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FIELD AND FORAGE CROPS

Is Preventative, Concurrent Management of the Soybean Aphid
(Hemiptera: Aphididae) and Bean Leaf Beetle
(Coleoptera: Chrysomelidae) Possible?

KEVIN D. JOHNSON, MATTHEW E. O’NEAL,1 JEFFREY D. BRADSHAW, AND MARLIN E. RICE

Department of Entomology, Iowa State University, 113A Insectary, Ames, IA 50011

J. Econ. Entomol. 101(3): 801Ð809 (2008)

ABSTRACT In Iowa, the management of insect pests in soybean,Glycine max (L.) Merr., has been
complicated by the arrival of the invasive species soybean aphid, Aphis glycines Matsumura
(Hemiptera: Aphididae), and occasional outbreaks of bean leaf beetle, Cerotoma trifurcata (Förster)
(Coleoptera: Chrysomelidae), populations leading to economic losses. Several insecticide programs
designed to reduce abundance of the overwintered and Þrst generationC. trifurcata and the incidence
of bean pod mottle virus were evaluated over 3 yr (2004Ð2006) for their impacts on A. glycines
populations, at three locations in Iowa (Floyd, Lucas, and Story counties). There was no signiÞcant
overlap of either overwintered (early May) or the Þrst (early July) generations of C. trifurcata with
A. glycines, because aphids were Þrst detected in June and they did not reach economically damaging
levels until August, if at all. During this study, insecticides targeting the overwintered population or
the Þrst generation ofC. trifurcataprovided a limited impact onA. glycinespopulations compared with
untreated controls, and they did not prevent economic populations from occurring. Furthermore, the
highest populations of A. glycines were frequently observed when a low rate of lambda-cyhalothrin
(178 ml/ha) was applied targeting the overwintered population of C. trifurcata. Soybean yields were
not protected by any of the insecticide treatments. Our results indicate that the use of either early
season foliar or seed-applied insecticides forC. trifurcatamanagement is of limited value forA. glycines
management.

KEY WORDS Bean pod mottle virus, Aphis glycines, Cerotoma trifurcata, Glycine max

Soybean,Glycine max (L.) Merr., grown in the North
Central region of the United States, has historically
required few insecticide inputs for arthropod pest
management(Fernandez-CornejoandJans1999).Re-
cently, insect pests have threatened soybean produc-
tion in Iowaduring the late1990swithbean leafbeetle,
Cerotoma trifurcata (Förster) (Coleoptera: Chry-
somelidae), populations reaching economic levels
(LamandPedigo2000;Lametal. 2001;Krell et al. 2004,
2005) and the arrival of the invasive soybean aphid,
Aphis glycinesMatsumura (Hemiptera: Aphididae), in
2000 (Ragsdale et al. 2004). Both C. trifurcata and A.
glycines cause yield losses from plant feeding (Smelser
and Pedigo 1992, Myers et al. 2005a). Additionally, A.
glycines and C. trifurcata can reduce yield and seed
quality by transmitting several plant viruses (Clark
and Perry 2002; Krell 2002; Krell et al. 2003a, 2004;
Burrows et al. 2005; Davis et al. 2005).
A. glycines is native to Asia, and it was discovered in

Wisconsin in July 2000 (Ragsdale et al. 2004). Since its
discovery in North America, the range of A. glycines
has extended to include at least 20 midwestern states
and three Canadian provinces, and as evidenced by its

range in southeast Asia, it may eventually extend its
North American range into the south-central United
States (Ragsdale et al. 2004, Venette and Ragsdale
2004). By 2002, A. glycines had been found in every
county in Iowa (Rice et al. 2005). In Iowa, A. glycines
colonize soybean Þelds beginning in June, and they
have become economically important in July and Au-
gust (Johnson 2006).A. glycines is an inconsistent pest
of soybean in Iowa, with great temporal and spatial
variability in the occurrence of economic outbreaks
(Johnson 2006). Despite the remarkable fecundity of
A. glycines (McCornack et al. 2004), a community of
generalist predators within soybean can delay estab-
lishment and suppress A. glycines population growth
(Fox et al. 2004, 2005; Costamagna and Landis 2006;
Schmidt et al. 2007). Given this variability and the
impact of predators, growers are recommended to
scout soybean Þelds beginning in July and apply an
insecticide when populations exceed 250 A. glycines
per plant (Ragsdale et al. 2007).
C. trifurcata is native to North America, and its

