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Soybean Aphid

SOYBEAN, Glycine max (L�), grown in most 
of the north central region of the United 
States has historically used low amounts 
of insecticide� Before 2000, less than 0�1% 
of soybean was treated with insecticides 
(USDA-NASS)� However, soybean pest 
management has drastically changed in 
the last decade due to the establishment 
of soybean aphid, Aphis glycines 
Matsumura (Hemiptera: Aphididae), in 
2000� As a result of the potential economic 
loss from soybean aphid, there was 
approximately a 130-fold increase of 
foliar insecticide applications from 2000 
to 2010 (Ragsdale et al� 2011)� There was an estimated 1,400% increase of Iowa soybean 
acres treated with a foliar insecticide in 2009 compared to 2000 (Hodgson et al� 2012a)� 
Farmers are also increasing the adoption of insecticidal seed treatments to control early-
season establishment of insects on soybean� Approximately 73% of Iowa soybean had an 
insecticidal seed treatment in 2009 (Hodgson et al� 2012a)�

A multistate research effort showed that over a wide range of growing conditions, 650 
aphids per plant are needed before economic injury will occur (Ragsdale et al� 2007)� 
An economic threshold of 250 aphids per plant was developed and adopted throughout 
the north central region (Ragsdale et al� 2007, Hodgson et al� 2012b)� The economic 
threshold should be used from R1–R5�5 (i�e�, flowering through seed set) to protect yield, 
reduce control costs, and preserve insecticide efficacy (Hodgson et al� 2012b)� 

Host plant resistance is a new tool to manage soybean aphid and complementary to 
foliar insecticides� Aphid-resistant varieties have the potential to simultaneously reduce 
insecticide usage and associated production costs, and preserve natural enemies in 
soybean (Tilmon et al� 2011)� To date, host plant resistant genes for soybean aphid are 
prefixed with “Rag,” which is an abbreviation for “Resistant Aphis glycines�” The Rag1 
gene expresses antibiosis and has been commercially available since 2010� Antibiosis 
is a type of resistance where exposed insects do not live as long or produce as many 
offspring as they could on susceptible plants� The Rag1 gene does not cause yield drag 
but it is not always bred into high-yielding seed genetics (Kim and Diers 2009)�

Soybean aphid is Iowa’s primary soybean pest. 
Photo by Rob Venette.
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Soybean Aphid Description. Wingless 
adults have a typical pear-shaped body 
and are 1/16 inch long (Voegtlin et al� 
2004)� The body is bright yellow-green 
with dark eyes and black cornicles (i�e�, 
“tailpipes” at the end of the abdomen)� 
They have pale legs and antennae, 
and a dusky-colored cauda (i�e�, small 
appendage on the tip of the abdomen)� 
Winged aphids have a dark head and 
thorax, and two pairs of clear wings that 
extend well past the end of the abdomen� 

Soybean Aphid Life Cycle. Soybean aphid has a complex life cycle similar to other 
host-alternating aphids (Ragsdale et al� 2004)� In the fall, eggs are laid on buckthorn 
(Rhamnus spp�) to overwinter� Buckthorn is a woody shrub found in shelter belts 
throughout the north central region� Egg hatch is synchronized with buckthorn bud burst 
in the spring� A few asexual wingless generations are produced before winged adults are 
formed on buckthorn� Spring migrants move 
to emerging soybean during May and June� 
There can be 15–18 asexual generations on 
soybean depending on the temperature 
(McCornack et al� 2004)� During the summer, 
there is a mixture of wingless and winged 
adults formed� Aphid crowding, plant quality 
and the presence of natural enemies may 
prompt winged aphids to develop in the 
summer� Long distance migration can occur 
because the aphids move with jet streams� 
As soybean matures, and temperatures and 
day length decreases, winged soybean 
aphids move back to buckthorn, where 
mating and egg deposition occurs� 

Soybean Aphid Feeding Injury. As with all 
aphids, they have a piercing-sucking stylet mouthpart� Nymphs and adults feed on 
plant sap in the phloem of all aboveground plant parts� Heavily infested plants may be 
discolored or wilted� Prolonged aphid feeding results in large amounts of cast skins and 

Soybean aphids have a host-alternating life 
cycle that includes soybean and buckthorn.

