegans)
Bald Cypress (Taxodium distichum)
Balloon Flower (Platycodon
grandiflorus)
Bee Balm (Monarda didyma)
Birch (Betula)
Blanket Flower (Gaillardia)
Bleeding Heart (Dicentra)
Butterfly Bush (Buddleia Davidii)
Camellia, Mountain (Stewartia)
Coneflower (Rudbeckia)
Corn Flag, Sword Lily (Gladiolus)
Cotoneaster
Crabapple (Non-Bearing) (Malus)
Crape Myrtle (Lagerstroemia indica)
Deutzia
False Dragon Head, Lion's Heart
(Physostegia)
False Spirea (Astilbe)
Fern (Polypodium)
Fir, Douglas (Pseudotsuga Menziesii)
Foxglove (Digitalis)
Franklin Tree (Franklinia)
Gaura (Gaura Lindheimeri)
Hemlock (Tsuga)
Hollyhock (Alcea rosea)
Japanese Andromeda (Pieris
japonica)
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Lady's-Mantle (Alchemilla)
Lamb's-Ears (Stachys byzantina)
Lily, Plantain (Hosta)
Lupine (Lupinus)
Mallow (Malva)
Maple (Acer)
Mugwort, Wormwood (Artemisia)
Oak (Quercus)
Oregon Grape (Mahonia aquifolium)
Peony (Paeonia)
Pine (Pinus)
Poker Plant, Red-Hot-Poker
(Kniphofia)
Reed Grass (Calamograstis
arundinaecea)
Ribbon-Grass, Gardeners-Garters
(Phalaris arundinacea)
Serviceberry (Amelanchier)
Shasta Daisy (Chrysanthemum x
superbum)
Smoke Tree; Bush (Cotinus)
Spiderwort (Tradescantia)
St.-John-Wort (Hypericum)
Stonecrop (Sedum spurium)
Sweet Pea (Lathyrus odoratus)
Sweetgum (Liquidambar)
Sycamore (Platanus)
Tickseed (Coreopsis)
Tulip Tree (Liriodendron tulipifera)
Weigela
White Fringetree (Chionanthus
retusus)
Willow (Salix)
Witch Hazel (Hamamelis)
Yew (Taxus)

Triazamate (Aphistar 50WP)
Fir, Balsam (Abies balsamea)
Fir, Cannan (Abies)
Fir, Concolor (Abies concolor)
Fir, Fralsam (Abies)
Fir, Fraser (Abies Fraseri)
Trifloxystrobin (Compass 50 WP)
Calamint (Calamintha)
Trifluralin (Trifluralin 5G)
African Daisy (Osteospermum)
Beard-Tongue (Penstemon)
Blazing-Star, Gayfeather (Liatris)
Bleeding Heart (Dicentra)
Fern, Uncrested Lady (Athyrium)
Foxglove (Digitalis)
Palm, Mexican Fan (Washingtonia
robusta)
Palm, Pygmy Date (Phoenix
Roebelenii)
Purlpe Coneflower (Echinacea)
Ribbon-Grass, Gardeners-Garters
(Phalaris arundinacea)
Sage, Russian; Blue Spire
(Perovskia)

S-Metolachlor (Pennant)
Blanket Flower (Gaillardia)
Fir, Douglas (Pseudotsuga Menziesii)
Heavenly Bamboo (Nandina
domestica)
Oak, Live; Southern (Quercus
virginiana)
Palm, Mexican Fan (Washingtonia
robusta)
Pine, Longleaf (Pinus palustris)
Sweet William (Dianthus barbatus)
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The Bud Weevil Anthonomus testaceosquamosus,
a Pest of Tropical Hibiscus
Carlos E. Bográn, Kevin M. Heinz, and Scott Ludwig
Texas A&M University, Dept. of Entomology, College Station, TX 77843-2475
Index Words: Hibiscus rosa-sinensis, Pests, Bud Weevil, Curculionidae, Texas
Nature of Work: The weevil Anthonomus testaceosquamosus Linell
(Coleoptera: Curculionidae) is reported as a pest of China rose (Hibiscus rosasinensis L.), a tropical Hibiscus. Although it has not received an official common
name, hibiscus bud weevil is used due to the economic importance of the weevil
on ornamental hibiscus. The insect is native to Texas and Mexico where it occurs
in association with several plants in the Family Malvaceae (Burke & Gates 1974,
Linell 1897). Heavy infestations on China rose may lead to flower-less plants
with poor aesthetic quality. Even though this species has been recognized as an
occasional pest of Hibiscus in Texas, very little is known about its biology and
damage potential (H.R. Burke, Texas A&M University, personal communication).
Here we summarize what is known about this pest species and describe a
current infestation in a commercial nursery in southeast Texas.
Adult weevils are small (4 mm [1/8 inch] total length) oblong-oval and covered
with uniformly colored, pale yellowish scales. Larvae are legless, transparent
to pale yellow in color with white reticulations visible through the integument.
At least three immature stages (instars) occur, but their duration is presently
unknown. Several generations per season may occur in south Texas. The adults
may feed on buds and leaves, but females oviposit in flower buds. On China
rose, both feeding and oviposition damage cause bud abortion; development is
completed on aborted buds.
The hibiscus bud weevil has a fairly wide host range compared to most other
species in the genus Anthonomus (Burke & Gates 1974). It has been reared
from flower buds of several Malvaceae plants including, shrubby Indian mallow
(Abutilon abutiloides [Jacq.] K. Schum), velvet leaf mallow (Allowissadula
holosericea [Scheele]), Lozano's false Indian mallow (Allowissadula lozanii
[Rose]), false mallow (Malvastrum corchorifolium [Desr]. Briton), and fanpetals
(Sida sp.) (Burke & Gates 1974). We have also reared it from flower buds of
China rose (this study); it has not been observed or reported from the related
rose mallow (Hibiscus moscheutos L.). We are unaware of reports of this pest
from states other than Texas, however many of its host plants are native to
Florida, Arizona, and Puerto Rico and are grown as ornamentals.
We sampled a population of hibiscus bud weevil attacking China rose in a
commercial nursery operation in southeast Texas to begin to understand its
biology and damage potential. Sampling took place during late February in
two covered nursery pads (approx. 20,000 ft2 ea.) that were maintained open
during the day, but were closed during the night to reduce the risk of freeze
damage. Samples were taken in a seven-day period and from three locations
within the two nursery pads. Each sampled location included approximately
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400 plants. Plants sampled were grown in 1 to 3 gallon containers and included
'Cherie', 'Amour Pink' and 'Dynamite Red' varieties. Since most of the weevil
development is spent inside fallen flower buds, two types of samples were taken:
1) flower buds on plants and 2) buds that had fallen from the plants. More than
1,000 flower buds were collected and examined by microscope to detect damage
by the weevil. Buds with signs of feeding damage were measured (length) and
then dissected to detect the presence of an egg/larva and to characterize the size
of flower buds used for feeding or oviposition. To assess whether commercially
available cotton boll weevil (Anthonomus grandis Boheman) pheromone traps
could be used to sample adult hibiscus bud weevil populations, we deployed six
of these traps (Gempler's; Madison, WI) in three nursery pads and checked them
weekly for two weeks for the presence of adult weevils.
Results and Discussion: Ten of the 442 (2.2%) flower buds in the plant samples
had signs of feeding damage (Fig. 1); sixty percent (6/10) of these damaged
buds were infested with a weevil egg (2/6) or first instar (4/6). No second or
third instars were found on plants. One hundred of the 414 (24.1%) flower buds
collected from the ground had signs of feeding damage (Fig. 1); sixty six percent
(66/100) of these damaged buds were infested with a weevil egg (5/66), first
instar (11/66), second instar (44/66), or third instar (6/66). The contrast between
the damage and infestation levels of the flower buds on plants compared to
flower buds on the ground, and the fact that we found eggs and first instars
on dropped buds, suggests that flower buds are aborted soon (1-3 days) after
feeding or oviposition damage by the weevil. This reduces the chances for pest
population management using chemical applications targeted to the plants.
The size of undamaged flower buds ranged from 0.3 cm (2/16 inch) to 2.5 cm
(1 inch), while damaged buds ranged from 0.3 cm to 1.7 cm (11/16 inch) (Fig. 2).
More than 90% of the infested flower buds were between 0.5 (3/16 inch) and
1.5 cm (5/8 inch) in length (Fig. 2). No buds larger than 1.7 cm were found to
be infested. These results suggest that adult females prefer small size buds to
lay eggs. Since mature China rose produces buds continuously, it is likely that
several weevil generations overlap during the growing season.
Pheromone baited cotton boll weevil traps did not attract adult hibiscus
bud weevil. No adults were found in traps during each of the two weeks of
observation, suggesting that such traps are not useful in sampling hibiscus bud
weevil adults. However, we may have deployed traps too early in the season
when the numbers of adults were too low to detect using this method.
Significance to Industry: We report on Anthonomus testaceosquamosus
(hibiscus bud weevil) as a pest of tropical hibiscus in Texas. Hibiscus producers
need to be aware of this occasional, but potentially serious pest. Based on these
preliminary observations, successful pest management should be achieved
through a combination of crop rotation to break population cycles, sanitation and
destruction of fallen flower buds, especially small ones (0.5 - 1.5 cm), and good
timing of pesticide applications against adults to protect young flower buds from
damage-induced abortion.
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Figure 1. Hibiscus bud weevil infestation levels on flower bud samples collected
from plants or from the ground (fallen). Total includes un-damaged buds, buds
damaged by adult feeding, and infested buds (bearing a weevil egg or larva).

Figure 2. Size distribution of damaged flower buds (sampled from fallen buds).
Not infested refers to buds with feeding damage; infested refers to damaged
buds bearing a weevil egg or larva.
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Host Resistance of Oenothera spp. (Evening Primrose) and
Calylophus spp. (Sun Drops) to the Flea Beetle, Altica litigata
C. B. McKenney, J. A. Reinert, and R. Cabrera
Texas A&M University Research and Extension Center,
17360 Coit Road, Dallas, TX 75252
Index Words: Altica litigata, Calylophus spp., Host Resistance, Oenothera spp.
Nature of Work: Altica litigata [Fall] (Coleoptera: Chrysomelidae), a metallic
blue-green flea beetle, exhibits a voracious appetite for many native species
of the family Onagraceae. Evening primrose (Oenothera spp.) and sundrops
(Calylophus spp.) of the Onagraceae family are indigenous across vast portions
of the United States. In the United States there are over 50 species of these
native wildflowers, which decorate demanding environs while providing color
throughout the growing season (Diggs et al. 1999). Additionally, several species
such as lance-leaf primrose (Oenothera coryi [Wagner]), Missouri primrose
(Oenothera macrocarpa [Nutt.]), showy evening primrose (Oenothera speciosa
[Nutt.]), and square-bud primrose (Calylophus berlandieri [Spach]) have
economic potential for use as durable bedding plants owing to their drought
tolerance and adaptability to high pH soils. Several species of these primrose
and sundrop species serve as breeding hosts for this flea beetle, which has the
potential to severely damage valuable ornamentals in the landscape.
During the spring and summer of 2002, high populations of A. litigata were
discovered aggregating and causing heavy damage to several species of
evening primrose and sundrops at the Texas A&M Research and Extension
Center, Dallas, TX. Their feeding pressure resulted in a high level of economic
damage. In a similar manner, crape myrtle (Lagerstroemia indica [L]) also
suffered severe foliar damage by the adults of A. litigata. The visual observation
that some genotypes of primrose and sundrops served as a breeding host for
A. litigata, while others were resistant, resulted in the implementation of this
study to characterize the susceptibility or resistance present in these plants.
Altica litigata is known to aggregate and cause severe defoliation to mature plant
materials in the landscape, as well as plants in container production. Severe
successive infestations can result in total defoliation of mature plants. Phillips
(1977a) reports members of the Onagraceae (Primrose) family are principal
hosts for Altica. Phillips (1977b) questions what would cause these beetle
populations to surpass their food supply. Port and Guile (1986) noted that Altica
populations could reach three to four times the initial infestation over a 3-week
period in the summer.
In this investigation, excised leaves or terminals of 12 genotypes of field-grown
Oenothera and Calylophus were bioassayed with A. litigata larva and adults in a
series of no-choice laboratory experiments. Lagerstroemia indica 'Dallas Red',
previously identified as an extremely susceptible cultivar of crape myrtle, was
used as a control (Reinert et al. 2002). Feeding chambers (31⁄2" diam. x 1⁄2" deep
plastic petri dishes) were provided with two water saturated filter paper discs. The
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petri dishes were randomized in a complete block design with six replicates. The
plant foliage was placed on moist filter paper to retain leaf turgidity throughout the
experiments. Five adults or five neonates (newly hatched larva) were introduced
into each chamber depending upon the study. Visual ratings of percent feeding
damage and percent larval or adult mortality were taken daily for 17 days.
Results and Discussion: In the no-choice laboratory feeding study, square-bud
primrose, the crape myrtle control, and the three ecotypes of showy-evening
primrose were excellent hosts for adult and larval flea beetles (Table 1). Each
sustained extensive feeding damage. The river primrose (O. jamesii [Torr &
Gray]), the variable evening primrose (O. heterophylla [Spach]), the Western
primrose (C. hartwegii filifola [Benth]), and the two ecotypes of Missouri primrose
were poor hosts sustaining minimal feeding damage. Grand Prairie evening
primrose (C. hartwegii lavandulifolius [Benth]) and the lance-leaf primrose
appeared to be resistant to both adult and larval flea beetle feeding.
In the mortality studies, the square-bud primrose, all three ecotypes of showy
evening primrose, the river primrose, the variable-evening primrose, and the
crape myrtle control each proved to be good hosts and caused minimal flea
beetle mortality for both the adults and larva. The Grand Prairie primrose, the
Western primrose, the lance-leaf primrose and both the silver and the gray
Missouri primrose were poor hosts with moderate to high flea beetle mortality
in at least one life stage. Lace-leaf primrose proved to be the most resistant
genotype in the study and provided the greatest adult flea beetle mortality.
Similarly, the larval mortality on the Grand Prairie primrose, Western primrose,
lance-leaf primrose, silver Missouri primrose, and the crape myrtle control
produced high larval mortality (> 90%) and did not support larval development.
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Table 1. No-choice laboratory feeding study of Altica litigate on ornamentals.
Scientific Name