biology has been well described in Iowa (Smelser and
Pedigo 1991, Zeiss et al. 1996, Lam et al. 2001, Krell et
al. 2003b, Bradshaw 2007). C. trifurcata overwinter
(F0) as adults, and it has two generations, with adult1 Corresponding author, e-mail: oneal@iastate.edu.
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peak abundance for Þrst (F1) and second (F2) gen-
erations in mid-July and late August, respectively.
Adult C. trifurcata cause economic injury as leaf de-
foliators and pod feeders (Pedigo and Zeiss 1996, Lam
and Pedigo 2001). In Iowa, targeting the overwintered
and Þrst generation of C. trifurcata with either a seed
treatment (neonicotinoid) or a foliar insecticide (typ-
ically a pyrethroid or organophosphate) can reduceC.
trifurcata populations and the incidence of bean pod
mottle virus (family Comoviridae, genus Comovirus,
BPMV) (Krell et al. 2004) in soybean. Both neonic-
otinoid and pyrethroid insecticides are active against
C. trifurcata and A. glycines (Ragsdale et al. 2004);
therefore, it is possible that both pests could be man-
aged within the same program. However, it is not clear
whether a seed treatment applied at planting or a foliar
insecticide applied in early June to early July would be
effective for suppressing or delaying A. glycines out-
breaks given itsÕ phenology in Iowa. According to
McCornack and Ragsdale (2006), neonicotinoid in-
secticides applied as seed treatments reduced A. gly-
cines population growth rates in Minnesota. However,
this reduction in population growth rate did not result
in higher soybean yield.

Our objective was to determine whether the man-
agement of C. trifurcata for the reduction of BPMV
would affect the impact ofA. glycineson soybean yield
in Iowa. We hypothesize that seed- or foliar-applied
insecticides used alone or in combination for the con-
trol of C. trifurcata would reduce A. glycines popula-
tions and that they would provide greater population
reduction and soybean yield protection compared
with untreated plots.

Materials and Methods

Experimental Design. The experiment was con-
ducted over 3 yr (2004Ð2006), and at three locations
(Floyd, Lucas, and Story counties) in Iowa. Treat-
ments consisted of seed-applied (thiamethoxam;
Cruiser, Syngenta Crop Protection, Greensboro, NC)

or foliar-applied (lambda-cyhalothrin; Warrior, Syn-
genta Crop Protection, Greensboro, NC), insecticides
used alone or in combination (Table 1). Insecticide
applications were timed to either prevent feeding by
the F0 population ofC. trifurcata, the F1 generation of
C. trifurcata, or both the F0 and F1 generations of C.
trifurcata. In total, Þve different insecticide treatments
and an untreated control were tested. The general-use
rate (CDMS 2007) of lambda-cyhalothrin for manage-
ment ofC. trifurcata in soybean ranges from 134 to 227
ml/ha (from 1.8 to 3.2 ß oz/acre). The F0 population
of C. trifurcata was targeted with a rate of 178 ml/ha
and when lambda-cyhalothrin was applied to manage
the F1 generation ofC. trifurcata the maximum rate of
227 ml/ha was chosen to maximize the residual activ-
ity. In all years, applications were based on the de-
tection of F0 C. trifurcata on emerging soybeans or
teneralC. trifurcata(signaling theemergenceof theF1

generation).C. trifurcata populations were monitored
weekly by using two different methods of sampling. In
situ counts of C. trifurcata on 5 m of row were used
when soybean plants were in early vegetative stages
(VEÐV4), and foliar sampling consisted of 20 pendu-
lum sweeps with a 38-cm-diameter sweep net running
the direction of the row when plants were in later
vegetative and reproductive stages (�V4) (Brad-
shaw 2007). Variation in the timing of foliar insec-
ticide occurred due to differences in the detection
date of teneral C. trifurcata across locations and
years (Table 2).