Winged soybean aphid. Photo by Rob Venette.
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excreted honeydew on all aboveground plant parts� Honeydew is sugar-rich and sticky, 
and can promote black sooty mold growth� Severe aphid infestations can cause flower 
and small pods to abort� The combination of aphids removing plant nutrients and mold-
covered leaves can result in up to 40% yield reduction (Ragsdale et al� 2007)�

Scouting for Soybean Aphid. Most IPM (integrated pest management) programs involve 
regular sampling of the pest� This can be especially important for a multigenerational 
insect with a complex life cycle like soybean aphid (Hodgson et al� 2012b)� Regular 
scouting for soybean aphid in July and August, or at least from R1–R5�5 (i�e�, bloom 
through seed set) is recommended (Hodgson et al� 2004), even if the seeds have an 
insecticidal seed treatment and/or host plant resistance� Winged aphids are more 
prevalent and likely to migrate within and between fields during the reproductive 
soybean period (Hodgson et al� 2005)� Regular sampling from R1–R5�5 will help farmers 
track trends and improve foliar application timing� 

The severity and abundance of soybean aphid in Iowa has fluctuated over the last 
decade� Although colonies can be initially 
patchy, populations can quickly spread 
throughout the field under favorable 
weather conditions� Soybean aphid 
prefers the newest soybean foliage (e�g�, 
expanding trifoliates)� Scouting every 
7–10 days is ideal to monitor naturally 
fluctuating populations� Plants covered 
with honeydew or sooty mold indicate 
soybean aphids have been there for a 
long time� Count aphids on 40 plants for 
every 50 acres of soybean, and be sure 
to look at different areas of the field� 
Alternatively, use a binomial sequential 
sampling plan, Speed Scouting for Soybean Aphid, to make faster treatment decisions 
(Hodgson et al� 2007)� 

Seasonal exposure of soybean aphid. Estimating soybean aphid pressure over the entire 
growing season provides a measure of the seasonal aphid exposure that a soybean field 
experiences, similar to calculating area under the curve� To estimate the total exposure 
of soybean plants to soybean aphid, we calculate cumulative aphid days (CAD) based

Sooty mold (top) on leaves can negatively 
impact yield. Photo by Brian McCornack.
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on the number of aphids per plant counted on each sampling date� We estimated CAD 
with the following equation: 

        equation [1]

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� We 
would expect to see economic injury around 5,000–6,000 CAD (Ragsdale et al� 2007)� 
Fluctuating market values and control costs will influence the actual economic injury 
level each year� 

2013 Statewide Summary. Most soybean fields in Iowa had low to moderate soybean 
aphid densities in June and July� Wet planting conditions forced some fields to be 
planted in late May and June� Most aphid colonies were first detected after bloom 
and persisted until plant maturity� Nearly one-third of commercial fields exceeded 
the economic threshold in northern Iowa� In addition, some commercial fields were 
prophylactically sprayed with a combination of an insecticide and fungicide during R1–
R3 (i�e�, flowering through beginning pod set)� For the first time in our observations, late-
planted fields were especially attractive to migrating aphids�

Methods and Materials
We established plots at two Iowa State University Research Farms in 2013� We would 
prefer to plant in May, but a very wet spring in northern Iowa delayed our ideal time 
of planting� A Syngenta NK S20-Y2 brand soybean variety was used for all the soybean 
aphid-susceptible treatments, and a Syngenta NK S21-Q3 brand soybean variety 
was used for the Rag1 treatments� The two seed types were not genetically related, 
but plants were visually similar� Seeds did not have an insecticidal or fungicidal seed 
treatment unless specifically stated� 

Northeast Research Farm. The first location was at the Iowa State University Northeast 
Research Farm in Floyd County, Iowa� The treatments were arranged in a randomized 
complete block design with four replications, and soybean was planted in 30-inch rows 
using no-till production practices on 19 June 2013� Each plot was six rows wide and 
50 feet long� In total, we evaluated 26 treatments that included products alone or in 
combination (Table 1)� 
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Northwest Research Farm. The second location was at the Iowa State University 
Northwest Research Farm in O’Brien County, Iowa� The treatments were arranged in a 
randomized complete block design with four replications, and soybean was planted in 
30-inch rows using standard production practices on 19 June 2013� Each plot was six rows 
wide and 44 feet long� In total, we evaluated 12 treatments including products alone or 
in combination (Table 3)� 

Plant Stand. Plant stands were taken at the V2 growth stage at the Northeast and 
Northwest Research Farms on 10 July and 15 July, respectively� Two 10-foot sections 
were randomly selected within each plot, and the number of emerged plants were 
counted� The average plant stand per 10 linear feet was 115�2 ± 0�6 (± SEM) plants for the 
Northeast Research Farm and 80�9 ± 2�3 plants for the Northwest Research Farm�

