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Evaluation of Insecticides to Control the Asian
Ambrosia Beetle, Xylosandrus crassiusculus
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Recommendations
Signiﬁcance to Industry: Based on experiences with Asian ambrosia beetle
(AAB) in Florida and the results from using a new attack-inducing technique,
the following steps for AAB management are recommended. Build and use
the Kovach trap (Kovach 1986, Mizell et al. 1998) or buy the Lindgren funnel
trap to determine the emergence time of the adult beetles. The traps must be
baited with ethyl alcohol to attract the beetles. The emergence of AAB varies
dramatically from location to location and from year to year. Emergence usually
occurs around mid February to early March in north Florida and south Georgia,
but peak emergence may occur one to ﬁve weeks earlier or later depending
upon location and year. In 2004, an unusual emergence peak and attacks
occurred in early January in north Florida (different from all other years of data).
Once beetles appear in the traps, scout the nursery for newly attacked Drake
elm, Bradford pear, Kwanzan cherry, golden raintree, weeping willow, dogwood
and any other species that is stressed or has not broken bud. Species shipped
in from a more northern location may have increased susceptibility, as observed
with dogwood in Florida. It is important to treat attacked trees before the
beetles close the galleries with frass. If trees are found with fresh frass pushed
out in a toothpick type formation (the diagnostic character in Florida) from a
large number of galleries, then it is usually too late to apply an insecticide.
Oliver and Mannion (2001) reported that X. germanus also produces frass in a
similar manner. It is still impossible to predict either which tree species or which
individual trees will be attacked in any speciﬁc year or location. Therefore,
nursery-wide application of preventive sprays is usually not cost effective.
Moreover, it is unknown how long insecticides will remain effective on the bark
after application. Timing sprays to the ﬁrst sign of attack seems to be the best
option. If unusual cold spells occur during late February or March, expect
delayed emergence. Traps will indicate when emergence occurs. Trees that
are attacked in low numbers often survive. Observations indicate that 5-10
AAB attacks will kill most trees and 10 or more attacks per tree will kill all trees
with a caliper of less than 3 inches. Trees that are attacked should be left in
the nursery until the bole is fully attacked, then removed and buried or burned.
Leaving some attacked trees in the nursery block should reduce the total
number of trees attacked by increasing the average number of beetles in each
attacked tree. Retaining attacked trees on the bed does not appear to increase
the risk of attack on adjacent trees. Adults from the ﬁrst AAB brood do not
appear to attack nursery trees when they emerge, because no secondary period
of increased attacks occurs 30-40 days (approximate generation time) after the
initial peak emergence time. However, observations do indicate that attacks
by AAB emerging from overwintering quarters are closely related to peaks in
trap catch.
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Nature of Work: Insecticides to prevent attack of the AAB were evaluated
at Quincy, Florida. A newly-discovered and currently proprietary method of
inducing attacks by AAB in cut hardwood bolts was used to evaluate the
efﬁcacy of insecticides against AAB. Insecticide treatments were set up using
tree bolts less than three inches in diameter and 18 inches in length. Six
replicates per treatment of the test bolts arrayed in a randomized complete
block design were exposed to AAB attack in the ﬁeld for a period of 12 days
after treatment. The insecticides were applied by dipping the bolts for
5 seconds into the respective treatments. An untreated control and the
following insecticides were tested: acephate (Orthene TTO 75 S), bifenthrin
(Onyx), chlorpyrifos (Dursban Turf), cyﬂuthrin (Tempo 2 EC), cypermethrin
(Ammo 2.5 EC), esfenvalerate (Asana XL), fenpropathrin (Tame 2.4 EC),
permethrin (Pounce 3.2 EC), and endosulfan (Thiodan 3 EC). The efﬁcacy of
imidacloprid (Merit 75 WP) and thiamethoxam (Flagship 25 WG) were also
evaluated by treating living trees with a soil drench 6 weeks before the test. The
treatments were evaluated by counting the number of galleries per attacked bolt
as an indicator of insecticide efﬁcacy at the end of the test. The results were
analyzed using the SAS Proc Mixed procedure (Littell et al. 1996).
Results and Discussion: The tests were successful and provide an indication
of the efﬁcacy of insecticides against AAB (Table 1). Previously, Hale et al
(1999) in laboratory bioassays reported 100% mortality of AAB in contact
with residues of Ambush, Dursban, and Talstar. To our knowledge, this is the
only ﬁeld-efﬁcacy data available for this important pest other than Mizell et al.
(1994, 1998). Previous evaluations, while informative, had problems with the
experimental methods because neither all of the exposed control trees nor all
the treated trees were attacked. Prior tests have failed due to the lack of any
methodology that would increase the probability of AAB attack on speciﬁc trees
to experimentally acceptable levels. Cut bolts do not offer any natural defense
against AAB possibly inherent in live trees; therefore, the results from these tests
are probably conservative. Trees with 5 or less AAB attacks usually survive.
Five to 10 AAB attacks per tree usually kill a majority of the trees attacked, while
trees with 10 or more attacks are almost always killed. These categories can
be used as a qualitative scale for judging treatment efﬁcacy. No insecticide
was completely effective at precluding AAB attacks under the experimental
conditions. At the highest labeled rates tested, Ammo and Onyx provided the
lowest number of attacks per bolt (Table 1). Flagship, Merit, Orthene, Tame and
Thiodan allowed higher mean numbers of attacks than the control (12-20, data
not shown). At the highest rates tested, Asana, Dursban, and Onyx provided
lower numbers of attacks than Talstar F (Table 2). However, the numbers of
attacks per bolt observed in the test of the higher rates of insecticides differed
only slightly from the results from the test with the labeled rates (Table 1).
Therefore, use of higher rates does not appear warranted. Table 3 provides a
summary of current results and our tentative recommendations for insecticide
use against AAB. These results will likely be revised with further testing.
Other observations: The new attack-induction technique was used to answer
other questions about AAB biology. Results indicate AAB are active throughout
the year except during cold winter weather. Tree attacks were induced in all

Entomology Section

153

SNA RESEARCH CONFERENCE - VOL. 49 - 2004
months of the year except November and December in north Florida during
2003. The AAB has been observed in all life stages overwintering inside
attacked trees. The AAB in these trees survived temperatures as low as 19ºF.
After the emergence period of the overwintering generation is completed,
ethyl alcohol appears to become less effective as a bait for the subsequent
generation and does not indicate accurately either the presence or the
population density of AAB in a speciﬁc location.
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Table 1: Efﬁcacy of insecticides against the Asian ambrosia beetle at the
highest labeled rates tested. A twelve day test detected no signiﬁcant statistical
differences between treatments.
Treatment
Control
Ammo 2.3 EC
Onyx
Dursban Turf

Rate (Product/100 gal)

Mean (SE) No. of Galleries/bolt

—

12.5 (2.6)

7.6 oz

6.3 (1.1)

32.0 oz

6.5 (2.4)

7.3 oz

8.0 (1.9)

6.0 oz

8.7 (0.9)

Thiodan 3.3 EC

32.0 oz

10.7 (0.7)

Pounce 3.2 EC

1.1 oz

10.8 (2.1)

Talstar F
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Table 2: Efﬁcacy of insecticides at the high rates tested against the Asian
ambrosia beetle. A twelve day test detected one signiﬁcant treatment difference
compared to the control.
Treatment

Rate (Product/100 gal)

Mean (SE) No. of Galleries/bolt

—

11.5 (1.9)

Asana XL

5.8 oz

5.2 (1.4)1

Dursban Turf

76.0 oz

5.6 (0.8)

Onyx

64.0 oz

6.2 (2.3)

Talstar F

40.0 oz

9.0 (1.9)

Control

1

Means followed by 1 are signiﬁcantly different from the control as determined by a least squares
means test with P<0.05.

Table 3: Effective and ineffective insecticides based on current knowledge for
use against the Asian ambrosia beetle.
Effective (rate)

Ineffective

Ammo

(≥ 8.0 oz)

Flagship

Asana XL

(≥ 6.0 oz)

Merit

Dursban Turf

(≥ 32.0 oz)

Orthene

Onyx

(≥ 32.0 oz)

Tame

Talstar F

(≥ 6.0 oz)

Tempo
Thiodan
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Insecticide Efﬁcacy Trials for Control of Florida Wax Scale
Scott Ludwig
Texas Cooperative Extension, P.O. Box 38, Overton, TX 75684
swludwig@ag.tamu.edu
Index Words: Aria, Talus, Flonicamid, Holly, Florida Wax Scale, Buprofezin
Signiﬁcance to Industry: Talus applied at 14 oz / 100 gallons when scales
are at the crawler stage provided effective control of the scales within 13 days.
Aria applied at 2.8 oz or 4.2 oz / 100 gallons also provided effective wax scale
control. These insecticides will provide growers with additional tools to manage
Florida wax scale on container grown ornamentals.
Nature of Work: Florida wax scale (Ceroplastes ﬂoridensis Comstock) is a
serious pest of nursery grown hollies in the southern United States. While they
typically do not kill their host plant, they can weaken the plant. Their presence
on nursery stock can also present regulatory problems. This trial evaluated
the efﬁcacy of Aria 50 SG and Talus 70 WP when used separately and as tank
mixes against C. ﬂoridensis on American holly (Ilex x ‘Cardinal’TM). Aria 50 SG
(ﬂonicamid, FMC Corporation) is a selective, low use rate, foliar-applied
insecticide for control of sucking insects. Talus 70 WP (buprofezin, SePRO) is
an insect growth regulator, which lethally inhibits larval molting, suppresses
oviposition, and reduces egg viability.
The trial was conducted at the Texas A&M University Agricultural Research
and Extension Center at Overton, TX. Holly plants infested with Florida wax
scale nymphs (5 gal containers) were obtained from Tram-Tex Nursery in Tyler,
TX. Plants ranged in widths of 1.5-2 feet and heights of 5-7 feet. The trial was
conducted on a nursery pad covered with ground cover fabric. The plants were
over-head irrigated as needed.
Plants were set up in a randomized complete block design with four replicates.
Treatments were applied using an R & D® CO2 backpack sprayer with an 8002VS
tee-jet ﬂat spray nozzle tip at 35 psi. All insecticide treatments included 0.5%
Hasten (adjuvant). Treatments were applied until run-off. To monitor the scale
population, three branches containing 8 leaves were ﬂagged and monitored
each sampling period (total of 24 leaves monitored per plant each sample
period). For the last sample period, the branches and leaves were removed
from the plant and examined under a microscope to determine if the scales
were alive.
A logarithmic transformation [log10 (x+1)] of the data was used to make the
variance independent of the means. Data on the efﬁcacy of the treatments were
subjected to analysis of variance (General AOV/AOCV procedure, Statistix 7).
Means separation was accomplished by using the least signiﬁcant difference
test (LSD) at the P<0.05 level. All data are presented as untransformed means.
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The following treatments were evaluated:
1.

Aria 50 SG (2.8 oz product / 100 gallons)

2.

Aria 50 SG (2.8 oz product / 100 gallons) + Talus 70 WP (14 oz / 100 gallons)

3.

Talus 70 WP (14 oz product / 100 gallons)

4.

Aria 50 SG (4.2 oz product / 100 gallons)

5.

Aria 50 SG (4.2 oz product / 100 gallons) + Talus 70 WP (14 oz / 100 gallons)

6.

Talus 70 WP (11 oz product / 100 gallons)

7.

Aria 50 SG (2.8 oz product / 100 gallons) + Talus 70 WP (11 oz / 100 gallons)

8.

Aria 50 SG (4.2 oz product / 100 gallons) + Talus 70 WP (11 oz / 100 gallons)

9.

Untreated Control

Results and Discussion: All treatments had similar scale populations at the
start of the trial (Table 1). On 13, 23, and 37 days after treatment, there was
no difference in the scale population among the control, 11 oz Talus, or 4.2 oz
Aria + 11 oz Talus treatments. On 13, 23, and 37 days after treatment, 2.8 oz
Aria + 14 oz Talus, 14 oz Talus, 4.2 oz Aria, and 4.2 oz Aria + 14 oz Talus were
statistically similar in having the lowest scale population. The scale populations
in the 2.8 oz Aria and 2.8 oz Aria + 11 oz Talus treatments were statistically lower
than the control at 13, 23, and 37 days after treatment, but took slightly longer
than the other effective treatments to achieve a low scale population.
Acknowledgements: I thank FMC Corporation for funding the study and TramTex Nursery for supplying the American holly.
Table 1. Mean number (±SEM) of Florida wax scale nymphs per 24 Ilex x
‘Cardinal’ leaves.
Treatments / 100 gallon

Days After Treatment
0

13

23

37

2.8 oz Aria

25.8 ± 5.1 a

3.8 ± 1.0 cde

2.5 ± 0.9 cde

0.8 ± 0.3 bc

2.8 oz Aria + 14 oz Talus

23.5 ± 4.1 a

1.3 ± 0.5 ef

0.3 ± 0.3 e

0.0 ± 0.0 c

14 oz Talus

32.5 ± 9.1 a

0.8 ± 0.8 f

1.0 ± 0.6 de

0.3 ± 0.3 c

4.2 oz Aria

32.8 ± 10.4 a

2.0 ± 0.7 def

0.8 ± 0.5 de

0.3 ± 0.3 c

120g Aria + 14 oz Talus

29.5 ± 16.2 a

2.5 ± 0.6 def

2.0 ± 1.1 cde

1.3 ± 0.6 bc

11 oz Talus

36.8 ± 11.8 a 17.0 ± 6.8 ab

2.8 oz Aria + 11 oz Talus

22.5 ± 2.7 a

5.3 ± 1.1 bcd

3.8 ± 1.3 bcd

1.5 ± 0.6 bc

4.2 oz Aria + 11 oz Talus

30.5 ± 8.1 a

10.5 ± 3.4 abc

7.5 ± 3.1 abc

4.3 ± 1.8 ab

untreated control

30.0 ± 8.8 a

20.3 ± 4.8 a

13.0 ± 5.9 ab

15.3 ± 4.0 a

8.0 ± 4.1 a

8.0 ± 2.2 a

Means within columns with the same letter are not signiﬁcantly different (P>0.05, LSD test).
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Comparison of Different Trap Types for
Collection of Asian Ambrosia Beetles
Jason B. Oliver1, Nadeer N. Youssef1, and Mark A. Halcomb2
Tennessee State University, Institute of Agricultural and Environmental
Research, TSU Nursery Research Center, McMinnville, TN 37110
2
The University of Tennessee, Institute of Agriculture, McMinnville, TN 37110
joliver@tnstate.edu, nyoussef@blomand.net, and mhalcomb@utk.edu
1