Common Name

Feeding
damage

Adult
Mortality

Larval
Mortality

Calylophus berlandieri

Square-bud
Primrose

Extensive Minimal

Calylophus. Hartwegii
filifola

Western Evening
Primrose

Minimal

Calylophus. hartwegii
lavandulifolius

Grand Prairie
Resistant
Evening Primrose

Lagerstroemia indica
'Dallas Red'

Dallas Red Crape Extensive Minimal
Myrtle

High

Oenothera coryi

Lance-leaf
Primrose

Resistant

High

High

Oenothera heterophylla

Variable-evening
Primrose

Minimal

Minimal

Minimal

Oenothera jamesii

River Primrose

Minimal

Minimal

Minimal

Oenothera macrocarpa
incana

Silver Missouri
Primrose

Minimal

Moderate High

Oenothera macrocarpa
oklahomensis

Green Missouri
Primrose

Minimal

Moderate Minimal

Minimal

Moderate High
Moderate High

Oenothera speciosa X-1 Showy-evening
Primrose

Extensive Minimal

Minimal

Oenothera speciosa X-2 Showy-evening
Primrose

Extensive Minimal

Minimal

Oenothera speciosa X-3 Showy-evening
Primrose

Extensive Minimal

Minimal

Overall, the square-bud primrose and all three ecotypes of showy evening
primrose were excellent developmental hosts for the flea beetle with minimal
larval and adult mortality and extensive foliar feeding. River primrose and
variable evening primrose were also good hosts with minimal flea beetle
mortality. The Missouri primrose ecotypes were fair to poor hosts and sustained
minimal feeding damage and elevated flea beetle mortality levels. In contrast,
Western primrose, Grand Prairie primrose, and lance-leaf primrose were poor
hosts for the flea beetle producing higher larval mortality and minimal, if any,
feeding damage. The control plant, crape myrtle, proved only to be a “lunch host”
with the beetles munching on the foliage after maturation, but no egg deposition
or larval development on it.
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Significance to Industry: The foliar feeding of A. litigata on genotypes of
evening primrose and sundrops exhibited a wide range of damage within a short
period of time. Some genotypes can be completely defoliated in just one day
while other genotypes are not fed on and appear to be resistant. Recognizing
that native genotypes of these species act as developmental hosts, it is important
that that management practices be developed for control of this pest. High value
ornamentals in container production like crape myrtle should be selected for their
resistance to A. litigata foliar feeding.
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Soil Flies in Container Grown Roses
Scott Ludwig and Carlos Bográn
Texas Cooperative Extension, P.O. Box 38, Overton, TX 75684
Index Words: Roses, Fungus Gnats, Moth Flies, Nurseries, Texas
Nature of Work: In recent years, fungus gnats (Bradysia sp.) and moth flies
(Psychoda sp.) have become nuisance pests of commercially grown container
roses in Texas. Little damage is believed to be occurring to the plants from the
flies. However, large numbers of flies emerging from the potting medium have
caused shipments to be rejected by retail stores. The objective of this study was
to monitor fungus gnat and moth fly populations in container roses to determine
soil fly population dynamics at a commercial nursery in Tyler, Texas.
Bare root roses were potted in composted pine bark-sand mix (9:1) in 2-gallon
containers on 4 February 2003. Talstar T&O (bifenthrin) granular insecticide
was incorporated into the potting mix at a rate of 2.8 lb/yd3 to comply with USDA
Imported Fire Ant Quarantine Certification requirements. After potting, plants
were placed in a retractable roof greenhouse on nursery beds covered with weed
cloth. The plants were placed on seven nursery beds each containing 1000 pots.
All plants were watered daily using overhead irrigation until the medium was
thoroughly saturated.
Adult fly emergence was monitored using un-baited Pherocon AM yellow sticky
traps (Trece Inc., Salinas, CA) cut in 4 1⁄2 X 5 1⁄2 inch cards. Traps were placed
vertically in each pot and secured to a bamboo pole using two clothespins. Two
traps were randomly placed in each of the seven rose beds being monitored. The
numbers of flies captured on an 8 in2 area per card were counted approximately
every seven days. Traps were replaced after each count.
Result and Discussion: The moth fly counts remained low for the first five
weeks and increased rapidly during the sixth and seventh week (Fig. 1.) A high
number of fungus gnats were present on all but three sample periods. Cooler
temperatures were recorded during the three low points in the fungus gnat
collections (Fig. 2).
Fungus gnat and moth fly numbers at the end of the growing cycle did not
coincide with any apparent plant damage. However, the flies are nuisance pests,
which have caused rose shipments to be rejected. Fungus gnats are known to
be a problem in some ornamental production systems, but this is the first case
we have been able to document in Texas where moth flies have established in a
container crop.
Significance to Industry: Left untreated, moth flies and fungus gnats can
become a severe nuisance pest of container grown roses. While these pests
have not caused apparent physical damage to the roses, they have resulted
in the rejection of rose shipments. Further research needs to be conducted to
determine how to properly manage soil flies in container grown roses. Research
is also needed to determine why moth flies have become a pest of roses in
Texas.
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Texas IPM Plans: A Case Study with Hibiscus
Scott W. Ludwig
Texas Cooperative Extension, P.O. Box 38, Overton, TX 75684
Index Words: IPM, Whiteflies, Hibiscus, Texas
Nature of Work: In 2001, the Texas Department of Agriculture modified
the Texas Administrative Code to allow nursery and greenhouse growers to
incorporate Integrated Pest Management (IPM) into their production practices. In
the revision, Definitions in Section 22.2 now include:
• Beneficial organism - Any pathogen, arthropod, or other biological
organism that is a predator, parasite, or pathogen of a plant pest and
which causes only minor or incidental damage, if any, to nursery products
and/or floral items subject to regulation under the Texas Agricultural Code,
Chapter 71.
• Integrated pest management plan - A department-approved plan for the
management of plant pests during plant production.
• Plant pest - Any pathogen, arthropod, or other non-vertebrate biological
organism that is detrimental to plants or plant products subject to
regulation under the Texas Agricultural Code, Chapter 71.
Sections 22.4, “Stop-sale Order and Appeal,” and 22.6, “Integrated Pest
Management Plans,” were revised to describe regulations for implementing
these aspects of the Texas Agricultural Code. Beneficial organisms are now a
control method of integrated pest management and do not constitute a basis
for the issuance of a stop-sale order. To meet the minimum requirements for
departmental approval of an integrated pest management plan, the certificate
holder must: 1) agree to use multiple approved control tactics to manage,
mitigate, or eliminate plant pests; 2) list the control tactics to be used; 3) list
the scientific name of the beneficial organisms used, if any, as a control tactic;
4) specify threshold levels, if available, for each plant pest and plant type
combination that will result in the use of one or more approved control tactics;
5) specify the methods to be used for monitoring the occurrence of plant pests;
and 6) describe the general sanitation practices to be used in the production of
regulated plants.
With assistance from Texas Cooperative Extension's IPM Program, Mr. Bobby
Murray (Murray Plant Farm) was the first grower to have an IPM plan approved
by the Texas Department of Agriculture. He set aside three greenhouses to be
used as a demonstration area. Two houses were managed using IPM concepts
and one house was conventionally managed. Each greenhouse contained 600,
12-inch pots with three hibiscus plants per pot. The hibiscus plants were grown in
a nursery stetting for two months before being moved into heated greenhouses in
September. The plants were heavily pruned to promote branching on 28 October.
The pruning removed most of the plant's foliage. The plants received a soft pinch
on 2 December.
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The IPM demonstration started on 11 October. Plant pests were monitored using
two methods. Three yellow-colored sticky cards were placed in each greenhouse
and checked weekly. To monitor for pests on the plant's foliage, 10 leaves per
pot were examined from 20 randomly selected pots per greenhouse. The goal
of this phase of the IPM demonstration was to keep whiteflies at an acceptable
level until 9 January when Marathon 1G (imidacloprid) was applied. Historically,
whiteflies are not a problem after the Marathon application.
Results and Discussion: The two IPM greenhouses required fewer pesticide
applications (1 and 2 applications) than the conventionally managed greenhouse
(6 applications) to manage whitefly populations. There are a couple of reasons
for the differences between the management methods. In the conventionally
managed greenhouse, the first insecticide application was made immediately
after the plants were brought into the greenhouses. No insecticide applications
were made for whiteflies in the IPM greenhouse at this time due to the fact that
the plants were going to be receiving a heavy pruning, which removed most of
the foliage and whitefly nymphs. On 7 November, Distance IGR (pyriproxyfen),
an insect growth regulator, was used as the first insecticide targeted against
whiteflies in the IPM houses. A single Distance application reduced the whitefly
population to an acceptable level for the duration of the study. On 16 October,
a tank mix of Azatin XL (azadirachtin) and Sevin (carbaryl) was applied in one
of the IPM houses due to the start of an aphid infestation. The majority of the
insecticides used in the conventionally managed greenhouse targeted adult
whiteflies. The emerging whitefly adults were capable of laying eggs before they
were killed, which enabled the whitefly populations to continue their growth.
The insecticide applications in all of the houses were made using a PulsFOG
(Dramm Corp, Manitowoc, WI) pesticide applicator. As a result, lower volumes
of pesticides were used than with traditional high volume sprayers. The cost of
the insecticide used in the two IPM houses was $11 and $22, while $64 was
spent in the conventionally managed house. The total costs do not include the
imidacloprid application. This IPM demonstration project showed how insecticide
applications based on proper scouting could result in more effective use of
insecticides and in turn save money.
Significance to Industry: Nursery and greenhouse producers are under
increasing pressure to reduce their pesticide use by implementing Integrated
Pest Management plans. The recent changes in the Texas Department of
Agriculture regulations provide an excellent opportunity for growers to make
modifications to their production practices. By basing pesticide applications
on scouting results, Mr. Murray was able to reduce the number of insecticide
applications targeted against whiteflies. The demonstration work at Mr. Murray's
is providing the growers in East Texas an excellent example of how to implement
a proper scouting program.
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Resistance Among Crape Myrtle (Lagerstroemia) Cultivars
and Species to the Flea Beetle (Altica litigata)
Raul I. Cabrera, James A. Reinert, and Cynthia McKenney
Texas A&M University Research and Extension Center,
17360 Coit Rd., Dallas, TX 75252
Index Words: Altica litigata, Crape Myrtle, Cultivars, Flea Beetle, Resistance,
Species
Nature of Work: Crape myrtles (Lagerstroemia spp.) have been categorized
as rugged and relatively disease and insect-free ornamentals (1, 2). Among
the very few insects that may regularly affect the appearance and performance
of crape myrtles are aphids, Japanese beetles, Florida wax scale, and flea
beetles (1). The metallic blue-green flea beetle (Altica litigata Fall) can severely
damage young crape myrtle plants, with reports of it becoming a serious pest
in containerized nursery production throughout the Southeastern U.S. (3). A
number of cultivated and weedy plants in the Onagracea (evening primroses)
and Lythracea (loostrife) families are the most common hosts for Altica flea
beetles, with both adults and larvae damaging the foliage in these plants.
However, only the adult flea beetle has become a pest on crape myrtles, where
substantial populations of this beetle can suddenly appear and severely damage
and defoliate containerized plants (3). To date, there have been no reports of
extensive flea beetle damage to landscape-established crape myrtles. During
the spring of 2002, a severe attack of flea beetles was observed in recently
containerized crape myrtle liners to be used in a salinity tolerance study, as well
as an apparent differential feeding preference among the various cultivars under
study. Therefore, formal experiments to properly document these preliminary
observations were undertaken.
Nursery choice feeding study: Rooted liners from cultivars of two Lagerstroemia
species and their inter-specific hybrids (L. indica L., L. fauriei Kohene, and
L. indica X L. fauriei hybrids) were acquired in early May 2002. The cultivars used
were 'Biloxi', 'Natchez', 'Basham's Party Pink', 'Tuscarora', 'Kiowa', 'Townhouse',
'Fantasy', 'Red Rocket™', 'Dynamite™', 'Carolina Beauty', 'Dallas Red' and
'Sacramento'. The small plants were transplanted during late May to 4-gallon
plastic containers holding a peat: pine bark: sand (2:1:1 v/v) growing medium
amended with (in lbs/yd3): 5.0 dolomitic limestone, 1.0 Micromax (complete
micronutrient fertilizer), and 1.0 Aquagro (wetting agent). The plants were being
manually irrigated with a complete nutrient solution based on Peter's Excel
15-5-15 (N-P-K) adjusted to provide a nitrogen concentration of 100 ppm. Five
completely randomized blocks that included one plant of each cultivar per block
were set-up. Plants of the cultivar 'Sacramento' (L. indica cultivar), which were
acquired the previous season and were growing in 4-gallon containers, were
heavily infested with Altica flea beetles emigrating from nearby fields having large
wild and cultivated populations of evening primroses. One severely flea beetleinfested 'Sacramento' plant was placed in the middle of each block of recently
transplanted liners. Thereafter, data was taken for several days on insect density
per leaf and leaf damage.
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Laboratory no-choice feeding study: Recently matured leaves from terminal
shoots of the Lagerstroemia cultivars listed before were used to bioassay the flea
beetle adults in a no-choice laboratory experiment. The experiment was set up
using plastic petri dishes as feeding chambers. Each dish was provided with two
water saturated filter paper discs. During the experiment, water was added to
the filter paper as needed to keep it saturated for the purpose of maintaining leaf
turgidity. Each dish was provided with two fresh excised leaves of the respective
cultivar. Five active adult flea beetles were randomly selected from a colony of
field-collected beetles. The beetles had been held in the laboratory for 13 days
without any food or water prior to placement on the leaves in each feeding dish.
Dishes were arranged on the laboratory bench in a randomized complete block
design with six replicates. Feeding damage and beetle mortality were assessed
daily for 6 days as parameters to measure cultivar resistance or susceptibility.
Results and Discussion:
Nursery choice feeding study: During the spring of 2002, a severe infestation of
flea beetles was observed in 'Sacramento' (dwarf L. indica cultivar) plants that
had been growing for one year in 4-gallon containers. The infestation was severe
based on adult beetle counts of 50-60 beetles per leaf and almost complete
defoliation of these plants in less than a 24 hour period, attesting to the sudden,
unexpected and voracious attack by this insect. These observations were
supported by testimonies from growers and nurseries attesting to the nature of
these attacks and damage. Therefore, heavily flea beetle-infested 'Sacramento'
plants were used as inoculants in the midst of each block of recently transplanted
crape myrtle liners (11 cultivars total). Flea beetles were observed to immediately
jump (their jumping ability brought about their common name) from the
'Sacramento' plants to the newly transplanted liners. However, within 24 hours
differences were observed with respect to the average number of beetles per leaf
(Fig 1A). All the L. indica cultivars showed the highest flea population densities
after 1 and 3 days (a combined daily average of 7.4 beetles per leaf), whereas
all the Japanese crape myrtles (L. fauriei) had the lowest numbers of beetles per
leaf (less than 1 per leaf by day 3). Most of the hybrid crape myrtles cultivars had
similar beetle densities as the Japanese parent L. fauriei, except 'Biloxi', which
resembled the L. indica cultivars. Percent leaf damage after three days basically
mirrored the observed beetle densities per leaf (Fig 1 B), with the L. indica
cultivars showing damage in most if not all of their new and old leaves. Within
L. indica, 'Red Rocket' was the cultivar showing the least damage at 45 and 79%
leaf damage in old and new leaves, respectively. Interestingly, while most of the
Japanese crape myrtles had no leaf damage, 'Biloxi had 98% feeding damage
in its older leaves, whereas its younger leaves had only 17% feeding damage.
These results suggest that leaves of the common crape myrtle (L. indica) may
have chemical constituents, nutrients, and/or volatile compounds that not only
attract flea beetles, but also make them more palatable.
Laboratory no-choice feeding study: Leaf feeding damage in L. indica 'Dallas
Red' increased over time and there were no dead beetles in these feeding
chambers (Table 1). In general, the beetles initially fed only on one leaf, but
once they damaged it about 1/4 to 1/3, they began feeding on the other leaf.
Conversely, less than 1% leaf feeding damage was observed in the Japanese
crape myrtles after 5 days, and 10 to 17% of the beetles were dead by this time,
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presumably due to starvation (remember that prior to this laboratory study the
beetles had not been feed for 13 days). The hybrid 'Basham's Party Pink' had
results very similar to the Japanese cultivars, having very little leaf damage, yet
higher beetle mortality (33% after five days). 'Natchez' and 'Tuscarora' were also
fairly resistant to feeding damage by the beetles (7-10% damage by 5 days) with
damage on these cultivars only observed as undersurface leaf tip and margin
nibbling. Interestingly, while the 'Biloxi' cultivar had greater leaf feeding damage
(28% by day 5) over the other hybrids, it showed beetle mortalities similar to the
Japanese cultivars. These laboratory results strongly suggest that Japanese
crape myrtles (L. fauriei) in general, including their hybrids, are not palatable or
perhaps even toxic to flea beetles.
Significance to Industry: While the sudden appearance of large populations
of flea beetles can very rapidly (within hours) damage and completely defoliate
containerized crape myrtle plants, results indicate that certain cultivars are more
susceptible to flea beetle attack and damage. Cultivars of the common crape
myrtle (L. indica) are in general the most susceptible to flea beetle attacks,
whereas Japanese crape myrtle cultivars and their hybrids are the most tolerant
to these insects. We believe this information will be very useful to nursery
growers by allowing them to identify, block, scout and chemically treat as needed
only those susceptible cultivars.
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Table 1. Resistance among crape myrtle cultivars to Altica litigata in a laboratory
no-choice feeding study. Values are means of 6 replicates.
Leaf feeding
damage (%)
2-day 4-day 5-day