Soybean Aphid Populations. Soybean aphids were counted on randomly selected plants 
within each plot� All aphids (adults, nymphs, and winged aphids) were counted on whole 
plants� The number of plants counted ranged from 20 to 3, and was determined by plant 
growth stage and by the severity of aphid infestation� Twenty plants were counted in 
each plot during the vegetative growth� At R1 (i�e�, beginning bloom), ten plants were 
sampled in each plot� The number of plants sampled further decreased to 5 and then 
to 3 per plot as plants matured from R3–R5 (i�e�, pod fill to seed fill)� The CAD for each 
treatment was estimated for each location (Tables 2, 4)� 

Insecticide Application Techniques. Most of seed used in 2013 did not have a pesticidal 
seed treatment, except for those treatments containing CruiserMaxx Advanced plus 
Vibrance (hereinafter referred to as CruiserMaxx Vibrance) seed treatments� CruiserMaxx 
Vibrance was applied by Syngenta� For all locations, foliar treatments were applied using 
a backpack sprayer and TeeJet (Springfield, IL) twinjet nozzles (TJ 11002) with 20 gallons 
of water per acre at 40 pounds of pressure per square inch� Our target aphid density 
for most foliar insecticide treatments is at the economic threshold; this occurred during 
the weeks of application for most treatments (21 August at the Northeast Farm and 23 
August at the Northwest Farm)� Some foliar insecticides at the Northeast Research Farm 
were applied at the specific growth stage or R3 regardless of aphid density (Table 1)� 

Yield. Each plot was harvested using a small plot combine� The Northeast Research Farm 
was harvested on 12 October 2013 and the Northwest Research Farm was harvested 
on 21 October 2013� Yields were determined by weighing grain with a hopper which 
rested on a digital scale sensor custom designed for each of the combines� Yields were 
corrected to 13% moisture and reported in bushels per acre (Tables 2, 4)� 
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Statistical Analysis. A one-way analysis of variance (ANOVA) was used to determine 
treatment effects within each experiment� Means separation for all treatments were 
achieved using a least significant difference (LSD) test (alpha = 0�10)� All statistical 
analyses were performed using SAS® software (SAS 2012)�  

Results and Conclusions
In 2013, there was light to moderate soybean aphid pressure at both locations until 
August� The plots at the Northeast Research Farm were colonized in late July, and the 
plots at the Northwest Research Farm were colonized in early August� Eventually aphids 
exceeded the economic threshold at both locations in August (Figure 1), although most 
season accumulation happened after R5 (i�e�, seed fill)� 

Northeast Research Farm. Treatments 4, 14, 15, and 17 had an R3 (i�e�, beginning pod 
set) targeted application made on 13 August� Treatments 3, 5–13, 16, 18-22, and 25–26 
received a foliar application on 21 August when plants were in the R4 growth stage 
(Table 1)� Treatment 14 (Quilt Exel, foliar fungicide) had the most CAD compared to all 
other treatments, but was not significantly different than the untreated control (Table 
2, Figure 2)� CruiserMaxx Vibrance (seed treatment with insecticide and fungicide) had 
significantly more CAD than foliar insecticide treatments� We would expect yield loss to 
occur in treatments with >5,500 CAD (i�e�, 1, 2, 12 and 14), but they were not significantly 
different than the top-yielding treatments (Table 2, Figure 3)� 

There were no significant differences of CAD with any foliar insecticide on susceptible 
seed; this included treatments that had 2 or more products either pre-mixed or tank-
mixed� Overall, treatment 17 (Cobalt Advanced and Headline) had the lowest CAD� This 
treatment also corresponded to the highest yield (Table 2, Figure 3)� The lowest yielding 
treatments were Besiege and Leverage 360� It is not clear why these treatments had 
lower yield because they did reduce CAD� 

Rag1 treatments performed well and were all below the economic injury level for CAD� 
Adding CruiserMaxx Vibrance or Warrior II to Rag1 seed significantly reduced CAD and 
improved yield protection (Table 2, Figures 2, 3)� Treatment 25 used host plant resistance, 
seed treatment and foliar insecticide, but did not significantly reduce CAD or increase 
yield� Although not associated with yield drag, Rag1 treatments had lower yield than 
susceptible seed� 
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Northwest Research Farm. There was more soybean aphid pressure at this location than 
the Northeast Research Farm� Treatments 3–8 and 11–12 received a foliar application on 
23 August when plants were in the R4 growth stage (Table 3)� The untreated control had 
significantly more CAD than all other treatments (Table 4, Figure 4)� CruiserMaxx Vibrance 
and Magister (foliar miticide) had significantly more CAD than the foliar treatments on 
susceptible seed� Like at the Northeast Research Farm, there was no difference between 
CAD for foliar insecticides (Table 4, Figure 4)� 