Index Words: Traps, Asian Ambrosia Beetle, Xylosandrus crassiusculus
Signiﬁcance to Industry: A variety of traps were investigated for their efﬁciency
at capturing Asian ambrosia beetles. Several lure types and killing agents were
also investigated. The most efﬁcient Asian ambrosia beetle traps were the
Baker 2L, Kovach vane, Japanese beetle, and Lindgren funnel. The Japanese
beetle trap overall was the most user friendly in terms of opening, emptying, and
changing the lure baits. The Baker 2L trap was the lowest cost trap. Homemade
ethanol lures cost as much to utilize as commercially available lures and had
the big disadvantage of requiring frequent recharging. Therefore, homemade
lures are not recommended due to the high potential of a lure running dry during
a critical ambrosia beetle ﬂight period. Studies conﬁrm that several trap types
are very efﬁcient at capturing Asian ambrosia beetles and afford growers with a
number of low cost options for monitoring ambrosia beetle ﬂights.
Nature of Work: The Asian ambrosia beetle (AAB), Xylosandrus crassiusculus
Motschulsky, is a serious pest of woody ornamental plants across the
southeastern U.S. (Mizell et al. 1994). Ambrosia beetles primarily attack
nursery plants during the early spring just prior to the break of dormancy. The
emergence time of overwintering ambrosia beetles varies greatly with region and
weather conditions. As most ambrosia beetles overwinter as adults, degree-days
have little value for predicting emergence time because there is no temperature
dependent larval period prior to the ﬁrst early spring ﬂight. Current management
recommendations for preventing ambrosia beetle attacks include using ethanolbaited traps to monitor beetle emergence and ﬂight activity for the purpose of
directing scouting activity and timing insecticide applications (Hudson and Mizell
1999, Mizell et al. 1998, Schultz et al. 2002). In order to optimize ambrosia
beetle monitoring, the ideal trap should be effective, easy to use, and low cost.
The objective of this study was to evaluate various traps for their efﬁciency at
capturing AAB. Factors considered in this study included numbers of AAB
captured by traps, ease of trap utilization, and cost effectiveness. In addition,
lure dispensing devices and killing agents were also evaluated for their inﬂuence
on trap effectiveness.
A variety of commercially available bark and wood-boring beetle traps were
tested, including the four-funnel Lindgren funnel traps (Phero Tech Inc., 7572
Progress Way, Delta, British Columbia, Canada) and the InterceptTM PTBB Panel
trap (IPM Tech, Inc., 4134 N. Vancouver Avenue, # 105, Portland, OR). Other
commercially available traps not traditionally used for wood-boring beetles were
also tested, including a plastic Japanese beetle trap with a 1 pint glass mason jar
bottom (top yellow), a solid green fall armyworm bucket trap, and a yellowjacket/
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fruit ﬂy dome trap (top clear / bottom yellow) (Gempler’s, P.O. Box 44993,
Madison, WI). Japanese beetle traps have been used successfully to capture
AAB (Schultz and Whitaker 1999).
Several non-commercial traps were evaluated. A pan trap, consisting of a
6 quart Rubbermaid® plastic shoebox (~ 7.5 by 13 inch by 4.75 inch tall) wrapped
in chicken wire (~ 0.75 inch holes) to exclude animals from the drowning solution,
was placed on the ground. The outside of the pan trap and the chicken wire
were painted purple to darken the trap. A sticky trap simulating a young tree
silhouette was tested, which consisted of a folded purple-painted wallpaper strip
(1.25 inches wide by 3 feet tall) sheathed over a metal rod and covered in Pestik®
insect glue (Oliver et al. 2003). A Kovach vane trap was constructed similar to
speciﬁcations (Kovach 1986) using 0.125 inch thick plexiglass, but differed by
having a 12 ﬂoz Ball® Mason jar attached to the bottom of the funnel in place of
the plastic cup used by Kovach (Fig. 1B). Two traps reported by southeastern
extension personnel were also tested (Fig. 1A, C, and D). The ﬁrst trap, designed
by Jim Baker at NC State University (hence referred to as the Baker trap)
(http://www.ces.ncsu.edu/depts/ent/notes/O&T/trees/note122/note122.html)
consists of a plastic soda bottle with several holes in the sides to allow the
beetles’ access to the drowning solution. In this study, a 67.6 ﬂoz (2 liter) and
16 ﬂoz version of the Baker trap were tested (Fig. 1A and C). The second
homemade trap, designed by James Robinson at Texas A&M University (hence
referred to as the Robinson trap) (http://aggie-horticulture.tamu.edu/county/
smith/ industry/maketrap.html) consists of a 16 ﬂoz plastic drinking cup with
three 2-inch diameter holes cut in the sides of the cup (Fig. 1D).
Homemade ethanol baits were made using amber-colored 1.1 ﬂoz (9 dram) pill
bottles with a non-child resistant snap-on lid (hence referred to as ‘pill lure’)
(Fig. 1E). The lid had a 0.25-inch diameter hole cut in the center to allow a wick
made from cotton rope to extend about 1 inch from the lid. The pill bottle was
ﬁlled to the top with 70% v/v denatured reagent ethyl alcohol/water. The pill lure
was tested with the 16 ﬂoz and 2 liter Baker, Robinson, Kovach vane, Japanese
beetle, armyworm bucket, yellowjacket dome, wallpaper sticky, Lindgren
funnel, and pan traps. The pill lure was wired or suspended inside the Baker,
Robinson, armyworm bucket, and yellowjacket traps. The pill lure was wired
to the mid-region of the Kovach vane, Lindgren funnel, and Japanese beetle
traps. In the pan trap, the pill lure was placed in the center of the chicken wire
over the drowning solution. Two commercial ethanol baits were tested in the
study. The Phero Tech Inc. ultra high release ethanol bait (UHR lure) consisted
of an ethanol solution contained in a specialized slow release plastic pouch. The
second commercial lure tested was the IPM Tech Ambrosia Beetle Ethanol Bait
(ABE lure), which consisted of an ethanol soaked pad contained in a specialized
plastic bag that also slowly releases ethanol with time. Both the ABE and UHR
lures were each tested with an IPM Tech Panel trap and the four-funnel Lindgren
funnel trap. These lures were attached to the middle of Lindgren and IPM Tech
panel traps.
The manufacturers of the ABE and UHR lures report an average daily ethanol
release rate of 50 mg (0.0018 oz) ethanol at 75.2oF and 1 g (0.035 oz) ethanol
at 71.6oF, respectively. Location of the trap and the degree of solar exposure
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will inﬂuence ethanol release rates for all lure types. The ABE lure manufacturer
recommended lure replacement every 2 months. The UHR lure had ﬂuid in
the pouch for about 3 months. The pill lure required reﬁlling about every three
days depending on daily solar intensity. The estimated maximum release rate
for the pill lure was 6.1 g (0.22 oz) ethanol per day. Therefore, the pill lure was
probably releasing at a rate 6 and 122 times higher than the UHR and ABE
lures, respectively.
All traps used Prestone LowTox® antifreeze (propylene glycol) diluted to a 50%
concentration with water as a drowning solution. The exception was a single
Lindgren trap treatment that received a one-inch strip of Hercon Vaportape II
toxicant strip (10% 2,2-dichlorovinyl dimethyl phosphate) (Gempler’s Inc.) as
the killing agent. All traps, lures, and killing agent treatments were placed in
trap lines with 16.4 feet between traps in open areas adjacent to a deciduous
hardwood forest on the property of the Tennessee State University Nursery
Research Center, McMinnville, TN. Traps were suspended so that the ethanol
lures were centered at a height of 3.28 ft from the ground. The exceptions were
the sticky trap where the lure was attached to the top of the 3 ft tall trap and
pan trap that was placed on the ground with its lure. The experimental design
was a randomized complete block using four replicates and the experimental
unit was the individual trap treatment. Trap treatments were not rotated among
trap stands during this study. Trapping was initiated on 28 February 2003. Trap
collections were made biweekly after beetles began appearing in the traps
(7 March 2003) and continued until 8 May 2003. Specimens were stored in
alcohol and identiﬁed to species.
Results and Discussion: Several traps were effective at capturing AAB
(Table 1). As expected, traps with ethanol baits were better than non-ethanol
baited traps. The traps with the highest ethanol release rates (i.e., UHR and
pill lure baited) were more effective overall than the low release ABE lure.
Lindgren traps baited with UHR lures, but utilizing the Hercon Vaportape II
toxicant strip, had about half the total collection of AAB relative to Lindgren
traps using antifreeze as a killing agent. The worst trap for AAB collection was
the yellowjacket dome trap. The 16ﬂoz version of the Baker trap was also less
effective than the 2L version.
Ambrosia beetle traps varied in the number of problems associated with their
use and their cost (Table 1). Among the top ﬁve trap treatments, the Baker
2L was the cheapest trap to operate. The IPM Tech Panel trap was the most
expensive to operate. In combination with Baker 2L’s effectiveness for collecting
AAB, it could be a very useful trap for a monitoring program. The Japanese
beetle trap had the least number of associated trap problems, followed by the
Kovach and pan trap. The Kovach and Japanese beetle traps were also very
effective traps, but more expensive than the Baker 2L. A major advantage for
the Kovach and Japanese beetle traps is their ﬁeld durability and expected trap
life relative to the Baker trap. The pill lure was an effective lure with many traps,
but required reﬁlling with ethanol about every 3 days. Therefore, one concern
with using the pill lure is the constant vigilance required to ensure a trap is always
baited. The UHR and ABE lures were very nice from this standpoint, because
they were essentially maintenance free lures. However, the short life of the pill
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lure could be easily corrected by using a larger ethanol-dispensing container.
Another trap type tested in this study was the purple sticky trap, but the data
is not being reported. Beetles collected on the sticky traps were very difﬁcult
to distinguish from the dark purple background. In addition, these traps were
very messy to handle and captured numerous small insects that could cause
grower confusion when attempting to monitor for ambrosia beetle activity. Sticky
traps were collected in this study by wrapping them in clear plastic wrap, but
had to be discarded at the end of the study when it was realized the ambrosia
specimens could not be discerned against the dark trap background. If sticky
traps have any merit for ambrosia beetle monitoring, a lighter trap color will be
required. One ambrosia beetle trap not tested in this study, but known to be very
effective, was the Theysohn slot trap. The Theysohn trap was omitted from the
study because a supplier could not be found for the trap, which would also limit
grower use. Likewise, there is eight and twelve funnel Lindgren trap versions,
which might also be more effective than the four funnel Lindgren trap tested in
this study.
Acknowledgements: The authors of this study would like to acknowledge
efforts of Joshua Basham, Crystal Lemings, and Caleb West with trap operation,
specimen collection, sorting, and data entry and Dr. Nick Gawel for reviewing an
earlier version of this paper.
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Fig. 1. Non-commercial ambrosia beetle traps made from a A) clear two liter
plastic soda bottle, B) a clear plastic plexiglass, a white-colored plastic funnel,
and a clear 1 pint mason jar (Kovach trap), C) a clear 16 ﬂoz plastic soda bottle,
and D) a clear 16 ﬂoz plastic drinking cup. The two liter bottle had four equally
spaced slot openings, while the 16 ﬂoz soda bottle had a single circular opening
and the drinking cup three equally spaced circular openings. DS indicates the
drowning solution. An enlarged image of the pill bottle lure used to release
ethanol is depicted in E).
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Botanical Extracts as Potential Japanese Beetle Repellents
Nadeer N. Youssef1, Jason B. Oliver1,
Michael G. Klein2, and James J. Moyseenko2
1
Tennessee State University, Institute of Agricultural and
Environmental Research, Otis L. Floyd Nursery Research Center,
472 Cadillac Lane, McMinnville, TN 37110
2
USDA-ARS, Horticultural Insects Research, Application Technology
Research Unit, Ohio Agricultural Research and
Development Center. Wooster, OH 44691
nyoussef@blomand.net
Index Words: Popillia japonica, Japanese beetle, Repellent
Signiﬁcance to Industry: Botanical extracts were tested as repellents
to Japanese beetle adults using commercially available Japanese beetle
traps. Peppermint and wintergreen demonstrated potential repellency, while
cedarwood oil, clove bud oil, mineral oil, and wormwood oil demonstrated
attractiveness. Bergamont mint, black pepper, catnip, cedar leaf, cumin,
dalmatian sage, eucalyptus, hyssop, juniper berry, oregano, pine needle,
tarragon, tea tree, vetiver, and white ﬁr oils had little effect on adult Japanese
beetle repellence.
Nature of Work: Japanese beetles (Popillia japonica Newman) are considered a
pest species for the following reasons: foliage and ﬂower feeding by adults, root
feeding by grubs, and the movement to non-quarantined states of the larvae
(nursery plants) or adult beetles (air cargo). A number of chemical compounds
are known to have repellent properties to Japanese beetle (Jacobson, 1990;
Metzger, 1930; Whitt, 1998). These chemicals may have potential for repelling
adult Japanese beetle feeding on plants or oviposition into the root zone of the
plants. The objective of this study was to determine the relative repellency of a
number of plant-derived essential oils to Japanese beetle.
The study was conducted at the Tennessee State University, Otis L. Floyd
Nursery Research Center in McMinnville, Tennessee from 8 July to 5 August
2003. Twenty two chemical compounds were tested for the ability to repel
adult Japanese beetle from commercial Japanese beetle traps baited with
a Japanese beetle attractant (phenethyl proprionate : eugenol : geraniol in a
3:7:3 [PEG]) (Table 1). The PEG lure and repellent test compounds were placed
separately onto GP202 mini-con high void polyethylene wicks at a rate of 1 ml
(0.034 ﬂoz) per wick (GenPore, 1136 Morgantown Rd., P.O. Box 380 Reading,
PA) and the wick was housed in a hinged lid plastic Poly-Con container (United
States Plastic Corp., 1390 Neubrecht Road, Lima, OH). The plastic containers
housing the PEG lure or repellant treated wicks were then placed on the top
of Japanese beetle traps (Gempler’s, 1210 Fourier Drive, Suite 150, P.O. Box
44993, Madison, WI). Traps received one of the following treatments: a PEG
bait, a test repellent compound, both a PEG bait and a test repellent compound,
or no treatment (blank control). The test repellent compounds were purchased
from Essential Oil University (2676 Charlestown Road, Ste # 3 New Albany, IN).
The experiment was set up as a randomized complete block design. The traps
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were placed in 16.4 by 16.4 feet squares and replicated four times with each of
the replicates being placed 26.2 feet apart. The traps were primarily operated
from 10:30 AM to 3:00 PM. Different repellent test compounds were evaluated
on different dates due to the large number of products tested. During the
experimental test period (8 July to 5 August 2003), temperatures ranged from
70.0°F to 97.0°F during the active test periods. The number of beetles collected
per trap was recorded and a sub-sample of 100 beetles sexed to determine sex
ratio. To compensate for the different lengths of time the traps were in the ﬁeld,
data were converted to beetles collected per minute.
Metzger (1930) tested 88 compounds for repellence from geraniol : eugenol. To
ascertain the effectiveness of these compounds as Japanese beetle repellents
or attractants, Metzger calculated a ‘M-value’ deﬁned as the number of beetles
collected in the trap having the attractant and test compound divided by the
number of beetles collected in the trap having the attractant only multiplied by
100. If the M-value is less than 25, Metzger considered the test compound
to be a potential Japanese beetle repellent. Thus, if the test compound
reduces the capture rate by 75%, the compound is a repellent. If the M-value
is greater than 100, the test compound is considered an attractant. The Mvalues generated for each repellent treatment were compared using analysis of
variance with means separated by Least Signiﬁcant Difference test (α = 0.05).
Results and Discussion: Multiple essential oils were evaluated for the ability
to repel adult Japanese beetle from PEG baited Japanese beetle traps (Table 1).
Peppermint and wintergreen oils had M-values near Metzger’s repellence
value of 25 (30.3 and 27.7, respectively) (Table 2). cedarwood oil, clove bud
oil, mineral oil, and wormwood oil had M values ranging from 111.3 to 299.0,
which would be considered attractants (Table 2). Bergamont mint, black pepper,
catnip, cedar leaf, cumin, dalmatian sage, eucalyptus, hyssop, juniper berry,
oregano, pine needle, tarragon, tea tree, vetiver, and white ﬁr oils had M-values
ranging from 31-99 and therefore did not meet the criteria of repellents or
attractants. Repellent treatments signiﬁcantly (F=5.8; df= 21, 63; P=0.0001)
affected Japanese beetle collection (Table 2). Wintergreen and peppermint oils
were signiﬁcantly more repellent than vetiver, black pepper oil, cedarwood oil,
clove bud oil, mineral oil, and wormwood oil. All compounds were signiﬁcantly
less attractive than wormwood oil.
As Metzger’s critical M-value of 25 is arbitrary, compounds that tested slightly
above values of 25 may still demonstrate repellency. These include compounds
like dalmatian sage and cedar leaf oils (42.4, 46.4, respectively). Some of these
oils may have a number of practical uses, including repellence of adult Japanese
beetles from aircraft, prevention of adult nursery plant feeding, or reduction
in adult oviposition into the roots zone of plants. In the case of preventing
oviposition into nursery stock, weak to moderate repellents may still be effective,
because the repellent would not necessarily have to overcome attractive plant
derived volatiles (e.g., feeding attractants). Peppermint and wintergreen oils are
two compounds demonstrating potential as Japanese beetle repellents.
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Table 1. List of compounds tested for Japanese beetle repellency and their
country of origin.
Common Name
Bergamont oil
Black pepper oil
Catnip oil
Cedar leaf oil
Cedarwood oil
Clove bud oil
Cumin oil
Dalmatian sage oil
Eucalyptus oil
Eucalyptus oil
Hyssop oil
Juniper berry oil
Mineral oil
Oregano oil
Peppermint oil
Pine needle oil
Tarragon oil
Tea tree oil
Vetivar oil
White ﬁr oil
Wintergreen oil
Wormwood oil

