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Signiﬁcance to the Industry: Sugar maples are among the more valued
landscape trees throughout the United States due to fall color, crown shape,
and relatively few disease or pest problems. However, most cultivars have
been selected for traits other than stress and insect tolerance. For example,
‘Sweet Shadow’ has the most unusual leaf shapes of any sugar maple in the
marketplace. Many criteria are used to evaluate a trees landscape value. In
the future, one of the great concerns for homeowners will be pest tolerance.
The information presented in this study demonstrates a need for evaluation of
Japanese beetle feeding preference among sugar maple selections with potential
value as landscape tree selections in the southeast.
Nature of Work: Limited information is available regarding the suitability of
various sugar maple (Acer saccharum Marsh) cultivars in the Southeastern
United States (3). Currently almost all sugar maples available in the United
States have been selected outside of the Southeastern United States and are
sold as seedlings or cultivars budded onto seedling rootstock. Studies have
shown sugar maple species to have an obligate chilling requirement, and
typically will only have one ﬂush of growth in a growing season (6). Although
there are several cultivars with marketable names, there is little basis for
promoting any particular cultivar in USDA Zones 7 to 8.
Increased damage to landscape trees from Japanese beetles (Popillia japonica
Newman) has increased dramatically in recent years in the Southeast. The
southern movement of Japanese beetles has been documented (5). This has
created a need to determine Japanese beetle feeding preferences for the
landscape (1, 2, 4). The most comprehensive study to date (2) on susceptibility
to Japanese beetle across a wide range of woody landscape plants noted
that some species of Acer have demonstrated resistance to Japanese beetle.
However, distinction of cultivar speciﬁc resistance for Acer saccharum selections
was not a part of the study (2). Determination of suitable sugar maple selections
for the Southeast with regard to insect feeding preference in addition to growth
and environmental response will provide valuable information for producers and
the landscape industry.
Beginning in 1998, a ﬁeld evaluation of 21 selections of sugar maple (Acer
saccharum) was planted in a randomized complete block design with ﬁve blocks
consisting of two trees of each selection per block. The trees were planted
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on a 20= x 20= (6.1 x 6.1 meter) spacing in late winter (early to mid March) in
Cullman, Alabama (USDA Hardiness Zone 7, 40 miles south of Huntsville and
60 miles north of Birmingham). All trees have been fertilized with 59 grams of
nitrogen per 2.54 cm of caliper annually in March prior to bud break. Irrigation
has been applied as needed basis.
Japanese beetle feeding evaluations were made in July 2004 by rating the
feeding damage over a 3 day period on a 0 to 3 scale where 0 = 0 to 24% injury;
1 = 25 to 49% injury; 2 = 50 to 74% injury; and 3 = 75 to 100% injury. Results
of the evaluations were visually obvious with clear differences among cultivars
in the study. However, ratings were analyzed with PROCGLM of SAS and
means separated by Waller/Duncan k-ratio tt-test at 0.01 to allow a ranking of all
21 selections, where 1 is least damage and 21 would be most damaged tree.
Results and Discussion: This ﬁeld study occupies about 10 acres bordered on
two sides by pasture, one side by a regenerated hardwood forest, and by the
Cullman City Lake on the other. During these evaluations, we found it noteworthy
how beetles would select certain cultivars out of almost 200 trees for feeding. For
example, ‘Legacy’ would have no beetles present even when located adjacent to
‘Seneca Chief’ which was completely covered with Japanese beetles. Japanese
beetles showed the greatest preference for ‘Seneca Chief’ and ‘Fairview’ with
feeding damage approaching complete defoliation in less than two weeks. The
least amount of injury occurred on ‘Barrett Cole’ (ApolloTM) and ‘Autumn Blush’.
‘Barrett Cole’ has among the largest and thickest leaves of all selections in the
trial. ‘Autumn Blush’, along with Ellenberg, are both from southern seed sources.
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Table 1. Japanese beetle (Popillia japonica) feeding preference among
sugar maples1.
Selection/Cultivar

Damage Rating2

Rank3

>Barrett Cole= Apollo™)

0.0 A

1

>Autum Blush=

0.0 A

1

>Sugar Queen=

0.14 AB

2

>Legacy= P.P. 4979
3

0.3 ABC

>Autum Faith=

0.4 ABC

4

>BONFIRE= P.P. 3817 (BonﬁreTM)

0.5 ABC

5

Ellenburg, a southern seedling from north
Alabama

0.7 ABCD

6

>Astis= (SteepleTM)

0.75 ABCD

7

0.78 ABCD

8

>Bailsta= (Fall Fiesta

TM)

>Green Mountain= P.P. 2339 (Green
MountainR)
9
>Sweet Shadow=

0.8 ABCD
0.8 ABCD

9

'Morton' (Crescendo )

0.9 ABCDE

10

>Endowment= P.P. 4654

1.0 BCDEF

11

>Flax Mill Majesty= P.P. 5373

1.14 CDEF

12

>Wright Brothers= (formerly 'Moraine')

1.14 CDEF

12

TM

>Goldspire=

1.5 DEF

13

Seedling, A.McGill and Son Nurseries

17.8 EFG

14

>Commemoration= P.P. 5079

1.88 FGH

15

Seedling, J. Frank Schmidt and Son Co.

1.9 FGH

16

2.6 GH

17

2.8 H

18

'Seneca Chief'
>Fairview= (Fairview )
TM

1

Evaluations made in July 2004 in a sugar maple ﬁeld trial in Cullman, Alabama (USDA Hardiness
Zone 7) planted from 1998 to 2001.

2

Rating determined on a 0 to 3 scale where 0 = 0 to 24% injury, 1 = 25 to 49% injury, 2 = 50 to 74%
injury, and 3 = 75 to 100% injury. Rating followed by mean separation by Waller/Duncan k-ratio t-test
at 0.01.

3

All 21 selections in the trial were ranked, where 1 is least damaged and 18 was most damaged tree.
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Reducing Fertilization for Potted Mums:
Implications for Western Flower Thrips Management
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Index Words: Dendranthema grandiﬂora, Productivity, Production Time, PostProduction Longevity, Frankliniella occidentalis, Population Growth Rate
Signiﬁcance to Industry: Fertilization during production will affect
chrysanthemum [Dendranthema grandiﬂora (Tzvelev) cv. Charm] productivity,
post-production longevity, as well as western ﬂower thrips (WFT) [Frankliniella
occidentalis (Pergande)] populations. As a result, it is essential to consider
fertilization effects in developing crop management practices that reduce
thrips population but maintain plant marketability. In this study, we show how
manipulation of fertilization can be a useful tactic for WFT management on
potted chrysanthemums. Fertilization level can be lowered to 188 ppm N, below
the recommended range for constant liquid feeding (200 to 300 ppm N), without
affecting plant growth, ﬂower production, and production time. By lowering
fertilization to 188 ppm N, there is a 23% reduction in WFT population growth
with only a slight reduction of post-production longevity.
Nature of Work: In greenhouse ornamental production, fertilizers are extensively
used to ensure production of high quality crops. Increasing environmental
concerns and tightening of governmental regulation have prompted the
development of best management practices that reduce inputs and minimize
runoff (Yeager et al. 1977, Lea-Cox 2001). Few studies have examined the
feasibility of manipulating fertilization to control WFT, the most severe pest of
ﬂoricultural crops (Lewis 1997). WFT population growth increases with fertilization
level from 75 to 375 ppm N, but not beyond 375 ppm N (Chau et al. 2004, 2005).
Population growth rate of WFT can be reduced by fertilization levels below or
above 375 ppm N. Fertilization during production inﬂuences not only production
time, growth, and productivity (Chau et al. 2004, 2005, Davies et al. 2005) but
also post-production longevity of potted chrysanthemum (Roude et al. 1991).
In our study, we tested four fertilization levels: 188 ppm (0.7x), 281ppm (1x),
365 ppm (1.3x), and 568 ppm (2x) N. To keep the ratio of all macro- and micronutrients the same, we varied only the strength of a water-soluble, complete
fertilizer [Peters Professional Peat-lite special, 15-16-17 (15N-6.7P-14.1K)] to the
levels speciﬁed above. Potted mums were produced using standard commercial
guidelines (Yoder Brothers, 2001). Fertilization was terminated before ﬂowering
to increase post-production longevity. Plants received 200 ml of fertilizer
solution twice a week following transplanting and only water after fertilization
was terminated. Single rooted cuttings of chrysanthemum were transplanted to
individual 6-in (16 cm diameter, 11 cm deep) Azalea pots, and placed on two
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greenhouse benches. A randomized block design with 10 replicates per treatment
was used, with individual pots serving as replicates and greenhouse benches as
blocks. Average daily temperature and relative humidity inside the greenhouse
during the experiment were 76 °F (25 °C) and 65%. Day length during this period
averaged 11.2 hours.
Four weeks after transplanting, ﬁve female WFT were introduced to each pot.
Flowering times of plants varied with fertilization level. Hence, we harvested
each plant when all the terminal buds were fully open and recorded the total
number of days from transplant to anthesis (production time). Because ﬂowers
heavily damaged by thrips do not open fully, we planted additional pots (10 per
fertilization level) and kept these pots free of thrips during the experiment. We
randomly assigned half of the thrips-free plants (5 pots per fertilization level)
for plant growth measurements and the other half for post-production longevity
assessment. At harvest, all WFT were extracted from each infested plant (Chau
et al. 2005), stored in 70% alcohol, and counted later. WFT population growth
rate (r)
rr) was estimated using the length of the experiment (t in days) and total
WFT count at the beginning (N0) and the end of the experiment (Nt):
r=

ln (N
( t / N0)
t

Differences in r and production time among fertilization treatments were detected
by two-way ANOVA and the Kruskal-Wallis test, respectively. Plant height of
thrips-free plants was analyzed by the Kruskal-Wallis test and ﬂower number by
two-way ANOVA. For post-production longevity assessment, individual thrips-free
plants were moved from the greenhouse to an ofﬁce under a 9L:15D photoperiod
with average temperature and relative humidity of 68°F (20°C) and 51%. Plants
were provided water as needed. Post-production longevity was the number of
days that the plants were in this environment until either one of the following
occurred: the ﬁrst two to three rows of the outer ray ﬂowers lost turgidity, the
petal edges started rolling, the disk ﬂowers in the center of the ﬂower head lost
turgidity and turned brown, or when the leaves turned yellow or brown. Postproduction longevity (days) was analyzed by one-way ANOVA.
Results and Discussion: Population growth rate (r)
rr) of WFT was signiﬁcantly
different among fertilization treatments (Fig. 1). WFT population growth was
highest on plants fertilized with the recommended level (281 ppm N) and was
reduced by 23% or more when fertilization was either lowered to 188 ppm N or
raised to 568 ppm N. There was no change in production time when fertilization
level was lowered to 188 from 281 ppm N (Table 1). Plant growth and ﬂower
production were not affected when fertilization level was lowered to 188 ppm
N (Table 2). We showed that fertilization inﬂuenced post-production longevity
(Table 1). Raising fertilization to 568 ppm N did not affect post-production
longevity, but lowering fertilization to 188 ppm N shortened post-production
longevity by 2-3 days.
Our study demonstrated that fertilization level could be reduced to 188 ppm N
without affecting plant productivity and production time. The trade-off for lowering
fertilization level to 188 ppm N and reducing WFT population growth by 23%
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was a slight reduction in post-production longevity. We propose that reducing
fertilization for potted mums will facilitate thrips management, reduce chemical
input, and lower production costs for growers.
Acknowledgements: The authors thank the American Floral Endowment and
the USDA-ARS Floriculture and Nursery Research Initiative for providing ﬁnancial
support and Yoder Brothers, Inc. for donating the chrysanthemum cuttings.
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Table 1. Fertilization effects on production time (no. days from transplant to
ﬂowering) and post-production longevity (no. days kept indoor) of potted mums.
Production Timeb
Fertilization Level

Post-production
Longevityc

Mean number (± SE) of days (n = 5)
0.7x

87.80 ± 0.97 a

23.60 ± 0.40 a

85.60 ± 0.81 ab

26.60 ± 0.75 b

1.3x

84.80 ± 0.92 ab

26.40 ± 0.40 b

2x

83.80 ± 0.66 b

27.00 ± 0.63 b

1x (281 ppm)

a

a

Recommended fertilization rate

Different letters indicate signiﬁcant differences among treatments (P≤0.05; Kruskal-Wallis test) followed
by Games and Howell method (Hadj = 8.37, df=3, P = 0.04).
b

Different letters indicate signiﬁcant differences among treatments (P≤0.05; one-way ANOVA) followed
by Tukey’s HSD test (F3,16 = 7.54, P< 0.001).
c
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Table 2. Fertilization effects on plant height and number of ﬂowers of
potted mums.
Plant Height (cm)