The Rag1 treatment did exceed the economic injury level for CAD and did have 
significantly more CAD than other host plant resistant treatments (Table 4, Figure 
4)� Treatment 12 (Rag1 + Warrior II) had the highest yield of the host plant resistant 
treatments (Table 4, Figure 4)�

Treatment Recommendations. Population fluctuations between locations and years is 
typical soybean aphid dynamics for Iowa� Our recommendation for soybean aphid 
management in Iowa is to:

• Strongly consider using host plant resistance if soybean aphid populations are 
persistent and the seed agronomic traits are appropriate for their area� 

• Using an insecticidal seed treatment in combination with Rag1 will likely suppress 
aphids below the economic threshold and reduce the reliance for foliar insecticides; 
ultimately the combination may save input costs and improve profit margins for soybean� 

• Plant early if in an area with persistent soybean aphid populations� 

• Scout for soybean aphid, especially during R1–R5, and use a foliar insecticide if aphids 
exceed the economic threshold of 250 per plant� 

• Use a product labeled for soybean aphid; most well-timed applications of foliar 
insecticides will provide yield protection if applied at the economic threshold and 
coverage is sufficient�

• Understand that late-season accumulation of CAD (i�e�, after R5) may not impact yield 
like it does in early reproductive growth; a foliar insecticide applied after seed set may 
not be an economically profitable choice� 
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Table 1. List of treatments and rates at the Northeast Research Farm in 2013
Treatment Active Ingredient(s)a Rateb Timingc