Latin Name
Mentha citrata
Piper nigrum
Nepeta cataria
Thuja occidentalis
Juniperus virginiana
Eugenia caryophyllata
Cuminum cyminum
Salvia ofﬁcinalis
Eucalyptus radiata
Eucalypus globulus
Hyssopus ofﬁcinalis
Juniperus communis

Origin1
USA
India
USA
Canada
USA
Madagascar
Egypt
Spain
Australia
China
France
Siberia

Origanum vulgare
Mentha piperita
Pinus sylvestris
Artemesia dracunculus
Melaleuca alternifolia
Vetivera zizanoides
Abies alba
Gaultheria procumbens
Artemesia absinthium

Greece
India
Bulgaria
USA
China
Haiti
Austria
China
USA

Origin refers to the country the test plant was collected.

1
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Table 2. Mean M-values for various repellent test chemicals.
M-value1
Range

Test Compound

near 25

Wintergreen oil

27.7 ±3.3

a

Peppermint oil

30.3 ±5.1

a

Dalmatian sage oil

42.4 ±4.6

a,b

Cedar leaf oil

46.4 ±5.0

a,b

Tea tree oil

52.9 ±27.4

a,b,c

Tarragon oil

57.1 ±7.2

a,b,c,d

Bergamont oil

57.2 ±7.3

a,b,c,d

Juniper berry oil

59.0 ±5.4

a,b,c,d

Oregano oil

63.9 ±5.9

a,b,c,d

Cumin oil

70.3 ±11.3

a,b,c,d

Catnip oil

77.7 ±3.3

a,b,c,d

White ﬁr needle

80.1 ±8.1

a,b,c,d

Hyssop oil

81.5 ±15.0

a,b,c,d

Eucalyptus oil (E. globulus)

88.2 ±10.3

a,b,c,d

Eucalyptus oil (E. radiata)

90.1 ±6.9

a,b,c,d

Pine needle oil

90.7 ±2.1

a,b,c,d

Vetivar oil

95.5 ±4.4

b,c,d

Black pepper oil

99.0 ±53.3

b,c,d

31-99

> 100

Mean
M-values ± SEM2

Cedar wood oil

111.3 ±8.7

c,d

Clove bud oil

112.4 ±10.5

a,b,c,d

Mineral oil

118.1 ±5.2

d

Wormwood oil

299.0 ±79

e

M-value = ratio of the number of beetles collected in attractant and test compound trap / number of
beetles collected in attractant trap. Lower M-values indicate greater repellency.

1

Mean M-values within columns followed by the same letter are not signiﬁcantly different according to
Least Signiﬁcant Difference test (p=0.0001).
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Effect of Insecticides from Five Chemical Classes on the
Growth and Production of Pot Mums
(Dendranthema grandiﬂora Tzvelev var. Charm)
James D. Spiers1, Fred T. Davies, Jr.1, Chuanjiu He1,
Amanda Chau2 , Kevin M. Heinz2, and Terri W. Starman1
1
Department of Horticultural Sciences, Texas A&M
University, College Station, TX 77843-2133
2
Dept. of Entomology, Texas A&M
University, College Station, TX 77843-2475
jspiers@neo.tamu.edu
Index Words: Chrysanthemum, Dendranthema grandiﬂora, Insecticides,
Phytotoxicity, Best Management Practices, Gas Exchange
Signiﬁcance to Industry: The insecticides bifenthrin (Talstar® Flowable),
endosulfan (Thiodan® 50 WP), imidacloprid (Marathon® II), acephate (Orthene®
Turf, Tree & Ornamental Spray 97), and spinosad (Conserve® SC) were applied
at their recommended concentrations on a weekly, bi-weekly, or monthly
basis; or weekly at four times (4X) the recommended concentration. Acephate
applications resulted in marginal leaf necrosis and the greatest reductions in
leaf and stem dry mass (DM). Plants treated with bifenthrin had some of the
highest stem and ﬂower DM, while controls that became infested with insects
had among the lowest. Leaf and stem DM of plants treated with spinosad,
imidacloprid, and endosulfan differed little from the non-infested control
plants. Stomatal conductance (gs) was lowest among the spinosad weekly 1X
concentration and infested control due to insect infestations, while phytotoxicity
was the apparent cause of low gs in plants treated with acephate weekly at 4X
concentration. Acephate phytotoxicity has also been reported in other cultivars
of chrysanthemum and is generally not recommended for large-scale application
in pot mum production. However, infested controls also had their growth and
gas exchange adversely affected.
Nature of Work: A goal of this study was to determine at what point selected
insecticides might adversely affect pot mum production. Chrysanthemums
are an economically important greenhouse crop in the Southeastern United
States. Unfortunately, these plants make ideal hosts for many insect pests.
Often there is near zero tolerance for insect pests on ornamental crops,
therefore, insecticides are applied to prevent insect infestation. A wide
variety of insecticides from different insecticide classes with diverse modes
of action are frequently used on chrysanthemum to reduce the occurrence of
insecticide resistance. Insecticides are tested for visible phytotoxicity and their
impact on non-target organisms before their registration, but subtle impacts
on plant physiology are not often tested. Previous studies on the effects of
insecticides on gas exchange have been conducted primarily on agronomic
crops with varying results (1, 4, 7, 8). Many of these studies were conducted
with insecticides that are no longer commonly applied and are not applicable
to greenhouse crops. Safer, biorational insecticides have been introduced to
manage greenhouse insect pests. However, the impact of the new insecticides
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on plant physiology has not been reported. Some of these insecticides are
claimed to have translaminar activity, with the compound entering the leaf
cuticle to form a reservoir of active ingredient. If these compounds enter the
leaf cuticle, they may also impact plant gas-exchange processes and alter
productivity. The insecticides used in this study were chosen to represent
major classes of insecticides (organophosphates, pyrethroids, organochlorines,
nicotinoids), but also includes the newly introduced microbial insecticide,
spinosad (spinosyn) (Table 1). The objective of this study was to determine the
effects of insecticides on plant growth, physiology, and production.
Rooted cuttings of chrysanthemum (Dendranthema grandiﬂora var. “Charm”)
were transplanted into 6-inch standard pots on May 29, 2003. Sunshine Mix
#1 (Sun Gro Horticulture Inc., Washington) was used for the potting media.
Four rooted cuttings, which is the industry standard, were evenly spaced and
angled outward within each pot. Plants were fertilized/watered as needed. At
each watering, plants were fertilized with 20 N – 10 P2O5 – 20 K2O fertilizer
(N=Nitrogen, P=Phosphorus, O=Oxygen, K=Potassium) (Peters Professional
Peat-lite special 20-10-20, Scotts-Sierra Horticultural Products Company,
Marysville, OH, USA) at 300 parts per million (ppm) N. All plants were grown
according to recommended procedures for pot plant production.
Five insecticides from different chemical classes were applied at their
recommended concentration, either weekly, once every 2 weeks, or monthly. A
separate treatment was applied weekly at 4X the recommended concentration.
Insecticides used were: acephate (Orthene® Turf, Tree & Ornamental Spray 97),
bifenthrin (Talstar® Flowable), endosulfan (Thiodan® 50 WP), imidacloprid
(Marathon® II), and spinosad (Conserve® SC). All treatments were foliar sprays
applied with hand-held sprayers (Spraymaster®, Delta Industries, King of
Prussia, PA) until run-off. Spray applications started 7 days after transplanting
and continued for the duration of the experiment.
Net photosynthesis (Pn) and stomatal conductance (gs) measurements of
individual leaves were taken on a weekly basis between 11:00 and 16:00
hours using a LI-6400 Portable Photosynthesis System (LI-COR Inc., Lincoln,
Neb). Each leaf was a single replication, and there were three replications
per treatment. Flower and ﬂower bud number, dry mass (DM) of ﬂowers,
ﬂower buds, leaves, shoots, and stems were measured at the termination of
the experiment to characterize plant growth. Data were analyzed by analysis
of variance with mean separations performed using Fisher’s Protected Least
Signiﬁcant Difference (p≤0.05).
Results and Discussion: Phytotoxicity occurred in the form of leaf burn
on all acephate treatments, with the greatest damage occurring at the 4X
concentration. Photosynthesis and stomatal conductance were inﬂuenced
primarily by the degree of aphid and/or spider mite infestation – except for
acephate (4X concentration-weekly), which had reduced stomatal conductance
with minimal insect infestations (Fig.1). Spinosad is not labeled for aphids,
hence sooty mold and aphids were prevalent on those plants—which accounts
for the reduction in stomatal conductance. Plants receiving imidacloprid
and bifenthrin monthly had the greatest leaf DM (Table 2). Plants treated
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with acephate generally had lower leaf and stem DM, with bi-weekly and 4X
treatments having the lowest. While ﬂower DM was not signiﬁcantly different
among treatments, bifenthrin and endosulfan tended to be the highest, while
acephate (phytotoxicity) and controls that became infested with insects had
among the lowest. Overall, leaf and stem DM was not adversely affected by
imidacloprid, endosulfan, or spinosad. The degree of insect infestation (or
the level of control provided by the insecticides) had as equally an important
effect on DM as the insecticidal effect on plant growth (i.e. phytotoxic effect of
acephate). It is quite possible that the insect pests (mainly spider mites and
aphids) became resistant to the insecticide applications, with peak outbreak
occurring at the end of the experiment. It is generally thought that insecticides
can adversely affect plants, but few studies have looked at insecticidal effects
on host plant physiology in addition to plant growth and development. In
this study, insect infestations on some of the control plants had the greatest
negative impact on their physiology and commercially acceptable appearance,
demonstrating the importance of insect pest control.
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Table 1. Reported phytotoxicity of the insecticides used in this study.
Common name

Trade Name

Chemical Class

Reported Phytotoxicity

Acephate

®

Orthene TT&O
Spray 97

Organophosphate

Phytotoxic to several
varieties of chrysanthemum,
other ﬂoriculture crops (2, 6).
Lowered photosynthetic
rates in lettuce seedlings (4).

Bifenthrin
Endosulfan

Talstar® Flowable
Thiodan® 50 WP

Pyrethroid
Organochlorine

Imidacloprid

Marathon II

Nicotinoid

Necrotic leaf tips in
chrysanthemum (5); more
severe in vegetable crops
– cucumber and tomato (3).

Spinosad

Conserve® SC

Microbial

No reported phytotoxicity

®

No reported phytotoxicity.
Reduced phytomass in
Vicia faba (7). Phytotoxic to
sorghum (8), and lowered
photosynthetic rates in
lettuce seedlings (4).