% beetle
mortality
4-day 5-day

Cultivar

Species

'Kiowa'

L. fauriei

0

0.0

0

13.3

13.3

'Townhouse'

L. fauriei

0

0.8

0.8

3.0

10.0

'Fantasy'

L. fauriei

0.3

0.8

1.0

6.7

16.7

'Basham's Party Pink'

Hybrid

0

0.5

0.8

20.0

33.3

'Natchez'

Hybrid

2.0

7.2

7.2

10.0

13.3

'Tuscarora'

Hybrid

5.0

9.2

10.0

6.7

10.0

'Biloxi'

Hybrid

6.8

19.0

28.3

16.7

16.7

L. indica

16.3

33.8

45.8

0

0

'Dallas Red'
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Figure 1. Flea beetle (Altica litigata) A) infestation (density per leaf) and
B) feeding preference (% leaf damage) on selected crape myrtle cultivars.
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Fertility Affects Susceptibility of Chrysanthemum
to Cotton Aphids (Aphis gossypii):
Influence on Plant Growth and Physiology
Fred. T. Davies1, Jr., Chuanjiu He1, Amanda Chau2,
Kevin M. Heinz2, and Andrew D. Cartmill1
1
Department of Horticultural Sciences,
Texas A&M University, College Station, TX 77843-2133.
2
Department of Entomology, Texas A&M University,
College Station, TX 77843-2475
Index Words: Aphid Abundance, Best Management Practices, Ethylene,
Integrated Pest Management, Nutrition, Photosynthesis, Plant Growth
Nature of Work: This research details the influence of fertility on plant growth,
photosynthesis, ethylene evolution, and herbivore abundance of chrysanthemum
(Dendranthema grandiflora Tzvelev var. Charm) inoculated with cotton aphids
(Aphis gossypii Glover). We tested five fertilization treatments that consisted of
0%, 5%, 10%, 20%, and 100% (375 ppm N) of recommended nitrogen levels.
After five weeks, plants were inoculated at five aphids per 6-in. pot containing
four rooted cuttings. Plants were grown in growth chambers.
The cotton or melon aphid (Aphis gossypii Glover) is a serious economic pest
of greenhouse crops such as chrysanthemum (Dendranthema grandiflora
Tzvelev var. Charm) (2). High densities of cotton aphids can occur throughout
the chrysanthemum production cycle because of favorable greenhouse growing
environments and the prolific reproduction of aphids. Chrysanthemum cultivars
differ in susceptibility to aphids (1). The greenhouse environment and cultural
conditions contribute to host-plant resistance or susceptibility (6).
Fertilizers used in nursery - greenhouse industries are an important source of
essential elements for both chrysanthemums and aphids. High nitrogen fertility
can increase insect populations and decrease secondary metabolites, such as
phenolics, reducing the chemical resistance of host plants to aphids. During
commercial production, chrysanthemums are fertilized at high fertility (i.e.,
375 ppm N for pulse feeding). However, unlike agronomic or other field crops,
there is near zero tolerance for any aphids during greenhouse crop production of
chrysanthemum. In short, strategies for optimizing greenhouse chrysanthemum
nitrogen fertilization while simultaneously controlling aphid population
development have led to mixed results (1).
Hence this study tested the hypothesis that moderate levels of nitrogen would
better control cotton aphids on chrysanthemum. While aphids are known to
reduce plant quality, there have been few comprehensive studies on plant
response to aphid population dynamics.
Results and Discussion: This is one of the first reports on the susceptibility of
chrysanthemum to cotton aphids (Aphis gossypii) -- detailing the influence of
fertility on plant growth, photosynthesis and ethylene evolution, and herbivore
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abundance. The greatest relative reduction of plant performance was at highest
fertility levels of 375 ppm N (Tables 1 & 2).
Plant Growth. Aphids significantly influenced carbohydrate partitioning of
chrysanthemum. While aphids did not alter total plant biomass, they did
reduce reproductive growth (lower flower bud number and dry mass [dm])
and decreased leaf biomass. Aphids triggered morphological changes in leaf
development by increasing the specific leaf area (SLA [cm2 g-1]) (i.e., thinner
leaves) and increased the leaf area. A higher SLA indicates that fewer leaf
mesophyll cells develop and that biomass is reduced per unit leaf area (4).
Aphids are phloem feeders and cause minimal tissue damage, relative to leaf
miners which attack leaf mesophyll tissue or thrips which target individual cells.
As such, plants perceive aphids as pathogens and activate the salicylic aciddependent and jasmonic acid/ethylene dependent signalling pathways (5). These
aphid-triggered physiological responses may cause changes in leaf SLA.
Chlorophyll & Net Photosynthesis. While aphid inoculated (AI) plants did not
have statistically different levels of leaf chlorophyll, there was a reduction in
net photosynthesis (Pn) at high fertility (375 ppm N) in AI young leaves, but not
physiologically mature or older leaves. Lower N in AI plants may have indirectly
reduced Pn. The reduced Pn in young leaves of AI plants may also be due to
physical stress of phloem-feeding aphids (i.e., causing higher production of
ethylene or other signalling compounds).
Ethylene Production. Aphids caused greater ethylene production in reproductive
buds and young leaves of high fertility plants, but had no effect on physiologically
mature or older leaves. Ethylene is a phytohormone that can occur with plant
injury (e.g., aphid stylets penetrating leaf mesophyll cells to locate phloem
tissue). Phloem-feeding aphids (and whiteflies) produce marginal injury to plant
foliage, but instead are perceived as pathogens that can activate ethylenedependent signaling pathways (5). The activation of ethylene pathways may in
part explain the higher ethylene in flower buds and young leaves of AI plants.
Ethylene can adversely affect plant growth, and in combination with other plant
hormones, controls such important physiological processes as senescence and
abscission of leaves and flowers.
Nitrogen and Aphid Populations. While low to moderate N fertility greatly
reduced aphid populations in our study (Fig. 1), the chrysanthemums were not
of marketable quality. Dietary nitrogen, principally in the form of amino acids in
the phloem, is an important factor influencing aphid development (1). Hence,
aphid consumption of soluble nitrogen via amino acids is likely contributing to
the decline in total plant N. Aphids are known to concentrate more on newly
developing leaves than older leaves, in part because of greater amino acid
concentration in the phloem of the former (3).
The increased aphid populations on younger than older leaves in the high fertility
treatment of our study may be due to higher amino acid levels (which we did not
measure). Leaf N was higher in younger leaves.
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Significance to the Industry: Commercial production of ornamental
plants entails a rapid crop cycle where nutrients and water are applied in
abundance. A basic tenant of best management practices and integrated pest
management (IPM) systems is the reduction of quantities of fertilizers and
pesticides through more judicious use and integration of pest control methods.
IPM is highly applicable to a single plant-pest system -- hence the potential
with the chrysanthemum-aphid system. The morphology and physiological
status of chrysanthemum determines its susceptibility to aphids. This paper
demonstrates the influence of aphids on increasing ethylene, decreasing Pn, and
decreasing carbon allocation to leaves and reproductive structures. Selecting
chrysanthemum cultivars with greater resistance to aphids is one approach to
IPM. Controlling fertility and irrigation practices to reduce and manage aphids
are other options. While growing plants under deficient fertility levels is not a
satisfactory strategy for reducing insect pests, more precise chemical practices
that reduce fertility and pesticide levels may result in healthier, less stress
susceptible plants.
Literature Cited:
1.