1� Untreated Control ----- ----- -----

2� CruiserMaxx Vibranced thiamethoxam + fungicides 62�5g/100kg ST

3� Warrior II CS lambda-cyhalothrin 1�92 fl oz 21 Aug

4� Warrior II CS and 
Lorsban Advanced EC

lambda-cyhalothrin 
  chlorpyrifos

1�92 fl oz  
  16�0 fl oz 13 Aug

5� Lorsban Advanced EC chlorpyrifos 16�0 fl oz 21 Aug

6� Asana XL esfenvalerate 9�6 fl oz 21 Aug

7� Asana XL and
  Lannate LV

esfenvalerate
  methomyl

8�0 fl oz 
  8�0 fl oz 21 Aug

8� Orthene 97 ST acephate 1 lb 21 Aug

9� Declare CS (A) gamma-cyhalothrin 1�02 fl oz 21 Aug

10� Declare CS (B) gamma-cyhalothrin 1�28 fl oz 21 Aug

11� Declare CS and
  Dimethoate 4E

gamma-cyhalothrin 
  dimethoate

1�02 fl oz 
  4�0 fl oz 21 Aug

12� Belay SC clothianidin 4�0 oz fl oz 21 Aug

13� Endigo ZCX lambda-cyhalothrin + thiamethoxam 4�5 fl oz 21 Aug

14� Quilt Xcel SE azoxystrobin + propiconazole 14�0 fl oz 13 Aug

15� Warrior II CS and
  Quilt Xcel SE

lambda-cyhalothrin 
  azoxystrobin + propiconazole

1�92 fl oz 
  14�0 fl oz 13 Aug

16� Cobalt Advanced EC lambda-cyhalothrin + chlorpyrifos 26�0 fl oz 21 Aug

17� Cobalt Advanced EC and
  Headline EC

lambda-cyhalothrin + chlorpyrifos 
  pyraclostrobin

26�0 fl oz 
  12�0 fl oz 13 Aug

18� Besiege ZC lambda-cyhalothrin + chlorantraniliprole 9�0 fl oz 21 Aug

19� Fastac EC alpha-cypermethrin 3�8 fl oz 21 Aug

20� Hero EC bifenthrin + zeta-cypermethrin 5�0 fl oz 21 Aug

21� Stallion EC imidacloprid + beta-cyfluthrin 9�0 fl oz 21 Aug

22� Leverage 360 SC imidacloprid + beta-cyfluthrin 2�8 fl oz 21 Aug

Treatment Active Ingredient(s)a Rateb Timingc

23� Rag1 ----- ----- -----

24� Rag1 and
    CruiserMaxx Vibranced

-----
  thiamethoxam + fungicides

-----
  62�5g/100kg ST

25� Rag1 and
    CruiserMaxx Vibranced and
      Warrior II CS

----
  thiamethoxam + fungicides
    lambda-cyhalothrin

----- 
  62�5g/100kg
    1�92 fl oz

-----
  ST
    21 Aug

26� Rag1 and
    Warrior II CS

-----
  lambda-cyhalothrin

------
  1�92 fl oz

-----
  21 Aug

a Does not contain a fungicidal/insecticidal seed treatment unless noted; b per acre; cseed treatment; and     
d thiamethoxam (50g/100kg seed) + mefenoxam (7�5g/100kg seed) + fludioxonil (2�5g/100kg seed) + 
sedaxane (2�5g/100kg seed)� 
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Table 2. Soybean aphid density and yield at the Northeast Research Farm in 2013
Treatment CAD ± SEMa CAD - LSDb Yield ± SEMc Yield - LSDd

1� Untreated Control 9,944�94 ± 1,920�97 C 59�48 ± 2�58 ABC

2� CruiserMaxx Vibrance 7291�82 ± 488�07 B 58�35 ± 1�93 ABCD

3� Warrior II CS 1,149�45 ± 278�99 A 57�09 ± 2�15 ABCD

4� Warrior II CS and 
  Lorsban Advanced EC 491�07 ± 53�76 A 57�51 ± 3�64 ABCD

5� Lorsban Advanced EC 1,736�26 ± 243�55 A 57�80 ± 1�08 ABCD

6� Asana XL 1,423�83 ± 222�06 A 58�44 ± 1�32 ABCD

7� Asana XL and
  Lannate LV 1,128�05 ± 219�24 A 58�49 ± 0�88 ABCD

8� Orthene 97 ST 2,915�13 ± 895�15 A 60�76 ± 0�91 AB

9� Declare CS (A) 2,109�10 ± 473�15 A 57�99 ± 1�48 ABCD

10� Declare CS (B) 1,684�68 ± 91�35 A 54�88 ± 3�30 DC

11� Declare CS and
  Dimethoate 4E 1,305�53 ± 448�16 A 56�70 ± 2�37 ABCD

12� Belay SC 6,620�40 ± 2,091�60 B 58�59 ± 1�66 ABCD

13� Endigo ZCX 1,809�99 ± 287�07 A 58�36 ± 2�58 ABCD

14� Quilt Xcel SE 11,618�49 ± 3,602�52 C 59�85 ± 1�90 ABC

15� Warrior II CS and
  Quilt Xcel SE 1,081�08 ± 145�68 A 56�50 ± 2�07 BCD

16� Cobalt Advanced EC 1,038�21 ± 147�33 A 55�82 ± 2�76 BCD

17� Cobalt Advanced EC and
  Headline EC 438�29 ± 140�75 A 61�70 ± 1�43 A

18� Besiege ZC 1,860�20 ± 500�78 A 53�59 ± 1�63 D

19� Fastac EC 2,241�44 ± 474�56 A 57�56 ± 2�57 ABCD

20� Hero EC 1,428�98 ± 232�94 A 57�73 ± 2�15 ABCD

21� Stallion EC 2,346�07 ± 364�42 A 60�44 ± 0�91 AB

22� Leverage 360 SC 1,243�56 ± 328�86 A 54�26 ± 4�07 D

Treatment CAD ± SEMa CAD - LSDe Yield ± SEMc Yield - LSDf

23� Rag1 3,953�23 ± 1,376�69 b 54�31 ± 4�31 a

24� Rag1 and
    CruiserMaxx Vibrance 330�83 ± 54�40 a 56�12 ± 3�78 a

25� Rag1 and
    CruiserMaxx Vibrance and
      Warrior II CS

47�12 ± 13�79 a 59�73 ± 0�96 a

26� Rag1 and
    Warrior II CS 744�28 ± 133�96 a 56�55 ± 2�07 a

a CAD (cumulative aphid days) is the estimated seasonal exposure of soybean aphid ± the standard error of 
the mean; b LSD (least significant difference) of CAD at alpha = 0�10 (P<0�0001; F = 7�41; df = 21, 3); c yield is 
reported in bushels per acre ± the standard error of the mean; d LSD of yield at alpha = 0�10 (P<0�49; F = 0�99; 
df = 21, 3); e LSD of CAD at alpha = 0�10 (P<0�042; F = 3�6; df = 3, 3); and f LSD of yield at alpha = 0�10 (P<0�057;         
F = 3�21; df = 3, 3)�
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Table 3. List of treatments and rates at the Northwest Research Farm in 2013
Treatment Active Ingredient(s)a Rateb Timingc