Fig. 1. Mean stomatal conductance gs (mol H2O m-2s-1) of chrysanthemum
treated with insecticides applied weekly at 1X or 4X the recommended
concentration. These measurements were taken two days prior to harvest of the
experiment. Each value is an average of measurements from three leaves from
different plants. Effects of insecticide, application, and treatment factors were
signiﬁcant with values of P≤0.023, P≤0.015, and P≤0.009, respectively.
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Table 2. Plant dry mass (DM) of chrysanthemums sprayed with selected
insecticides.
Insecticide
Spinosad

Application

Leaf DM (oz)

Stem DM (oz)

Flower DM (oz)

Weekly

0.33 cdex

0.47 bcd

0.28 a

Bi-weekly

0.38 bc

0.49 abcd

0.26 a

Monthly

0.36 bcd

0.47 bcd

0.27 a

4X-weekly

0.36 bcd

0.50 abc

0.23 a

Weekly

0.38 bc

0.50 abc

0.28 a

Bi-weekly

0.34 bcde

0.47 bcd

0.24 a

Monthly

0.43 a

0.49 abcd

0.29 a

4X-weekly

0.35 bcd

0.50 abc

0.29 a

Weekly

0.32 cde

0.51 abc

0.24 a

Bi-weekly

0.30 e

0.41 d

0.25 a

Monthly

0.36 bcd

0.48 abcd

0.23 a

4X-weekly

0.31 de

0.45 cd

0.22 a

Weekly

0.37 bc

0.56 a

0.30 a

Bi-weekly

0.37 bc

0.53 abc

0.26 a

Monthly

0.39 ab

0.54 abc

0.33 a

4X-weekly

0.36 bcd

0.50 abc

0.30 a

Weekly

0.35 bcd

0.50 abc

0.30 a

Bi-weekly

0.36 bcd

0.50 abc

0.29 a

Monthly

0.37 bc

0.48 abcd

0.26 a

4X-weekly

0.36 bcd

0.49 abcd

0.33 a

0.36 bcd

0.46 cd

0.23 a

Control

0.37 bc

0.55 ab

0.24 a

Signiﬁcance

0.0102

NS

NS

Imidacloprid

Acephate

Bifenthrin

Endosulfan

Control
infested w/
insects

Treatments followed by the same letter are not signiﬁcantly different. Means were seperated using
Fisher's Protected Least Signifcant Difference, P ≤0.05.
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Insecticide Screening for Control of Tea Scale, Fiornia theae
Charles P. Hesselein1 and Joseph R. Chamberlin2
Ornamental Horticulture Substation, Mobile, AL 36689-0276
2
Valent USA Corporation, 2386 Clower St.,
Suite E-100B, Snellville, GA 30078-6134
1
chessele@acesag.auburn.edu, 2jcham@valent.com
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Index Words: Camellia, Safari, Dinotefuran, Distance, Pyriproxifen, Orthene,
Acephate, Precise Acephate, Discus, Imidacloprid, Cyﬂuthrin, Ultra-Fine Oil,
Summer Oil, Horticultural Oil
Signiﬁcance to Industry: Tea scale is an armored scale (Diaspididae)
commonly found on Camellia, including its namesake, tea (C. sinensis [L.]
Kuntze), various hollies, Aucuba, Citrus, Euonymus, Osmanthus, and others
(1). Symptoms of tea scale infestation can range from chlorotic spotting on
the upper surface of infested leaves to premature senesce of those leaves. In
addition, the cottony waxy ﬁlaments produced by male tea scale are unsightly.
Controlling tea scale can be particularly problematic because of the difﬁculty
in contacting them with insecticide sprays. Factors which make spray contact
difﬁcult include the tea scale’s habit of heavily colonizing the undersides of older
foliage, the cottony, waxy coating exuded by the male insects, the armored
cover over the female’s body which protects both her and her eggs, and nursery
cultural practices which promote thick, difﬁcult to penetrate plant canopies. In
addition, this insect’s non-synchronous, year-round life cycle makes targeting
the vulnerable crawler stage with insecticide sprays problematic. Containerized
nursery producers will even overturn plants to insure spray coverage of lower
leaf surfaces, a practice that greatly increases the labor costs when utilizing
insecticide sprays to control tea scale. In 2002, a trial was conducted using
both spray and drench treatments of a presently unregistered active ingredient,
dinotefuran (to be registered as Safari), the insect growth regulator Distance IGR
and Ultra-Fine Spray Oil to control tea scale.
Nature of Work: One-gallon containers of camellia (Camellia japonica L.)
planted in a pinebark-based container medium and heavily infested with tea
scale (Fiorinia theae Green) were obtained from a commercial nursery. These
containers were placed outdoors under shade at the Ornamental Horticulture
Research Center in Mobile, AL. Plants were irrigated as needed using an
overhead sprinkler system. All treatments were applied on 25 June 2002 for
the ﬁrst set of treatments and again three weeks later on 16 July 2002 (Table 1).
Drench applications were applied using 4 ﬂ oz of dilution per container. Plants
receiving spray treatments were sprayed with a R&D sprayer set at 40 psi
using a TXVS 6 Conejet Nozzle (Spray Systems Co., Wheaton, IL). Plants were
sprayed on both the upper and lower leaf surfaces; however, Ultra-ﬁne Spray
Oil was applied with 1.6-2.1 times greater volume than any of the other spray
treatments, to maximize spray/insect contact with the oil. Oil insecticides have
no residual activity on target pests.
Insecticide efﬁcacy was determined by removing one infested leaf from each
plant on each sample date. Twenty-ﬁve adult female scale insects on each
Entomology Section
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of these leaves were probed with an insect mounting pin to determine if they
were alive or dead. Scale insects that did not exude liquid body contents
when probed were assumed dead. Insects were probed under a 14x binocular
dissecting microscope. Data were collected on July 2, 10 and 25 and
August 2, 10, and 27 (7, 14, 28, 35, 42 and 63 days after treatment [DAT] from
the initial set of treatments, respectively). Efﬁcacy was evaluated using the
percentage dead scale insects encountered (percentage dead = dead scale
insects/25). The experiment was set up as a completely randomized design with
six replications per treatment. The experimental unit was a single 1-gallon tea
scale infested camellia plant. Treatment means were separated using Duncan’s
Multiple Range Test (α≤0.05) at each sample date.
Results and Discussion: The means separation tests showed signiﬁcant
differences among treatments at 7 and 14 DAT (Table 1); however the overall
analysis of variance model was insigniﬁcant on both dates (P= 0.2231 and
0.2527, respectively) and a review of the data suggested that the mean
separation test detected differences among means when there actually were
none. At 28 DAT, all treatments except for the 12 ﬂ oz Distance IGR had
signiﬁcantly more dead female tea scale than the untreated control. From
35-63 DAT, all treatments had signiﬁcantly more dead female tea scale than
the untreated control. In addition, on these dates both dinotefuran drench
treatments were statistically indistinguishable from and had greater percentage
dead female tea scale than the grower standard treatment, Ultra-Fine Spray Oil.
The results of this insecticide trial demonstrates that several insecticides
will effectively kill tea scale, including 2% Ultra-Fine Spray Oil, 8 and 12 ﬂ oz
Distance IGR and spray and drench dinotefuran (Safari) treatments. For sprayed
insecticides (i.e., Ultra-Fine Spray Oil and Distance IGR) in dense nursery
canopies, it may be necessary to overturn plants or use other techniques to
contact tea scale with the insecticide. One beneﬁt of the systemic dinotefuran
drench treatments is the plants do not need to be overturned to achieve
effective “coverage”; however, care must be taken to insure uniform application
of drench treatments.
Literature Cited:
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8 oz

8 ﬂ oz

12 ﬂ oz

dinotefuran

Distance IGR

Distance IGR

2

2

2

2

2

1

Foliar spray

Foliar spray

Foliar spray

Foliar spray

Foliar spray

Drench

Drench

--

Application
method

60

47

41

57

32

50

40

36

7 DAT

65

48

48

54

53

65

72

41

14 DAT

84 a

49 bc

69 ab

77 a

68 ab

93 a

85 a

33 cz

28 DAT

83 ab

63 b

65 b

91 a

68 b

83 ab

91 a

21 c

28 DAT

Percentage Dead Females

83 abc

63 c

71 bc

71 bc

62 c

94 ab

96 a

26 d

42 DAT

z

Means within columns followed by the same letter are not signiﬁcantly different. Mean separations performed using Duncan’s Multiple Range Test, α≤0.05.

2 gal

4 oz

dinotefuran

Ultra-Fine Spray Oil

48 oz

dinotefuran

1

--

--

24 oz

Number of
applications

dinotefuran

Untreated control

Product(s)

Rate of
formulated
product
per 100
gallons

Table 1. Percentage Dead Adult Female Tea Scale.

93 ab

98 a

80 ab

92 ab

73 b

98 a

94 ab

47 c

63 DAT
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Insecticide Efﬁcacy Trials for Control of the
Strawberry Rootworm, Paria fragariae Wilcox,
(Coleoptera: Chrysomelidae)
Charles P. Hesselein1 and David Boyd Jr.2
1
PO Box 8276, Mobile, AL 26689-0276
2
USDA-ARS, PO 287, Poplarville, MS, 39470
1
chessele@acesag.auburn.edu, 2dboyd@msa-stoneville.ars.usda.gov
Index Words: Beetle, Azalea, Rhododendron, Raphiolepis, Rose, Indian
hawthorn, Itea, Virginia sweetspire, Cotoneaster
Signiﬁcance to Industry: The strawberry rootworm (SRW), Paria fragariae
Wilcox (Coleoptera: Chrysomelidae), is a threat to proﬁtable container plant
production, especially azalea production, in the southeastern United States.
Stephenson et al. (1983) reported an outbreak of strawberry rootworm in
container-produced azaleas in the Mobile County, AL area in 1982. However,
only in the past several years have reports of damage by this pest become
widespread in the southeast. The beetle attacks many plant species, but most
of the recorded host plants are in the Rosaceae (e.g., strawberry, roses) (Clark
et al. 2004). The SRW has also been reported on or observed by the authors
on the following taxa: Itea virginica L., Cotoneaster spp., Raphiolepis spp.,
Rosa spp. and Vaccinium spp. (2, 3, 4, 5, Boyd and Hesselein unpublished
data). The SRW is a nocturnal beetle that damages plants by feeding on
foliage. Symptoms of an infestation are small circular to elongated feeding
holes in the foliage generally 1/13 to 1/8 inch in diameter or width. The adult
beetles are approximately 1/6 inch long, oval and shiny dark brown with four
black markings on their wings. Previous insecticide screening trials have shown
that the insecticides Sevin 80WSP [ai, carbaryl (8 oz ai/ 100 gal)] and Duragard
ME [ai, chlorpyrifos (10.4 oz ai/ 100 gal)] (3) or Dursban 2E (ai, chlorpyrifos),
Ficam 76WP (ai, bendiocarb), Orthene 75SP (ai, acephate) and Sevin 2.4F (ai,
carbaryl) all at 8 oz ai/ 100 gal (4) kill SRW adults. The purpose of this trial
was to investigate the activity of additional active ingredients, focusing on
pyrethroid insecticides.
Nature of Work: Two trials were conducted, one in the greenhouse using
whole plants, and one in the laboratory, using small branches removed from
sprayed plants and placed into individual arenas. The experimental design
for the greenhouse trial was a randomized complete block design with two
blocks and six replicates; each plant constituted an experimental unit. For
the lab trial, the experimental design was a completely randomized design
with six replicates; each arena constituted an experimental unit. The two trials
contained the following treatments: a water-treated control, DeltaGard GC 5 SC
(ai, deltamethrin) at 4 and 8 ﬂ oz formulation/ 100 gal, Scimitar GC (ai, lambdacyhalothrin) at 2.5 and 5 ﬂ oz formulation/ 100 gal, Discus (ai, imidacloprid +
cyﬂuthrin) at 25 and 50 ﬂ oz formulation/ 100 gal, Orthene TT&O Spray97 (a.i.,
acephate) at 16 oz formulation/ 100 gal, Tame 2.4 EC (ai, fenpropathrin) at
10.7 ﬂ oz formulation/ 100 gal, Mavrik Aquaﬂow at 10 ﬂ oz formulation/ 100 gal,
Decathlon 20 WP at 1.9 oz formulation/ 100 gal, Talstar Nursery Flowable (ai,
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bifenthrin) at 10 ﬂ oz formulation/ 100 gal and in the laboratory trial only, Pylon
(ai, chlorfenapyr) at 2.6 ﬂ oz formulation/ 100 gal.
Greenhouse Trial
Symptom free, 6.5-inch diameter pots of ‘Coral Bell’ azalea plants were
obtained from a local commercial nursery and placed in the greenhouse. On
June 17, 2003, ten beetles were aspirated into 72, 0.7 ﬂ oz- (20 ml) scintillation
vials and one beetle-ﬁlled vial was placed on each plant. Plants were placed
in 21-inch saucers so that beetles that had died and fallen off plants could be
counted. Treatments were applied two days after infesting plants. Data were
collected 1, 4 and 7 days after treatment (DAT).
Laboratory Trial
Arenas consisted of an 8 ﬂ oz capped polyethylene sample vial. Scintillation
vials (0.7 ﬂ oz) were half ﬁlled with water, covered with Paraﬁlm and placed in
each arena. The water ﬁlled vials served as a water reservoir for the treated
azalea stems. One ‘Coral Bell’ azalea plant per treatment was sprayed with the
treatments outlined above on the morning of July 16, 2003. Two hours following
treatment, small stems were removed from each treated plant. A 1/20 inch hole
was made in the Paraﬁlm covering each scintillation vial and the base of one
branch was placed into the water ﬁlled vials. Four strawberry rootworm beetles
were placed on the plant material in each arena. The number of dead beetles
observed in each arena was recorded at 1, 2, 5, and 7 DAT.
Results and Discussion:
Greenhouse Trial
Recovery rate for both living and dead beetles was extremely low. However,
differences between treatments were found for data on the number of dead
beetles 1 DAT and for total dead beetles found at the conclusion of the trial.
For data collected on number of dead beetles 1 DAT, DeltaGard (4 and 8 ﬂ oz),
Scimitar (5 ﬂ oz), Discus (25 and 50 ﬂ oz), Tame, Decathlon and Talstar all
had more dead beetles than the water-treated control treatment, but were
indistinguishable from one another. When analyzing the sum of the mean total
number of dead beetles in each treatment at the end of the trial, the 8 ﬂ oz
DeltaGard, 5 ﬂ oz Scimitar and Decathlon treatments all had more dead beetles
than the water-treated control treatment, but were indistinguishable from one
another (data not shown).
Laboratory Trial
Data were collected for number of dead beetles found in each arena on
1, 2, 5 and 7 DAT. At 7 DAT, all beetles, living and dead, were counted in each
arena. At 1 DAT, the 8 ﬂ oz DeltaGard, Talstar and Pylon treatments were
indistinguishable and had more immobile beetles than the water-treated control
and the Mavrik treatments (Table 1). At 2 DAT, both DeltaGard treatments,
Talstar and Pylon treatments were indistinguishable from each other and had
more immobile beetles than the water-treated control or Mavrik treatments.
By 5 DAT, all treatments with the exception of the Mavrik treatment had more
immobile beetles than the water-treated control and were indistinguishable from
one another. At 7 DAT, all treatments had more dead beetles than the waterEntomology Section
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treated control and the DeltaGard, Scimitar, Discus, Orthene Spray 97, Tame,
Decathlon, Talstar and Pylon treatments all had more dead beetles than the
Mavrik treatment.
Unfortunately very few beetles were recovered during the greenhouse study,
reducing the amount of information gained from that study. Reasons for the
lack of recovered beetles may include: 1) initial population of beetles was too
large to be supported by the individual plants, causing beetles to seek new
host material prior to application of treatments and 2) the insecticides acted as
repellants and caused the beetles to ﬂy off treated plants. In spite of the low
number of recovered beetles, it appeared that the 8 oz Deltamethrin and 5 ﬂ oz
Scimitar treatments effectively killed beetles as quickly as 1 DAT. The laboratory
trial demonstrated that all the treatments with the exception of Mavrik killed 96100% of strawberry rootworm adult beetles by the end of the trial (i.e., 7 DAT).
Unfortunately the Mavrik used in the trial was almost 10 years old, which is
probably why it was ineffective. The insecticide / nematicide Pylon is only
registered for greenhouse use.
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4 ﬂ oz
8 ﬂ oz

Deltamethrin

Deltamethrin

lambda-cyhalothrin

lambda-cyhalothrin

DeltaGard

DeltaGard

Scimitar GC

Scimitar GC

10 ﬂ oz

bifenthrin

chlorfenapyr

Talstar

Pylon

Statistical analyses performed using Tukey’s Studentized Range (HSD) test (a=0. 5).