No. of Flowers

Fertilization Level
Mean ± SE (n = 5)b

a

0.7x

27.22 ± 0.34 a

41.60 ± 1.36 a

1x(281 ppm)a

26.46 ± 0.62 a

44.80 ± 2.65 a

1.3x

25.72 ± 1.04 a

41.00 ± 2.45 a

2x

24.86 ± 0.63 a

37.80 ± 1.91 a

Recommended fertilization rate

Means within a column sharing the same letters are not signiﬁcantly different (P
P > 0.05) as determined
by Kruskal-Wallis test (plant height: Hadj = 6.23, df = 3, P = 0.10) or by two-way ANOVA (no. of ﬂowers
produced: F3,12 = 2.06, P=0.16).
b

Fig. 1. Mean (±SE) population growth rate (r)
rr) of western ﬂower thrips on
chrysanthemums fertilized with 0.7x, 1x, 1.3x, or 2x the recommended level (281
ppm N). Different letter(s) above the bars indicate signiﬁcant differences among
fertilization treatments at P≤0.05 as determined by two-way ANOVA and Tukey’s
HSD test (F3,32 = 8.06, P< 0.001 for fertilization treatments) (n=10).
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Emerald Ash Borer: What Do We Know About
its Biology, Host Range, and Control?
Bert Cregg, David Mota-Sanchez, Deborah McCullough,
Andrea Agius, David Smitley and Erik Rebek
Department of Horticulture, Department of Forestry, and Department of
Entomology, Michigan State University, East Lansing, MI 49924
Index Words: Imidacloprid, Fraxinus, EAB, Argilus planipennis
Signiﬁcance to Nursery Industry: Emerald ash borer (EAB), Agrilus
planipennis, (Coleoptera: Buprestidae) is a destructive exotic pest of North
American ash (Fraxinus spp.) trees that was discovered in 2002. EAB larvae
tunnel under the bark of ash trees and form serpentine galleries that disrupt the
conducting system of the host tree. Infested trees are characterized by rapid
crown dieback and die within one to four years of attack. At least 8 million ash
trees in southeastern Michigan have been killed or are dying from EAB. To
date, there is no evidence of resistance to EAB among native North American
ash. Nursery stock infested with EAB in the six counties of the original EAB
core infestation zone was destroyed. Furthermore, the Michigan Department of
Agriculture issued a statewide quarantine prohibiting the sale or movement of all
ash nursery stock within the state. For many growers in Michigan, this effectively
reduced their shade tree inventory by 15% or more. Despite quarantine and
eradication efforts, the combination of host susceptibility and lack of natural
enemies has resulted in a continuous expansion of the EAB infestation area
in Michigan, which now encompasses most of the southeastern quarter of
Michigan’s Lower Peninsula. The continued spread of EAB suggests that all
Fraxinus in North America, including nursery stock, are potentially at risk. The
advancement of applied and basic research on EAB may ultimately lead to
effective control strategies to contain the spread of this potentially devastating
exotic pest.
Nature of Work: Researchers from Michigan State University and other
universities and government agencies in the United States and Canada have
conducted a variety of studies on EAB. Primary research focus areas have
been: basic biology and behavior, host range, chemical control, surveys, and
biological control.
Results and Discussion:
Basic biology and behavior. In the core infestation area in southern Michigan
EAB generally exhibits a one-year life cycle similar to that of other Agrilus species
such as bronze birch borer and two-lined chestnut borer. This life cycle consists
of: 1) mid-summer adult emergence, ﬂight, and oviposition; 2) four complete
stages of larval development in the fall; 3 a non-feeding pre-pupal stage over
winter; and 4) pupation in late spring. Peak adult emergence occurs at 600-900
degree days (Brown-Rytlewski and Wilson 2005). In southern MI, emergence of
adults begins in mid-May to mid-June and extends into late Aug or Sept. There
is evidence for a two-year life cycle in lightly infested trees (Cappaert et al. 2005)
and evidence of two- or three-year life cycle in black ash in northern Michigan
(Siegert et al. 2005)
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Host range
In Asia, EAB is reported to feed on Fraxinus, elms (Ulmus), walnut (Juglans)
and wingnut (Pterocarya). In North America, feeding and development of EAB
is highly speciﬁc to ash. In multiple-choice adult-feeding trials on leaves, EAB
feed almost exclusively on green ash in the presences of hackberry, slippery elm,
shagbark hickory, and black walnut. In a no-choice feeding trial, there was some
adult EAB feeding on other members of Oleaceae (Chionanthus, Foresteria,
Forsythia, Ligustrum, Syringa) but virtually no feeding on members of the elm
or walnut families (Haack and Petrice 2005). In a no-choice trial, EAB females
laid eggs on green ash, white ash, black ash, blue ash, elm, hackberry, tree lilac,
hickory and privet. Larvae fed and developed normally on all the ash species.
In a related ﬁeld trial Agius et al. (2005) attached logs of ash, elm, and walnut
to infested ash trees. In two years of study they found nearly 200 galleries m-2
trunk surface on green and white ash. No galleries were found on elm and only
4 attempted galleries m-2 were found on walnut.
Chemical Control
EAB may be controlled by trunk and foliage insecticide sprays and by soil or
trunk application of systemic insecticides. Imidacloprid (trunk injection) and
Onyx (trunk and limb spray or foliage spray) reduced (P<0.05) larval density
in green ash compared to untreated control trees (Smitley et al. 2005). Tempo
(a pyrethroid insecticide) reduced larval feeding by 88% compared to control
when applied as a trunk and foliage spray. Tempo (cyﬂuthrin) remained toxic
to EAB larvae for 23-30 days post-spray (McCullough et al. 2005). Systemic
insecticides may produce variable results due to incomplete uptake or distribution
within the tree. Smitley et al. (2005) found some formulations of Imidacloprid
effectively reduced EAB larval densities, while others were not different from an
untreated control.
Survey
Since it’s discovering in summer 2002, EAB has spread from the core infestation
area outward at a rate of one tier of counties per year. EAB is also spreading via
‘outlier sites’ isolated from the main infestation. In some cases the outliers have
been traced back to either nursery stock that was moved before the quarantine
of ash trees or movement of infested logs and ﬁrewood. The current distribution
of EAB includes southeastern Michigan and bordering areas of northern Ohio,
northern Indiana, and western Ontario. One population in Maryland, traced to
Michigan nursery stock, was found and eradicated in 2004 (Bean 2005). To date,
the most effective survey method for EAB is the use of trap trees. Trap trees
are ash trees that are girdled and then ﬁtted with sticky traps. The Michigan
Department of Agriculture has established a statewide system of 10,000 trap
trees. Trap tree densities range from 36 per township in southern Michigan to
1-2 per township in the Upper Peninsula (Flint 2005). Examination of outlier sites
suggests that the ﬂight range of EAB adults from a point-source infestation is
about ½ mile (ca. 800m) (McCullough et al 2005).
The road ahead
The rapid expansion and devastation caused by EAB has eliminated North
American ashes as viable landscape nursery trees in Michigan and, in all
likelihood, the upper Midwest. Various insecticide trials indicate that preserving
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existing trees in the landscape is possible but will require annual application of
trunk and foliage sprays or annual application of systemic insecticides. Barring
a dramatic change in the insect’s behavior and movement, all ashes in native
woodlands and unprotected landscape trees in MI will eventually be at risk.
Literature Cited:
1.

Agius, A.C. D.G. McCullough, and D.A. 2005. Host range preference of
the emerald ash borer in North America: Preliminary results. USDA Forest
Health Technology Enterprise Team, Emerald Ash Borer Research and
Technology Development Meeting, Romulus, MI. October 5-6, 2005. FHTET2004-15. pp. 28-29.

2.

Bean, D. 2005. Maryland Emerald Ash Borer update. USDA Forest Health
Technology Enterprise Team, Emerald Ash Borer Research and Technology
Development Meeting, Romulus, MI. October 5-6, 2005. FHTET-2004-15.
pp. 10-11.

3.

Brown-Rytlewsi, D.E. and M.A. Wilson. 2005. Tracking the emergence of
Emerald Ash Borer adults. USDA Forest Health Technology Enterprise
Team, Emerald Ash Borer Research and Technology Development Meeting,
Romulus, MI October 5-6, 2005. FHTET-2004-15. pp. 13-14

4.

Cappaert, D., D. McCullough, and T. Poland. 2005. Emerald Ash Borer life
cycle: a reassessment. USDA Forest Health Technology Enterprise Team,
Emerald Ash Borer Research and Technology Development Meeting,
Romulus, MI October 5-6, 2005. FHTET-2004-15. pp. 19-20.

5.

Flint T. 2005. Michigan’s Emerald Ash Borer response project. USDA Forest
Health Technology Enterprise Team, Emerald Ash Borer Research and
Technology Development Meeting, Romulus, MI October 5-6, 2005. FHTET2004-15. p. 6.

6.

Haack, R.A. and T.R. Petrice. 2005. Host range of Emerald Ash Borer. USDA
Forest Health Technology Enterprise Team, Emerald Ash Borer Research
and Technology Development Meeting, Romulus, MI October 5-6, 2005.
FHTET-2004-15. p. 27.

7.

McCullough, D.G., D.L. Cappaert, and T.M. Poland. 2005. Using Tempo to
control Emerald Ash Borer: A comparison of trunk and foliage sprays. USDA
Forest Health Technology Enterprise Team, Emerald Ash Borer Research
and Technology Development Meeting, Romulus, MI October 5-6, 2005.
FHTET-2004-15. pp. 44-45.

8.

Siegert, N.W. D.G. McCullough, A.M. Liebhold, and F.W. Telewski. 2005.
USDA Forest Health Technology Enterprise Team, Emerald Ash Borer
Research and Technology Development Meeting, Romulus, MI October 5-6,
2005. FHTET-2004-15. pp. 21-22.

9.

Smitley, D.R., T.W. Davis, K.F. Newhouse, and E. Rebek. 2005. Emerald ash
borer insecticide test results. www.emeraldashborer.info