In 2004, at all locations, soybean (variety Mark 0124
RR, glyphosate tolerant) were planted in six 76-cm
rows, and treatments were applied to plots measuring
10 by 34 m at a population of 456,000 seeds per ha
(190,000 seeds per acre). Plots were arranged in a
randomized complete block design with eight repli-
cates. Foliar insecticides were applied using a ground-
pulled sprayer applying 142 liters/ha (15 gpa) at 137
kpa (20 psi) at all locations. All aphid counts were
taken from the center four rows to control for edge
effects. Additionally, yields were also only taken from
the center four rows with the exception of the Floyd
County location. At this location a border row was
harvested to accommodate limitations of the available
equipment. From 2004 to 2006, several experimental
parameters were changed: plot size, number of rep-
licates, and application technique for foliar insecti-
cides and treatments. The 2004 experiment was part of

Table 1. Insecticide, application rates and C. trifurcata pop-
ulations targeted for treatment

Insecticidea Rate
Target
popb

Untreated (control) N/Ac N/A
Thiamethoxam 50 g/100 kg F0

Thiamethoxam �
lambda-Cyhalothrin

50 g/100 kg � 227 ml/ha F0 and F1

Lambda-Cyhalothrin 178 ml/ha F0

Lambda-Cyhalothrin 227 ml/ha F1

Lambda-Cyhalothrin �
lambda-Cyhalothrin

178 ml/ha � 227 ml/ha F0 and F1

a Seed treatment rates are given as grams of formulated product per
100 kg of seed. Foliar treatment rates are given as milliliters of for-
mulated product per hectare. Foliar insecticide was lambda-cyhalo-
thrin (Warrior 1SC, Syngenta Crop Protection) and the seed treat-
ment insecticide was thiamethoxam (Cruiser 5 FS, Syngenta Crop
Protection).
b Populations denoted as overwintered (F0) and Þrst (F1) gener-

ation of C. trifurcata.
cNot applicable.

Table 2. Timing of insecticides to suppress overwintered (F0)
and first (F1) generation C. trifucata

Yr County Planting date

Foliar insecticide
application date

F0 F1

2004 Floyd 3 May 19 May 8 July
Story 28 April 20 May 4 July

2005 Floyd 22 May 1 June 22 June
Story 23 May 7 June 21 June
Lucas 5 May 2 June 23 June

2006 Floyd 6 May 5 June 13 July
Story 28 April 8 June 10 July
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a larger study investigating the affects of various in-
secticides on C. trifurcata populations and BPMV in-
cidence (Bradshaw 2007). In 2005 and 2006, the study
was focused to determine treatment effects on A.
glycines populations. Because of the reduced trivial
movement of A. glycines compared with C. trifurcate,
plot size was reduced (Wang and Ghabrial 2002).
Therefore, in 2005 the same experimental design was
used as in 2004 except for the following changes: soy-
bean variety NK S24-K4 (glyphosate tolerant) was
used at all three locations, treatments were replicated
six times, plot size was 5 by 34 m, and foliar insecticides
were applied using a backpack sprayer applying 237
liters/ha (20 gpa) at 274 kpa (40 psi). In 2005, the
application rate for all treatments with lambda-cyha-
lothrin was increased from 178 ml/ha to 227 ml/ha. In
2006, all parameters were as in 2005 except for soybean
variety (NK S23-Z3, glyphosate tolerant) and plot
dimensions (10 by 15 m) were adjusted to accommo-
date Þeld sites.

In 2004 experiments were conducted at two Iowa
State University research farmsÑNortheast Research
Farm in Floyd County and Curtiss Research Farm in
Story County. In 2005, we anticipated an increase in
soybean aphid outbreaks (Rice et al. 2005), so an addi-
tional site (McNay Research Farm, Lucas County) was
added. In 2006, the experiment was repeated at the
Floyd and Story County research farms. The Lucas
County site was removed in 2006 due to a consistent
trend of subeconomic populations (below both the
economic threshold and economic injury level (EIL);
Ragsdale et al. 2007) of A. glycines. The counties are
referred to from north to south with Floyd County in
northeastern Iowa, followed by Story County in cen-
tral Iowa, and Lucas County in south-central Iowa.
Estimation of A. glycines Populations. Populations

of A. glycines (apterae, alatae, and nymphs) were
counted weekly (last week of May through the second
week of September) on consecutive plants within
each plot. In 2004, 10 consecutive plants were ran-
domly selected from the center four rows within each
plot, and A. glycines were counted on those plants. In
2005 and 2006, the number of consecutive plants
ranged from Þve to 20, with the number of plants
counted determined by the proportion infested with
aphids during the previous sampling date (Hodgson et
al. 2004). When 0 to 80% of plants were infested with
A. glycines, A. glycines on 20 plants were counted;
when 81 to 99% of plants were infested, A. glycines on
10 plants were counted; at 100% infestation,A. glycines
on Þve plants were counted, and plants were randomly
selected from the center eight rows within each plot.