Means within the same column followed by the same letter are not signiﬁcantly different.

2.6 ﬂ oz

1.9 oz

10 ﬂ oz

cyﬂuthrin

tau-ﬂuvalinate

Mavrik

10.7 ﬂ oz

16 oz

50 ﬂ oz

25 ﬂ oz

Decathlon

Fenpropathrin

Tame

Acephate

imidacloprid + cyﬂuthrin

Discus

Orthene Spray97

imidacloprid + cyﬂuthrin

Discus

5 ﬂ oz

2.5 ﬂ oz

--

--

Water-treated Control

Amount/ 100 gal

Active Ingredient(s)

Treatment

3.8 a
4.0 a

3.8 a

3.3 ab

3.7 a

3.2 ab

0.7 c

3.2 ab

2.0 abc
0.8 c

3.0 ab

3.5 ab

3.2 ab

2.8 ab

3.5 ab

3.8 a

3.8 a

1.6 bc

2 DAT

2.2 abc

3.2 ab

3.2 ab

2.7 abc

3.2 ab

3.7 a

3.3 ab

1.2 bc

1 DAT

Table 1. Analyses of the number of dead Paria beetles in the 2003 laboratory trial.

4.0 a

4.0 a

3.7 a

0.8 b

3.2 a

4.0 a

4.0 a

3.7 a

3.7 a

3.8 a

3.7 a

3.7 a

0.2 b

5 DAT

4.0

4.0

3.7

1.3

3.8

4.0

4.0 a

3.8 a

3.8 a

3.8 a

4.0 a

4.0 a

0.2 c

7DAT
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Miticide Screening for Control of Broad Mite,
Polyphagotarsonemus latus on Greenhouse Azaleas,
Rhododendron spp. ‘Prize’
Charles P. Hesselein1 and Michelle Bell2
OHRC, PO Box 8276 Mobile, AL 36689-0276
2
11550 N. Meridian St, Suite 600 Carmel, IN 46032-4565
chessele@acesag.auburn.edu, 1michelleb@sepro.com
1

Index Words: Polyphagotarsonemus latus, Broad Mite, Miticide, Azalea,
Rhodendron, Akari, Kelthane, Pylon, Fenpyroximate, Dicofol, Chlorfenapyr
Signiﬁcance to Industry: Broad mites are tiny tarsonemid mites that are
commonly found feeding in developing buds and expanding foliage. The
damage caused by the feeding of these mites scars, distorts, and stunts both
buds and foliage. Broad mites are more commonly found in the spring in
greenhouses. However, at times broad mites are problems in outdoor nursery
production during the summer, especially if the summer has been wet and
relatively cool. Broad mites have a fairly wide host range including azalea
(Rhododendron spp.), ivy (Hedera spp.), gerbera daisy (Gerbera jamesonii Bol.ex
Adlam.), dogwood (Cornus ﬂorida L.) and impatiens (Impatiens spp.).
Nature of Work: Five-inch, “liner”, ‘Prize’ azalea plants, infested with broad
mites were obtained from a local greenhouse azalea producer. Plants were
repotted into 7-inch pots prior to treating the plants. The trial was conducted
in a greenhouse. The trial consisted of six treatments: a water-treated control,
Pylon (ai, chlorfenapyr) at 2.6 ﬂ oz product per 100 gal, Akari (ai, fenpyroximate)
at 16 and 24 oz product per 100 gal, Sanmite (ai, pyridaben) at 2.0 oz product
per 100 gal, and Kelthane (ai, dicofol) at 16 oz product per 100 gal. Treatments
were arranged in a completely randomized design with six replications per
treatment and one plant per experimental unit (EU). Plants were treated on
April 15, 2003 and data were collected 2, 7, 14 and 21 days after treatment
(DAT). On 2 and 7 DAT, data were collected by selecting one symptomatic stem
tip from each EU and counting all broad mites on the ﬁve most distal leaves
and the growing tip of each selected shoot. By 7 DAT, mite populations had
declined on symptomatic stem tips likely due to the unsuitability of those tips as
host tissue. Therefore, on 14 and 21 DAT, stems were haphazardly selected with
eyes closed from each EU. A 30x stereo microscope was used to ﬁnd mites
on the experimental plant material. All motile mites were counted. At 7 and 21
DAT, broad mite damage was visually evaluated using a rating scale developed
by Horsfall and Barratt (1945) where 1= 0%, 2= 0-3%, 3= 3-6%, 4= 6-12%,
5= 12-25%, 6= 25-50%, 7= 50-75%, 8= 75-88%, 9= 88-94%, 10= 94-97%,
11= 97-100%, and 12= 100% of the terminal growth on each experimental unit
displaying broad mite damage (distorted growth). Data for both the broad mite
counts and the visual rating were analyzed with analysis of variance and means
were separated using Tukey’s Studentized Range (HSD) Test (α≤0.05). Broad
mite population data were transformed using a square root transformation prior
to analyses.
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Results and Discussion: Unfortunately an error was made in the initial
development of treatments; the rate for the Sanmite treatment is one-half
the label rate. Therefore, the results from the Sanmite treatment should be
disregarded or evaluated realizing that the treatments were one-half the
label rate.
At 2 DAT, only the Kelthane treatment had signiﬁcantly fewer mites than the
control (Table 1). By 7 DAT, the Pylon, Kelthane, and 24 oz Akari treatments had
signiﬁcantly fewer mites than the control with the Pylon and Kelthane treatments
having a mean of zero mites per EU. There were no statistical differences
among treatments at the 7 DAT visual rating (Table 2). At 14 DAT, only the Pylon
and Kelthane treatments had signiﬁcantly fewer mites than the control. By
21 DAT, none of the treatments had signiﬁcantly fewer mites than the control.
However, Pylon and Kelthane treatments had lower visual ratings (appeared to
have less broad mite damage) than the control treatment.
Kelthane and Pylon proved to be the most effective treatments in this trial.
However, according to restrictions on the label, Kelthane can only be applied
from an enclosed cab making it unsuitable for most greenhouse applications.
The resurgence of mite populations beginning at 14 DAT for both of these
treatments was likely due to inadequate separation of EUs. If the mites had
been prevented from crawling from one EU to another, the Pylon and Kelthane
treatments would probably have had signiﬁcantly fewer mites than the
control even at 21 DAT. Akari was marginally effective at reducing broad mite
populations; the 24 oz rate had statistically fewer mites than the control at 7 DAT
and the means of both rates (16 and 24 oz) were lower than the control on all
dates except for the ﬁnal observation date (21 DAT). In terms of acceptable
control to growers, perhaps the visual rating gives the most practical results.
Most growers base broad mite efﬁcacy on the cessation of broad mite damage
symptoms, since the mites are too tiny to be practically observed even with a
10x hand lens. Among the treatments tested, only Pylon and Kelthane provided
commercially acceptable control based on visual ratings (Table 2).
Literature Cited:
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Pylon

Akari

Akari

Sanmite

Kelthane

2

3

4

5

6

16 oz

2 oz

24 ﬂ oz

16 ﬂ oz

2.6 ﬂ oz

--

Amount Product
Per 100 gal

0.8 b

5.8 ab

5.0 ab

9.8 a

3.0 ab

11.3z a

4/17/03 (2 DATy)

0.0 c

7.8 ab

3.7 bc

7.7 ab

0.0 c

17.0 a

4/22/03 (7 DAT)

0.3 c

18.5 ab

17.7 ab

19.0 abc

0.8 bc

21.7 a

4/29/03 (14 DAT)

17.2 a

16.3 a

21.0 a

19.0 a

15.7 a

15.5 a

5/6/03 (21 DAT)

y

DAT is Days after Treatment.

Mean number of living mites counted on the ﬁve most distal leaves and the growing point from a single haphazardly selected terminal on each experimental unit. Data
transformed using a square root transformation prior to analyses. Untransformed data presented. Mean separations performed using Tukey’s Studentized Range (HSD)
Test. Means followed by the same letter were not statistically different.

z

Water-treated control

1

Product

Table 1. Analyses of data of number live of broad mites counted at each observation date.
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Table 2. Whole plant visual ratings of damage caused by broad mites
on azaleas.
Product

Amount Product
Per 100 gal

4/22/03 (7 DATy)

5/6/03 (21 DAT)

--

8.0z abc

8.8 a

1

Water-treated control

2

Pylon

2.6 ﬂ oz

7.0 c

4.5 b

3

Akari

16 ﬂ oz

10.0 a

8.8 a

4

Akari

24 ﬂ oz

7.2 bc

6.7 ab

5

Sanmite

2 oz

9.7 ab

8.0 ab

6

Kelthane

16 oz

6.2 c

5.0 b

Whole plant visual ratings performed using 1-12 rating scale developed by Horsfall and Barratt (1945)
where 1= 0%, 2= 0-3%, 3= 3-6%, 4= 6-12%, 5= 12-25%, 6= 25-50%, 7= 50-75%, 8= 75-88%, 9=
88-94%, 10= 94-97%, 11= 97-100%, and 12= 100% of the terminal growth of each experimental unit
displaying symptoms of broad mite damage. Mean separations performed using Tukey’s Studentized
Range (HSD) Test. Means followed by the same letter were not statistically different.

z

y

DAT is Days after Treatment.
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Manipulating Fertility Affects Susceptibility of Potted
Chrysanthemum to Western Flower Thrips
(Frankliniella occidentalis)
Fred. T. Davies1, Jr., Chuanjiu He1, Amanda Chau2 ,
Kevin M. Heinz2, and James D. Spiers1
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
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Index Words: Thrips Abundance, Best Management Practices, Integrated Pest
Management, Nutrition, Photosynthesis, Stomatal Conductance, Gas Exchange,
Plant Growth and Development
Signiﬁcance to 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-thrips
system. The morphology and physiological status of chrysanthemum determines
its susceptibility to thrips (Schuch et al., 1998). This paper demonstrates the
inﬂuence of thrips on decreasing Pn and gs, and decreasing carbon allocation
to leaves and reproductive structures. Selecting chrysanthemum cultivars with
greater resistance to WFT is one approach to IPM. Controlling fertility and
irrigation practices to reduce and manage WFT 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.
Nature of Work: This research details the inﬂuence of fertility on plant growth,
stomatal conductance (gs), net photosynthesis (Pn) and thrips population
dynamics with chrysanthemum (Dendranthema grandiﬂora Tzvelev var. Charm)
inoculated with western ﬂower thrips (Frankliniella occidentalis (Pergande).
Plants were exposed to four fertility levels of 0, 38, 75 and 375 ppm N
(recommended N level). One, single-rooted chrysanthemum cutting per 6-in. pot
was placed in a cylindrical cage (14 in. in diameter and 21 in. in height) enclosed
with Lexan ﬁlm (GE Plymershapes, Hunterville, NC) to contain thrips movement
among pots. Plants were grown in growth chambers at 24/20°C [75/68°F] day/
night temperature, 75% RH and 11L/ 13D. Five weeks after transplanting, ﬁve
adult female WFT were introduced to each plant. Plants were later differentially
harvested based on the stage of ﬂoral development (anthesis), with higher fertility
plants harvested ﬁrst. The experiment was repeated two times, with thrips
treatments altered to reduce any chamber effects; there were none. Only the
second run is reported which mirrored that of the ﬁrst run.
Western ﬂower thrips (WFT) are among one of the most detrimental pests for
greenhouse/ﬂoricultural crops. Fertilizers used in nursery - greenhouse industries
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are an important source of essential elements for both chrysanthemums
and thrips. During commercial production, chrysanthemums are fertilized
at high fertility, except for the last several weeks of production when fertility
is discontinued to enhance postharvest keeping quality of ﬂower blooms
(Yoder Brothers Inc., 2003). However, unlike agronomic or other ﬁeld crops,
there is near zero tolerance for thrips during greenhouse crop production of
chrysanthemum. In short, strategies for optimizing greenhouse chrysanthemum
nitrogen fertilization and controlling thrips population development have led to
mixed results.
As part of best management practices (BMP), 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 fertility on host plant quality and pest
populations may lead to precision based fertilization that maintain high crop
quality, but minimize insect damage. The ultimate result would be to reduce the
usage of pesticides and associated chemical phytotoxicity. Greater precision
chemical usage can also potentially reduce pesticide runoff and contamination
of surface and ground water (Yaeger et al., 1997). Hence this study tested the
hypothesis that moderate levels of nitrogen would better control western ﬂower
thrips (WFT) on chrysanthemum. While thrips are known to reduce plant quality,
there have been few comprehensive studies on plant response to changing thrips
population dynamics. The inﬂuence of thrips on plant growth and development,
plant gas exchange and ethylene evolution was determined.
Results and Discussion: This is one of the ﬁrst reports on the susceptibility of
chrysanthemum to WFT, which details the inﬂuence of fertility on plant growth,
gas exchange and herbivore abundance. Plants were exposed to four fertility
levels of 0, 38, 75 and 375 ppm N (375 ppm N was the recommended N level
for pulse fertigation of chrysanthemum). Thrips abundance was greatest at
high fertility (Fig. 1). Thrips depressed plant vegetative and reproductive growth
(Fig. 2 and Table 1). Thrips signiﬁcantly reduced leaf, total top, ﬂower and ﬂower
bud DM, leaf area and plant height (Table 1). Thrips depressed total top, ﬂower
bud and leaf DM from 38 to 375N (Table 1 and Fig. 2). Thrips suppressed leaf
area at all fertility levels. Flower bud number was also reduced by thrips at 38N
and 375N. On average from 38 to 375N, WFT reduced ﬂower bud, leaf, total top
plant DM and leaf area by, respectively, -8%, -23%, -14% and -16% compared
to non-inoculated plants. Speciﬁc leaf area [(SLA) cm2.g-1 {in2.oz-1} leaf DM] was
unaffected by WFT, but increased at the highest fertility level (i.e., leaves became
thinner) (Table 1). A higher SLA indicates that fewer leaf mesophyll cells develop
and that biomass is reduced per unit leaf area.
Flower bud damage via thrips increased at higher N levels (Table 1). Thrips
reduced photosynthesis (Pn) at 38 and 375N and stomatal conductance (gs) from
38 to 375N in young, mature and older basal leaves, with gs showing greater
sensitivity than Pn (Table 1). Ethylene and chlorophyll levels in WFT damaged
leaves did not differ from non-inoculated plants (data not included).
Thrips target individual cells, and therefore cause more damage than phloem
feeding insects like aphids. Likewise, leaf miners attack leaf mesophyll tissue
Entomology Section