Entomology Section

179

SNA RESEARCH CONFERENCE - VOL. 50 - 2005

Pryeria sinica Moore (Lepidoptera: Zygaenidae),
A Newly Discovered Pest of
Euonymus in North America
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Signiﬁcance to the Industry: This species has not been reported previously
as a pest. However, in the U.S. numerous species of Euonymus are used in
ornamental landscaping. If this species is a “generalist” on this genus, it has
the potential to become an important nuisance pest of ornamentals, at least
in the northeastern U.S. Based on the local success of the species - surviving
the winter and producing considerable progeny - and the degree of damage at
the site of the infestation, control measures likely would be required in urban
situations where Euonymus is used as an ornamental.
Distribution: Pryeria sinica is a Palaearctic species that occurs from Russia
(Far East) and China through Korea, Japan, and Taiwan (Yen & Horie 1997). In
Taiwan the species has been recorded primarily in the subalpine zone (Yen &
Horie 1997). It has now been recorded from Fairfax, Virginia and Glen Burnie,
Maryland (USA).
Hosts: The species appears to be restricted to the plant family Celastraceae,
which contains acyanogenic compounds (Epstein et al. 1998). Two genera
have been reported as host plants throughout the geographic range of P. sinica
- Celastrus and Euonymus. Yen and Horie (1997) list specimens reared from
Celastrus punctatus, Euonymus sieboldianus, and Euonymus japonica. They
indicate that the geographical range of Celastrus punctatus, the documented
host plant in Taiwan, extends to South China and Japan, which agrees well with
the distribution of P. sinica. Sato (1969) reported rearing the larvae on Euonymus
sieboldianus, Euonymus alatus f. ciliatidentatus and Celastrus orbicularis. Yen
and Horie (1997) were unsuccessful in transferring larvae from Celastrus to
Euonymus in the laboratory, suggesting the possibility of a degree of geographic
host specialization. The origin of the Fairfax population of Pryeria sinica is
unknown, but introduction via nursery stock (Euonymus from the Far East seems
to be the most likely pathway). However, neither the homeowner nor adjacent
neighbors indicated that they recently acquired new plant material of Euonymus.
Life cycle: The life cycle of P. sinica has been studied in detail by several workers
(e.g., Ishii et al. 1983, Shiotsu & Arakawa 1982, Shiotsu & Tsubaki 1986, Tamura
1981, Tamura & Ouchi 1977, Tsubaki 1981, Tsubaki & Shiotsu 1982, Wipking
& Naumann 1992). Eggs are laid in clusters on the stems of the host plant in
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November and December. They are ovoid, ﬂattened, and covered with scales
from the female abdominal hair tufts. At 10-18°C, the egg stage lasts about
80 days. Larvae hatch in March and April and exhibit a group-feeding behavior
(Tsubaki 1981, Tsubaki & Shiotsu 1982). They may be found on the upper or
under surface of the leaves of the food plant. They readily drop on a line of silk
if disturbed. Pupation occurs in May, with an obligate pupal diapause that lasts
until November, when adults emerge. Adults are diurnal, with a slow, ﬂuttering
ﬂight generally about 1-5 m above the ground. Adults are active from about
0900-1500 hours. The species is attacked by a single parasitoid - Agrothereutes
minousubae (Hymenoptera: Ichneumonidae) (Shiotsu & Arakawa 1982, Shiotsu
& Tsubaki 1986). Based on laboratory studies, larvae of P. sinica produce an (E)phytol that induces predation by the generalist predatory stinkbug, Eocanthecona
furcellata (Heteroptera: Pentatomidae) (Yasuda 1998).
Management: Late instar larvae of P. sinica collected from Fairfax County,
Virginia, USA were shipped to Virginia Beach, Virginia to evaluated selected
control measures in May, 2003. Euonymus foliage in120ml water-ﬁlled containers
were inoculated with mobile larvae and treated with spinosad, acephate, and an
untreated check (water). Both chemical treatments provided 100% control after
24 hours.
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Signiﬁcance to the Industry: The IPM for Nursery Crops workshop series has
and continues to empower growers by increasing the level of management of
their production through the use of IPM techniques such as scouting and pest
identiﬁcation, nutrient monitoring, economic thresholds, and reduced toxicity and
biological control methods. The workshop has also created a mechanism for
collecting very timely pest emergence and development information. As a result,
pesticide applications are targeted and precise, production costs associated with
pesticide applications are reduced, environmental impact is reduced, and plant
quality is increased through this higher level of management.
Nature of Work: In 2003, the UK Nursery Crops team developed an IPM
workshop series with the goal of providing new nursery producers with
an intensive training on topics integral to successful and responsible pest
management. The ﬁrst steps were to develop a curriculum, a companion manual
for a 6 month program, and an IPM for Deciduous Tree Production Calendar.
The Kentucky IPM curriculum and workshop series was based on the nationally
recognized “Flowering and Ornamental Shade Tree IPM” manual and program
developed by Craig Adkins, NCSU Area Specialized Agent for Commercial
Horticulture. The curriculum includes general IPM information such as mapping,
nutrition and insect monitoring, action thresholds and recordkeeping, as well as
identiﬁcation, biology, and control for insects, pathogens, and weeds. Classes
were held once per month from March through August on the following topics:
Introduction to IPM and Insect Trapping, Plant Pathology, Entomology, IPM
Techniques, Nutrient Monitoring Techniques and Weed Management. In addition
to scheduled subject matter, pests active in the coming month were discussed.
Each workshop was a half-day session with indoor and outdoor components and
utilized Extension professionals from Kentucky and TN, OH, FL, GA, NC, and IN.
Outdoor components reinforced concepts taught indoors and allowed hands-on
experience regarding setting up insect traps, releasing biological controls, and
diagnosis.
As the program evolved in 2004, more experienced nursery growers became
a substantial part of the audience. The workshops became fewer in number
and began to focus more on in-depth discussions and demonstrations on
action thresholds, using computer software to predict disease infection periods,
monitoring nutrition through the pour through technique and tissue analysis,
emerging insects and diseases, and ﬁeld diagnosis.
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In 2005 a new component to the IPM program was added, a part-time nursery
scout. A recent horticulture graduate was hired to scout to 4 nurseries with a
range of pesticide spray regimes, ranging from no/infrequent spraying to very
frequent pesticide applications. Each weekly visit focuses on scouting key pests
of several woody nursery crops and documenting the population level and related
impact on plant aesthetics and health, as well as recording recent pesticide
applications. The scout is also responsible for cataloging the digital images and
organizing the pest population data recorded. The goal of the project is to create
a decision-making tool that will aid nursery growers in managing insects and
diseases.
Growers are surveyed at the conclusion of each season in order to assess
the impact of the Nursery IPM program and to provide direction for the future
of the program. Growers are asked to determine if they saved money, labor,
or pesticides as a result of the program or if they increased the quality of their
plants. Growers are also assessed on the knowledge gained as a result of the
program and speciﬁc examples of the changes made as a result of the program
are requested.
Results and Discussion: In 2004 and 2005, IPM for Nursery Crops programs
reached an audience of over 300 new and established nursery producers,
nursery employees, and Extension professionals. Results from 2004 surveys
are as follows: growers saved an average of $568.00 in reduced pesticides and
associated labor as a result of attending one of the IPM programs. Growers
reported that they have made changes as a result of the IPM for Nursery Crops
program in practices such as: selecting chemicals that are more pest-speciﬁc
rather than broad-spectrum pesticides, increasing scouting to detect problems
earlier, which allowed more low-toxicity control options, and using phenology
to increase the precision with which they are applying pesticides. Growers
stated that they averaged an increase of $2266 due to information gained,
such as: identifying insects and diseases, spraying for borers at the appropriate
time, preserving beneﬁcial insects, and tracking water and substrate pH and
fertilizer salts.
While it will be several more seasons before a decision-making guide is
developed, the scouting portion of the program has already had a tremendous
impact on the availability of current information for growers. As an example,
growers could precisely time insecticide applications because they had
knowledge of the emergence of ﬂatheaded appletree borer due to scouting for
emergence holes. Likewise, through the collection of Cornus ﬂorida leaves and
microscopic examination of these leaves, growers had knowledge of primary
infection of powdery mildew before mycelium was visible to the unaided eye.
A logical next step is the development of a more formal dissemination of this
weekly information to nurseries across the state. This will take additional
coordination, commitment, and resources from the nursery crops team.
These programs have been funded by the Kentucky Horticulture Council
and Kentucky IPM. It is through this funding that program costs can be kept
affordable and that travel costs can be reimbursed for out-of-state speakers.
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An additional expense of the program was the substantial investment made in
training the nursery scout.
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Signiﬁcance to industry: Selection of birch taxa (Betula L.) based on Japanese
beetle feeding preference could reduce insecticide input where Japanese beetle
feeding is signiﬁcant. A wide range in feeding was observed from no feeding
(0% leaf skeletonization) to high feeding preference (89% leaf skeletonization).
Betula utilis var. jacquemontii and B. papyrifera ‘Renaissance Upright’ were
the most prefered. Betula pendula ‘Laciniata’ had no feeding damage from
Japanese beetle.
Nature of Work: Japanese beetle (Popilla japonica Newman) was introduced
to the Eastern United States from Japan in 1916. It causes severe damage on a
wide range of horticultural crops, including herbaceous plants, vines, fruit trees,
and ornamental woody plants (Held, 2004). In Arkansas, Japanese beetle was
ﬁrst trapped in 1997 (Johnson, 2004). Several papers have described the feeding
preference of Japanese beetle on limited number of birch taxa (Betula L.) based
on lab choice tests and ﬁeld observations (Ranney and Walgenbach, 1992,
Santamour 2001, Held 2004).
Eighteen birch accessions were planted in the ﬁeld at the Agriculture Research
and Extension Center, Fayetteville, Arkansas on April 12, 2002. All trees were
fertilized in May with 10 g (0.35 oz) of Osmocote® (Scotts, Marysville, OH) 14-1414. Feeding damage by Japanese beetles was ﬁrst observed on these plants in
2003. Foliar skeletonization started around mid-June and beetle feeding ended
by the end of July. Trees were rated on July 14, 2003 by a single observer, and
again on July 28, 2004 and July 27, 2005 by ﬁve observers. Damage rating was
visually estimated and reported as the percentage of total leaf area skeletonized
by beetles. Observers estimated the skeletonization to the nearest 5%. Visual
observations were averaged among ﬁve observers to provide a single value for
each tree in 2004 and 2005.
Results and Discussion: Leaf skeletonization by adult Japanese beetles was
signiﬁcantly lower in 2004 and 2005 than 2003. Average leaf skeletonization
percentages of individual birch accession ranged from 0 to 89% in 2003, 0 to
76% in 2004, and 0 to 74% in 2005 (Figure 1). Seasonal variation in feeding
pressure is common in ﬁeld studies with Japanese beetles and likely results from
ﬂuctuations in the overall beetle population (Ranney and Walgenbach 1992,
Held 2004).
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Three birch accessions (B. utilis var. jacquemontii B. papyrifera ‘Uenci’
Renaissance Upright‚, and B. pendula from J.F. Schmidt N.) had more feeding
damage (≥50%) from 2003 to 2005 (Figure 1) than the others. These levels
of damage would signiﬁcantly reduce the aesthetic value of these plants in a
landscape or nursery. Santamour (2001) and Ranney and Walgenbach (1992)
also reported that B. utilis var. jacquemontii as highly preferred.
Six of the 18 birch accessions had ≤25% damage from 2003 to 2005. These
were B. davurica, P. papyrifera, B. pendula (Meadow Lake N.), B. populifolia,
B. populifolia ‘Whitespire’, and B x Royal Frost. Only B. pendula ‘Laciniata’
remained free of Japanese beetle feeding from 2003 to 2005. However, the
level of feeding damage among other accessions related to B. pendula varied
considerably. Santamour (2001) noted in preliminary studies that differences
of feeding preference by Japanese beetle were exhibited not only among birch
species, but also among cultivars within these species.
Results from this ﬁeld evaluation suggest a wide range in feeding preference by
Japanese beetles on birch species and cultivars. Our study showed that B. utilis
var. jacquemontii B. papyrifera ‘Uenci’ Renaissance Upright®, and B. pendula
(J.F. Schmidt N.) were the most preferred of all the birch accessions evaluated.
In our study, B. davurica had > 20% leaf skeletonization in both years. However,
Santamour (2001) reported 50–62% skeletonization of B. davurica suggesting
this species may be more preferred by Japanese beetle than indicated by
our results.
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Figure 1. Percentage leaf skeletonization by Japanese beetles on 18 birch
accessions in Fayetteville, AR, in July of 2003 and 2004. Within each year,
means followed by the same letter were not signiﬁcantly different (TukeyKramer’s adjusted LSD, P = 0.05).
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Signiﬁcance to the Industry: Scale insects, including wax scales (Ceroplastes
spp.) are among the most difﬁcult to control pests in nursery production. Although
they rarely kill their host, a scale infestation can reduce growth and make plants
less vigorous. In addition, dead scales and sooty mold that often persist even
after the scale is eliminated can prevent the sale of otherwise healthy plants.
For this reason, I investigated the use of systemic insecticides applied before
bud break as a strategy to prevent wax scale populations from developing on
containerized hollies. Oil and Orthene were used for comparison. None of the
products tested were effective at killing the gravid females when applied one
month egg hatch. Safari and Flagship were the only two products to provided
acceptable (>75%) control of crawlers that settled onto treated plants.
Nature of Work: All treatments were applied on 30 March 2004 to 30 gallon
containerized holly (Ilex latifolia ‘Mary Nell’) before bud break and crawler
hatch. Plants within this nursery block had a severe infestation of wax scales.
All products used for foliar applications were mixed with water and Lesco nonionic surfactant (2 oz per 100 gal) and applied using a Solo backpack sprayer.
One 3 gallon tank mix was used for each treatment and all treated plants were
sprayed until runoff. The tank, nozzles, and wand were triple rinsed between
treatments. Safari 20SG and Flagship 0.22G were the only products applied as
media treatments. Tri-Star (acetamiprid) and Safari (dinotefuran) were used at
multiple application rates (Table 1) because there was no speciﬁc label rate for
targeting wax scales. Flagship (thiamethoxam), Marathon (Imidacloprid), Orthene
(acephate), and oil were applied at label rates for scale control or suppression.
Plants within each of four nursery rows (4 ft spacing) were randomly assigned
to their respective treatments with two additional plants between each treatment
within a row and one untreated row between replicates.
On 13 April, three stems, approximately 6 inch long, were collected from the
upper, lower and middle canopy of each plant from four plants in the interior of
each treated row. Stems were placed into plastic bags and transported to the lab
in a cooler on blue ice. This sample, taken 2 wk after treatment, evaluated the
efﬁcacy of treatment against gravid females. Scales on the leaves and stems of
each branch were evaluated. Similarly, on 25 May (8 wk after treatment) another
sample of three stems, collected as before, was harvested from the same
four plants to evaluate crawler mortality. Scales on the leaves and stems were
evaluated as before.
Mortality percentages were arcsin square-root transformed before analysis to
correct for heterogeneity of variances. Transformed means were analyzed by
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Tukey’s Honestly Signiﬁcant Difference test (HSD; P < 0.05). Data presented in
Table 1 are non-transformed means.
Results and Discussion: There was no evidence of phytotoxicity at either
sample resulting from any product or use rate applied in this experiment. In the
April sample, 5201 adult wax scales were evaluated on foliage and stems (87%
and 13% of the sample, respectively). There was no signiﬁcant treatment effect
on adult mortality (range 3.6%–22.9%). Signiﬁcant mortality of gravid females
was not expected for any of the neonicotinoids because they perform better as
systemics than as contact insecticides (1). However, mortality on plants treated
with oil and Orthene was expected to be greater. Lack of effective products
to manage established, mature wax scale infestations re-iterates the need to
identify products that can be used to protect plants against new infestations.
In the May sample, 26,891 crawlers were assessed of which 84.2 and 15.8%
were on leaves and stems, respectively. Mortality of crawlers on untreated
plants was 20–22%. This was not signiﬁcantly different from mortality of crawlers
taken from plants treated with oil and Orthene where mortality ranged was
<30% (Table 1). Oil only acts through contact and should not have a residual
activity against crawlers that hatch after the application is made. Orthene has
translaminar activity, which may kill scales settling on old foliage, but the active
ingredient acephate would not be translocated into the new ﬂush of growth. Both
of these insecticides may have provided better control had they been reapplied at
crawler hatch.
Of the neonicotinoid insecticides evaluated, crawler mortality on plants treated
with Marathon and Tri-Star, even at the highest label rate for Tri-Star, was no
different from mortality on the untreated control plants. Both formulations of
Flagship and both rates of Safari were the only treatments to kill signiﬁcantly
more crawlers that settled on treated plants. Furthermore, there was signiﬁcantly
greater mortality of crawlers on plants treated with either rate of Safari than
those treated with Flagship (Table 1). Because they are systemic, all of the
neonicotinoid insecticides evaluated should have been translocated into the new
growth during leaf ﬂush.
Insecticides in this chemical class act on the nicotinic acetylcholine receptors
in the nervous system, though differences may exist in the modes of action of
individual compounds. The relative effectiveness of these products against wax
scales may be explained more so by the amount of product reaching the pest
than mode of action of a speciﬁc product. For example, Safari (dinotefuran) has
water solubility at least ten times that of the other neonicotinoid products used
in this study (1). Greater water solubility inﬂuences the concentration of active
ingredient in tissues on treated plants. However, the rates, application method,
and formulation of each product translates into different absolute amounts of
each active ingredient being available in treated plants.
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Table 1. Mortality of crawlers on plants treated with these insecticides.
Rate
(amount of
product
Treatment\
per 100 Application
Formulation
gal.)
method