The seasonal exposure of soybean toA. glycineswas
reported in units of “cumulative aphid days (CAD),”
calculated based on the number of aphids per plant
between two sampling dates:

�
n�1

�

� �xi�1 � xi

2 � � t

where x is the mean number of aphids on sample day
i, xi�1 is the mean number of aphids on the previous
sample day, and t is the number of days between
samples i� 1 and i. Summing aphid days accumulated
during the growing season or CAD provides a measure
of the seasonal aphid exposure that a soybean plant
experienced (Hodgson et al. 2004).
Yield. Yields were determined in 2005 and 2006 by

weighing grain with a grain hopper, which rested on
a digital scale sensor custom designed for each of the
three harvesters. Yields were corrected to 13% mois-
ture, and they are reported as kilograms per hectare.
Yield data from 2004 are part of an additional exper-
iment and are already reported by Bradshaw (2007).
Data Analysis. Average aphid days accumulated

each week were calculated for each treatment
throughout the growing season. The affect of insec-
ticide treatments on accumulation of aphid days was
determined using natural log-transformed data to
meet the assumptions of analysis of variance
(ANOVA). To test the affect of insecticide treatments
forC. trifurcata control on the establishment and pop-
ulation growth of A. glycines, a repeated measures
ANOVA was used. The repeated statement consisted
of an interaction among the following factors: year,
week, location, treatment and block with blocks
nested within locations. Both year and block (loca-
tion) were considered random factors. A repeated
measures ANOVA was performed with a Toeplitz co-
variance structure, which provided the best model Þt
in PROC MIXED (SAS Institute 2004). To analyze the
year-to-year variability, data were pooled across years
and locations with the exception of data from the
Lucas County due to the lack of data spanning mul-
tiple years. In addition to an analysis of pooled data,
individual locations within a year were analyzed using
a one-way ANOVA in PROC MIXED (SAS Institute
2004) and F-protected least-squares means for mean
separation. These same analyses were used to deter-
mine the effect of experimental treatments on soy-
bean yield. The population growth rates of A. glycines
were analyzed using a one-way ANOVA in PROC
MIXED and F-protected least-squares means test for
mean separation. Population growth rates were ana-
lyzed using PROC MIXED and F-protected least-
squares means test for mean separation were used to
determine whether population growth rates differed
among any of the treatments.

Table 3. Impact of all significant fixed and random effects on
A. glycines populations from 2004, 2005, and 2006 combined

Source df F value P value

Treatment 5, 2049 2.3 0.0422
Yr 2, 2049 258.5 �0.0001
Wk 10, 2049 573.5 �0.0001
Locationa 1, 14 42.5 �0.0001
Location � yr 2, 2049 60.3 �0.0001
Treatment � location 5, 2049 2.8 0.0153

aOne-way ANOVA (Lucas County removed) and with year
treated as a random effect.
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Results

There was a large amount of variation in A. glycines
populations by year and location (Table 3). During
2004 and 2006, A. glycines populations did not reach
the economic threshold (250 aphids per plant; Rags-
dale et al. 2007) at any of the study sites (Table 4). In
2005, populations at two locations surpassed both the
economic threshold and the EIL. Given this variation
we summarized the treatment effects by year (Fig. 1;
Table 5).

In 2004, there were no economically damaging pop-
ulations of A. glycines at any of our study sites. A.
glycineswere Þrst detected on 22 July in Floyd County
and 23 June in Story County. Populations peaked at
different densities in the control treatment at both
locations (Table 4). Despite these low populations,
signiÞcant differences inA. glycines abundance due to
treatment and location effects were observed (Table
5). The only insecticide treatment that resulted in A.
glycines exposure signiÞcantly lower than untreated
plots were those in which seeds and foliage were
treated with insecticide or two applications of a foliar
insecticide were made (Fig. 2a and b). In summary,
these preventative insecticide treatments did not re-

duce aphid population growth rates as compared with
untreated plots at all three locations (Table 6).