185

SNA RESEARCH CONFERENCE - VOL. 49 - 2004
and can cause more damage than thrips. Thrips are also vectors of viruses
affecting ﬂoral crops. In another study (Davies et al., 2004), aphids triggered
physiological responses leading to a greater leaf SLA. Unlike thrips, plants
perceive aphids as pathogens and activate the salicylic acid-dependent and
jasmonic acid/ethylene dependent signalling pathways (Walling, 2000). While
thrips had no effect on SLA, they did depress Pn and gs, whereas aphids
depressed Pn, but not gs (Davies et al., 2004). While WFT inoculated plants did
not have statistically different levels of leaf chlorophyll, there was a reduction in
net photosynthesis (Pn). However, surprisingly with the greater ﬂower damage,
particularly at higher N, there were no differences in ethylene evolution (data not
reported). The reduced Pn and gs of WFT plants may also be due to physical
stress of the herbivore (Wareing and Cobb, 1992).
Nitrogen and Thrips Population. While low to moderate N fertility greatly
reduced thrips populations in this study (Fig. 1), the chrysanthemums were not of
marketable quality. Dietary nitrogen (N) is an important factor inﬂuencing thrips
development (Mattson, 1980; Schuch et al., 1998). No differences were found
in thrips stratiﬁcation among: 1) older-basal leaves, 2) physiologically mature
leaves or 3) young, apical leaves. The lack of stratiﬁcation contrasts with an
earlier aphid study where aphids tended to stratify towards younger leaves under
high fertility and towards older basal leaves (larger canopy than young leaves)
under low N conditions (Davies et al., 2004). Thrips tend to congregate towards
ﬂoral parts, which was indicative of the high N treatments with more profuse
ﬂowering. In contrast, a near zero level of thrips recorded at zero fertility – where
reproductive growth was minimal (Fig. 1.)
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Table 1. ANOVA P values of growth parameters of chrysanthemum-thrips study
with thrips (T) and fertility (F) as main treatments.
Individual Flower
and Bud DMy
Source

P

Thrips (T)

Flower and Bud DM
P

Source

P

NS

Thrips (T)

<0.0001

Thrips (T)

<0.0001 Thrips (T)

<0.0001

Fert (F)

<0.0029

Fert (F)

<0.0001

Fert (F)

<0.0001

Fert (F)

<0.0001

TxF

NS

TxF

0.0001

TxF

NS

TxF

<0.0004

Leaf Area

Flower and Bud No.

Source

P

Speciﬁc Leaf Area

Source

P

Source

P

Source

P

Source

P

Thrips (T)

<0.0122

Thrips (T)

<0.0039

Thrips (T)

<0.0036

Thrips (T)

NS

Fert (F)

<0.0001

Fert (F)

<0.0001

Fert (F)

<0.0001

Fert (F)

<0.0001

TxF

<0.0412

TxF

NS

TxF

<0.0093

TxF

NS

Stomatal
Conductance (gs)

Net Photosynthesis
(Pn)

y

Total Top DM

Source
z

Plant Height

z

Leaf DM

Flower Damage

Leaf Damage

Source

P

Source

P

Source

P

Source

P

Thrips (T)

<0.0002

Thrips (T)

<0.0001

Thrips (T)

<0.0001

Thrips (T)

<0.0001

Fert (F)

<0.0001

Fert (F)

<0.0001

Fert (F)

NS

Fert (F)

NS

TxF

<0.0001

TxF

<0.0001

TxF

NS

TxF

NS

Non-Signiﬁcnt (NS).
Dry mass (DM).
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Fig. 1. Effect of fertilization on thrips populations in chrysanthemum at
termination of experiment (n=3). Bars indicate the standard error of the mean.
Treatment effect of fertilization was highly signiﬁcant (P?0.0001). Leaf position
(apical, physiological mature or lower-basal leaves) had no signiﬁcant affect on
thrips nor was there an interaction between fertilization x leaf position.
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Fig. 2. Effect of fertilization and thrips on total top, ﬂower and bud dry mass
(DM), and ﬂower and bud number in chrysanthemum at termination of experiment (n=3). Bars indicate the standard error of the mean. Treatment effects of
thrips, fertilization and their interaction were highly signiﬁcant (P¡Â0.001).
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Southern Plant Diagnostic Network: Educational Efforts to
Improve Detection of Agricultural Pests
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Signiﬁcance to Industry: Plant pest diagnostics is strengthened by educational
efforts and the increased information ﬂow made possible by the establishment
of the National Plant Diagnostic Network (NPDN). The Southern Region of the
NPDN has been designated the Southern Plant Diagnostic Network (SPDN).
Early detection of exotic pests allows for timely alerts, better management,
containment and possibly eradication of important new pests.
Nature of Work: The NPDN is composed of the Western, Great Plains, North
Central, Northeastern and Southern Regions. The NPDN is funded by USDACSREES and its mission is to enhance national agricultural security by quickly
detecting introduced pests and pathogens. The SPDN connects individuals
that are likely to be ﬁrst detectors, like county extension agents and state land
grant university plant diagnostic laboratories with regulatory agencies like state
departments of agriculture, the SPDN diagnostic center, and the USDA-APHIS.
The Southern Region Plant Diagnostic Center of the SPDN is currently centered
at the University of Florida in Gainesville. The states in the SPDN include
Kentucky, Virginia, Tennessee, North Carolina, South Carolina, Georgia, Florida,
Alabama, Mississippi, Arkansas, Louisiana, Texas and Puerto Rico. An open
communication between state and federal regulatory agencies is very important
component of the SPDN.
The integration of various agencies has been strengthened with training
exercises. One such exercise has been to send a state diagnostic center an
image of a potential bioterrorism agent (e.g., soybean rust) from a list of select
agents determined by USDA-APHIS to represent a threat to U.S. Agriculture.
The state diagnostic center then is to contact the proper regulatory agencies in
the state such as the state department of agriculture and the USDA-APHIS State
Plant Health Director in a timely manner.
Collaborative training efforts of ﬁrst detectors are planned. First detectors
include county extension agents, crop consultants, agricultural inspectors,
growers, Master Gardeners, and others involved in plant management. Over
6oo ﬁrst detectors have been trained through May 2004. First detector training
is planned for the annual meeting of the National Association of County
Agricultural Agents in 2004 and 2005. Also, training is planned for the annual
meeting of the Southern Chapter of the Horticultural Inspection Society in

190

Entomology Section

SNA RESEARCH CONFERENCE - VOL. 49 - 2004
September 2004. Educational programs for ﬁrst detectors will convey the
mission of the NPDN/SPDN and demonstrate how to: 1) monitor for high
risk pests, 2) submit high quality and secure samples, 3) diagnose pests, and
4) utilize digitally assisted distance diagnosis. Exercise scenarios will also be
part of this training.
Recently, entomology has been added to the ﬁrst detector training. This has
increased awareness of the NPDN/SPDN to the entomological community. A
SPDN Entomology Subcommittee has been established and a plan of work
developed. Some of the goals developed by the Entomology Subcommittee
are to provide increased funding for personnel to sort, identify and curate
specimens. Also, insect identiﬁcation workshops for diagnosticians, led by
taxonomic experts, will be a priority. The ﬁrst workshop will be on Homoptera in
Gainesville, FL on December 9-11, 2004. Taxonomic keys and other information
for diagnosticians will be prepared as conference proceedings for the Gainesville
and other future workshops.
Due to international trade, exotic insects arrive in the U.S. from all parts of the
world. Using Florida as an example, most introductions came from neotropical
regions from 1970-1989. However, Asia has been the source of most new
pests from 1990-2000 with an average of 12 arthropods being introduced each
year (1). The arthropod groups most likely to invade Florida are the insect orders
of Homoptera [scales, whiteﬂies, psyllids, planthoppers, aphids and others],
Coleoptera [beetles], and Thysanoptera [thrips](1). Recent exotic insect pest
introductions include the pigeonpea pod ﬂy, Melanagromyza obtusa (Malloch),
(origin: tropical Asia) to Puerto Rico in 2000 and Florida in December 2003;
a weevil, Myllocerus undatus Marshall, (origin: Sri Lanka) to Florida in 2002;
and pink hibiscus mealybug, Maconellicoccus hirsutus (Green), (origin: Asia)
to California in 1999 and Florida in 2002. Other national exotic pest concerns
include the Asian longhorned beetle, Anoplophora glabripennis (Motschulsky),
(introduced to New York in 1996); emerald ash borer, Agrilus planipennis
Fairmaire (Michigan around 2002); various fruit ﬂies (continuous monitoring); and
soybean aphid, Aphis glycines Matsumura (Midwestern U.S. 2000).
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The Twobanded Japanese Weevil, Pseudocneorhinus
bifasciatus (Roelofs) (Coleoptera: Curculionidae): Southeastern
U.S. Distribution of an Adventive Pest of Ornamental Shrubs
David W. Boyd, Jr.1 and Alfred G. Wheeler, Jr.2
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2
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Signiﬁcance to Industry: Even though the twobanded Japanese weevil is a
potentially important pest of landscape plantings in the Southeast, it has received
scant attention, and its southeastern distribution has remained little known.
Early detection and control of this potential pest could reduce the likelihood
of its reaching pest status in nurseries and landscapes in the southeastern
United States.
Nature of Work: The twobanded Japanese weevil, Pseudocneorhinus bifasciatus
Roelofs, was accidentally introduced into the northeastern United States, probably
with nursery stock imported from Japan. The weevil is about 1/4 inch (6.4 mm)
long, drab brown or gray and has a rounded abdomen with two bands; hence
its common name. Its snout is short and blunt. It was detected at Philadelphia
in 1914 (Buchanan 1946). This parthenogenetic (reproduces without males),
univoltine (only one generation per year) weevil feeds on more than 100 species of
plants, including many ornamental trees and shrubs (Staines and Staines 1988).
The name Callirhopalus bifasciatus is used in much of the economic literature, but
P. bifasciatus is the correct name (Alonso-Zarazaga and Lyal 1999). Little is known
about the twobanded Japanese weevil’s distribution in southeastern states. The
main objective of this study was to determine the southeastern distribution of the
twobanded Japanese weevil.
Collections of P. bifasciatus were made in Alabama, North Carolina, and South
Carolina and attempted in Mississippi and Florida. Label data were recorded from
specimens in state and national museums, or provided by curators. In addition,
the Cooperative Economic Insect Report, published by the USDA, was consulted
for records.
Results and Discussion: Records of P. bifasciatus in the Southeast are shown
in Fig. 1. Alabama is a new state record. No records were found for Florida,
Louisiana, Mississippi, or Tennessee.
Since its detection, this invasive weevil has become naturalized in the eastern
United States. Because the weevil is ﬂightless, its range expansion has probably
been through human-mediated jump dispersal (i.e., spread via domestic shipments
of infested plant material) (e.g., Suarez et al. 2001). The future spread of this
insect will probably be facilitated through shipment of infested plants, especially
if the insect goes unnoticed in large production nurseries. The weevil has a
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broad host range and could spread quickly in ornamental nurseries. The weevil’s
establishment in Florida, Mississippi, and Tennessee is probable.
The southeastern range of P. bifasciatus might be substantially greater. We
encourage those who identify this weevil to deposit voucher specimens in
institutional collections. The availability of voucher material will help future workers
trace the further spread of this invasive species in North America.
We thank those who facilitated access to insect collections or checked their
holdings for specimens of the weevil. We especially thank Charles W. O’Brien for
advice on nomenclature.
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Fig. 1. Southeastern U.S. distribution of Pseudocneorhinus bifasciatus based on
ﬁeldwork and examination of museum collections. The year of earliest collection is
shown for each of the states from which the weevil is known.
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Clearwing Moth Attraction to Commercial Pheromone Lures
and Colored Traps in East Tennessee
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Signiﬁcance to Industry: Commercially available brands of pheromone lures
chosen for this study did not effectively trap dogwood borer males, despite the
presence of host plants and trunk injury at study sites. Lack of attraction by
these lures may be due in part to volatilization of paint by-products, interaction
of isomer blends, and variations in isomer content and purity. However, the
study has provided records of the identity of alternative sesiids attracted to
“species-speciﬁc” lures. A Growing Degree Days (GDD) timeline for ﬁrst ﬂight
and accumulated emergence of Synanthedon exitiosa and Podosesia syringae
was established for East Tennessee. Thus, landscape managers, arborists, and
growers have more precise guidelines for timing pest management actions. Still,
the key to preventing clearwing borer attack is optimizing tree health.
Nature of Work: Integrated Pest Management (IPM) was developed to minimize
the potential for exposure and over-reliance on pesticides in the biosphere. The
goal of an IPM program is not the eradication of all pests, but rather to maintain
pest populations below an economic or aesthetic injury level. Monitoring pests
is a key component of IPM and to the success of pest management programs for
tree and shrub pests. Monitoring provides valuable data regarding the seasonal
activity and speciﬁc developmental stages of arthropod pests (2).
In North America, clearwing moths (Lepidoptera: Sesiidae) are represented
by more than 151 species in 19 genera (7). Paired with bucket-style (e.g.
Multipher-1) traps, commercially available pheromone lures provide a method for
monitoring and identifying clearwing moths. However, commercially available lures
have provided inaccurate and inconsistent results in attracting certain targeted
species (1, 2).
Different species of clearwing moths are known to prefer slightly different
chemical ratios in their long-range mating attraction. Olfactory cues are utilized
for long-range attraction, but short-range visual cues may also contribute to
orientation and mating by the male clearwing (8). The purpose of this research
was to investigate the hypothesis that color and olfactory cues inﬂuenced male
clearwing trap catch, to correlate male ﬂight activity of Podosesia syringae (Harris)
[lilac borer] and Synanthedon exitiosa (Say) [peachtree borer] with GDD data, and
to clarify the range of clearwing species collected using each commercial lure.
The experimental design was a randomized complete block with two factors
(color and lure brand). Multipher-1 style (Great Lakes IPM, Vestaburg, MI) traps
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were painted (Painter’s Touch latex paint, Rust-Oleum, Corp., Vernon Hills, IL) to
achieve three color treatments: white, black, or green. Traps were charged with
ﬁve commercially available pheromone lures that are marketed to trap dogwood
borers (Synanthedon scitula (Harris)). Brands included Scentry, Scenturion,
Pherotech, IPM Tech, and European dogwood borer lures. Trap layouts were
replicated in four locations on sites with about a 1.5-acre (0.61 ha) contiguous
area. Sites (replicates) were maintained or unmanaged landscapes that ranged
from open ﬁelds to grass-to-deciduous forest transitional ecotones. All sites had
several dogwood trees with at least one injured trunk. Traps were mounted on
triangular metal frames attached to a steel fence post and elevated to 1.5 meters
above the ground. A single trap (one of each color treatment) was mounted on
each point of the triangular frame at a spacing of 20 inches (50 cm). Each fence
post supporting a triangular frame with three traps was spaced 150 feet apart.
The triangular arrangement was expected to allow the greatest likelihood of an
even blend of the pheromone plume.
The GDD were calculated from mean daily temperatures, which were provided
for the Tennessee Tri-Cities area by the National Weather Service Forecast Ofﬁce
in Morristown, TN (3). The GDD are expected to provide a more efﬁcient tool for
targeting pest activity than reliance on the traditional calendar-spray method for
managing the seasonal damage of clearwing moths. Vaportape (10% DDVP)
toxicant insecticide tape (Hercon Environmental, Emigsville, PA) was placed
inside each trap to provide quick knockdown of the fragile male moths. Traps
were installed approximately 2 weeks before the earliest expected emergence of
clearwing borers and placed in open areas with an unobstructed ﬁeld-of-view.
Traps were checked on three and four day intervals, captured clearwing borers
were tallied, and initial counts were based on ﬁeld identiﬁcations. Sesiid moths
were returned to the laboratory and stored until accurate species identiﬁcations
could be made. Assistance in identifying several sesiid specimens was provided
by Dr. Thomas Eichlin, Senior Insect Biosystematist for the State of California.
Results and Discussion:
Comparison of Trap Color. This experiment is a modiﬁcation of earlier studies that
investigated visual cues for trapping clearwing borers and reported seasonal trap
catch data (4, 7, 9, 10). Timmons (1981) indicated that dark-colored traps, like
black, brown, or green, attracted more male clearwing moths than white traps (9).
In 2002, Vaughn and Klingeman reported that white and green-topped Multipher-1
traps collected more than either black-or-green painted traps. However, all
treatments were not treated equally, because white-colored traps were unpainted.
During 2003 studies, all traps were painted. In the case of P. syringae, results
revealed that location (P = 0.21), trap color (P = 0.66), and the interaction of lure
brand with color (P = 0.97) did not inﬂuence trap catch (Fig. 1). Similarly for
S. exitiosa, location (P = 0.17), color (P = 0.43), and the lure brand-by-color
interaction (P = 0.73) were not signiﬁcant and data were pooled (data not shown).
In both studies, Scentry lures caught more P. syringae (P < 0.0001) and S.
exitiosa (P <0.0001) than other lure brands. This may be attributed to differences
in pheromone concentration in the red rubber septa lures. Manufacturers
reported different load rates and isomeric combinations of Z,Z- and E,Z–3,13–
octadecadienyl acetate. However, the reported load rate of Z,Z-ODDA was about
10-fold higher with Scentry lures.
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Growing Degree Days. The GDD temperature accumulations are calculated and
charted to coincide with lilac borer and peachtree borer activity in eastern TN.
Dates of the ﬁrst P. syringae capture in Johnson City, TN was April 9, yielding a
2-year average 132 GDD accumulation for borer ﬂight activity. Initial S. exitiosa
ﬂights were observed following 2-year average accumulations of 1,076 GDD.
Accumulated trap records for 2 years provide 10, 50, and 90% capture data
for P. syringae and S. exitiosa (Table 1). Data can be used to determine when
insecticide sprays will best affect clearwing borer control. This is important
information, because chemical pesticides are most effective when chemical
residues are present on the bark for the brief period between egg hatch and larval
penetration into the tree. Previous research also suggests that trunk sprays be
applied on the historical date that 10% of the pest moths have emerged (4).
Comparison of Lure Brands. Prior work has established that commercial brands
of pheromone lures can attract multiple species of clearwing borers (2, 7, 9).
During 2003, 13 species of sesiid moths were collected in Johnson City, TN
(Table 2). Despite the fact that these commercial traps were baited with isomers
and blends of Z,Z-3,13-octadecadienyl acetate speciﬁcally designed to capture
S. scitula, only 3 dogwood borers were collected. The most numerous species
captured was P. syringae, yielding 601 total specimens.
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Table. 1. Growing degree-days (GDD)* coincident with ﬂight activity and
cumulative trap catch of lilac and peachtree clearwing moth borers during 2002
and 2003.
First Catch
Year