Bethke, J.A., R.A. Redak, and U.K. Schuch. 1998. Melon aphid performance
on chrysanthemum as mediated by cultivar, and differential levels of
fertilization and irrigation. Entomol. Exp. Appl. 88: 41-47.

2.

Blackman, R.T. and V.F. Eastop. 2000. Aphids on the world's crops: an
identification and information guide, 2nd ed. Wiley, New York.

3.

Douglas, A.E. 1993. The nutritional quality of phloem sap utilized by natural
aphid populations. Ecol. Entomol. 18: 31-38.

4.

Hunt, R. and P.S. Lloyd. 1987. Growth and partitioning. New Phytol. 106:
235-249.

5.

Walling, L.L. 2000. The myriad plant responses to herbivores. J. Plant
Growth Regul. 19: 195-216.

6.

Waring, G.L. and N.S. Cobb. 1992. The impact of plant stress on herbivore
population dynamics. In: E. Bernays (ed.) Insect Plant Interactions. Vol. IV
Boca Raton, Flor.

164

Entomology Section

Entomology Section

NS

Fert (F)

Aphids (A)

AxF

NS = nonsignificant.

Z

<0.0001

<0.0001

0.0256

P

NS

<0.0001

NS

P

Plant Height

Source

AxF

Fert (F)

Aphids (A)

Source

Flower Bud DM

[YOU NEED TO DEFINE “DM” IN A FOOT NOTE]

AxF

<0.0001

NS

Aphids (A)

Fert (F)

P

Source

Total Plant DM

NSZ

<0.0001

Fert (F)

AxF

<0.0001

P

Aphids (A)

Source

Individual Flower
Bud DM

AxF

Fert (F)

NS

P

0.0004

<0.0001

0.0025

P

0.0200

<0.0001

Leaf Area
Aphids (A)

Source

AxF

Fert (F)

Aphids (A)

Source

Leaf DM

Table 1. ANOVA P values of growth parameters of chrysanthemum-aphid study.
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Table 2. ANOVA P values of Fertility and Aphids on leaf Nitrogen (N) and
Phosphorus (P) from physiologically mature leaves of chrysanthemum.

Fert Aphids

N

P

(%)

(%)

Fert

<0.0001

<0.0001

Aphids

<0.0001

<0.0001

NS

NS

Fert* Aphids

z

ZNS = nonsignificant.