In 2005, economically damaging A. glycines popu-
lations occurred at two of the three locations (Floyd
and Story counties; Table 4). A. glycines were Þrst
detected on 27 June (Floyd County), 22 June (Story
County), and 1 June (Lucas County). By August, A.
glycines populations peaked in the control treatment
at all three locations, and they were above the eco-
nomic threshold at two locations (Floyd and Story
counties; Table 4). SigniÞcant differences in soybean
exposure to A. glycines were detected across the in-
secticide treatments (Table 5). Despite exceeding the
economic threshold, therewasnoobservableeffecton
soybean yield by any of the insecticide treatments at
the Story County site (Fig. 3b). Although signiÞcant
differences in soybean exposure to A. glycines were
observed in 2005 (Table 5), no insecticide treatment
prevented A. glycines populations from exceeding the

Table 4. Mean peak abundance of A. glycines per plant in the
control treatment for each location in 2004, 2005, and 2006

Yr
Peak abundancea (mean � SEM)

Floyd Story Lucas

2004 13 � 3 46 � 18 NA
2005 507 � 81 281 � 82 87 � 14
2006 141 � 63 15 � 11 NA

a In 2004, peak abundance occurred on 17 and 25 August for Floyd
and Story counties, respectively. In 2005, peak abundance occurred
on 25, 29, and 18 August for Floyd, Story, and Lucas counties, re-
spectively. In 2006, peak abundance occurred on 31 July and 9 August
for Floyd and Story counties, respectively.

Fig. 1. Mean seasonal abundance of A. glycines in the untreated control plots in 2005 by location. Means were calculated
by averaging across replications. All three locations (Floyd, Story, and Lucas counties) were signiÞcantly different from each
other (P � 0.05).

Table 5. Impact of treatments on cumulative A. glycines pres-
ence on soybean

Sourcea df F value P value

2004
Treatment 5, 828 3.12 0.0084
Wk 10, 828 539.14 �0.0001
Location 1, 14 362.29 �0.0001
Treatment � location 5, 828 0.78 0.5600

2005
Treatment 5, 884 7.48 �0.0001
Wk 10, 884 571.78 �0.0001
Location 2, 15 274.53 �0.0001
Treatment � location 10, 884 1.61 0.1000

2006
Treatment 5, 720 3.92 0.0483
Wk 10, 720 639.14 �0.0001
Location 1, 10 372.29 �0.0001
Treatment � location 5, 720 0.78 0.4600

a ANOVA was conducted by pooling data across locations by year.
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economic threshold at the same time as those plots
that were left untreated. In 2005, preventative insec-
ticide treatments did not provide yield protection or
reduce aphid population growth rates as compared
with untreated plots at all three locations (Table 6).

In 2006, economically damaging populations of A.
glycines were not experienced at any location and
populations were below the economic threshold. A.
glycines Þrst were detected on 6 July in Floyd County
and 31 May in Story County. Populations peaked at
different densities in the control treatment across both
locations (Table 4). Despite these low populations,
signiÞcant differences in A. glycines exposure levels
due to treatment and location effects were observed
(Table 5). In 2006, the only treatment that experi-
enced lowerA. glycines exposure than the control was
the thiamethoxam-treated seed that also received
lambda-cyhalothrin at the emergence of the F1 gen-
eration ofC. trifurcata in Story County (Fig. 4a and b).
In 2006, preventative insecticide treatments also did
not provide yield protection or reduce population
growth rates compared with untreated plots at all
three locations.

Discussion

A preventative insecticide program (one that ap-
plies an insecticide without reference to pest popu-
lations) is only appropriate against a severe pest whose
population equilibrium position is consistently above
an EIL (Stern et al. 1959). Additionally, a preventative
treatment should not result in pest resurgence later in
the growing season or increase the likelihood of re-
sistance development (Stern et al. 1959). As observed
in this study, the preventative tactics examined are not
appropriate forA. glycinesmanagement. Although the
use of seed treatments and foliar insecticides applied
beforeA. glycines arrive could be justiÞed based on the
risk of C. trifurcata (Krell 2002, Krell et al. 2004), the
use of these products in absence of the need for C.
trifurcata management is not effective for A. glycines
management. Factors leading to this conclusion in-
clude the year-to-year variation in A. glycines popu-
lations and the occurrence of economic populations in
Iowa past the period in which insecticides used in this
study would still be active (McCornack and Ragsdale
2006).