Date

10% Catch

GDD

Date

50 % Catch

GDD

Date

90% Catch

GDD

Date

GDD

Lilac Borer (Podosesia syringae)
2002

9 April

107

16 April

216

1 May

415

12 June

1,089

2003

9 April

165

28 April

294

28 May

737

26 June

1,395

Peachtree Borer (Synanthedon exitiosa)
2002

11 May

602

18 June

1,267

13 July

1,850

10 Aug

2,568

2003

1 July

1,550

7 July

1,691

27 July

2,203

17 Aug

2,758

• GDD trap catch data are pooled across pheromone types and locations to represent seasonal
accumulations in East Tennessee, 2002-2003.

Table 2. Clearwing species caught in 2003 using different commercially available
pheromone lures formulated to monitor male dogwood borers, Synanthedon
scitula Harris.
Sesiid Species

IPM Tech

Sentry European Scenturion Pherotech

Synanthedon scitula
Podosesia syringae
Synanthedon exitiosa
Carmenta bassiformis
Paranthrene asilipennis
Paranthrene palmii
Paranthrene simulans
Podosesia aureocincta
Synanthedon acerni
Synanthedon acerrubri
Synanthedon fatifera
Synanthedon rhododendri
Vitacea polistiformis

-124
20
2
----1
-13
6
--

-252
323
--2
2
5
--12
1
1

--1
-2
-7
1
24
7
1
-4

2
127
32
--3
1
---6
4
--

1
93
28
--1
1
---3
2
--

Total Sesiid Moths Captured
Number of Species

166
6

599
9

52
9

175
7

129
7
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Figure 1. Lilac borer males (Podosesia syringae (Harris)) captured during the
2003 season in traps charged with ﬁve different commercial brands of pheromone
lures formulated to monitor dogwood borer male moths (Synanthedon scitula
(Harris)). Trap records are pooled for all four locations.
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Biology of the Strawberry Rootworm, Paria fragariae
(Coleoptera: Chrysomelidae) in Containerized Azaleas
David W. Boyd, Jr.1 and Charles P. Hesselein2
USDA, ARS, Southern Horticultural Laboratory, Poplarville, MS
2
Alabama Cooperative Extension System, Mobile, AL
dboyd@ars.usda.gov

1

Index Words: Beetle, Lifecycle, Rhododendron, Population
Signiﬁcance to Industry: The strawberry rootworm is a pest of azaleas in
production nurseries. Understanding the biology of the pest will help provide
better control recommendations. The beetle has four generations per year.
Therefore, early season control is critical for reducing potentially high lateseason populations. The adult beetles overwinter in leaf litter at the plant base
and on the ground. Sanitation practices, such as removing leaf litter, could help
reduce adult populations early in the season.
Nature of Work: The strawberry rootworm (SRW), Paria fragariae Wilcox
(Coleoptera: Chrysomelidae), is a threat to proﬁtable azalea production,
especially in the Gulf States region. This beetle damages plants by feeding on
the foliage. Symptoms of an infestation are small, circular to elongated feeding
holes (1/16 inch in diameter or width) in the foliage. 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 plant
base or on the ground. Adults can be found by shaking or beating infested
plants over a clean ground cover or beat net. Initially, dislodged beetles will
stop moving (i.e., play dead), but within a minute the dislodged beetles will begin
to move (Hesselein and Boyd 2003).
Strawberry rootworm adults overwinter in leaf litter and in hollow places, such as
twigs, and often emerge to feed on warmer days. In the spring females lay eggs
on leaves and dried ﬂowers, then the larvae (grubs) hatch, fall to the ground, and
burrow into the soil. The larvae feed on roots or other organic material through
four instars, pupate, and emerge from the soil when they become adults. Adults
spend the day hidden in leaf litter and typically feed at night, but are often found
in the plant canopy during the day (Hesselein and Boyd 2003).
Early literature suggests the strawberry rootworm only has one generation per
year (Smith and Kido 1949, Bennett and Fulton 1953), but observations in the
ﬁeld indicate multiple generations per year. A test plot was set up in Poplarville,
MS, to determine the number of generations the beetle has along the Gulf
coast. Fifteen plots of 16 strawberry rootworm-infested ‘Watchet’ azaleas were
sampled weekly in 2002 and bi-weekly in 2003 using the Vortis insect sampler
(Arnold 1994). The number of beetles collected per plant was calculated for
each sampling date and plotted over time.
Overwintering adults contribute to the initial population of strawberry rootworms
in the subsequent year. The adults’ preference for leaf-litter debris on the
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ground, in the container, or in the foliage of the azalea was investigated.
Samples were collected February 4, 9, and 11, 2004 where the temperature
was at or slightly above freezing. Leaf-litter in the container around the base of
the azalea was removed and placed in a plastic bag. Approximately the same
amount of leaf-litter was removed from the container pad, around the base
of the container, and placed in a separate bag. Azalea foliage was sampled
using a beat net and an axe handle, striking the foliage three times over the net.
Beetles were collected from the leaf litter samples by placing the litter in Berlese
funnels overnight and from the foliage by removing the beetles by hand from the
beat nets.
Results and Discussion: Four generations of strawberry rootworms were
collected during weekly and bi-weekly sampling (Fig. 1, only 2003 data shown).
Peaks of adult occurrence were in April, June, July, and August-September.
Adult generations overlapped only between the third and fourth generations.
Results corresponded closely with sampling conducted at a large nursery in the
Semmes, AL area (data not shown). A decline in adult populations at a local
nursery corresponded with the drop between the ﬁrst and second generations.
The grower attributed the drop to his spray program. However, the second and
following generations of rootworms peaked at the nursery the same time as in
experimental plots.
Adult strawberry rootworms overwinter in the leaf litter at the base of the plant
and on the ground. No difference was found between numbers of adults at
the two leaf-litter locations. However, there was a difference between adults
found in both leaf-litter locations and beetles found in the foliage (Fig. 2).
Sanitation practices, including removing leaf litter from the base of the azaleas
and the ground could help reduce the initial population of adult beetles the
subsequent year.
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Fig. 1. Mean number of adult strawberry rootworms collected bi-weekly in
Poplarville, MS during 2003. Each peak represents a separate generation. Error
bars represent the standard error of the mean.

Fig. 2. Mean number of adult strawberry rootworms overwintering in the foliage
at the base of the plant (in the container), on the ground, or in the foliage during
February 2004. Error bars represent the standard error of the mean.
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Response of Western Flower Thrips to
Fertilization of Potted Chrysanthemums
Amanda Chau1, Kevin M. Heinz1, Chuanjiu He2, Fred T. Davies, Jr. 2
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Department of Entomology, Texas A&M
University, College Station, TX 77843-2475
2
Department of Horticultural Sciences, Texas A&M
University, College Station, TX 77843-2133
achau@tamu.edu
Index Words: Western Flower Thrips, Frankliniella occidentalis, Dendranthema
grandiﬂora, Fertilizer, Fertilization, Population Growth Rate, Time to Flowering,
Production Time
Signiﬁcance to Industry: Environmental concerns and government regulation
have prompted the need to optimize inputs. However, strategies for optimal
use of fertilizers that maintain plant marketability, minimize pest population
growth, and reduce pesticide usage are needed. This study demonstrated
that population growth of western ﬂower thrips (WFT) [Frankliniella occidentalis
(Pergande)] on chrysanthemums [Dendranthema grandiﬂora (Tzvelev) cv. Charm]
could be reduced by either reducing fertilization level to 0.2x or increasing
fertilization level to 2x the recommended level (375 ppm N). For fast-growing
and nitrogen-demanding crops such as chrysanthemums, increased fertilization
up to 2x the recommended level not only reduced WFT population growth
but also shortened production time by one week. Time to ﬂowering is crucial
to growers because shorter production time often means higher proﬁt to
cost ratio, faster turn over time, and possibly fewer pesticide inputs. As a
result, adjusting fertilization to a level that minimizes pest growth and reduces
production time may be a useful tactic in an IPM program for managing WFT on
potted chrysanthemums.
Nature of Work: Fertilizers are extensively used to produce high quality crops
in greenhouse ornamental production. Chemical fertilizers not only provide
essential nutrients for crops but also elevate their nutritional quality and
attractiveness for herbivorous insects. Leaf nitrogen content of plants increases
with greater fertilization (Mengel and Kirkby 2001), which can enhance both
growth and reproduction of herbivorous insects (Mattson 1980) and reduce their
susceptibility to some insecticides (McKenzie et al. 1995). Few studies have
examined the effect of fertilization on WFT populations, possibly the most severe
pest of ﬂoricultural crops (Lewis 1997). Schuch et al. (1998) found twice as
many “naturally occurring” WFT on chrysanthemums fertilized for 10 weeks with
240 ppm N than on those fertilized with 80 ppm N. Whether differences in WFT
abundance were due to WFT aggregation on highly fertilized plants or elevated
population growth rates was undetermined. The objective of this study was to
determine if increased fertilization would increase WFT population growth rate.
Four fertilization levels were tested: 0.2x, 1x, 2x, and 3x the recommended rate
(375 ppm N for pulse or periodic feeding of potted chrysanthemum). A watersoluble, complete fertilizer [Peters Professional Peat-lite special, 15-16-17
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(15N-6.7P-14.1K)] was used as the source of nutrients. This fertilizer provides
53% N in nitrate form, 20.4% N in ammoniacal form, and 26.1% N in urea
form. A fertilizer with the majority of N in nitrate form was selected, because
a high level of ammonia or urea may increase leaf yellowing and reduces plant
longevity (Yoder Brothers Inc., 2001).
Single rooted cuttings of chrysanthemum were transplanted to individual 6-in
Azalea pots. A complete randomized design with 6 replications per treatment
was used, with individual pots serving as replicates. Individual pots were
enclosed in cylindrical cages (14.2 in diam. x 24 in tall) constructed with clear
Lexan® ﬁlm (GE Polymershapes, Hunterville, NC) to prevent movement of WFT
between pots. These cages were maintained in growth chambers at 75°F
day/68°F night, 75% relative humidity and an 11L: 13D photoperiod. Four
weeks after transplantation, ﬁve adult female WFT were introduced to each
pot. Flowering times of plants varied with fertilization treatment. Therefore,
all the plants in a given treatment were harvested when ﬂowers on 80% of the
plants were fully open. Individual plants were cut at soil level and sealed in a
Rubbermaid “Servin’ Saver Square” container (9.8 in wide x 9.8 in deep x 3.9 in
tall, Rubbermaid Home Products, Wooster, OH). The container was vigorously
shaken to dislodge any WFT that were on the plants. Individual ray ﬂowers
were also taken apart to dislodge any WFT that were feeding inside. All WFT
were removed using an aspirator, stored in 70% alcohol and counted. The WFT
population growth rate (r) was estimated using the length of the experiment
(t in days) and total WFT count at the beginning (N0) and at the end of the
experiment (Nt):
r=