Mean (± SEM) percent mortality of
crawlers located on:
Leaves

Stems

Total

Untreated

NA

NA

22.4±2.5de

20.2±3.8c

22.2±2.6de

Flagship
25WG

4 oz

Foliar

49.7±4.9b

78.1±7.8b

51.5±4.8b

Flagship
0.22G

60 lbs per
acrea

Media

43±3.6bc

48.8±5.3bc

44.3±1.6bc

Tri-Star
70WSP

2 pack
(1.13 oz)

Foliar

22.7±4.8e

16.1±11.8c

22.9±4.9de

Tri-Star
70WSP

4 pack
(2.26 oz)

Foliar

10.3±2.9de

0c

10.1±2.9de

Tri-Star
70WSP

6 pack (3.4
oz)

Foliar

40±12.8de

19.8±2c

22.8±1.6de

10 oz

Foliar

29.2±4cd

30.8±3.8c

28.8±3.4cd

Safari 20SGb

12 oz

Media

99.8±0.1a

85.2±2.8ab

97.9±0.9a

Safari 20SG

Marathon
60WP

24 oz

Media

99.5±0.5a

99.4±0.3a

99.4±0.2a

Orthene 97

8 oz

Foliar

26.2±9e

12.5±2.6c

15.2±3.3e

Dormant oil

250 oz

Foliar

17.5±2.1de

20.5±1.6c

20±1.6de

b

For percent mortality of crawlers on leaves, F = 138.4; df = 10,30; P < 0.001. For percent mortality of
crawlers on stems, F = 17.8; df = 10,30; P < 0.001. For percent mortality of total crawlers, F = 130.7;
df = 10,30; P < 0.001. Means within a column followed by the same letter are not statistically different
(Tukey’s Honestly Signiﬁcant Difference test, P = 0.05).
a

Amount applied to each 30 gallon pot was 4.76 g (0.168 oz) followed by 0.5 gallons of water.

b

Insecticide was mixed in water then at state rates then 0.5 gallons of solution applied to each pot.
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Imidacloprid, Mach 2, halofenozide, Orthene, Acephate, Ornazin, Azadirachtin,
Flagship, Thiamethoxam, Talstar N, Bifenthrin.
Signiﬁcance to Industry: Adult strawberry rootworm, Paria fragariae, damages
plants by its foliar feeding, continues to be a major problem, especially for azalea
producers (Boyd and Hesselein 2004, Hesselein and Boyd 2004). The worm-like
larvae of the strawberry rootworm lives in the potting media whereas the adult
beetles are found on the foliage. This study presents evidence that immature
strawberry rootworms can be killed using media drenches.
Nature of Work: This study was conducted from January-March, 2005. Three
inch ‘Watchet’ azalea liners, planted in peat pots with a bark-based media. Each
pot was an experimental unit. Ten neonate larvae were placed on the top of the
media in each pot and allowed to develop prior to insecticide drench treatment.
Twenty one days after inoculation, plants were treated with one of eight
treatments: water-treated control (2.9 oz or 88ml per pot), Talstar N (bifenthrin)
at 25 ﬂ oz per 100 gal, Mach 2 (halofenozide) at 2.9 ﬂ oz per 1000 sq ft, Flagship
(thiamethoxam) at 0.18 oz per 1000 sq ft, Orthene 97 (acephate) at 12 oz per
100 gal, Marathon 60 WP (imidacloprid) at 20 gm per 3000 sq ft, and Ornazin
(azadirachtin) at 10 oz per 100 gal. Each treatment was replicated ﬁve times.
Drench volume was calculated as 20% of the 0.47 quart (442 ml) container
volume; therefore, 2.9 oz (88 ml) of insecticide solution was applied to each pot.
Two weeks after treatment, root balls were broken open and placed in Berlese
funnels for two days. Larvae that crawled out of the funnels were trapped and
killed in 70% ethanol in jars at the base of the funnels. Numbers of larvae found
in the jars were used to evaluate treatment efﬁcacy. Data were analyzed using a
random effects model, P ≤ 0.05. This model used the larvae to larvae variability
as the residual error and speciﬁed the replicate to replicate variability in the
random statement. A square root + 0.5 transformation was preformed on the data
prior to analysis. Untransformed data are presented in the results. Means were
separated using a Least Squares Means Test, P = 0.05.
Results and Discussion: No phytotoxicity was observed on any treated plant
during the course of the trial. Only the Orthene 97 and Talstar N treatments
had fewer strawberry rootworm larvae than the untreated control (Figure 1).
The number of larvae recovered in the Talstar N treatment was not different
from either the Marathon 60 WP or Ornazin treatments. In addition, numbers of
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larvae recovered in the Marathon 60 WP, Ornazin, Mach2 and untreated control
treatments were not different. Of the ten larvae placed on each pot, less than
25% were recovered. Mean number of larvae recovered from the two effective
treatments, Orthene 97 and Talstar N were 0.5 and 0.1 per pot respectively. This
represents larval reductions of 78% for Talstar N and 97% for Orthene 97 relative
to the water-treated control. The rate of Marathon 60 WP used in this study was
based on a rate per unit area. Other label rates allow this product to be applied
at rates up to 24 times greater than the rate used in this study. It is possible that
higher label rates Marathon 60 WP would be an effective treatment.
The data presented in this study should be use with circumspection. Drench
treatments of larger nursery containers have not been tested and the results
achieved in the small containers used in this study may not translate to control in
larger containers in the ﬁeld. Drenches are expensive both in terms of the labor
involved and the amount of insecticide used when compared to spray treatments.
Knowledge of this insect’s life cycle is essential to properly time drenches.
Drenches should be most effective when the maximum number of larvae are
hatched from their eggs but are still young. These are likely to occur one to three
weeks after peak adult emergence (Boyd and Hesselein, 2004). Growers have
asked the authors about drenching during the relatively slow times of winter;
drenching at this time of year would likely be ineffective since beetles overwinter
as adults in the duff at the base of plants and in the plant canopy. This study
is the ﬁrst to suggest that insecticide drenches may provide another means of
reducing strawberry rootworm insects in infested plants. It is likely that drench
treatments will only be practical for spot treatments of heavily infested areas of
the nursery due to the expense involved in this type of insecticide treatment.
Literature Cited:
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Figure 1. Number of strawberry rootworm larvae recovered from treated
containers 14 d after treatment. Bars topped by the same letter are not different,
P ≤ 0.05.
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Insecticide Evaluation for Controlling
Tea Scale on Camellia in Containers
1

Charles Hesselein1 and Joseph 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

Index Words: Fiorinia theae, Distance IGR, Pyriproxifen, Safari, Dinotefuran,
Orthene, Acephate, Marathon, Imidacloprid
Signiﬁcance to Industry: Tea scale (Fiorinia theae Green) is probably the
most common and damaging insect pest of camellias as well as a pest of many
other ornamental and fruiting crops. Controlling tea scale can be problematic
because of the difﬁculty in contacting the insect with insecticide sprays. Factors
which make spray contact difﬁcult include 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
more difﬁcult than more synchronous scale species (e.g., Florida wax scale). The
insecticide screening reported here evaluated a recently registered neonicitinoid
insecticide, Safari (a.i., dinotefuran) both as a spray and drench, the insect
growth regulator, Distance IGR (a.i., pyriproxifen) as a spray a combination of
Safari and Orthene 97 (a.i., acephate) as a spray and the neonicitinoid, Marathon
(a.i., imidacloprid) as a drench for control of tea scale.
Nature of Work: Trade gallon containers of sasanqua camellia (Camellia
sasanqua Thunb. ‘Shishigashira’) moderately infested with Tea Scale and planted
in a bark based substrate were obtained from a nursery in Semmes, AL. The
experiment was conducted at the Mobile Ornamental Horticulture Research
Center. All treatments (table 1) were applied on August 27, 2004 and sprayed
treatments were reapplied on September 21, 2004. Both upper and lower leaf
surfaces were sprayed in all spray applied treatments. All life stages were
present when insects were treated and plants were heavily infested with tea
scale by the time the plants were treated. Data were collected 3, 7, 14, 28 and
56 days after application (DAT). Treatment efﬁcacy was evaluated by removing
three symptomatic leaves from each plant and stabbing 10 adult female scale
insects per leaf with an insect mounting pin. Insects that did not exude liquid
were counted as dead. The experimental design was a completely randomized
design and there were ﬁve replications of each treatment. An experimental unit
consisted of one trade gallon camellia plant. Data were analyzed using analysis
of variance (P≤0.05) and means were separated using Fischer’s Protected Least
Signiﬁcant Difference test (α=0.05).
Results and Discussion: There were no signiﬁcant differences among
treatments until 14 DAT (table 1). At 14 DAT, all treatments containing Safari had
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more dead scale than the untreated control and were indistinguishable from each
other. In addition, the 12 and 24 oz Safari drench treatments had more dead
scale than the Distance IGR and Marathon 60 WP treatments and the Safari +
Orthene treatment had more dead scale than the Marathon 60 WP treatment. At
28 DAT all of the insecticide treatments had more dead scale than the untreated
control and were indistinguishable from each other. At 56 DAT all the insecticide
treatments except the 4 oz Safari spray treatment had more dead scale insects
than the untreated control. The Safari drench treatments, Safari + Orthene,
Distance IGR and Marathon 60 WP were indistinguishable and had more dead
scale than either Safari spray treatment (which were also indistinguishable).
Results and Discussion: No phytotoxicity was observed on any plant in any
treatment during the course of the trial. By 56 DAT, all of the treatments, except
the Safari spray treatments, had more than twice the number of dead female
tea scale insects than the untreated control. By this last sample date, these
treatments had from 98-85% dead female scale insects achieving commercially
acceptable control of this difﬁcult to control insect. The results of this trial
corroborate the results of a trial conducted in 2002 for dinotefuran drench
treatments and Distance IGR treatments; however, spray treatments were more
effective in the 2002 trial than the current trial (2). A possible explanation for
these differences is that the spray volume for the second spray application in
2002 was almost three times the amount of spray applied in the second spray
application in 2004. Contrary to a study conducted in 1998, Marathon 60 WSP
was effective in the current trial (1). The rate of Marathon used in the in the 1998
trial was one half the amount used in the current trial. Other effective insecticides
from previous trials included systemic, media applied acephate treatments at
illegal, above label rates (1) and 2% horticultural oil spray (2).
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Table 1. Analysis of the number of dead tea scale.
Mean dead female tea scale
Product(s)

Rate

Application
method
14 DATz

Nontreated
check

28 DAT

56 DATy

4.6 d

11.2 b

12.6(42) c

Safari 20SG

6 oz/100 gal

Drench

10.4 abc

20.2 a

26.8(89) a

Safari 20SG

12 oz/100 gal

Drench

12.8 a

22.6 a

28.8(96) a

Safari 20SG

24 oz/100 gal

Drench

14.6 a

25.6 a

28.0(93) a

Safari 20SG

4 oz/100 gal

Foliar spray 11.2 abc

19.4 a

15.8(52) bc

Safari 20SG

8 oz/100 gal

Foliar spray

10 abc

22.8 a

20.4(68) b

Safari 20SG

8 oz/100 gal
Foliar spray

12.2 ab

24 a

27.0(90) a

12 oz/ 100 gal Foliar spray

7.8 bcd

25.2 a

26.4(88) a

6.6 cd

23.2 a

26.2(87) a

+
Orthene TTO 97
Distance IGR

+
4 oz/100 gal

Marathon 60WP 120, 1-gallon
pots/ 20 gm
formulated
product

Drench

z

Means separation tests preformed using Fisher’s Protected Least Signiﬁcant Difference. Means
followed by the same letter within a column are not statistically different (_=0.05).