1� Untreated Control ----- ----- -----

2� CruiserMaxx Vibranced thiamethoxam + fungicides 62�5g/100kg ST

3� Warrior II CS lambda-cyhalothrin 1�92 fl oz 23 Aug

4� Warrior II CS and 
Lorsban Advanced EC

lambda-cyhalothrin 
  chlorpyrifos

1�92 fl oz  
  16�0 fl oz 23 Aug

5� Lorsban Advanced EC chlorpyrifos 16�0 fl oz 23 Aug

6� Brigade 2EC bifenthrin 3�0 fl oz 23 Aug

7� Orthene 97 ST acephate 1 lb 23 Aug

8� Magister CS fenazaquin 12�0 fl oz 23 Aug

Treatment Active Ingredient(s)a Rateb Timingc

9� Rag1 ----- ----- -----

10� Rag1 and
    CruiserMaxx Vibranced

-----
  thiamethoxam + fungicides

-----
  62�5g/100kg ST

11� Rag1 and
    CruiserMaxx Vibranced and
      Warrior II CS

----
  thiamethoxam + fungicides
    lambda-cyhalothrin

----
  62�5g/100kg
    1�92 fl oz

-----
  ST
    23 Aug

12� Rag1 and
    Warrior II CS

-----
  lambda-cyhalothrin

------
  1�92 fl oz

-----
  23 Aug

a Does not contain a fungicidal/insecticidal seed treatment unless noted; b per acre; cseed treatment; and     
d thiamethoxam (50g/100kg seed) + mefenoxam (7�5g/100kg seed) + fludioxonil (2�5g/100kg seed) + 
sedaxane (2�5g/100kg seed)� 
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Table 4. Soybean aphid density and yield at the Northwest Research Farm in 2013
Treatment CAD ± SEMa CAD - LSDb Yield ± SEMc Yield - LSDd

1� Untreated Control 12,864�27 ± 2,333�39 C 46�78 ± 1�29 C

2� CruiserMaxx Vibrance Beans 8,804�83 ± 1,820�44 B 49�22 ± 1�74 B

3� Warrior II CS 2,183�17 ± 1,056�77 A 52�17 ± 1�33 A

4� Warrior II CS and 
Lorsban Advanced EC 1,341�15 ± 344�24 A 52�61 ± 0�55 A

5� Lorsban Advanced EC 1,385�80 ± 575�05 A 52�34 ± 0�50 A

6� Brigade 2EC 924�57 ± 192�61 A 52�94 ± 0�66 A

7� Orthene 97 ST 1,675�22 ± 647�17 A 52�54 ± 0�22 A

8� Magister CS 6,365�87 ± 1,379�94 B 49�24 ± 0�77 BC

Treatment CAD ± SEMa CAD - LSDe Yield ± SEMc Yield - LSDf

9� Rag1 6,686�68 ± 1,392�69 b 49�18 ± 1�00 ab

10� Rag1 and
    CruiserMaxx Vibrance Beans 109�27 ± 69�46 a 47�19 ± 0�41 bc

11� Rag1 and
  CruiserMaxx Vibrance Beans and
    Warrior II CS

61�89 ± 50�54 a 46�71 ± 0�32 c

12� Rag1 and
    Warrior II CS 1,867�04 ± 678�97 a 50�12 ± 1�09 a

a CAD (cumulative aphid days) is the estimated seasonal exposure of soybean aphid ± the standard error of 
the mean; b LSD (least significant difference) of CAD at alpha = 0�10 (P<0�0001; F = 9�23; df = 7, 3); c yield is 
reported in bushels per acre ± the standard error of the mean; d LSD of yield at alpha = 0�10 (P<0�0032; 
F = 4�08; df = 7, 3); e LSD of CAD at alpha = 0�10 (P<0�0054; F = 6�97; df = 3, 3); and f LSD of yield at alpha = 0�10 
(P<0�189; F = 1�88; df = 3, 3)�
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Figure 1. Mean number of aphids per plant ± standard error of the mean in 2013 at the   
A) Northeast Farm and B) Northwest Farm.