Fig. 1. Effect of fertility and leaf development on aphid populations in
chrysanthemum at termination of experiment; n=3; bars indicate the standard
error of the mean, when absent it falls under the symbol; treatment effects of
fertility (F), leaf position (L) and F X L were highly significant (P≤0.0001).
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Manipulating Fertility of Potted Chrysanthemum Influences
Cotton Aphid (Aphis gossypii) Populations
Fred T. Davies1, Jr., Kevin M. Heinz2, Amanda Chau2,
Chuanjiu He1, and Andy D. Cartmill1
1
Department of Horticultural Sciences, Texas A&M University,
College Station, TX 77843-2133.
2
Department of Entomology, Texas A&M University,
College Station, TX 77843-2475
Index words: Aphid Abundance, Best Management Practices, Integrated Pest
Management, Nutrition, Plant Growth, Plant Stress, Slow Release Fertilizer,
Cotton Aphid, Aphis gossypii
Nature of Work: This study tested the hypothesis that increased nitrogen
will enhance insect pest populations of cotton aphid (Aphis gossypii Glover).
Slow-release, pre-incorporated fertilizer was supplied to rooted cuttings of
chrysanthemum (Dendranthema grandiflora var. 'Charm') potted in 6-in (15.2 cm)
containers. Plants were grown for eleven weeks in growth chambers under three
fertility levels of Nutricote 18N-6P205-8K2O — 0.5x rate: 3 lb yd-3 (1.8 kg m-3), 1x
rate: 6 lb yd-3 (3.6 kg m-3), and 2x the recommended rate: 12 lb yd-3 (7.2 kg m-3).
After 5 weeks, plants were inoculated at five aphids per pot. Each pot contained
four rooted cuttings, which is the industry standard.
Ornamental crops in Texas rank first economically among agricultural
commodities. During the 1990's there was a 10.3% increase per annum in
Texas ornamental crop production. However, horticultural and pest management
inputs to ornamentals are 10-fold greater than with other commodity crops.
Consequently, fertilizers, pesticides and growth regulators are carried off in
effluents. Texas Surface Water Quality Standards (proposed in July 2000)
protect, maintain, and restore Texas water resources to guarantee the health
of Texas citizens. These Standards mandate monitoring by regulatory agents
for pollutants and that nurseries submit environmental management plans. The
challenge to the $1.3 billion (per anum) Texas ornamental industry —resulting
from this policy — will be to optimize inputs, reduce effluents, and maintain
quality yields. The utilization of best management practices (BMP) such as
recycling irrigation water, increased slow release fertilizer usage, and biological
pest control are some of the practices that the nursery industry has implemented
(Yaeger et al. 1997).
To better maintain the economic health of this vital industry, while addressing
environmental concerns, our research is focusing on how precision fertilization
and irrigation systems impact entomological interactions and subsequent crop
yield and quality. In this preliminary study, the effect of nitrogen fertilization on
the abundance of cotton aphid, Aphis gossypii was studied on chrysanthemum,
Dendranthema grandiflora var. “Charm”. We tested three fertilization treatments
that consisted of 0.5x, 1x, and 2x (the recommended nitrogen level). Thirty-five
days after four rooted cuttings per pot were established, plants pinched, treated
with B-9 at 3500 ppm, and placed under short-day conditions — five apterous
aphids were transferred to each pot. Aphids were counted weekly over a sevenEntomology Section
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week period. The experiment was harvested after 78 days and all treatments
evaluated for plant growth and leaf tissue elemental analysis.
Results and Discussion: Greatest plant height, leaf, shoot and flower bud dry
mass, leaf area, shoot number and flower number occurred with the highest
fertility level (Table 1). Conversely, least growth occurred at the lowest fertility
level. Aphids had no effect on plant growth, except at highest fertility level where
aphid inoculated plants had a greater leaf area and higher shoot number (Table
1). There were no aphid effects on reproductive growth (i.e., flower dry mass or
flower number) (Table 1).
Highest leaf elemental nitrogen (N) and magnesium (Mg), and lowest phosphorus
(P) and potassium (K) occurred at the highest fertility level (Table 2). There was
no difference in leaf elemental calcium (Ca) among fertility treatments. Plants at
the low fertility level had the lowest leaf elemental N and the highest P. Plants
at the highest fertility level had highest iron (Fe), manganese (Mn), zinc (Zn),
copper (Cu), and boron (Bo) and lowest molybdenum (Mo) and sodium (Na)
(Table 3). Both boron (B) and Na were lowest in aphid-colonized plants (Table 3).
From 2 to 7 weeks after inoculation of aphids, aphid populations were lower at
the low fertility (0.5x) than 1x or 2x levels (Fig. 1). Aphid levels were comparable
between the medium and high fertility rates.
Dietary nitrogen is one of the most important factors that influence the
development and performance of insect pests such as aphids (Mattson 1980).
Nitrogen fertilizers are used in nursery/greenhouse ornamental production and
are an important source of nitrogen for both pests and host plants. Studies
on nitrogen fertilization and aphid population development have led to mixed
results. Reproduction of melon aphid (A. gossypii) was affected by cultivars of
chrysanthemums, but not irrigation or fertilizer treatments (Bethke et al. 1998).
Reduction of fertilizer usage and subsequent reduction in nitrogen run-off has
caused changes in nitrogen usage for a number of ornamental crops (Cabrera et
al. 1993; Yeager et al. 1997). Knowing the influence of nitrogen fertilizer on the
host plant and pest insects will minimize insect damage and help improve crop
quality.
Significance to the Industry: There are excellent opportunities to develop
best management practices (BMP) for the nursery and greenhouse industries
to reduce fertility and pesticide usage, maintain crop productivity, and enhance
integrated pest management systems. The long-term goal of this research is to
develop management systems for maximizing crop quality and quantity while
minimizing inputs, energy costs, and environmental and worker safety risks.
Benchmarks need to be determined for optimal inputs in greenhouse and nursery
crop production. The incorporation of new production systems to reduce fertilizer
and pesticide usage without reducing plant quality is one of the most important
challenges facing the nursery/greenhouse industries. Lower fertility reduced
populations of cotton aphid on chrysanthemum. However, the nutritionally
stressed, low fertility level plants were not commercially acceptable. Future
experiments are focusing on fine-tuning fertility levels to minimize populations of
cotton aphid, while maintaining marketable quality of chrysanthemum.
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Table 1. Influence of mineral nutrition and insect pest infestation on selected plant growth parameters of Dendranthema grandiflora
L. 'Charm' grown under controlled environment for 78 days.
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Mean values within columns ± SE (n = 5 plants at each fertilizer level).
X
ANOVA: NS = Non-significant (P ≥ 0.05).
V
Sufficiency range of mineral elements determined from mature leaf tissue of Chrysanthemum (Jones et al., 1991).
‡
Macronutrient concentration = per gram leaf dry mass.
†
Insect pest = infested or not infested with aphid.
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Table 2. Influence of mineral nutrition and insect pest infestation on leaf macronutrient‡ content of Dendranthema grandiflora 'Charm'
grown under controlled environment for 78 days.
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Table 3. Influence of mineral nutrition and insect pest infestation on leaf micronutrient‡ content of Dendranthema grandiflora 'Charm'
grown under controlled environment for 78 days.
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Figure 1. Effect of slow release fertilizer at 0.5x, 1x and 2x recommended rates
on cotton aphid (Aphis gossypii) populations over a 7-week period in potted
chrysanthemum (Dendranthema grandiflora 'Charm').
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Strawberry Rootworm Biology and Control
Charles P. Hesselein and David W. Boyd, Jr.1
Alabama Cooperative Extension System,
P.O. Box 8276, Mobile, AL 36689-0276
1
USDA, ARS, P.O. Box 287, 306 S. High St., Poplarville, MS 39470
Index words: Strawberry Rootworm, Paria fragarie, Azalea, Pests
Nature of Work: The strawberry rootworm (SRW), Paria fragariae Wilcox
(Coleoptera: Chrysomelidae), is proving to be a threat to profitable azalea
production. Stephenson (1983) reported an outbreak of the strawberry rootworm
in container-produced azaleas in 1982. However, only in the past several years
have reports of damage by this pest become widespread in azalea production
within the Southeast. This nocturnal beetle damages plants by feeding on the
foliage. Symptoms of an infestation are small circular to elongated feeding holes
in the foliage generally not more than 1/16 inch in diameter or width. The beetles
are a little over 1/8 inch long, oval, and shiny dark brown with four black markings
on their wings. During the day, beetles hide within foliage or in plant debris at
the base of the plant. They can be found by vigorously shaking infested plants
over a clean ground cover or by striking infested plants with a blunt instrument
over a net, such as a sweep net, and collecting plant debris and beetles. Initially,
dislodged beetles will stop moving (i.e., play dead), but within a minute the
dislodged beetles will scurry or fly for cover.
The majority of information about the life history of this insect has been collected
in strawberry production (Smith and Kido 1949, Bennett and Fulton 1953).
However, some of the earliest literature describes it as a pest of greenhouse
grown roses (Weigel 1926). The life history information from these authors can
be summarized as follows: 1) the adult beetles feed on warm days periodically
throughout the winter, 2) adult beetles emerge from hibernation in mild climates
from early February to early March and begin laying eggs approximately one
month after spring emergence, 3) eggs are laid in the lower canopy or in media
and debris at the base of the plant, 4) larvae (tiny white grubs up to 1/5 inch long)
burrow into the soil (media) and feed on root tissue, and 5) beetles can complete
their life cycle (egg to adult) in about 41 days at 85ºF and 82 days at 70ºF.
Results and Discussion: Current research at the Alabama Ornamental
Horticulture Research Center, Mobile, AL and the USDA, ARS Small Fruit
Research Station, Poplarville, MS is looking at the biology and control of
the SRW in ornamental container production. This research shows some
discrepancies with earlier work on SRW biology suggesting that the beetle
infesting plants in nursery production may be a different species than the one
described in earlier papers. While Smith and Kido (1949) report that SRW
populations consist only of females, current work has observed male and female
insects mating. Also, SRW is reported to have a single generation per year or
possibly a partial second generation (Smith and Kido 1949, Bennett and Fulton
1953), but current studies have found evidence of up to four generations per
year in the gulf-states region. The SRW completes its life cycle in containerized
evergreen azaleas; that is, all life stages (egg, larvae, pupae and adult) can be
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found thriving in infested azalea plants, and the insects do not need another host
plant or environment to complete their life cycle. Virginia sweetspire (Itea virginica
L.) is another acceptable host that can suffer considerable damage by the SRW.
Even though SRW larvae can be observed in heavily infested azaleas, the larvae
do not appear to exist in high enough numbers in the media to inflict serious plant
damage. Monitoring SRW adult beetles can be accomplished by placing a sweep
net under infested foliage and knocking or sweeping beetles into that net with a
sturdy blunt instrument.
Studies regarding pesticide efficacy for control of SRW are ongoing at the
Ornamental Horticulture Research Center, Mobile, Alabama. In a greenhouse
spray trial conducted last year, the insecticides Talstar N (active ingredient [a.i.]
bifenthrin at 7.5 fl oz Talstar N / 100 gal), Conserve SC (a.i. spinosad at 6 fl oz
Conserve SC/ 100 gal), DuraGuard ME (a.i. chlorpyrifos at 50 fl oz DuraGurard
ME/ 100 gal), Orthene 97 (a.i. acephate at16 oz Orthene 97/ 100 gal), and
Sevin 80 WSP (a.i. carbaryl at10 oz Seven 80 WSP/ 100 gal) were tested.
Among these pesticides, Sevin 80 WSP and DuraGuard ME were the most
effective materials. DuraGuard ME provided at least some residual control three
weeks after the initial treatment. A shorter residual control in outdoor container
nursery production would be expected, because this trial was conducted in the
greenhouse with hand watering. Stephenson (1983) reported that sprays of
chlorpyrifos, bendiocarb, carbaryl, and acephate all reduced SRW populations
by more than 85%. Collins (2002) reported that SpinTor 2 SC (a.i. spinosad) was
effective for controlling SRW in blueberries. In contrast, our studies showed that
neither acephate nor spinosad treatments were effective for controlling SRW.
No differences in spray timing (i.e., morning [9:00 A.M.] versus night [9:00 P.M.])
could be detected (P≤ 0.05) for SRW control. However, since this experiment
was conducted in a greenhouse, the results may not be directly translatable to
outdoor nursery conditions where pesticide weathering from UV light, overhead
irrigation, and precipitation would be more severe. In particular, weathering of
pesticide products could reduce the efficacy of sprays applied when SRW adults
were inactive (i.e., daytime sprays). Anecdotally, growers have reported greater
efficacy from nighttime over daytime applications. Trials currently underway are
showing promise for the pesticides Deltagard (a.i. deltamethrin), Scimitar (a.i.
lambda-cyhalothrin), and Decathlon (a.i. cyfluthrin).
Significance to Industry: Growers and purchasers of evergreen azaleas need
to be aware of a new or resurgent beetle pest, the strawberry rootworm. The
SRW damages plants primarily by the foliar feeding of the adult beetle stage,
which creates numerous small (1/16 inch diameter) holes. The SRW larvae are
tiny (less than 1/5 inch long) and complete their lifecycle in container media,
while adults are nocturnal and hide in foliage and debris during the day. The
cryptic nature of larvae and adults makes detection of the SRW somewhat
problematic. Adult beetles can be killed with currently labeled insecticides.
However, more work is needed, especially in regards to managing larval
populations in the media. With more detailed knowledge of SRW biology and
susceptibility to currently labeled insect control products, growers will be able to
economically manage SRW populations.
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Asian Woolly Hackberry Aphid, Shivaphis celti Das,
A New Pest of Hackberry and Sugarberry in Tennessee
David L. Cook and Frank A. Hale
Department of Entomology and Plant Pathology
Agricultural Extension Service
University of Tennessee Nashville, TN 37211-5112
Index Words: Asian Woolly Hackberry Aphid, Shivaphis celti, Hackberry, Celtis
occidentalis, Sugarberry, Celtis laevigata, Multicolored Asian Lady Beetle,
Harmonia axyridis, Hemiptera, Aphididae
Nature of Work: The Asian woolly hackberry aphid, Shivapis celti Das
(Hemiptera: Aphididae), is an introduced pest first detected in Georgia, Florida,
and Alabama in 1996 and 1997, respectively (1, 2). Since then, S. celti has been
found throughout most of Florida. In September and October of 2001, S. celti
was detected in nine counties within Tennessee including the southern Middle
Tennessee counties of Maury, Lincoln, Giles, Moore, Marion, Bradley, Meigs,
and Hamilton and an outlying sighting in Lake County (northwestern most county
of the state). In July through October of 2002, S. celti was found in Davidson,
DeKalb, Knox, Marshall, Monroe, Rutherford, Sumner, Williamson, and Wilson
Counties.
S. celti exudes bluish-white waxy filaments from wax glands on the abdomen
giving it a cotton candy, cottony, or woolly appearance (2). Since there are
winged forms, the tiny cottony insects are often detected as they slowly fly near
infested areas. S. celti also produce copious amounts of sticky honeydew that
covers the leaves, branches, and tree trunk and can often drip to the ground
below. Sooty mold fungi grow on this sugary honeydew substrate. The sooty
mold can blacken the entire tree and any items (e.g., outdoor furniture and toys)
found beneath the tree. While considered a nuisance pest, this aphid does not
appear to cause any long-term damage to the trees (2).
Results and Discussion: In 2001, S. celti was found primarily in rural areas
of Tennessee, which reduced its impact as a nuisance pest. In Florida, they
have been reported in large numbers flying around buildings in urban areas like
Gainesville (3). Hackberry (Celtis occidentalis L.) and sugarberry (Celtis laevigata
Willd.) are common trees in urban areas of Tennessee. If S. celti expands its
range into urban areas, it has the potential to be a significant nuisance pest in
Tennessee.
Like most introduced pests, S. celti does not have its full compliment of natural
enemies to help regulate its populations. Another introduced insect, the
multicolored Asian lady beetle, Harmonia axyridis (Pallas), has been found in
trees infested with S. celti. During late summer, H. axyridis can be found in high
numbers in forests and landscapes and is considered an excellent predator of
arboreal aphids. However, H. axyridis did not prevent outbreaks of S. celti. Future
observations will document both the spread of S. celti and the level of control by
natural enemies.
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Significance to Industry: While C. occidentalis and C. laevigata are not grown
in any significant number by our nursery industry, they are dominant trees in
many forests and landscapes. S. celti has the potential to become a major
nuisance pest in Tennessee.
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Elevational Influences on Clearwing
Borers in Southeastern Tennessee
Kelly Jackson1, Jerome Grant1, and Frank Hale2
Dept. of Entomology & Plant Pathology, University of Tennessee,
Knoxville, TN 37996-4560
2
Dept. of Entomology & Plant Pathology, Agricultural Extension Service,
University of Tennessee, Nashville, TN 37211-5112
1

Index Words: Sesiidae, Synanthedon exitiosa, Podosesia syringae, Elevational
Influence, Seasonal Incidence
Nature of Work: The larvae of clearwing moths (Lepidoptera: Sesiidae) are
among some of the most damaging woody plant pests in Tennessee. While
their damage is considered insignificant in most natural settings (e.g., a forest),
their damage is extremely noticeable and economically destructive in urban
and commercial settings. Trees in urban landscapes are frequently susceptible
to infestation and damage by borers, because managed landscapes are more
predisposed to mechanical and cultural damage than natural settings. This
damage increases the vulnerability of stressed and/or wounded plants to
clearwing borers (1).
Biological information, such as localized adult emergence timing of clearwing
moth species, would facilitate management in urban landscapes and commercial
nurseries. In certain areas, such as southeastern Tennessee, where there
is a wide range of topography, adult emergence times may vary at different
elevations. In spring 2000, a two-year study was initiated to monitor seasonal
emergence of selected clearwing borer species and to evaluate elevational
influences on their seasonality and species composition. This paper summarizes
the results of the first year of research.
The seasonal incidence of clearwing moths was monitored weekly from April
to October 2000 at five urban sites in southeastern Tennessee. Three sites
(Sites 1, 2, and 3) were located on Lookout Mountain, one (Site 4) on Elder
Mountain, and one (Site 5) in Hixson, Tennessee. These sites were selected to
elucidate the influence of elevation on species composition and seasonality of
clearwing moths (Table 1). Elevation was characterized as low (207 – 228 m
[679 – 748 ft]) at Sites 1 and 5, moderate (499 – 553 m [1,637 – 1,814 ft]) at
Sites 2 and 4, or high (651 m [2,136 ft]) at Site 3. Three pheromone traps (BioControle Services Multipher I trap) baited with Scentry SC-K103 clearwing moth
pheromone (17.4 mg [0.0006 oz] 97/3 z, z-3, 13 C19 acetate/e,e-3, 13 C18
acetate 91% purity) were placed at each site. A 2.54 x 5.08 cm (1.0 x 2.0 in)
strip of Hercon Vaportape (10% DDVP) was placed in the base of the trap to
kill captured specimens. On each weekly collection date, adult moths were
removed from the traps, placed in 900 ml (30.4 fl oz) resealable plastic bags,
and taken to the laboratory for sorting, processing (i.e., pinned for preservation),
and tentative identification to species. Identifications were confirmed by Thomas
Eichlin (California Department of Food and Agriculture, Plant Pest Diagnostics
Center, Sacramento, CA). Voucher specimens were placed in the University