y

Numbers in parenthesis are the percentage of dead female scale insects.
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Protecting Unrooted Cuttings from Silverleaf
Whiteﬂy During Mist Propagation
Peter C. Krauter, Steven P. Thompson and Kevin M. Heinz
Texas A&M University, Dept. of Entomology, College Station, TX 77843-2475
p-krauter@tamu.edu
Index Words: Poinsettia, Euphorbia pulcherrima, Bemisia argentifolii,
Flagship, Tristar
Signiﬁcance to Industry: Recently introduced translaminar insecticides offer
pest management options not previously available with contact or root-absorbed
systemic chemicals. The propagation of poinsettia (Euphorbia pulcherrima Willd.)
under mist from unrooted cuttings presents environmental and physiological
challenges to management of silverleaf whiteﬂy (Bemisia argentifolii Bellows
and Perring). Contact insecticides require thorough coverage of both upper and
lower sides of the leaves to be effective, and residual control is greatly limited by
runoff from the frequent application of mist. Traditional systemic insecticides are
limited in efﬁcacy due to the absence of plant roots in the early stages of mist
propagation, thereby limiting their absorption. Silverleaf whiteﬂy, however, are
unhindered by the presence of mist and continue to lay eggs and develop on the
leaves of the unrooted cuttings. If the cuttings are taken from previously infested
source plants, or if the mist-propagation benches are located in a mixed-culture
greenhouse where whiteﬂy populations already exist, the new crop of poinsettias
will begin their 8 –10 week crop cycle already heavily infested. Translaminar
insecticides, which are readily absorbed into plant tissues and move internally
across leaf tissues, offer an efﬁcacious means of controlling whiteﬂy during
mist propagation, thereby providing another tool and greater ﬂexibility in pest
management strategies during the ﬁnal stage of the poinsettia crop cycle. Two
separate studies were conducted at Texas A&M University in 2002 and 2003 to
test the potential efﬁcacy of Tri-Star and Flagship against silverleaf whiteﬂy on
unrooted poinsettias under mist-propagation.
Nature of Work: Comparison of two insecticides. Treatments in the ﬁrst study
were Flagship™ 25WG (Syngenta Crop Protection, Inc.) at a rate of 4 oz./100
gal., TriStar® 70 WSP (Cleary Chemical Corporation) at a rate of 1.13 oz./100 gal.
(2 soluble bags), and water as a control. Flagship (thiamethoxam) and TriStar
(acetamiprid) are both neonicotinoid insecticides which exhibit translaminar
systemic movement and are active against silverleaf whiteﬂy. On August 8 and 13,
160 Prestige Red® poinsettia source plants were exposed to releases of 2.25 adult
whiteﬂy per plant. On August 19, 108 cuttings were taken from the source plants
and potted individually in 4-inch pots. Pots were then randomly divided into three
groups of 36 plants and placed on three mist benches (5 x 10 ft. each) covered
with a 4 ft. high, Reemay®-enclosed PVC-frame cage. On each bench the 36
potted cuttings were further randomized into three blocks of 12 plants, with each
of the blocks receiving one of the three treatments. Therefore, treatments were
represented equally on each of the three mist benches.
Misting initially was programmed to provide 12 seconds of mist every 12 minutes
for 24 hours per day from August 19 – 22, after which time the same misting
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frequency was used but restricted to daylight hours (6am–8pm). Misting was
further restricted on September 5 to the afternoon hours of 12 noon until
4pm. Insecticide treatments were applied on August 29 after the end of the
daily misting period (8pm). Treatments were applied using trigger-operated
spray bottles, and plants were sprayed until runoff. Cuttings under mist were
exposed to ﬁve additional releases of 1.33 whiteﬂy per cutting on August 22,
26, 29, and September 3 and 5. The study was terminated on September 12,
at which time total whiteﬂy counts by stage were made from all leaves with
the aid of a dissecting microscope (10–40x power). Data were analyzed by
ANOVA and means compared, where appropriate, using Tukey’s multiple
comparison procedures.
Comparison of application methods. The second study tested the efﬁcacy of
two different application methods of Flagship for control of silverleaf whiteﬂy
during mist propagation. Three treatments; a spray application of Flagship®
25WG, a whole-plant immersion in a solution of Flagship® 25WG, and a spray
application of water as a control were used. One week before taking cuttings,
130 source plants were exposed to adult silverleaf whiteﬂy at a rate of 1.3 adults
per plant. On October 1, 117 poinsettia cuttings were taken from the source
plants and randomly divided into three blocks of 39 cuttings, one block for each
of the three treatments. The untreated-control and spray-application treatment
cuttings were planted immediately after being taken from the source plants.
Immersion treatment cuttings were ﬁrst submerged for 10 seconds in a 5 gallon
plastic bucket containing Flagship at a 4 oz./100 gallon concentration, and then
set aside in a 70ºF room for 1 hour to allow absorption of the insecticide before
planting. Each block of 39 cuttings was again randomly divided into three groups
of 13 cuttings, with one 13-pot group from each treatment being placed on one of
three mist benches (5 x 10 ft. each) covered with a 4-ft. high, Reemay®-enclosed
PVC-frame cage. Therefore, each bench held 13 potted cuttings from each of the
three treatments.
After planting, the mist system was set to provide mist for 12 seconds every
12 minutes for the ﬁrst 48 hours, at which time programming was changed to
provide the same misting frequency only from 8 am until 4 pm each day. The
plants receiving spray applications were treated 48 hours after planting in the
evening after misting had ended for the day. Spray applications of Flagship and
the untreated water control were made with a trigger-operated spray bottle until
run-off. Adult whiteﬂies were released into the mist cages two times per week for
2.5 weeks (5 releases) at the rate of one adult per cutting. Twenty-four days after
planting, the study was terminated and whiteﬂies counted by stage on all leaves
with the aid of a dissecting microscope (10–40¥ power). Data were analyzed
by ANOVA and means compared, where appropriate, using Tukey’s multiple
comparison procedures.
Results and Discussion: Comparison of two insecticides. Comparisons of
total whiteﬂy between the three mist benches indicate there were no signiﬁcant
differences attributable to bench location (F=1.7, df=2, P=0.186). Numbers of
leaves per plant ranged from 1 to 5 with a mean and standard error of 2.9 ± 0.1,
but did not differ signiﬁcantly between treatments (F=0.337, df=2, P=0.717). Both
insecticides were effective in reducing whiteﬂy infestations relative to the control
(Table 1), but differed signiﬁcantly only in the number of eggs. The reason for a
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signiﬁcant difference in number of eggs between Flagship and TriStar could be
attributable to mortality of adult females from feeding, or a preference/avoidance
behavioral response of the egg-laying female whiteﬂy due to the particular
properties of the insecticides. Regardless, the resulting numbers of 1st instars,
2nd +3rd instars, and pupal whiteﬂy did not differ signiﬁcantly between Flagship
and TriStar.
Comparison of application methods: The average number of leaves per plant
was 6.2±0.2SE, but analysis revealed signiﬁcant differences in the number of
leaves per plant between treatments (F=10.210,df=2,P<0.001) and reps (mist
benches) (F=4.902,df=2,P<0.001). Comparison of total whiteﬂy between the
three mist benches, however, indicates there were no signiﬁcant differences
in number of whiteﬂy attributable to bench location (F=0.236,df=2,P=0.791).
Therefore, whiteﬂy counts were standardized by dividing the number of whiteﬂy
per plant by the respective number of leaves per plant for subsequent analysis.
Both application methods of Flagship were effective in signiﬁcantly reducing
whiteﬂy infestations relative to the control (Table 2), but did not differ signiﬁcantly
in respect to each other in reduction of eggs, early instars (1st,2nd,and 3rd
instars) or late instars (4th instars and pupae). Therefore, the increased coverage
of the cuttings from total immersion in the solution of Flagship did not result in
improved protection of the plants from silverleaf whiteﬂy over the conventional
spray application.
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.
Table 1. Comparison of Tri-Star or Flagship insecticides for control of silverleaf
whiteﬂies on poinsettia cuttings under mist propagation.

Treatment

Eggs

Control

93.1 ± 11.6

2nd+3rd
instars

1st instars
a

Tri–Star

48.9 ± 7.4 b

Flagship

8.3 ± 1.3

55.5 ± 14.0

a

29.2 ± 3.3 b
17.9 ± 2.3

c

b

99.1 ± 16.1

Pupae
a

3.0 ± 0.6 a

17.5 ± 3.2 b

1.0 ± 0.4 b

4.4 ± 0.9

0.1 ± 0.1 b

b

Means followed by the same letter not statistically different at the P=0.05 level.

Table 2. Comparison of application methods of Flagship insecticide for control of
silverleaf whiteﬂies on poinsettia cuttings under mist propagation.
Application
Method
Control
Immersion
Spray

Mean (±SE) number of whiteﬂies
Eggs
9.0±1.1

Early instars

0.5±0.1 a

1.3±0.2 b

0.4±0.1 b

0.0±0.0 b

1.2±0.2

0.2±0.1

0.0±0.0 b

b

4.9±0.6

Late instars

a

a

b

Means followed by the same letter not statistically different at the P = 0.05 level.
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Florida Wax Scale and Citrus Mealybug
Efﬁcacy Trials (IR-4 Super A Project)
Scott W. Ludwig
Texas Cooperative Extension, P.O. Box 38, Overton, TX 75684
swludwig@ag.tamu.edu
Index Words: Florida Wax Scale, Ceroplastes ﬂoridensis, Citrus Mealybug,
Planococcus citri, Talus, buprofezin, Flagship, thiamethoxam, TriStar,
acetamiprid, Safari, dinotefuran
Signiﬁcance to Industry: Scales and mealybugs are some of the most difﬁcult
pests for ornamental producers to manage. Feeding from soft scales and
mealybugs weakens and stunts plants, causes leaf distortion, yellowing, and
leaf loss. Soft scales, such as the Florida wax scale, and mealybugs produce
large amounts of honeydew which can coat plant surfaces with a sticky layer.
The “sooty mold” fungus often grows on honeydew. Mealybugs can make plants
look poor and even kill them. Soft scales rarely kill the plant, but can negatively
impact the appearance of the plant. The presence of honeydew or sooty mold is
one way to detect infestations of these insects. In 2004 and 2005 entomologists
working the IR-4 program deemed scale and mealybugs the most signiﬁcant
insect problems facing growers. As a result, a national effort is currently
underway to expand insecticide labels to include scale and mealybugs.
Nature of Work: Foliar sprays of Talus 40SC (buprofezin), Flagship 25WP
(thiamethoxam), and TriStar 70WSP (acetamiprid), and Safari 20SG (dinotefuran)
applied as a drench were evaluated when used to control Florida wax scale
[Ceroplastes ﬂoridensis (Comstock)] on dwarf Burford holly and citrus mealybug
[Planococcus citri (Risso)] on coleus. All the treatments were applied at a low
and high rate (Tables 1-2). The trials were conducted in a greenhouse at the
Texas A&M University Agricultural Research and Extension Center at Overton,
TX. Holly plants grown in one gallon pots had a natural infestation of ﬁrst instar
Florida wax scales at the initiation of the trial. Coleus plants grown in 6.5 inch
azalea pots were infested with all mealybug life stages at the initiation of the trial.
In the Florida wax scale trial, 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 at 35 psi. All foliar
insecticide treatments included 0.05% Thoroughbred (non-ionic organosilicone
by Estes Inc.). Foliar treatments were applied until run-off. Safari was applied as
4 oz drench per pot. Treatments were applied on 0 and 16 DAT. To monitor the
scale population, the same twenty leaves on each plant were monitored each
sample period. For the ﬁnal count (45 DAT) the leaves were removed and the
scales ﬂipped over under a microscope to determine if they were alive or dead.
In both trials treatment means were separated using LSD tests (P>0.05) at each
sample date.
In the citrus mealybug trial, plants were set up in a randomized complete block
design with ﬁve replicates. Treatments were applied using an R & D® CO2
backpack sprayer with an 8002VS tee-jet ﬂat spray nozzle at 35 psi. All foliar
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insecticide treatments included 0.05% Thoroughbred. Foliar treatments were
applied until run-off. Safari was applied as 4 oz drench per pot. Treatments were
applied on 0 and 13 DAT. To monitor the mealybug population, the same two
inches of plant stem was monitored each sample period.
Results and Discussion. All of the pesticide treatments resulted in signiﬁcantly
lower Florida wax scale populations compared to the control (Table 1). The
mealybug population on the control plants declined in three of the replicates and
was slow to increase until 21 days after treatment. This explains why statistical
differences did not start to occur until 21 & 28 days after treatment (Table 2).
Flagship (4 oz), Safari (24 oz), and Tristar (1.1 & 2.3 oz) resulted in the lowest
mealybug populations over the duration of the trial. All of the treatments resulted
in signiﬁcantly lower populations compared to the control 28 days after the ﬁrst
pesticide application. In both studies Talus, Safari, Flagship and Tristar were
effective in controlling their targeted pests.
Acknowledgments. I would like to thank Bruce Miller Nursery for donating the
holly plants and IR-4 for funding the trials.
Table 1. Mean number of Florida wax scale per 20 holly leaves after application
of Talus, Safari, Flagship or TriStar.
Days After Treatment
Dosage
(oz/100 gal)