There was signiÞcant variability in A. glycines pop-
ulations, with nearly a ten-fold difference in the peak
aphid populations across the three years that this study
was conducted. A. glycines populations were below
the economic threshold of 250 aphids per plant in both
2004 and 2006 at all locations. This variation is not
limited to Iowa (Myers et al. 2005a,b), and since its
introduction into the United States, the risk of A.
glycines outbreaks seems to vary greatly from year to
year (Myers et al. 2005b), and from location to loca-
tion within a given year (Myers et al. 2005a). Since its
arrival in Iowa, A. glycines populations have reached

Fig. 2. Impact of insecticides on A. glycines as applied for suppression of C. trifurcata to manage BPMV in soybean.
Exposure of soybean to A. glycines based on average cumulative aphid days at (a) Floyd County and (b) Story County in
2004. Thiamethoxam (Cruiser 5 FS, Syngenta Crop Protection) was seed applied, and lambda-cyhalothrin (Warrior 1 SC,
Syngenta Crop Protection) was applied to foliage based on the emergence of the overwintered (F0) or Þrst (F1) generation
ofC. trifurcata. Timing of insecticide applications varied across locations due to phenology ofC. trifurcata. Plots were planted
on 3 May at Floyd County and on 28 April at Story County. ST, seed treatment. Means labeled with a unique letter were
signiÞcantly different (P � 0.05).

Table 6. Impact of treatments on A. glycines pop growth rates
on soybean

Sourcea df F value P value

Treatment 6, 258 0.51 0.68
Yr 2, 258 5.52 0.005
Location 2, 258 21.77 �0.0001

aNonsigniÞcant two-way interactions were removed.
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economic levels in three of the past 7 yr (M.E.O.,
unpublished data). Based on temporal and spatial vari-
ation ofA. glycinespreventative insecticide treatments
are ineffective to economically manage A. glycines
populations.

We did not observe an overlap in the occurrence of
A. glycines during the growing season with the over-
wintered generation and Þrst generation of C. trifur-
cata.The overwintered generation ofC. trifurcata feed
on soybean plants as soon as they emerge. The emer-
gence of the F1 generation of C. trifurcata typically
occurs near the Þrst week of July in Iowa (Smelser and
Pedigo 1991). Other researchers have documented
population reductions of A. glycines due to seed
treated with thiamethoxam; however,A. glycinesmor-
tality was not observed 35 d after planting (McCor-
nack and Ragsdale 2006). Although we observed A.

glycines as early as the Þrst week of June (Fig. 1) in the
untreated plots, populations of A. glycines did not
reach economically signiÞcant levels until late July or
early August, nearly 60 d after planting. By this time,
we expect limited, if any, residual activity from thia-
methoxam as a seed treatment (McCornack and Rags-
dale 2006).

In general, insecticides applied targeting C. trifur-
cata had little measurable effect on soybean exposure
to A. glycines (Fig. 3), and no insecticide treatment
had any detectable effect on soybean yield (Fig. 3). A
lack of detectable effect on yield may be because A.
glycines and C. trifurcata populations were below a
detectable injury level. This is likely the case in 2004
and 2006 when populations in untreated plots at all
locations were below the economic threshold. A pos-
sible explanation for the lack of yield differences in

Fig. 3. Impact of insecticide treatments on soybean exposure toA. glycines (average cumulative aphid days; bars, left axis)
and yield (average kilograms per hectare; triangles, right axis) at Floyd County (a), Story County (b), and Lucas County
(c) in 2005. Thiamethoxam (Cruiser 5 FS, Syngenta Crop Protection) was applied to seed, and lambda-cyhalothrin (Warrior
1 SC, Syngenta Crop Protection) was applied based on the emergence of the overwintered (F0) or Þrst (F1) generation of
C. trifurcata. Timing of insecticide applications varied across locations due to phenology of C. trifurcata. Plots were planted
on 22 May at Floyd County, on 23 May at Story County, and on 5 May at Lucas County. ST, seed treatment. Means labeled
withaunique letterwere signiÞcantlydifferent(P�0.05).Yieldswerenot signiÞcantly impacted signiÞcantly forFloyd,Story,
or Lucas counties (P � 0.05).
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2005 in Floyd and Story counties is that none of the
treatments prevented the A. glycines population from
reaching the EIL. In related studies conducted at the
Floyd County research site, we observed signiÞcant
(16%) yield improvement when lambda-cyhalothrin
was applied based on the 250 per plant threshold
(Johnson 2006, Ragsdale et al. 2007). So, even under
conditions where a preventative treatment may be
justiÞed (i.e., an outbreak year for A. glycines), none
of the tactics that we tested provided any measurable
yield protection (Fig. 3). We conclude that growers in
Iowa that rely on the management of the F0 or F1

generation ofC. trifurcatawith either a seed- or foliar-
applied insecticide will see little, if any, beneÞt toward
A. glycines management.