Entomology Section

179

SNA RESEARCH CONFERENCE - VOL. 48 - 2003
of Tennessee Insect Museum. Data analyses were performed using Statistical
Analysis System (SAS). Least Square Means test was used to separate
significant differences among means, and a general linear model assessed
differences among elevations.
Results and Discussion: During the 23-week collection period, nine species
of clearwing moths representing three genera were collected at five elevations
(Table 1). Four species (Synanthedon exitiosa [Say], Synanthedon rhododendri
[Beutenmuller], Podosesia aureocincta Purrington and Nielsen, and Podosesia
syringae [Harris]) were collected from at least four of the five sites. The most
numerous species collected was S. exitiosa representing 93.4% (n = 9,141) of
all specimens collected; P. syringae represented 5.8% (n = 564). Seven species
represented the remaining 0.8% (n = 79) of the total specimens collected.
When sites were categorized as low, moderate, and high elevation types,
distinct differences in S. exitiosa numbers were documented with adult number
decreasing as elevation increased (mean densities/trap/day = 32.0, 26.5, and
16.0 for low, moderate, and high elevations, respectively). Densities of S. exitiosa
were significantly influenced by site and sampling date (p<0.0001, R2=0.9266)
(Fig. 1). Between the two low elevation sites, densities of S. exitiosa were
significantly greater at Site 5 - a difference attributed to its location, which was
situated in a homeowner's landscape in a highly urban area. Trees in urban type
habitats (Site 5) are more likely to be wounded or injured from human activities
(e.g., mowing) making them more susceptible to infestation by clearwing moths
than trees in a more natural setting with less maintenance (i.e., Sites 1-4).
When sites were categorized by elevational type (i.e., low, moderate, or high),
distinct differences in P. syringae numbers also were documented, as the
numbers of adults decreased as elevation increased (mean densities/trap/
day = 2.6, 1.1, and 0.9 for low, moderate, and high elevations, respectively).
Densities of P. syringae also were significantly influenced by site and sampling
date (p<0.0001, R2=0.7140), as greater numbers of adults were found at Sites 1
and 5 (both low elevation sites).
In southeastern Tennessee, adult P. syringae were collected from 21 April
(early spring) to 30 June (early summer) (Fig. 2). However, populations of adult
S. exitiosa were commonly collected throughout the season, from early May
(spring) to mid October (fall), peaking by late August. After the completion of
the second year of research, seasonality data will be evaluated to assess the
influence of elevation (and associated temperatures) with emergence times of
P. syringae and S. exitosa.
Significance to Industry: These data summarize the first year of a two-year
study. Species composition will vary when results from both study years are
combined and analyzed, because some species of clearwing moths (e.g.,
oak borer) require two years for development (2). The type of clearwing
moth pheromone used also can affect species composition. However, these
preliminary data suggest that localized elevational differences are another
factor that may influence emergence times and seasonality of some species of
clearwing moths (e.g., S. exitiosa). Thus, management programs directed against
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clearwing pests should avoid insecticidal spraying using a calendar day schedule
applied to a large geographical area. Integration of predictive modeling, such
as degree day development, should enable growers and homeowners to more
appropriately time insecticidal applications in their specific locality for maximum
efficacy with less environmental impact.
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X
X

Synanthedon rubrofascia
(black gum borer)

Synanthedon scitula
(dogwood borer)

Parathrene simulans
(oak borer)

X

Synanthedon kathyae
(no common name)
X

X

X

X

X

X

X

Podosesia aureocincta
(banded ash clearwing)

X

Synanthedon rhododendri
(rhododendron borer)

X

X

X

X

Podosesia syringae
(lilac borer/ash borer)

X

X

X

X

X

X

Sites and Corresponding Elevations
Site 2
Site 3
Site 4
(499 m)
(651 m)
(553 m)
(1,637 ft)
(2,136 ft)
(1,814 ft)

Synanthedon fatifera
(lesser viburnum borer)

X

Synanthedon exitiosa
(peachtree borer)

Species

Site 1
(228 m)
(748 ft)

Table 1. Clearwing moth species and sites collected using pheromone traps, 2000 (n=9,784).

X

X

X

X

Site 5
(207 m)
(679 ft)

1

1

3

3

14

27

30

564

9,141

No.
Collected
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Figure 1. Mean number of Synanthedon exitiosa from each collection site. Sites
1 and 5 are low elevation; Sites 2 and 4 are moderate elevation; and Site 3 is
high elevation.

Figure 2. Seasonal incidence of S. exitiosa and P. syringae.
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Use of Bigeyed Bugs as Predators of
Selected Pests of Ageratum
Nicole Pendleton Gamble1, Jerome F. Grant1,
Paris L. Lambdin1, and Ken McFarland2
1
Dept. of Entomology & Plant Pathology,
University of Tennessee, Knoxville, TN 37996-4560
2
Dept. of Botany, University of Tennessee, Knoxville, TN 37996
Index Words: Bigeyed Bugs, Geocoris punctipes, Biological Control, Western
Flower Thrips, Frankliniella occidentalis, Greenhouse Whitefly, Trialeuroides
vaporariorum
Nature of Work: The importance and use of Integrated Pest Management (IPM)
in cropping systems continue to grow, as resistance and other pesticide concerns
dictate the need for innovative and less ecologically damaging alternatives for
pest control. The use of predatory insects as a complementary management tool
is one of several methods of biological control that fall into the realm of IPM.
Geocoris spp. feed upon a wide range of arthropods, including aphids, tarnished
plant bugs, whiteflies, lepidopteran larvae, spider mites, and many kinds of insect
eggs. The bigeyed bug, Geocoris punctipes (Say) (Hemiptera: Lygaeidae), is
a generalist insect predator commonly found in many agricultural systems (5).
In an extensive field survey, 67 different prey species were recorded for three
species of Geocoris, including the bigeyed bug (5). Although much information
is available on the impact of the bigeyed bug on pests of traditional agricultural
crops, such as soybeans, cotton, etc. (6), little is known about its benefit as a
predator of pests in commercial nurseries or greenhouses (7). The bigeyed bug
is a logical candidate for evaluation as a biological control agent in ornamental
greenhouse crops, because its effectiveness has been demonstrated in the field,
and its prey range includes pest species (e.g., whiteflies, aphids, and mites)
found on ornamental crops.
Development of a suitable meat-based artificial diet for the bigeyed bug has
improved the potential for mass rearing large numbers of this predator for
release on ornamental plants (2, 3, 4). These releases could augment naturallyoccurring populations to sustain season-long reproduction and predation in
commercial nurseries or to establish predator populations in greenhouses.
Thus, this study assessed the potential of artificially-reared G. punctipes as
a greenhouse biological control agent within an ornamental cut flower crop,
Ageratum houstonianum Mill. Predatory potential was evaluated by measuring:
1) if G. punctipes significantly reduced densities of the greenhouse whitefly,
Trialeuroides vaporariorum (Westwood), and 2) if G. punctipes significantly
reduced populations of western flower thrips, Frankliniella occidentalis
(Pergande).
Studies were conducted in rectangular cages (61 cm [24 in] wide, 91.4 cm
[36.0 in] deep, and 122 cm [48 in] tall) constructed of PVC pipe (19 mm [0.75
in] diam.) and covered with a fine mesh screen to contain thrips. Ageratum
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houstonianum var. 'Leilani', a plant grown commercially as both a cut flower and
potted plant, was used because: 1) whiteflies are a common pest of greenhousegrown Ageratum, 2) it is relatively easy to grow, 3) it is not photoperiod
sensitive (does not require a specific day length to flower), and 4) it does not
need supplemental lighting to extend day length (Ball Seed Co., pers. comm.).
Ageratum houstonianum seeds were planted in trays until plants were ca.
15 cm (5.91 in) tall. Eight ageratum plants were then transferred into each of
12 cages and spaced as recommended when grown as a cut flower (15 x 23 cm
[5.9 x 9.1 in]) (ca. 25ºC [77ºF]) (1).
Adult greenhouse whiteflies were collected from a greenhouse infestation on
the University of Tennessee campus. Western flower thrips were discovered on
ageratum when transplanted into the cages and were evaluated as an additional
prey species, because little information is available regarding the ability of
bigeyed bugs to suppress populations of thrips. Three treatments (repeated four
times) measured the ability of G. punctipes to reduce populations of greenhouse
whitefly and western flower thrips in the greenhouse: 1) no predators, 2) low
predator density (6 adults, 3 per sex), and 3) high predator density (12 adults,
6 per sex). After transplanting, 20 adult greenhouse whiteflies were released
into each cage. After one week, numbers of whitefly and thrips within each cage
were estimated by choosing one mature leaf (in upper 1/3 of plant) from each of
three plants. Numbers of whitefly pupae or thrips on the bottom surface of each
leaf were counted and recorded. (Note: The fourth instar or last nymphal stage of
whiteflies is commonly called a pupa, but is not a true pupal stage characteristic
of insects with complete metamorphosis). Only whitefly pupae from which the
adult had not emerged were counted. Immediately afterward, the respective
number (0, 6, or 12) of adult G. punctipes (< 7 days old) (reared on an artificial
meat-based diet) were released into each cage. After one and two weeks, three
leaves (mature leaves from upper part of the plant) were collected from each
cage, and the number of whitefly pupae and thrips were counted and recorded.
After three weeks, plants were cut at the soil line, placed into plastic bags, and
taken to the laboratory, where each leaf was inspected for the number of thrips,
whitefly, bigeyed bug adults and/or nymphs, and bigeyed bug eggs.
Analysis of variance, Mann-Whitney nonparametric test, and regression were
used to determine relationships between the numbers of bigeyed bugs and pest
species. Tukey HSD was used to assess differences between high and low
Geocoris treatments.
Results and Discussion: In the greenhouse, adult bigeyed bugs reared on
an artificial meat-based diet significantly reduced populations of western flower
thrips after two and three weeks (Fig. 1). Thrips populations were significantly
lower in both low (6 predators) and high (12 predators) density treatments than
in cages with no G. punctipes. No significant differences in thrips populations
were observed between cages with high and low density treatments, so that six
G. punctipes per cage were as effective in controlling thrips populations, as were
12 G. punctipes.
Bigeyed bugs did not significantly reduce populations of greenhouse whitefly
after three weeks on A. houstonianum in this study (Fig. 2). However, densities of
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whiteflies were numerically, although not significantly, lower in cages with bigeyed
bugs. Statistical differences may have been detectable after a longer period of
exposure to predators. Limited distribution of whiteflies within the cages and a
lack of visible symptoms of feeding on the plants suggest that the whitefly (and
thrips) infestations were still in the early stages. A longer experimental period
would likely clarify the potential of G. punctipes to reduce whitefly populations on
this crop.
Significance to Industry: The bigeyed bug continues to be a strong candidate
for potential use as a biological control agent in ornamental crops. The bigeyed
bug preys upon numerous pests common to ornamental crops, is persistent
in at least some cropping systems, and can reduce populations of thrips.
Further understanding of nutritional needs of this insect in respect to artificial
diet may improve efficiency in mass rearing, resulting in greater availability of
bigeyed bugs at a competitive price. Improved availability, coupled with further
demonstration of the ability of bigeyed bugs to reduce populations of various
pests of ornamental plants, could enhance the use of this predator as an effective
biological control agent in ornamental plants and enable growers to maximize
economic profitability while minimizing environmental impacts.
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Figure 1. Mean number (± standard deviation) of western flower thrips per plant
(Ageratum houstonianum) after a three-week experimental period. Columns with
the same letter are not significantly different from one another (p=0.05).