0
(visual)

45
(microscope)

Talus 40SC

21.5

105.0 a

13.8 b

Talus 40SC

43.0

110.8 a

13.0 b

Safari 20SG

12.0

117.0 a

6.0 b

Safari 20SG

24.0

129.5 a

1.0 b

Flagship 25WP

2.0

128.5 a

0.3 b

Flagship 25WP

4.0

129.3 a

0.0 b

TriStar 70WSP

1.1

125.5 a

0.0 b

TriStar 70WSP

2.3

142.8 a

0.0 b

132.5 a

94.8 a

Product

Untreated

Means within columns with the same letter are not signiﬁcantly different (P>0.05 LSD test).
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Table 2. Mean number of citrus mealybugs per coleus stem after application of
Talus, Safari, Flagship or TriStar.
Dosage
(oz/100
gal)

0

6

13

21

28

Talus
40SC

21.5

22.8 a

17.8 a

27.3 a

13.8 ab

5.5 b

Talus
40SC

43.0

10.5 a

12.0 a

23.8 a

6.8 ab

6.5 b

Safari
20SG

12.0

21.5 a

16.5 a

11.3 a

3.0 ab

0.0 b

Safari
20SG

24.0

17.8 a

10.8 a

2.3 a

1.5 ab

0.3 b

Flagship
25WP

2.0

27.8 a

14.5 a

9.0 a

0.8 b

0.8 b

Flagship
25WP

4.0

28.3 a

5.8 a

1.3 a

0.3 b

0.0 b

TriStar
70WSP

1.1

11.8 a

4.0 a

3.0 a

0.8 b

0.0 b

TriStar
70WSP

2.3

15.0 a

3.0 a

1.0 a

0.0 b

0.0 b

27.8 a

27.3 a

19.0 a

30.5 a

54.0 a

Product

Untreated

Days After Treatment

Means within columns with the same letter are not signiﬁcantly different (P>0.05, LSD test).
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Fungus Gnat Management in
Greenhouse Grown Edible Herbs
Scott W. Ludwig1 and Kim Engler2
Texas Cooperative Extension, P.O. Box 38, Overton, TX 75684
2
Texas Cooperative Extension, 17360 Coit Road, Dallas, TX 75252
swludwig@ag.tamu.edu, kimberly-engler@tamu.edu
1

Key Words: Herbs, greenhouse, IPM, Biological Control, Fungus Gnats,
Coenosia attenuate
Signiﬁcance to Industry: There are very few insecticides currently registered
for use on greenhouse grown edible herbs. As a result, herb growers are more
likely than ﬂoriculture producers to develop an IPM program relying on proper
sanitation, scouting, and the use of “soft pesticides” and biological control
agents. While working with a commercial herb producer in North Texas, we
discovered a natural infestation of a hunter ﬂy in the genus Coenosia. The hunter
ﬂy established into new areas of the greenhouse rapidly and suppressed fungus
gnat populations with no additional inputs from the grower.
Nature of Work: In 2004, an IPM demonstration project focusing on the
management of fungus gnats and other soil born ﬂies impacting contain grown
edible herbs was initiated at a commercial greenhouse producer in Collin County,
Texas. These plants are sold at grocery stores in 4 inch pots.
In the fall of 2004, the predatory muscid ﬂy Coenosia attenuata naturally
established throughout the greenhouse ranges. Studies in Europe and North
America with C. attenuata have indicated biological control potential of many
ﬂying insect pests of greenhouse crops, including fungus gnats, shoreﬂies,
whiteﬂies, and leaf miners. Coenosia larvae are predators of insect occurring in
soil and adults are highly mobile ﬂying predators.
From 3 November to 18 May, fungus gnats, shore ﬂies, and hunter ﬂies were
monitored approximately every seven days using yellow sticky cards in a herb
production house. The number of each ﬂy was recorded and new cards placed
each sample period. During this time period no chemical treatments were applied
to manage fungus gnats or shore ﬂies.
Results and Discussion: Monitoring indicated that the hunter ﬂy was capable of
establishing and maintaining its population (Figure 1). During the seven months
the ﬂies were monitored there were a few periods when shore ﬂies populations
increased dramatically, but were brought under control very rapidly. The fungus
gnat population was kept to an acceptable level. Historically fungus gnats were
a problem in this greenhouse, but during the sampling time period the grower
did not feel the fungus gnats were a problem. These results suggest hunter ﬂies
can be used in production greenhouses to suppress fungus gnats and shore
ﬂy populations.
We are continuing to monitor ﬂy populations and are working to develop an easy
method to rear the hunter ﬂy. Additional studies planned include: developing
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a low cost method to inoculate the hunter ﬂy into commercial greenhouse,
determining optimal greenhouse environmental conditions for hunter ﬂy survival,
and evaluating compatibility of the hunter ﬂy with soil applied insecticides.
Acknowledgments: This project was funded in part by the United States
Department of Agriculture, Agriculture Research Service, as part of the
Floriculture and Nursery Research Initiative.
Figure 1. Number of fungus gnats, shore ﬂies, and hunter ﬂies per sticky card
day in a herb production greenhouse.
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Management Strategies for Asian Ambrosia
Beetle in Commercial Nurseries
Jason B. Oliver1, Frank A. Hale2, Nadeer N. Youssef1 and Mark A. Halcomb2
1
Tennessee State University, Institute of Agricultural and Environmental
Research, TSU Nursery Research Center, McMinnville, TN 37110
2
The University of Tennessee Extension, McMinnville and Nashville, TN
joliver@tnstate.edu, fahale@utk.edu, nyoussef@blomand.net, and
mhalcomb@utk.edu
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Signiﬁcance to Industry: The Asian ambrosia beetle (AAB), Xylosandrus
crassiusculus Motschulsky, is a serious pest of woody ornamental crops often
attacking unexpectedly over a short interval of time. Insecticide applications
that can be closely timed with the onset of AAB attacks will have the greatest
likelihood of managing the insect. A proposed strategy for managing AAB in
Tennessee is discussed using traps to measure AAB activity and a decision
analysis guide to facilitate grower risk assessment. The management strategy
may have applicability in adjacent states. Four traps are recommended for
monitoring AAB: 1) Baker 2-liter soda bottle, 2) Japanese beetle, 3) Kovach vane,
or 4) Lindgren multiple funnel.
Nature of Work: The AAB was introduced into South Carolina from Asia around
1974 and now infests the entire southeastern U.S. (Fig. 1a, b). Ambrosia beetles
damage woody plants when the female beetle makes a tunnel in the trunk
(Fig. 1c) and introduces ectosymbiotic “ambrosia” fungi. External evidence
of AAB attacks includes shot holes in the trunk or toothpick-like strands of
sawdust and excrement (Fig. 1d, e). The combination of tunneling and pathogen
introduction can result in rapid tree mortality. Five to 10 attacks can kill most
trees with a caliper of 3 inches or less (3). Ambrosia beetles usually overwinter in the adult stage. Therefore, predicting adult emergence in the spring is
difﬁcult, because there is no temperature-dependent larval period prior to adult
emergence. Instead, adult beetles will remain inactive until temperatures become
suitable for a ﬂight, and then suddenly (and often unexpectedly) appear at the
nursery site. Most ambrosia beetles attack woody plants before the break of plant
dormancy, but the timing of bud break alone is not a reliable predictor of AAB
activity (3, 4). The timing of trap collections and tree attacks closely coincide (4).
Trapping is the best way to monitor adult AAB activity (1, 2, 5). Traps have two
main values: 1) guidance of scouting activity (especially when spray treatments
are not made), and 2) directing the timing of spray treatments. Most ambrosia
beetles are attracted to ethyl alcohol, which can be dispensed in the ﬁeld from
homemade or commercial lures (4). The ﬁrst indication of potential AAB in a
trap will likely be the appearance of a large number of small beetles in the trap
collection container. Unfortunately, other ambrosia beetle species are also
collected in traps used to monitor AAB, which can cause grower confusion.
Although all ambrosia beetles are wood-boring, the majority of ambrosia beetles
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generally do not cause signiﬁcant damage to nurseries, but are probably
attacking plants outside of the production areas (e.g., forests). Therefore, treating
for these other species could be an unnecessary cost.
AAB has some characters that facilitate identiﬁcation from other ambrosia beetle
species. The reddish- to orange-brown color is the fastest clue that AAB may be
in the trap. Most other species are black, various shades of brown, occasionally
yellow, and sometimes multi-colored. A second distinction is specimen size. AAB
is larger than most others. A quick ﬁeld measure can be made with a 1/16-inch
drill bit. The length of AAB is about twice the diameter of a 1/16-inch drill bit and
its width is about half the diameter of the same bit. Some non-AAB species may
still be close to the size of AAB. The most deﬁnitive character is a dull, nonshiny patch on the rear tip of the body (i.e., its hind end) (Fig. 1b). The dull patch
appears like someone has scratched off the reﬂective shine with sandpaper
relative to the rest of the insect’s body and can almost be seen with the unaided
eye, but is easily seen with a 10 to 16X hand lens. Rotating your view over the
specimen is the easiest way to see the non-shiny area. Using the previous three
characters and a little experience, it should be possible to ﬁeld recognize AAB
most of the time. An extension agent should be contacted if in doubt.
Results and Discussion: A variety of traps will capture AAB. Tests performed at
the Nursery Research Center, McMinnville, TN found that the Japanese beetle,
Lindgren Funnel, Baker 2-liter soda bottle (http://www.ces.ncsu.edu/depts/ent/
notes/O&T/trees/note122/note122.html), or Kovach vane traps caught the highest
number of AAB adults. The Japanese beetle trap was the most-user-friendly in
terms of opening, emptying, and changing the lure baits. The Baker 2-liter trap
was the lowest cost trap. Traps are most effective when placed near a wooded
area, but perform poorly in open sites. One to three traps should be sufﬁcient for
monitoring AAB activity in an area.
The AAB is not easy to manage even when detected early with traps. If
infestations reach the point that toothpick like strands are visible (Fig. 1e),
your management options are very limited. Table 1 provides conditions that
may indicate the need for insecticide management of AAB. The guidelines are
based on research experience and literature regarding the biology of AAB. No
management strategy is risk free. The simplest option is to do nothing, but could
also be the most costly if an infestation occurs. Likewise, the labor and expense
to apply an insecticide treatment may not be the best option if the current risk
of attack is low. In Table 1, the presence of AAB in a trap is a good trigger for
other management decisions. If the trap has been placed in a good location and
AAB is not collected, then the risk of attack on your crop is probably low. If AAB
is present, the second consideration is whether your crop has or has not broken
dormancy. In Tennessee, ambrosia beetle attacks are most prevalent before
the break of plant dormancy (4). By attacking trees early, ambrosia beetles
may avoid the spring sap ﬂow period. Spring sap ﬂows normally occur one to
several weeks before bud break. If the crop has broken dormancy, the risk of
attack is lower, but not zero. After answering questions 1 and 2, the remainder of
Table 1 provides a list of conditions that can affect crop susceptibility. The more
conditions you have in the “greater risk” category, the more vulnerable the crop
is to AAB attack. The ﬁnal decision depends on the level of risk an individual is
willing to accept relative to the value of the crop.
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Currently, no insecticides are 100% effective against AAB. However, any
pesticide used will be more effective if it can be timed closely to the period
of active tree attack. Studies indicate bifenthrin, chlorpyrifos, esfenvalerate,
cypermethrin, and permethrin are the most effective AAB insecticides, but none
offered complete control (3, 6). Permethrin-based insecticides may repel AAB
or induce the beetles to exit trees after attacks have begun (6). Labels we found
for these active ingredients with language permitting commercial nursery use
and speciﬁc rate recommendations for ambrosia beetles or coleopteran borers
included: chlorpyrifos (Chlorpyrifos Pro 4, Dursban 50W, Prentox Dursban 4E)
and permethrin (Perm-Up 3.2EC, Permethrin Pro Termite-Turf-Ornamental).
The length of protection provided by a single treatment is unknown and multiple
applications may be required. Other labels may exist that have not been named
and the mentioning of insecticide products does not imply an endorsement.
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Table 1. Decision Guide for Applying Spray Treatments Against Asian Ambrosia
Beetle.
1) AAB collected in
trap?

Yes (Go to question 2)

No (Risk of attack
is likely low)

2) Have trees
broken dormancy?

No (Trees are at greater risk. See
below to guide treatment decision)

Yes (Risk lower,
but not zero.
See below to
guide treatment
decision)

Factor
Plant species

Crop value

Greater Risk

Lesser Risk

Cherry, chestnut, dogwood
goldenraintree, hydrangea, lilac,
maple, redbud, weeping mulberry,
yellowwood, trees with past
problems

Other species

High

Low

Environmental
conditions

Drought, winter injury, late frost

Good

Site conditions

Poor soil type, soil compacted, poor
drainage

Good

Plant condition

Trunk wounds, herbicide injury,
over-watering, etc.