A)

B)
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A)

B)

Figure 2. Mean separation of treatments for cumulative aphid days + standard error of the 
mean at the Northeast Research Farm in 2013. See Table 1 for a full list of treatments and 
rates. Means with a unique letter are significantly different at A) alpha = 0.10 (P<0.0001;   
F = 7.41; df = 21, 3) and B) alpha = 0.10 (P<0.042; F = 3.6; df = 3, 3).
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A)

B)

Figure 3. Mean separation of treatments for yield + standard error of the mean at the 
Northeast Research Farm in 2013. See Table 1 for a full list of treatments and rates. Means 
with a unique letter are significantly different at A) alpha = 0.10 (P<0.49; F = 0.99; df = 21, 
3) and B) alpha = 0.10 (P<0.057; F = 3.21; df = 3, 3).
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Figure 4. Mean separation of treatments for cumulative aphid days + standard error of the 
mean at the Northwest Research Farm in 2013. See Table 3 for a full list of treatments and 
rates. Means with a unique letter are significantly different at A) alpha = 0.10 (P<0.0001;   
F = 9.23; df = 7, 3) and B) alpha = 0.10 (P<0.0054; F = 6.97; df = 3, 3).

A)

B)
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Figure 5. Mean separation of treatments for yield + standard error of the mean at the 
Northwest Research Farm in 2013. See Table 3 for a full list of treatments and rates. Means 
with a unique letter are significantly different at A) alpha = 0.10 (P<0.0032; F = 4.08; df =  
7, 3) and B) alpha = 0.10 (P<0.189; F = 1.88; df = 3, 3).

A)

B)
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Japanese Beetle

JAPANESE BEETLE, Popillia japonica Newman (Coleoptera: Scarabaeidae), is an 
introduced pest originating from Japan and has been present in Iowa since 1994� Beetles 
are slowly spreading from eastern Iowa and are confirmed in 56 out of 99 counties 
(Hodgson et al� 2011)� Japanese beetle adults will feed on approximately 300 plant 
species including corn, soybean, ornamentals, trees, and shrubs (USDA-APHIS 2004)� 
Their plant damage in Iowa has been erratic and generally confined to urban areas� 
However, significant adult feeding in soybean and corn was detected in 2011, and so we 
developed a small efficacy evaluation for the most common foliar insecticides� 

Japanese Beetle Description. Adults are 
½-inch long and oval in shape with a 
metallic green head and copper forewings 
(USDA-APHIS 2004)� There are six white tufts 
of hair along each side of the abdomen 
and the antennae are clubbed� The adults 
are distinctive, but can be confused with 
several look-alike beetles that can be 
found in soybean and urban areas (e�g�, 
false Japanese beetles, masked chafers, 
bumble flower beetle, etc�) (Hodgson and 
Alston 2006, Cranshaw 2007)� Larvae are 
white grubs with a brown head and three 
pairs of thoracic legs� Larvae are 1-inch 
long when fully developed, but are always 
found in a c-shape (Cranshaw 2007)� 

Japanese Beetle Life Cycle. Japanese beetles have one generation per year� Males 
emerge a few days before females in late May or early June (Cook and Gray 2004)� 
Adults emerge from grass in late June and immediately begin to feed on low-lying 
plants such as roses and shrubs� Adults eventually move up on trees and field crop 
foliage to feed and mate� Mated females move back to grass in August and September 
to lay small egg masses in soil cavities� To be a suitable egg-laying site, an area must 
have moderate to high soil moisture, moderate soil texture, sunlight, and short grass 
cover (Potter and Held 2002)� Females prefer to lay eggs in grasses, however, they may 
also lay eggs within field crops with sufficient soil moisture� Cultivation may also be an 
important factor in determining a site’s suitability for Japanese beetle females� Higher 

Japanese beetle is metallic bronze and green 
with white tufts along the side of the abdomen. 

Photo by David Cappaert. 
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adult Japanese beetle densities are found in no-till or reduced-till soybean and larvae 
have been found to be 10-fold more abundant in weedy nursery fields compared with 
cultivated fields (Szendrei and Isaacs 2006)� The eggs hatch into small grubs that feed on 
roots underground until late September when the temperature cools� The almost fully-
grown grubs burrow down in the soil and remain inactive all winter� In the early spring, 
grubs become active again and feed until turning into resting pupae� The pupae hatch 
into adults and emerge from the soil� 

Japanese Beetle Injury. Japanese beetles release a 
strong aggregation pheromone, and are commonly 
seen feeding and mating in clusters� Adults are also 
highly mobile and move frequently in the summer 
(Cook and Gray 2004, Hodgson and Alston 2006)� They 
are strongly attracted to field edges and often the 
defoliation is concentrated around the field perimeter� 
Adults are skeletonizers in soybean and can cause 
severe defoliation� Adults prefer to feed on the upper 
leaf surface� Heavily defoliated leaves look scorched or 
bronze in color� 