Figure 2. Mean number (± standard deviation) of greenhouse whitefly per plant
(Ageratum houstonianum) after a three-week experimental period. Columns are
not significantly different from one another (p=0.05).
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Diversity of the Insect Fauna Associated with
Eastern Hemlock, Tsuga canadensis (L.)
Lee Buck, Paris Lambdin, and Jerome Grant
The University of Tennessee
Department of Entomology and Plant Pathology
Knoxville, Tennessee 37996-4560
Index Words: Eastern Hemlock, Insects, Biodiversity
Nature of Work: Eastern hemlock, Tsuga canadensis (L.) Carriere, is not only
an important component in the forests of eastern North America, but among
the most widely grown evergreens in ornamental landscapes. Industrial uses
for eastern hemlock include timbers, boxes, crates, railway ties, pulpwood, and
general construction. Hemlock has also been used as a source of tannin for
tanning leather. Medically, the Native Americans used the moist inner bark to
make a poultice for wounds and sores, and the oil from the needles and twigs is
used in liniments.
Since its initial discovery in 1951 near Richmond, Virginia (1, 2, 5), the exotic
hemlock woolly adelgid (HWA), Adelges tsugae Annand (Hemiptera: Adelgidae),
has become a destructive pest of forest and ornamental eastern hemlock in at
least 11 eastern states from Tennessee to southern New England. Almost threequarters of the hemlocks in Shenandoah National Park in Virginia have suffered
defoliation and mortality from hemlock woolly adelgid, while almost half of the
hemlocks in New Jersey are suffering from moderate to severe infestations. The
nursery industry in North Carolina and Tennessee currently maintain significant
quantities of hemlock growing stock for use as border and accent plants in
landscapes. Reductions in sales of hemlock for ornamental use, as well as trees
harvested for use by the wood products industries, could have an important
economic impact on these businesses.
The objectives of this project were: 1) to determine the species of insects
associated with eastern hemlock, and 2) to compare the insect fauna in
relationship to their distribution within the Great Smoky Mountains National Park.
Two sites (2, 3) with mature hemlocks (diameter breast height [dbh] > 20 cm
[7.8 in]) and two sites (1, 4) with new growth hemlocks (dbh < 20 cm) were
selected representing high (ca. 1,149 m [3,770 ft]) and low (ca. 760 m [2,493
ft]) elevation gradients within the park. These four sites were sampled from
20 May to 22 November 2002. Sites one and two were located at Elkmont
(35°39'56.388N/83°35'04.9l5W and 35°39'47.733N/83°35'l0.036W, respectively),
and sites three and four were located at the Chimney (35°38'1.74N/83°28'11.4"W
and 35°37'49.44”N/83°28'3.l8"W, respectively). In addition, random collections
were made at three alternate sites (A1 = Laurel Falls [35°40'43.6l"N/
83°35'57.5lW], A2 = Anthony Ridge [35°34'41.02"N/83°44'33.24"], and A3 =
Gregory Ridge [35°32'46.73"N/83°50'1.73"W]). Each of the three alternate sites
was sampled twice from 4 October 2002 to 16 April 2003. These three alternate
sites contained hemlock woolly adelgid infestations where adults of the exotic
lady beetle, Pseudoscymnus tsugae Sasji and McClure, were released.
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Insects were collected using: 1) sweep netting and handpicking from the
branches and foliage every 14 days (30-40 min./tree) within each study site, 2)
Malaise/pan traps comprised of a 60 cm3 [243 in] frame covered with No-see-um®
fabric with a collecting unit (ca. 60 mm wide x 65 mm deep [2.4 x 2.6 in]; 120 ml
volume [4.1 fl oz]) and pan trap containing 30-60 ml [1-2 fl oz] of a 50% mixture
of propylene glycol and water; one trap per tree was hung on a branch on each
tree at a height of approximately 2 m (6 ft), and 3) pitfall traps (24 cm diam.
[9.4 in]) consisted of two 120 ml plastic cups (60 mm wide x 65 mm deep/120 ml
volume); a cup was placed inside the inner cup filled with a 50% mixture of
propylene glycol and water. A Plexiglas cover equipped with 90° directional
fans was placed on the ground surface above the cup. Pitfall traps were placed
into the soil with the rim of the cup flush with the soil line under the canopy of
each tree.
Samples from all collection methods were retrieved every 14 days/site and taken
to the lab for processing into similar taxa and identified using a Leitz stereoscope.
A species list was developed from specimens obtained from all collection
methods and sites. Data consisting of insect species, family, order name, site,
number of specimens, collection date and collection method were entered into
Excel files for analysis. Differences in abundance of specimens, families, and
species were made using the Chi-square formula (3). Differences in the mean
numbers of insect specimens and species captured at each location over the
sampling period were determined by using Tukey's studentized range test (3).
Diversity and evenness were calculated for each individual sampling method and
for all collection methods combined using the Shannon index (4). The Shannon
index is essentially a measure of randomness; the more difficult it is to predict the
identity of a specimen selected from the data set at random, the more diverse the
data set. A large number of a dominant species present makes it easier to predict
what the randomly selected specimen would be, which reduces the Shannon
index score. Basically, species diversity or richness is the total number of species
in an area, while species evenness is a measurement on a scale of 0 to 1, where
one represents the most even value for a community.
Results and Discussion: During this one-year study, we sampled and identified
215 species in 74 families representing eight orders. Coleoptera (97 species) and
Diptera (72 species) comprised about 78% of all species collected. Over 58% of
the species were collected from only one of the four sites. Many of these species
are common with a wide distribution and may well be found at other sites with
additional collecting. More species were collected from the malaise traps (54.2%)
than pitfall traps (23.3%) or direct sampling (7.4%), while 15.3% of the species
were collected from multiple traps. The low numbers from direct sampling are
primarily a result of the height of the tree and the difficulty of getting to the
branches to sample.
At the four test sites, species numbers varied from 71 to 93 per site. Some
93 species were collected from the Elkmont new growth site, 85 species at the
Elkmont mature growth site, 79 species at the Chimney mature growth site, and
71 species at the Chimney new growth site. The diversity of species among
sites is illustrated by 126 species collected at a single site, while 51 species
were collected from two sites, and 36 species were collected from three or
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more sites. The number of species identified specifically from either the new
growth (59) or mature growth (55) differed consistently. Also, the number of
species collected specifically from each of the four sites was similar (Figure 1).
An additional 16 species were identified from random collections at the three
alternate sites that had not previously been obtained from trees at the four test
sites. Approximately 82 species were collected at the two lower elevation sites
at Elkmont, while 73 species were collected at the two higher elevation sites at
the Chimney.
Figure 1. Percentage of species collected specifically on eastern hemlock at
each of the four sites.

Families within Coleoptera and Diptera (25 families each) represented the
dominant taxa identified from the trapping methods used. Various feeding
guilds (foliage and sap feeders, predators, parasitoids, and scavengers) were
represented among the species identified. The hemlock looper, Lambdina
fiscellaria (Guenee), is a potential pest of eastern hemlock and was found at
Chimney's mature growth site. The widely distributed hemlock scale, Abgrallaspis
ithacae (Ferris), was collected from eastern hemlock leaflets within the test sites.
We also collected 131 specimens of the beetle, Sphaeroderus stenostomus
Weber, a predator of snails on the cool moist forest floor dominated by eastern
hemlock. Some 29 specimens of the lady beetle, Psyllobora vigintimaculata
(Say), which feeds on fungi growing on the leaflets of hemlock, were collected
from Laurel Falls and Anthony Creek alternate sites. In addition, 22 specimens of
the rarely collected species, Necrophilus pettiti Horn, associated with decaying
organic matter was collected in pitfall traps. Necrophilus pettiti is the only
species in the genus Necrophilus found in eastern North America. The genus
belongs to the family Agyrtidae, whose members are adapted to cool climates in
mountainous regions, often near cool streams or in high elevation snowfields.
No significant difference occurred in species richness among the mature and new
growth permanent sites. Diversity, as calculated by the Shannon index, ranged
from 3.17 in the Chimney's new growth site to 3.74 in the Elkmont new growth
site (Table 1).
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Table 1. Diversity and richness of insect species associated with eastern
hemlock (n = 214)1.

Sites

Species Richness2

Families

H'

Evenness3

Elkmont New Growth

93

43

3.739

0.823

Elkmont Mature Growth

85

42

3.574

0.807

Chimney's Mature Growth

79

36

3.473

0.815

Chimney's New Growth

71

35

3.168

0.727

Alternate Sites

17

17

2.031

0.690

All Sites

214

73

4.298

0.801

1

Shannon diversity index: (P=0.05; df = 3); 214 of 215 species used in this analysis.

2

Species richness is the total number of species in an area. Maximum (Hmax) is an estimate of the
maximum diversity value for S species.

3

Species evenness is measured on a scale of 0 to 1, where one represents the most even value for
a community, and evenness is essentially the percentage of the diversity collected representing the
potential diversity a collection with S species could have.