Good

Plant suitability to
site

Wrong cultivar or hardiness zone,
plant requirements do not match
site

Adapted

Past problems at
site

Yes

No

New transplant

Established

Yes

No

Another region

Local

Close

Distant

Fertilizer
termination

After July

Before July

Plant vigor

Low

Vigorous

March to May

June to February

> 3-4 weeks

< 3-4 weeks

Age from
transplanting
Other pest / disease
injury
Plant source
Proximity to water

Time of year
Last pyrethroid
spray
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Figure 1. Images of a) adult female ambrosia beetle (with actual size of beetles
in insert picture relative to a dime) and b) rear part of the wing showing dull / no
shine feature that is characteristic of Asian ambrosia beetle. Lower photos show
pictures of ambrosia beetle damage, including c) a cross-section view of the
internal gallery chamber in the wood of a yound tree, d) shot holes on surface
of trunk, and e) toothpick-like strands of sawdust and excrement extending from
ambrosia beetle galleries in the trunk of a Japanese snowbell tree. Images d and
e by Joshua Basham.
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Signiﬁcance to Industry: The spread of imported ﬁre ants (IFA) to new areas
in the U.S. will not only detrimentally impact the general public, but will also
impose costly quarantine restrictions on green industry producers shipping soilcontaining nursery products. To limit the spread of IFA through artiﬁcial means,
particularly in the soil attached to nursery stock [containerized stock, balledand-burlapped (B&B) stock, grass sod, etc.], the Federal IFA Quarantine was
enacted. The three IFA quarantine treatment protocols available for B&B nursery
plants (immersion, drench and pre-harvest soil) rely on chlorpyrifos (USDA Fire
Ant Prog. Man. 2004), a chemical under review by EPA for which many use
patterns have already been eliminated (either through regulatory action and/or
as a result of loss of manufacturing incentives by chemical companies). It is
critical that other insecticides or treatment options for B&B stock be evaluated
for approval. If chlorpyrifos were removed from the market without a reliable
replacement, the entire B&B nursery industry in Tennessee within the quarantine,
as well as in all B&B-production areas within the quarantine in other states,
would be prohibited from shipping plants to non-IFA quarantined areas. Nonquarantined areas currently make up about 80% of Tennessee plant sales
(Brooker et al. 2000).
Nature of Work: Imported ﬁre ants (IFA) (Solenopsis spp.) are among the most
damaging and invasive introduced pest complexes in the southern US. The twostep method, a bait application followed by individual mound treatments with
a contact insecticide, is recommended for ornamental turf and non-agricultural
lands (Drees et al. 2002). Spot treatment or individual mound treatment, including
drench treatments, have been extensively studied and recommended under
speciﬁc circumstances for IFA control (Collins and Callcott 1995). In a drench
simulation study, S. invicta was found highly susceptible to different insecticides
used for mound drench treatments (Drees 2002). We conducted this study
to determine the effect of bait applications on individual mounds during cool
weather and to compare individual bait and drench treatments to the combination
of the two. The study was conducted at the Fayetteville-Lincoln County Regional
airport in south-central Tennessee. Mounds used in the study were located at
one of the three locations: in open ground, at the runway lights or adjacent to
the pavement of the runway or taxiways. Treatments were randomly assigned
to mounds and there was at least 9.1 m (30 ft) between mounds. Treatments
consisted of Advion™ (indoxacarb) bait at 4 tablespoons (22 g) per mound,
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AmdroPro® (hydramethylnon) bait at 4 tablespoons (22 g) per mound, Talstar®
GC Nursery Flowable (bifenthrin) at 0.2 ml (0.007 ﬂ. oz) per treatment area,
Topchoice™ (ﬁpronil) at 6.4 g (0.23 oz) per treatment area and GardStar® 40%
EC (permethrin) at 5 ml (0.17 ﬂ. oz) per treatment area. Each of these was tested
individually and in a combination treatment: application of a bait followed by the
drenched application of a chemical (Talstar, Topchoice or GardStar) 6 days later.
All combinations of bait + drench were used making for a total of 11 treatments.
A no-treatment control and a water-only control were included. Each treatment
(including controls) was replicated seven times with each replication consisting of
a single mound.
Treatment area for drenches was a 0.9 m (3 ft)-diameter circle (0.66 m2 or
7.07 ft2) including the mound at the center. Fluid treatments were applied to each
circle in 7.6 L (2 gal) of water, with 3.8 L (1 gal) of the mixture applied directly
on the mound. Granular Topchoice™ was evenly distributed in the treatment
area and irrigated. Baits were evenly distributed in a 2.1 m (7 ft)-diameter circle
(3.57 m2 or 38.48 ft2) around the mound. The treatment area of each mound
was checked for ant activity at 1, 4, 6, 7, 10, 14, 20, 33, 78 and 99 days after
treatment (DAT) for bait-only and bait + drench combination treatments. Mounds
receiving drench-only treatments were checked at 1, 4, 8, 14, 27, 72 and 93 DAT.
Mounds were rated as active or inactive based upon presence or absence
of worker activity after disturbing the mound with a metal wire at 4 random
places. Average number of days to mound inactivity was calculated for each
treatment. Chi-square test was applied to determine the association between
treatment and mound activity at 1, 4 and 14 DAT (the only observations that
all treatments had in common) (SPSS 2003). Samples of IFA were taken from
randomly selected mounds and identiﬁed to species by Dr. Robert Vander Meer,
USDA-ARS-CMAVE, using cuticular hydrocarbon analysis. Daily rainfall, soil
and air temperatures of the test site were recorded by a WatchDog® data logger
(Spectrum Technologies, Inc.) protected in a radiation shield.
Results and Discussion: Of the bait-only treatments, Advion provided better
control: 57, 86 and 100% of mounds were inactive at 7, 14, and 33 DAT,
respectively. All Advion-treated mounds were still inactive at 99 DAT. On those
same days, 43, 57, and 86% of mounds treated with AmdroPro were inactive.
Inactivity never exceeded 86% for AmdroPro. Barr (2003) achieved 90%
inactivity of S. invicta mounds within 9 DAT and 10 weeks after treatment when
Advion was broadcast during summer and fall, respectively. Among drench-only
treatments, GardStar provided 100% inactivity throughout the observational
period. Talstar provided 71, 86, and 100% inactivity at 1, 14, and 27 DAT. Ant
activity in Topchoice-treated mounds varied little from that of the water-only
control mounds. Advion achieved 100% mound inactivity by 7 DAT when used
in combination with Talstar or GardStar. The Advion-Topchoice combination
produced 43, 57 and 86% inactivity at 7, 33 and 99 DAT, although a rise in control
inactivity occurred at 99 DAT. The AmdroPro-Talstar combination achieved 100%
inactivity by 7 DAT. The AmdroPro-GardStar combination produced 71, 86 and
100% inactivity at 7, 10 and 78 DAT, respectively. The AmdroPro-Topchoice
combination produced 57% inactivity throughout the observation period. For
treatments providing 100% inactivity, average days to inactivity were 7, 7, 7, 7,
3.3 and 12.7 for GardStar, Advion-GardStar, Advion-Talstar, AmdroPro-Talstar,
Talstar and Advion, respectively.
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Topchoice, which is formulated at low concentrations and typically broadcasted
to large areas (1000 sq. ft or an acre), usually requires about 4 weeks or more
to cause dramatic IFA population reduction (Greenberg et al. 2003). In this
experiment, we applied Topchoice as an individual mound treatment and thus
the area treated (7.07 ft2) may have been insufﬁcient to expose foraging IFA to
ﬁpronil quantities necessary to cause colony demise.
The association between mound status and treatment was examined by Chisquare analysis. For bait-only treatments, days 1 and 4 were not relevant
because baits do not act quickly. For drench-only treatments there was a
signiﬁcant association at days 1 and 4 because of the performance of GardStar
and Talstar. At day 14 there was a signiﬁcant association for all 13 treatments.
No effect of mound location (at runway lights, near pavement or in open ground)
on treatment efﬁcacy was detected. Cuticular hydrocarbon analysis indicated the
ratio of Solenopsis richteri to the hybrid of S. richteri and S. invicta at the study
site was 40% richteri to 60% hybrid. Efﬁcacy may have been affected by IFA
species, but location of speciﬁc mounds from which ant samples were taken was
not noted. Therefore, effects of species, if any, could not be examined.
Acknowledgment: The authors thank Fayetteville-Lincoln County Regional
Airport Authority for providing the test site; Mark Cobb, Ron Mahal and David
Qualls for assistance in ﬁnding the location; Crystal Lemings, Joshua Basham,
Heath Overbey and Caleb West for assistance in conducting the study, and Ann
Reed for statistical analysis. Also thanks are due Dupont Crop Protection and Y.
Tex Corporation for providing Advion™ bait and GardStar®, respectively.
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Signiﬁcance to Industry: The commonly used insecticides Avid® 0.15 EC,
Talstar® Nursery Flowable, and Conserve® SC did not alter plant gas exchange,
and were not detrimental to plant growth and development of gerberas—even
when applied at 4X the recommended rate. Orthene® Turf, Tree & Ornamental
Spray 97, when applied at recommended rates, did not adversely affect plant
growth and development or plant gas exchange of gerbera. However, Orthene®
was phytotoxic to gerbera when applied at rates above label recommendations.
Triact® 70 (neem oil) signiﬁcantly reduced plant gas exchange, plant growth
and development, and ﬂower production, with greatest reductions occurring
at the highest concentration. Insect infestations on some of the control plants
and Talstar®-treated plants negatively impacted their commercially acceptable
value, demonstrating the importance of insect pest control. However, when
using insecticides, caution and judicious use should be exercised in order to
prevent plant damage, minimize development of pest resistance, and reduce
production costs.
Nature of Work: Gerbera (Gerbera jamesonii) is an economically important
greenhouse crop produced and sold for cut ﬂowers, potted plants, and bedding
plants. A wide variety of insecticides from different insecticide classes with
diverse modes of action are frequently used on gerbera to reduce the occurrence
of insecticide resistance. Often there is near zero tolerance for insect pests on
ornamental crops, hence, insecticides are applied at frequent intervals to prevent
insect infestation. Due to increasing concern over the use of toxic chemicals in
greenhouse production, reduced-risk insecticides are used because they are
less toxic to workers, have short residual properties, and have minimal adverse
environmental impact (7). These insecticides also may have a narrower spectrum
of pest activity and require frequent applications for sufﬁcient pest control.
Insecticides are evaluated for visible phytotoxicity and their impact on non-target
organisms during their registration, but impacts on plant physiology and plant
growth and development are not often tested.
Safer, biorational insecticides are becoming increasingly popular in the
management of greenhouse insect pests to minimize reliance on toxic chemicals.
Biorational insecticides such as neem oil can be easily incorporated into an
integrated pest management program due to their short-term residual activity,
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and because they kill beneﬁcial organisms (predators and parasitoids) only if
contacted directly (3). Some biorational insecticides were evaluated (horticultural
oil, insecticidal soap, and neem oil) for phytotoxicity on a variety of greenhouse
crops (7). While no obvious phytotoxicity was observed on ﬂowers or foliage of
bedding plants and plant height did not appear to be affected by treatments, plant
gas exchange and dry mass were not measured.
Acephate, a commonly used organophosphate, has been reported to be
phytotoxic for greenhouse crops such as chrysanthemum (8) and Spathiphyllum
(1). Organophosphates have been reported to reduce photosynthesis in
strawberries (6), oranges (4), and lettuce (2). Biorational insecticides applied to
lettuce had no apparent inﬂuence on its physiology, however the surfactant alone
reduced photosynthetic rates in seedling lettuce (2). Studies on the effects of
insecticides on gas exchange have been conducted primarily on agronomic crops
with varying results. Many of these studies were conducted with insecticides
that are no longer commercially applied or that are not applicable to ornamental
greenhouse crops.
While it is generally thought that insecticides can adversely affect plants, few
studies have looked at insecticidal effects on host plant physiology, in addition
to plant growth and development. For this study, insecticides that are commonly
used in greenhouse crop production were chosen to represent different
classes of insecticides: organophosphates, pyrethroids, spinosyn, macrocyclic
lactone, and botanical. The objective of this study was to determine the effects
of insecticides on the growth, physiology, and production of gerbera. Plants
were treated at recommended (1X) and four times (4X) recommended rate to
determine the upper range of plant tolerance to these ﬁve classes of insecticides.
The experiment was arranged as a six insecticide x two concentration factorial.
Each pot had one established seedling plug as a single replicate. There were
seven replications (n = 7) arranged in a completely randomized design. Eightyfour Gerbera jamesonii var. “Festival Salmon” seedling plugs were transplanted
into 6-inch standard pots (15.5 cm ¥ 14.5 cm) on June 11, 2004. Sunshine Mix #1
was used for potting media. Plants were fertigated as needed with 150 ppm N for
3 weeks, then at 250 ppm N for the duration of the experiment. At each irrigation,
plants were fertilized with Peters Professional Peat-lite special 15-16-17.
Gerberas were grown according to recommended cultural practices (5). The
experiment was terminated after 57 days on 6 Aug. 2004.
Treatments consisted of ﬁve insecticides and one control (control plants were
sprayed with deionized water). Insecticides were applied weekly at two different
concentrations: 1X and 4X the recommended concentration. Insecticides and
recommended rates (in grams a.i./100 liters) were: acephate (Orthene® Turf,
Tree & Ornamental Spray 97), 58; bifenthrin (Talstar® Flowable), 27; spinosad
(Conserve® SC), 21; neem oil (Triact® 70) 654; and abamectin (Avid® 0.15 EC) 1.
Plants were sprayed with a hand-held sprayer until run-off (approximately 90 ml
per plant). Spray applications started 6 days after transplanting and continued for
the duration of the experiment (Total = 8 applications).
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Net photosynthesis (Pn) and stomatal conductance (gs) measurements of
individual leaves were taken one day after each insecticide application between
11:00 and 15:30 using a LI-6400 Portable Photosynthesis System (LI-COR Inc.,
Lincoln, Neb), (n=3). Vegetative dry mass (DM), ﬂower DM, ﬂower number, leaf
area, speciﬁc leaf area (SLA, cm2 g-1 DM of leaves), and total aboveground plant
DM were measured at the termination of the experiment (day 57) to characterize
plant growth and development. The rate of ﬂower development was determined
by recording the number of days to pollen set. Plant quality was determined by
rating each plant (1-5 with 5 being optimal). Data were analyzed using analysis
of variance (ANOVA) (SAS Institute, Cary, NC), with insecticide and insecticide
concentration as main effects. Mean separations were performed using Fisher’s
Protected LSD (p £ 0.05).
Results and Discussion: The most obvious effects were observed with the 4X
Triact® 70 (neem oil) and Orthene® TT&O (acephate) treatments. The 4X neem
oil plants had signiﬁcantly reduced photosynthesis and stomatal conductance—
which resulted in reduced shoot and total aboveground DM, reduced ﬂower
production, later ﬂower development, thicker leaves (lower SLA), reduced leaf
area, and a reduction in plant quality (Table 1). The 4X acephate plants were the
least marketable due to severe phytotoxicity, i.e. leaf burn, which contributed to
lower shoot DM and total aboveground DM. The highest quality were the plants
treated with 1X or 4X Conserve® SC (spinosad) or Avid® 0.15 EC (abamectin).
These plants experienced no negative effects from insecticidal applications and
were not infested with the natural infestation of thrips that damaged control and
Talstar® Flowable (bifenthrin) treated plants.
Neem oil, which is commonly used as both a fungicide as well as an insecticide
in potted gerbera production, also acted as a growth retardant in this study.
It is common practice to apply a growth retardant in the production of many
ornamental crops to reduce internode elongation and induce compact growth.
Plants treated with neem oil at the recommended concentration had reduced
plant growth and development due to reduced net photosynthesis and stomatal
conductance. Neem oil plants were not rated as marketable – due to excessively
stunted growth, unwanted residue, and reduced ﬂower quality. However, when
used sparingly, neem oil may be useful for reducing elongation in gerbera, in
addition to its insect and pathogen control.
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Conserve
SC