ln(Nt/N0)
t

Differences in r among fertilization treatments were detected using one-way
ANOVA.
Results and Discussion: The number of WFT varied with fertilization levels
(F3, 19 = 78.113, P< 0.001). There were more WFT on plants fertilized either with
0.2x or 1x the recommended level than on plants fertilized with 2x or 3x the
recommended level (Table 1). As presented in Table 1, the observed differences
in WFT numbers at harvest were inﬂuenced by both fertilization level and time
to ﬂowering. To separate these factors, the population growth rate (r) of WFT
was calculated on plants given different fertilization levels. The growth rate was
higher for WFT feeding on plants fertilized with the recommended level than
on plants given other fertilization treatments (Fig. 1) (F3, 19 = 24.228, P< 0.001).
The results demonstrated that WFT growth rate increased with fertilization level
from 0.2x to 1x the recommended level, but did not increase further beyond the
recommended level. In fact, WFT growth rate on plants fertilized with either 2x
or 3x the recommended level was lower than the recommended level (Fig.1).
Although WFT growth rate could be reduced by either lowering fertilization
to 0.2x the recommended level or increasing fertilization to 2x or more the
recommended level, reducing fertilization to 0.2x lengthened production time
by one week (Table 1). Davies et al. (2004) showed that plant quality is greatly
reduced at 0.2x and is not of marketable quality. However, increased fertilization
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to 2x or more not only reduced WFT growth rate but also shortened production
time by one week. Therefore, adjusting fertilization to 2x the recommended level
would maintain plant quality, shorten production time, reduce WFT growth and
possibly reduce insecticide input.
Acknowledgements: The authors would like to thank the American Floral
Endowment and the USDA-National Research Initiative for Floricultural and
Nursery Research for providing ﬁnancial support and Yoder Brother, Inc. for
donating chrysanthemum cuttings.
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Table 1. Time to ﬂowering and mean (± SE) number of WFT per plant for each
of the four fertilization levels: 0.2x, 1x, 2x, and 3x the recommended level
(375 ppm N). Different letter(s) within the same column indicate signiﬁcant
differences among fertilization treatments at P≤ 0.05 as determined by one-way
ANOVA followed by Tukey’s honestly signiﬁcant difference test (F3, 19 = 78.113,
P< 0.001).
Fertilization Level

Time to Flowering (wk)

Number of WFT
Mean ± SE

0.2x

13.0

1430.40 ± 148.30 a

1x

11.9

1446.00 ± 84.72 a

2x

11.0

404.50 ± 34.56 b

3x

10.9

404.00 ± 11.50 b
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Fig. 1. Mean population growth rate (r) (+ SE) of western ﬂower thrips,
Frankliniella occidentalis, on plants fertilized with 0.2x, 1x, 2x, or 3x the
recommended level (375 ppm N). Different letter(s) above the bars indicate
signiﬁcant differences among fertilization levels at P≤ 0.05 as determined by
one-way ANOVA followed by Tukey’s honestly signiﬁcant difference test (F3, 19 =
24.228, P< 0.001).
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Imidicloprid, Cyﬂuthrin; Nursery Insecticide (Discus)
Jeffrey H. Dobbs, Director of Technical Service, Olympic Horticultural
Products, Technical Service Group, Roswell, GA 30075
jdobbs@olympichort.com
Index Words: Discus, Imidacloprid, Cyﬂuthrin
Signiﬁcance to Industry: Discus is an affordable nursery insecticide for the
control of a broad range of serious pests both as a foliar and drench application.
Nature of work: Compilation of Discus data from ornamental entomologists
on major nursery insects. Discus is a combination product of imidacloprid
(active ingredient in Marathon) plus cyﬂuthrin (active ingredient in Decathlon).
Discus was developed to address the need for an affordable treatment for insect
problems in nurseries, both as a foliar and drench treatment.
White Grub Trial:
•

Trial performed by Dr. Jason Oliver, TSU Otis L. Floyd Nursery Research
Center, McMinnville, TN and Dr. Michael Klein, USDA-ARS, Wooster, OH.

•

The initial developmental focus for Discus was to control white grubs in
nurseries that were shipping out of quarantined areas.

•

USDA gave a conditional approval for Discus usage in the U.S. Domestic
Japanese Beetle Harmonization Plan during 2004 at highest label rate.
Approval was conditional because Olympic only had one year’s support
data. Additional work is being conducted in 2004 to support 2003 data.

•

Note: Discus allows for 0.5 lb ai/A application rate.

•

The Discus label calls for applications targeting Japanese beetle from May
through July

Glassy Winged Sharpshooter Trial:
•

Trial performed by Dr. James Bethke, University of California, Riverside,
California.

•

California is concerned with the spread of Pierces disease from the
ornamental industry to wine producers. The prevention of Pierces disease
requires complete control of the glassy winged sharpshooter leafhopper.

•

Control of adults and eggs are critical.

Potato Leaf Hopper Foliar Trial:
•

Trial performed by Dr. Dan Herms and Dr. Dave Nielson, Ohio State
University.

•

The trial location was a container nursery in Lorain County Ohio.

•

The study was a visual rating of damage to red maple (variety Red Sunset).

•

The foliar treatments were applied 24 May 2004.

•

The treatment evaluation consisted of the number of nymphs on
terminal shoots.
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Potato Leaf Hopper Banded Soil Trial:
•

Dr. Dan Herms and Dr. Dave Nielson, Ohio State University

•

The trial location was a container nursery, Lorain County OH.

•

This study was a visual rating of damage to Red Sunset Red Maple.

•

Banded soil treatment 24 May 2004

•

Foliar treatments were applied 24 May & 1 July 2004

•

Evaluation of nymphs on terminal shoots on 1, 8, 15, 23, 29 June and 6, 13,
20, and 28 July by beating four terminal branches per tree six times over an
8.5 x 11 inch paper pad.

Hawthorn Lacebug (HLB) Trial:
•

Trial performed by Dr. Pete Schultz, Virginia Tech located at Virginia
Beach, VA.

•

The target insect was hawthorn lacebug (Corythucha cydoniae) control on
pyracantha cv. Mohave in 3-gallon containers using Discus.

Results and Discussion: Discus is a broad-spectrum nursery insecticide
showing long-term control of major insect pests. Results from speciﬁc insect
trials are reported below.
White Grub Trial (Table 1):
Initial results indicate extremely effective control at 0.5 lb ai/acre rate. Addition
of wetting agent did not seem to add to over-all effectiveness. Additional testing
needed to evaluate lower rates and timing.
Glassy Winged Sharpshooter Trial (Table 2):
Results show the foliar rate of 50 ﬂ. oz. per 100 gallons of spray to offer 100%
control of glassy wing sharpshooter leafhopper egg masses. Additional tests
needed to evaluate the lower rate of 25 ﬂ. oz/ 100 gallons.
Potato Leaf Hopper Foliar Trial (Table 3):
•

Nymphs ﬁrst observed 15 June, but density was not high enough to
distinguish between treatments until 23 June.

•

On 29 June, numbers of leafhopper nymphs in foliar treatments were not
different from the control treatment.

•

Foliar treatments were reapplied 1 July.

•

Both the high and low rates of the foliar treatments provided good control
on the 6 and 13 July (5 and 12 days after the second application)

•

No leafhopper damage symptoms (e.g., stunted terminal shoots or foliar
necrosis) occurred on Discus treatment plants. Plants in the control
treatment did exhibit damage symptoms.

•

Major conclusion: A single foliar application of Discus provides at least two
weeks of control of potato leafhopper at both the high and low rates.
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Potato Leaf Hopper Banded Soil Trial (Table 4):
Results indicate that the 25 ﬂ. oz and 50 ﬂ. oz /100-gallon rates were offering
effective control when applied as a foliar treatment. Visual ratings at 3 weeks
after treatment indicate Discus provided effective control.
Hawthorn Lacebug (HLB) Trial:
•

Data are not statistically analyzed at this point. The interpretation of results
is cursory.

•

Results suggest an initial inhibition of feeding.

•

Low mortality occurred within 1 day after introduction (DAI) regardless of
days after treatment (DAT)

•

Mortality was observed in all treatments including the check on data
collected 5 or more DAI.

•

Signiﬁcant mortality was observed in all treatments, except the check at 7
and 8 DAT.

•

Separation of treatments was ﬁrst noted 17 DAT with lower mortality
occurring in the Orthene treatment.

•

Mortality of the 12.5 ﬂ. oz rate of Discus foliar spray was signiﬁcantly better
than the check through 17 DAT

•

Mortality of the 25 ﬂ oz rate of Discus foliar spray and Discus drench was
the highest of all treatments through 24 DAT.

•

The drench treatment was superior 17 and 24 DAT, but likely not statistically
signiﬁcant.

•

Data collected 2 or (in one case) 3 DAI provided separation between
treatments and indicated that Discus at the 25 ﬂ oz rate provided superior
control to the 12.5 ﬂ oz rate until 31 DAT

•

Current label allows for only 25 and 50 ﬂ. oz foliar application rates

Additional Research:
•

Additional research is on-going and will evaluate Discus management of
borers, blackvine weevil, mealybug, lygus bug, scale insects, and midges /
leaf galls. Other treatments like the Japanese beetle larval treatment will be
evaluated for additional value-added control of pests like borers.
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Table 1. Broadcast (1X) and banded (3X) chemical treatments against Japanese
beetle larvae during 2003.
Chemical

Level

Rate [lb ai/A]

Application
Timing

Percent Grub
Control3

Discus

1X

0.62

July

100

Flagship 25 WG

3X

0.79

July

100

Marathon 60 WP +
TopChoice

3X + 1X

1.20 + 0.0125

June

100

Marathon 60WP +
Suffusion

1X

0.40

July

100

Discus + Suffusion

1X

0.62

June

99.5

Discus

1X

0.62

May

99.5

Discus

1X

0.62

June

99.5

Flagship 25WG +
TopChoice

3X + 1X

0.79 + 0.0125

June

99.5

Mach 2 2L

3X

4.50

July

99.5

Marathon 60WP

1X

0.40

July

99.5

Marathon 60 WP

3X

1.20

June

99.5

Flagship 25WP

3X

0.79

August

99.1

Flagship.22G

1.3X

0.34

June

99.1

Marathon 60 WP

1X

0.40

June

99.1

1

Data were collected by Dr. Jason Oliver (Tenn. State Univ.) and Dr. Michael Klein (USDA-ARS) during
2003. Results represent the top 14 of 25 treatments.

2

1X = labeled rate and 3X = three times the labeled rate.

3

Percent grub control relative to the non-treated control treatment.

Table 2. Control of glassy winged sharpshooter egg masses

1

Treatment and Rate Per 100 Gallons1

Mean ± SE Percent Mortality2

Control

2.0 ± 2.0c

DeltaGard 8 oz

100.0 ± 0.0a

Discus 50 ml

100.0 ± 0.0a

Triact 70 1 gal

6.0 ± 2.4c

Data were collected by Dr. James Bethke, Univ. Calif. Riverside, 16 September 2003. No phytotoxicity
was observed in any treatment during the length of the trial. DeltaGard and Discus had exceptional
mortality while Triact 70 had no appreciable mortality.

2

Means within a column followed by the same letter were not signiﬁcantly different (α = 0.05).
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Table 3. Efﬁcacy of foliar treatments for control of potato leafhopper on red
maple (variety Red Sunset).
Nymphs / Terminal Shoots1
Rate
(oz/100
Gallons)

1 July
(4 DAT)

6 July
(9 DAT)

11 July
(14 DAT)

Visual Damage
Rating, 22 July

NA

13.5a

12.5a

7.0a

2.5a

Marathon 60WP

0.625

0.08b

3.5b

0.3c

1.0bdc

Flagship 25WG

4

0.3b

0.8b

0.0

1.3bdc

Discus

25

0.0

0.8b

0.8c

0.3d

Discus

50

0.0

0.0

0.0

0.5dc

Product
UTC

Data were collected by Dr. Daniel A. Herms and Dr. David Nielson, Department of Entomology, Ohio
State University, OARDC. Number of nymphs/4 terminal shoots on 1, 6, and 11 July. Visual rating of
damage on 22 July (25 DAT), with 0=no damage and 3= severe shoot distortion and foliar necrosis.
Means within a column followed by the same letter were not signiﬁcantly different (α = 0.05).

1

Table 4. Efﬁcacy of foliar and soil banded treatments for control of potato
leafhopper on red maple (variety Red Sunset).
Product

Rate

23 June

29 June

6 July

13 July

20 July

28 July

0

6.8a

3.8a

2.4a

4.6a

0.2ab

4.2a

Discus (foliar)

12.5 oz/
100 gal

1.3b

4.3a

0.3b

0.5cd

0.0

Discus (foliar)

25 oz/
100 gal

2.5b

3.5a

0.3b

0.0d

0.0b

3.5b

Discus Banded

0.62
lbs/a

3.6b

3.2a

1.6ab

2.4b

0.8a

2.2a
soil

Marathon 60
WP banded soil

10 oz/A

3.4b

2.2a

1.2ab

1.2bcd

0.0b

1.0a

3.0

2.6

1.9

1.8

0.7

3.4

UTC

LSD

2.5a

Note: Foliar; lowest label rate for Discus is 25 ﬂ. oz /100 gal.
Means within a column followed by the same letter were not signiﬁcantly different (α = 0.05).
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