Species evenness was moderately high to high among the four permanent sites
ranging from a 0.727 at the Chimney new growth site to 0.823 at the Elkmont
new growth site. A diverse fauna is indicated by the relatively overall high species
richness and evenness. The cumulative (i.e., total) collection information infers
from 415 to 550 species may be associated with this host tree. Based on these
data, extended sampling over several years would be needed to identify all the
insect species expected on eastern hemlock.
Significance to Industry: Results of this study will provide a better
understanding of the associations between the insect species and eastern
hemlock. The study will also provide a means of assessing the economic
impact of invasive species that move into these forest habitats, landscapes,
and nurseries where they disrupt species composition. A high diversity of
species is demonstrated with the limited collection methods used. As such,
these data provide vitally important information to support programs influenced
by biodiversity concerns. The study results will also be useful to individuals,
growers, and landscapers in the development of pest management strategies for
pests of eastern hemlock. For example, more intense monitoring of plant stock
prior to shipment may limit the spread of the hemlock woolly adelgid into urban
sites and other commercial nurseries.
Acknowledgments:
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Collection of Adult Flatheaded Borers
Using Multicolored Traps
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Nadeer Youssef1, and William Klingeman3
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Index Words: Buprestidae, Acmeodera, Actenodes, Agrilus, Anthaxia,
Chrysobothris, Phaenops, Taphrocerus
Nature of Work: The metallic wood-boring beetles (Coleoptera: Buprestidae)
are unpredictable and often significant pests of woody plants. Adult beetles
in this family often have bright metallic coloration on the wings and abdomen.
Larvae are commonly called flatheaded borers, because one or several thoracic
segments are generally enlarged giving the appearance of a flattened 'head'
region. Among the 15,000 species worldwide (750 in North America) in the large
family (7), several species are common problems in nursery and landscape
plantings like the flatheaded appletree borer (Chrysobothris femorata [Olivier]),
the Pacific flatheaded borer (Chrysobothris mali Horn), and the bronze birch
borer (Agrilus anxius Gory). Buprestid larvae are the most damaging stage due to
tunneling and feeding activity beneath the bark of trunks and branches. Damage
may not be apparent until the larva becomes large enough to produce visible
trunk injury. The majority of buprestid species attack dead or stressed plants,
but some flatheaded borers can girdle and kill healthy trees. During the first
growing season plants in field nurseries are subjected to establishment stress
after transplanting, and therefore, can be particularly vulnerable to buprestids.
A recent field survey determined that about 8.4% of production red maples had
signs of buprestid damage within 2 years of transplanting. Red maple is one
of the top five produced trees in Tennessee with annual sales of $ 3.5 million.
Damage that is visible may include a serpentine-like girdled-area on the trunk,
flat and cake-like frass (i.e., insect excrement) extruding from under the bark, and
tree sap weeping from wounds. Insecticides applied closest to the adult beetle
flight period would have the greatest residual activity on the tree surface during
buprestid egg-laying periods. Therefore, the ability to make accurate predictions
of buprestid flight activity could improve borer control using pesticides.
Methods to monitor buprestid activity are critical for implementing management
strategies. However, monitoring buprestids with traps has been difficult, because
adults do not readily respond to commonly used lure attractants that are
successful with other wood-boring insects (1, 3, 5). Olfactory cues may not be
important in tree host-location by most buprestids. However, adults apparently
do respond to visual stimuli. Sticky bands wrapped around trees, wooden
posts coated in glue, or traps shaped like stove pipes have effectively captured
buprestids (2, 3, 4, 6).
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To improve the prediction of buprestid borer activity, the objectives of this study
were to develop an effective survey trap to monitor buprestid activity and to
identify important buprestids around nursery-growing areas. The ultimate goal
of this study was to develop degree-day prediction models for key nurseryattacking buprestid species. Flatheaded borers were trapped at the Tennessee
State University Otis L. Floyd Nursery Research Center (NRC), McMinnville, TN
during 2001 and 2002 using a sticky trap that simulated a young tree silhouette.
Individual sticky stakes were made from 0.9 m (3 ft) long wallpaper strips about
7 cm (2.8 in) wide that were folded longitudinally and stapled along the cut sides.
To simulate young trees, these paper strips were sheathed over metal stakes that
had been driven into the ground. At the base of each metal stake, a landscape
fabric disk was placed over the ground and held in place with landscaping staples
to prevent weeds from growing around the traps. Traps were covered with
Pestick™ insect glue (Hummert International Horticultural Supplies, 4500 Earth
City Expressway, Earth City, MO 63045) and were replaced with new traps as
needed. In 2001, trapping was initiated at the NRC on 1 May and continued until
5 September (2 weeks after the last buprestid capture). Borers were captured on
the first evaluation date in 2001, indicating that trapping had missed the initiation
of buprestid flight activity. In 2002, trapping started 15 days earlier than 2001
(15 April) and continued until 7 October (2 weeks after last buprestid capture).
To determine the color most attractive to the insect eye -- blue, gray, green, red,
white, and yellow were evaluated as trap colors (25 and 15 replicates per color in
2001 and 2002, respectively). Traps were arranged in a completely randomized
design. At weekly observations, all buprestid borers were gently removed from
traps with forceps, positioned between a folded-sheet of cut wax paper, and
placed in a plastic sandwich bag labeled with the individual trap number and
date. Specimens were stored frozen until the end of each year, then soaked in
Histo-clear™ II (National Diagnostics, 305 Patton Drive, Atlanta, GA 30336) for
24 hours to remove the sticky glue followed by 24 hours in 90% ethyl alcohol
to remove the Histo-clear. Buprestid specimens were then pinned, labeled,
and identified to species. The numbers of buprestids captured were compared
between trap colors using analysis of variance with mean separation by LSD test.
Results and Discussion: The sticky traps were effective at capturing
multiple species of flatheaded borers, including the flatheaded appletree borer
(C. femorata) (Tables 1 and 2). A total of 18 species were collected during both
years. Seven species, consisting of Actenodes acornis (Say), Agrilus fallax
Say, Agrilus paracelti Knull., Chrysobothris harrisi Hentz, Chrysobothris pusilla
Gory and Laporte, Chrysobothris sexsignata (Say), and Phaenops aeneolus
(Melsch.), were only caught in 2001. Chrysobothris pusilla is a new state report
for Tennessee. Two species, including Agrilus otiosus Say and Taphrocerus
spp., were only caught in 2002. Other species identifications are pending. Two
species captured on traps (C. femorata and Chrysobothris azurea LeConte) have
also been reared from nursery trees, indicating traps are collecting economically
important species. Chrysobothris femorata was the most common species on
traps in 2001 and the second most common species in 2002, while C. azurea was
the third and fourth most prevalent species in 2001 and 2002, respectively. The
majority of species captured in 2001 and 2002 were in the genus Chrysobothris
(78.3 and 55.7%, respectively) (Tables 1 and 2).
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Chrysobothris species were captured from April to September, but peak
trap collections in 2001 and 2002 occurred in May (20.5 and 27.4%), June
(47.8 and 35.9%), and July (29.5 and 13.7%), respectively. With the exception of
Acmaeodera, the majority of other genera collected in this study were collected
in May and June. Acmaeodera tubulus (F.) had a seven fold greater presence
in 2002 than 2001, but 63% of the specimens captured were collected during
the first survey period (15 to 22 April), which began about 15 days earlier than in
2001. In both years, buprestids were captured during the first week of trapping,
indicating that an earlier start date than 15 April is necessary in Tennessee to
detect the beginning flight activity of buprestids. The collection of C. femorata
adults on traps in mid-April was about 23 days earlier than emergence dates
reported from tree logs in central Kentucky (6).
In both 2001 and 2002, buprestids displayed a distinct preference for red-colored
traps (about 37% and 33% of all buprestids trapped) (Fig. 1). Blue, green, and
white showed some favorable attraction to buprestids, but was significantly less
than red-colored traps. The preference for red-colored traps was also significant
for the genus Chrysobothris in 2001 and 2002 and for the C. femorata species
complex in 2001 (Fig. 1).
Significance to Industry: This study determined that a colored sticky trap
simulating a young tree silhouette could be an effective and simple tool to
monitor the flight activity of multiple buprestid species near a nursery-growing
area. Red-colored traps were the most effective at capturing buprestids among
the colors tested. Studies are on-going at the NRC to refine the best color
choice for trapping buprestids and may lead to even more effective trap color
recommendations. Yellow and gray colors were the least preferred by buprestids
in this study and may have value if used in some manner to camouflage trees.
The trap style was particularly effective at capturing buprestids in the genus
Chrysobothris. Two Chrysobothris species that readily responded to traps in
this study also were found attacking Tennessee nursery plants in a separate
survey. A species previously unreported for Tennessee was collected during the
study (C. pusilla) indicating the value of traps for detecting new potential threats
to the nursery industry. The Pacific flatheaded borer (Chrysobothris mali) and
the emerald ash borer (Agrilus planipennis Fairmaire) were not collected during
the investigation. Trap collections suggest that Tennessee has an endemic
population of multiple flatheaded borer species. Cooperative research with
Oregon State University is presently under-way to determine the importance of
borers associated with nursery production in the northwest and how it compares
to borers found in middle Tennessee.
Improved monitoring methods for buprestids can lead to more effective timing
of pesticide applications and the reduced likelihood of significant tree damage.
May, June, and July were major flight months during this investigation. However,
buprestid flights were detected in both years immediately at the start of trapping.
Therefore, future efforts will be directed at determining the initial flight periods for
key buprestid species and using this information to develop accurate degree-day
prediction models for the Tennessee nursery-growing region.
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24
21
17

Summary by Genus
Chrysobothris
Agrilus
Anthaxia
Other Genera
2

1

10
1

27
3
4
3

1

1

12
12
10
4

1

May
17
22
17
5
2
7
4
3
7
1
8
3
3
1
1
1
1
1
3
1
3

5
4
3
4

1

2

4
3
2
3

29
1

30
2
2
3

1
1
1

5
18
7
3
1
1
2
1
1

18
2
2

1

1

2

47
1

1

1

1
1
1

June
12
19
9
25
3
16
4
4
2
2

12

26
5
6
1

24

2
1

3
7
14

5

1

4

10

Summary All Specimens
Grand Total
286
---2
37
38
16
37
22
50
12
24
5
% Total by Date
------0.7
13
13
6
13
8
17
4
8
2
% Total by Month
------33
42
Trapping began on 1 May and continued until 5 September. No buprestid collections were made after 22 August.
Dates given in table represent the date traps were checked. Therefore, collection date includes trapping from the previous 7 days.

78.3
8.4
7.3
5.9

Collections
Total
Percent
103
35.9
75
26.4
28
9.8
16
5.6
14
4.9
12
4.2
8
2.8
7
2.4
5
1.7
5
1.7
4
1.4
4
1.4
1
0.3
1
0.3
1
0.3
1
0.3
1
0.3

Summary by Species
Chrysobothris femorata complex
Chrysobothris adelpha Gem. & Harold
Chrysobothris azurea LeConte
Anthaxia (Haplanthaxia) quercata (F.)
Agrilus spp.
Acmaeodera tubulus (F.)
Chrysobothris cribraria Mann.
Chrysobothris sexsignata (Say)
Agrilus obsoletoguttatus Gory
Anthaxia (Haplanthaxia) viridifrons Gory
Phaenops aeneolus (Melsch.)
Agrilus fallax Say
Actenodes acornis (Say)
Agilus paracelti Knull.
Chrysobothris harrisi Hentz
Chrysobothris pusilla Gory and Laporte
Chrysobothris viridiceps (Melsheimer)

12
4
23

12

1

July
17
4
7

16
6

1

15

1
1

24
11
3

10
3

10

1
1

8

31

1
0.3

1

1

8

3
1
2

3

3

1
0.3

1

1

August
15
22

Table 1. Total buprestid collections by species and genus collected on sticky traps at the Tennessee State University Nursery Crop
Research Station during 2001.
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10.5
9.0
8.1
2.4
1.4
1.4
1.0
1.0
0.5
0.5

22
19
17
5
3
3
2
2
1
1

Chrysobothris azurea LeConte

Chrysobothris cribraria Mann.

Anthaxia (Haplanthaxia) quercata (F.)

Agrilus obsoletoguttatus Gory

Agrilus spp.

Chrysobothris viridiceps (Melsheimer)

Anthaxia (Haplanthaxia) viridifrons Gory

Agrilus otiosus Say

Taphrocerus spp.

----

31

65

49

16

2

1

13

32

1

3

3

April
22 29
49
3

7

14

1

2

1

3

7

1

1

1

1

1

6

6
3

4

8

4

4

1

3

2

2

27

8

17

1

9

7

1

1

2

4

May
13 20
9

9

18

1

3

14

1

1

3

2

8

27
3

14

30

2

3

25

1

2

5

4

15

3
3

6

12

1

1

2

8

1

1

1

1

6

28

5

10

1

3

6

1

1

5

June
10 17
2
3

3

6

3

3

2

1

24
3

2

5

5

1

1

3

1

2

4

4

2

2

8

Trapping began on 15 April and continued until 7 October. No buprestid collections were made after 9 September.
Dates given in table represent the date traps were checked. Therefore, collection date includes trapping from the previous 7 days.

% Total by Month

% Total by Date

Summary All Specimens
Grand Total
----

0.5

1

----

3.3

7

Anthaxia
Other Genera

----

3.3

7

Agrilus

----

37.1

78

210

55.7

117

Chrysobothris

Acmaeodera

Summary by Genus

27.1

57

Chrysobothris adelpha Gem. & Harold

Collections
Total
Percent
78
37.1

Chrysobothris femorata complex

Acmaeodera tubulus (F.)

Summary by Species

8

2

4

4

4

1

2

2

1

1

July
15 22

1

1

1

29

2

4

4

1

3

5

1

1

1

5

2

4

4

2

2

August
12 19

1

1

1

26

Table 2. Total buprestid collections by species and genus collected on sticky traps at the Tennessee State University Nursery Crop
Research Station during 2002.
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1

1

1
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9
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Figure 1. Percent of flatheaded borers collected on colored sticky traps, 2001
and 2002.
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Flonicamid: A New Ornamental Insecticide Compatible with
Using Beneficial Organisms in IPM Programs
G.J. Cashion, C.L. Palmer, C.A. Staetz and J.W. Long
FMC Corporation, Philadelphia, PA 19103
Index Words: Insecticides, Beneficial Organisms, Greenhouse, Biological
Control, Integrated Pest management
Nature of Work: Compatibility of chemical controls with beneficial organisms is
an important consideration for ornamental growers who recognize that integration
of cultural, chemical, mechanical, and biological approaches is fundamental to a
successful IPM system. There is global interest in the use of biorational and least
toxic pesticides, which minimize nontarget effects.(1) In this way, pest insects can
be effectively controlled while natural and augmentive biological controls remain
unaffected and functional.
Several experiments were established in the laboratory and the field to determine
the control by the new insecticide, Flonicamid, on aphids, mealybugs, thrips, and
whiteflies. In addition, experiments were conducted to examine the impact of
Flonicamid on Phytoseiulus persimilis, a predaceous mite; Chrysoperla carnea,
green lacewing; Harmonia axyridis, generalist predator; Trichogramma spp.,
egg endoparasitic wasp; Typhlodromus pyri, predaceous mite; Cryptolaemus
montrouzieri, mealybug destroyer; Encarsia transvena; and Apis mellifera,
honey bee.
Flonicamid is a novel insecticide with a unique mode of action. It belongs to a
new chemical class: pyridinecarboxamide. There is no known cross-resistance
with other chemical classes, including the neonicotinoids, organophosphates,
pyrethroids and carbamates. Flonicamid is a systemic insecticide with very
low use rates from 10-60 grams of active ingredient per 100 gallons. While it is
practically nontoxic to slightly toxic for birds, it is practically nontoxic for fish and
aquatic invertebrates.
Because Flonicamid has a minimal impact on a wide diversity of beneficial
organisms, it will become a cornerstone product for the integrated management
of aphids, thrips, mealybugs and whiteflies in the greenhouse, nursery, and
landscape.
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