Orthene® TT
& O Spray 97

Talstar
Flowable

Triact® 70

Spinosad

Acephate

Bifenthrin

Neem oil

0.0032

0.0036

NS

0.0010

0.0002

NS

0.0005

1.2 bcd

0.4 e

1.0 d

1.1 cd

1.2 bcd

1.0 cd

1.6 ab

1.5 abc

1.3
abcd

1.8 a

<.0001

0.0451

<.0001

1.94 bcd

0.65 e

1.43 d

1.90 bcd

1.97 bcd

1.56 cd

2.61 ab

2.55 ab

2.89 a

2.59 ab

<.0001

0.0213

<.0001

5.5 abc

3.3 d

4.8 c

5.7 abc

6.4 a

4.6 c

5.1 bc

5.8 abc

6.5 a

6.0 ab

6.1 ab

(g)

Vegetative
DM

NS = not signiﬁcant; n = 7.

<.0001

Ins x
Conc

NS

0.0031

(g)
2.21 abc

(g)
1.3
abcd

Reproductive
DM

Flower
DM

Treatments followed by the same letter are not signiﬁcantly different. Means were separated using Fisher’s Protected Least Signiﬁcant Difference, P≤0.05.

NSz

Conc

2.5 bc

1.0 d

2.0 bcd

1.9 cd

2.1 bc

2.3 bc

2.7 abc

2.7 abc

2.3 bc

3.7 a

3.0 ab

Flower
Number

z

<.0001

Ins

Signiﬁcance

47.8 d

54.7 a

51.9 abc

51.3 bc

49.2 cd

49.9 bcd

53.0 ab

49.5 cd

50.3 bcd

49.1 cd

49.6 cd

Days to
Flower

y

2.5 d

2.6 d

4X

4.1 ab

4X
3.4 bc

3.1 cd

1X

1X

1.4 e

4.5 a

4X

4X

4.7 a

1X

3.4 bc

4.6 a

4X

1X

4.4 ay

Quality
Rating

1X

Conc

Control

®

Avid® 0.15
EC

Abamectin

®

Insecticide
Trade Name

Insecticide
Common
Name

<.0001

0.0046

<.0001

7.5 bc

4.0 d

6.2 c

7.6 bc

8.4 ab

6.2 c

7.7 bc

8.4 ab

9.3 a

8.6 ab

8.3 ab

Total
Aboveground
DM
(g)

Table 1. Effect of insecticides and insecticide concentration on reproductive and vegetative development, and overall quality of Gerbera
jamesonii var. ‘Festival Salmon’.
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New Treatment Option for Leafminers and Mealybug
Steve Thompson, Peter C. Krauter and Kevin M. Heinz
Texas A&M University, Entomology Department,
College Station, TX 77843-2475
spthompson@tamu.edu
Index Words: Liriomyza, Planococcus, Chrysanthemum, Clothianidin, Arena
Signiﬁcance to Industry: Agromyzid leafminers of the genus Liriomyza
are important pests of ornamental crops including chrysanthemum, gerbera,
impatiens, orchid, lily and others (Driestadt 2001). Signiﬁcant hosts of citrus
mealybug, Planococcus citri, include croton, gardenia, begonia, oleander,
Coleus, Fuchsia, and chrysanthemum (Driestadt 2001). Prevention of aesthetic
damage often requires the judicious use of insecticides. However, the loss
of effective pest management products and insecticide resistance challenge
efforts to control these and other pests. As organophosphate and carbamate
insecticides are being removed from the market, the vacuum is being ﬁlled with
newer materials such as those within the neonicotinoid class. The novel mode of
action of these compounds may also aid in resistance management. Clothianidinbased insecticides may provide another effective option for growers to control
Liriomyza leafminer and citrus mealybug.
Nature of Work: Clothianidin is a neonicotinoid insecticide recently registered by
Aryesta Life Science for a variety of crops under several trade names including
Celero and Arena. Arena was registered for use in December 2004 and can
be applied as either foliar sprays or as a soil drench. The goal of this work was
to assess the efﬁcacy of Arena® WSG to control infestations of the leafminer
Liriomyza langei and citrus mealybug on chrysanthemums. The methods and
results for each pest species are outlined below.
Leafminer: This experiment was conducted within an environmentally-controlled
room on the campus of Texas A&M University. The design involved six treatments
replicated 16 times. Each replicate consisting of an individual chrysanthemum
plant in a 4-inch standard pot (volume: 708 ml). Therefore, the entire experiment
included 96 plants within individual pots. Rooted chrysanthemum cuttings
(var. ‘Miramar’) were allowed to grow for a week following planting in the
greenhouse. After 7 days, they were treated with soil drench treatments using
50 ml of insecticide solution per pot. The treatments included three rates of
Arena WSG at 2, 3, and 4 oz per 100 gallons, Marathon II SC at 1.7 ﬂ oz per
100 gallons, Flagship WG at 4oz per 100gallons, and a control (tap water). They
were then held for 11 additional days prior to exposure to adult leafminers while
watering with a standard 375 ppm N fertilizer as needed.
A maximum of 20 plants were exposed to leafminers for 3 hours in ﬁve cages,
each holding 100 adult ﬂies. The plants were then held in a growth room
for 8 days (temperature = 22–29 ºC; 13L:11D ) to allow leafminer larvae
development. After 8 days the total number of mines, the plant height, and the
total number of leaves per plant were measured and recorded. The height of
plants and total number of leaves were used to detect any treatment-speciﬁc
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phytotoxic or growth inhibition effects. Each plant was then cut at the soil line
and held four days in a sealed brown paper bag to permit collection of leafminer
pupae. The pupae within each bag were counted, and the resulting data
analyzed using a 1-way ANOVA and Tukey Means Separation tests.
Mealybug: The experimental design and maintenance of plant material was
identical to those described previously for the leafminer study. In the mealybug
study, the insecticide soil drench treatments included three rates of Arena WSG
at 2, 3, and 4 oz per 100 gallons, Marathon II SC at 1.7 ﬂ oz per 100 gallons,
Flagship WG at 4 oz per 100gallons, and a control (tap water). Pots were then
held for 1 additional week prior to infestation with adult mealybugs.
Plants were manually infested with two adult mealybugs per plant using a ﬁnehaired paintbrush. Infested plants were placed in a growth room for 3 weeks
(temperature = 22–30°C; 13L:11D) to permit oviposition and development of
the nymphs. After 3 subsequent weeks, the height of each plant was measured
and total leaves counted to detect any phytotoxicity resulting from treatment. A
destructive count was performed, and all meallybug adults and nymphs were
counted. The data were analyzed via one-way ANOVA and subsequent means
separations performed via Tukey’s Honestly Signiﬁcant Difference (HSD) tests
when statistical signiﬁcance was detected.
Results and Discussion: Leafminer: There were statistical differences in the
number of pupae obtained (F = 40.32, df = 5, P < 0.001) (Table 1). There were
signiﬁcantly more pupae found within the bags holding the control plants than the
bags for any other treatment. However, there were no signiﬁcant differences in
number of pupae among rates of Arena or between Flagship and Arena treated
plants. Marathon-treated plants had signiﬁcantly more pupae and mines than the
Arena and Flagship treated plants. Data on plant height and number of leaves
per plant revealed no apparent phytotoxicity resulting from treatment (height:
F = 2.45, df = 5, P = 0.04; no. of leaves: F = 0.48, df = 5, P = 0.79).
Mealybug: There were statistical differences among treatments in the number
of nymphs (F = 58.68, df = 5, P < 0.001) (Table 2). There were signiﬁcantly
more mealybug nymphs found on the control plants than any other treatment.
However, there were no signiﬁcant differences in nymph numbers among any
of the other treatments. Analysis of the number of leaves per plant revealed
no apparent phytotoxic or growth effect by any of the tested products (F = 2.1,
df = 5, P = 0.074).
Small numbers of adults were found on the Arena treated plants. These were
likely the original insects used to infest the plants. Flagship treated plants had
signiﬁcantly fewer adult mealybugs than plants in the Marathon and control
treatments (F = 3.5, df = 5, P < 0.01) (Table 2).
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Table 1. Mean + SE numbers of leafminer pupae and mines per
chrysanthemum plant.
Treatment/
formulation

Rate amt/
100 gal

Mean number of
pupae per plant

Mean number of
mines per plant

Arena WSG

2 oz

0.06 ± 0.06a

0.06 ± 0.06a

Arena WSG

3 oz

0a

0a

Arena WSG

4 oz

0a

0a

Flagship 25WG

4 oz

0a

0a

Marathon II SC

1.7 ﬂ oz

7.25 ± 1.28b

5.06 ± 0.97b

Untreated check

----

10.31 ± 1.24c

7.44 ± 0.73c

Means within a column followed by the same letter are not signiﬁcantly different (Tukey tests P=0.05).

Table 2. Mean numbers of mealybug nymphs and adults per
chrysanthemum plant.
Treatment/
formulation

Rate amt/
100 gal

Mean number of
nymphs per plant

Mean number of
adults per plant

Arena WSG

2 oz

0.88 ± 0.29a

0.88 ± 0.20ab

Arena WSG

3 oz

0.25 ± 0.14a

1.00 ± 0.20ab

Arena WSG

4 oz

0.50 ± 0.16a

0.88 ± 0.18ab

Flagship WG

4 oz

1.00 ± 0.26a

0.56 ± 0.18a

Marathon II SC

1.7 ﬂ oz

4.50 ± 1.15a

1.56 ± 0.18b

Untreated check

----

22.31 ± 2.48b

1.03 ± 0.26b

Means within a column followed by the same letter are not signiﬁcantly different (Tukey tests P=0.05).

220

Entomology Section