McCornack and Ragsdale (2006) documented a re-
duction in A. glycines population growth by using
thiamethoxam seed treatment at a rate of 50 g/100 kg
seed. But, we found no such evidence in Iowa at that
same rate. In fact, we found no reduction inA. glycines
population growth rates in any of our treatments. This
is likely due to a difference in A. glycines phenology
between the Minnesota study and our study, with
damaging A. glycines populations occurring later in
Iowa. The Minnesota study artiÞcially infested soy-
bean plants at the V2 growth stage, whereas the nat-
ural occurrence of economic populations were not

experienced in Iowa until early August when plants
were in reproductive (R) growth stages (Fig. 1).

Preventative treatments should carry a minimal risk
of causing ecological backlash if they are to be effec-
tive (Pedigo and Rice 2006). Common forms of eco-
logical backlash are the development of insecticide
resistance and pest resurgence. Estimating the poten-
tial development of insecticide resistance was not a
goal of this research. It is not clear what the likelihood
of resistance to one or multiple insecticides is for a
management program based on preventing disease
transmission (Krell et al. 2003a). Pest resurgence can
be caused by insecticide applications, which dispro-
portionately affect the beneÞcial insect community
aiding in theestablishmentof apestpopulation.At two
locations in 2005 (Floyd and Lucas counties), the
highest A. glycines exposure levels were observed
when a foliar insecticide targeted the overwintered
population of C. trifurcata, and it was not followed by
a second insecticide treatment (Fig. 3a and c). Al-
though these were not statistically higher than the
control, they were numerically higher than all other
treatments at those locations. A possible explanation is
that the earliest application of the foliar pyrethroid
may have removed preexisting insect predators re-
sulting in greaterA. glycinespopulation growth. Fox et
al. (2004, 2005) and Schmidt et al. (2007) have shown

Fig. 4. Impact of insecticide treatments on soybean exposure toA. glycines (average cumulative aphid days; bars, left axis)
and yield (average kilograms per hectare; triangles, right axis) at Floyd County (a) and Story County (b) in 2006.
Thiamethoxam (Cruiser 5 FS, Syngenta Crop Protection) was applied to seed, and lambda-cyhalothrin (Warrior 1 SC,
Syngenta Crop Protection) was applied based on the emergence of the overwintered (F0) and Þrst (F1) generation of C.
trifurcata. Timing of insecticide applications varied across locations due to phenology of C. trifurcata. Plots were planted on
6 May at Floyd County and on 28 April at Story County. ST, seed treatment. Means labeled with a unique letter were
signiÞcantly different (P� 0.05). Yields were not signiÞcantly impacted signiÞcantly for Floyd, Story, or Lucas counties (P�
0.05).
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that generalist predators that are present in soybean
before the arrival of A. glycines are capable of sup-
pressing aphid establishment and population growth.
An example of such a predator is the insidious ßower
bug, Orius insidiosus (Say). This predator has the
potential to slow both establishment and population
growth of A. glycines (Rutledge and OÕNeil 2005). In
Iowa, O. insidiosus populations establish in soybean
before A. glycines is detected, and they are present
from mid-June to mid-September (Bechinski and
Pedigo 1981, Schmidt 2006). Although our data sug-
gest that resurgence of A. gylcines can occur, it is not
clear how likely this form of ecological backlash will
occur.

Management of both C. trifurcata populations
(overwintered and Þrst generation) and A. glycines in
Iowa is not currently possible with a single or multiple
early season insecticide treatments. Timing of insec-
ticides with A. glycines seasonal phenology is impor-
tant for efÞcient management of this pest. Based on
the temporal and spatial variation of A. glycines pop-
ulations, preventive insecticides should not be used in
Iowa for A. glycines management. The potential of
ecological backlash in this system needs more re-
search; resurgence may occur, in some situations, with
the preventative use of insecticides. In conclusion, our
research provides new information about the man-
agement of A. glycines and C. trifurcata in Iowa and
provides support for current management recommen-
dations to monitor A. glycines populations through a
scouting program by using an economic threshold.
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