Methods and Materials
We established plots at the Iowa State University Johnson Research Farm in Story County, 
Iowa in 2013� The treatments were arranged in a randomized complete block design with 
four replications, and soybean was planted in 30-inch rows on 19 June 2013� Farmer’s 
Cooperative 26R229 brand soybean variety was used for all treatments� Seed did not 
contain a pesticidal seed treatment� Each plot was six rows wide and 50 feet long with 
10-foot alleys separating treatments� The plots were located in the West end of a 37-acre 
field with corn to the north and west of the field, and a dairy farm to the south� In total 
for 2013, we evaluated 8 treatments with products alone or in combination (Table 5)� The 
experiment included an untreated control to allow for comparisons of yield protection 
against Japanese beetle�

Japanese Beetle Populations. Adults tend to aggregate and are highly mobile, and 
therefore economic thresholds are not typically based on beetle abundance (e�g�, 
through sweep netting or density of beetles per plant)� We estimated percent defoliation 
for each plot by visual approximation� In addition, we estimated the number of beetles 
by taking 10 sweeps per plot during adult activity�

Typical Japanese beetle 
defoliation in soybean.
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Insecticide Application Techniques. All applications were made using a 4-row backpack 
sprayer and TeeJet (Springfield, IL) twinjet nozzles (TJ 11002) with 20 gallons of water 
per acre at 40 pounds of pressure per square inch� All foliar insecticide treatments were 
made on 5 August when plants were at R2 growth stage (i�e�, full bloom)� 

Yield. Each plot was harvested using a small plot combine� Yields were determined 
by weighing grain with a grain hopper which rested on a digital scale sensor custom 
designed for the harvester� Plots were harvested on 21 October and yields were 
corrected to 13% moisture and reported in bushels per acre� 

Statistical Analysis. A one-way analysis of variance (ANOVA) was used to determine 
treatment effects within each experiment� Means separation for all studies was achieved 
using a least significant difference (LSD) test (αlpha = 0.10). All statistical analyses were 
performed using SAS® software (SAS 2012)�  

Results and Conclusions
The spring was very wet at the Johnson Farm; planting was later than usual and adult 
emergence was delayed compared to 2012� Weekly sweep netting of adult beetles 
started on 11 July and continued until 28 August� Visual approximation of feeding injury 
started on 3 July with percent defoliation ranging from 2-5%, and was 1-2% defoliation 
on 11 July when sweep-netting began� Beetle abundance on 11 July ranged from 
0-1 beetles per sweep� Adults were abundant and some of the plants had extensive 
defoliation in June� The treatment threshold of 20% after bloom was not reached; 
however, foliar insecticides were applied on 5 August (Table 5)� Foliar insecticides 
reduced Japanese beetle densities to less than one per sweep while the untreated 
control was slightly higher than one per sweep� However, within seven days, there 
were no differences between foliar treatments and the untreated control� The foliar 
applications killed the beetles in plots, but did not provide sufficient residual to control 
populations beyond seven days� Migratory beetles continued to move into plots and 
feed past pod fill, but percent defoliation never exceeded 20%� 

The plots had minor adult Japanese beetle defoliation and we do not attribute yield 
differences to feeding� Yield comparisons indicated significant differences between 
treatments (P<0�0088; F = 3�39; df = 7, 3) (Table 6, Figure 6)� Applying a foliar insecticide 
was not a cost-effective decision this year� Current data combined with our 2011 and 
2012 evaluations support the currently established economic threshold for Japanese 
beetle� 
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Treatment Recommendations. Japanese beetle is a highly mobile pest, and frequently 
moves within and between fields� In 2013, we observed adults feeding in plots for over 60 
days� Scouts tend to greatly over-estimate the percent defoliation caused by Japanese 
beetle, and foliar insecticides can be applied before economic thresholds are reached� 
Therefore, our recommendation for Japanese beetle management is to:

• Scout entire fields to assess overall defoliation, as field edges will result in an over-
estimate of damage� 

• Use the treatment threshold for Japanese beetles in soybean: 30% defoliation during 
the vegetative growth stages and 20% defoliation between R1–R6 (i�e�, bloom through 
seed set)�

• Consider a border treatment, if practical, when only the field edges exceed treatment 
thresholds; this will reduce application costs and improve profit margins�
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Table 5. List of treatments and rates at the Johnson Research Farm in 2013
Treatmenta Active Ingredient(s) Rateb Timing
1� Untreated Control ----- ----- -----

2� Warrior II CS and 
      Lorsban Advanced EC

lambda-cyhalothrin 
  chlorpyrifos

1�6 fl oz  
  16�0 fl oz 5 August

3� Warrior II CS lambda-cyhalothrin 1�92 fl oz 5 August

4� Lorsban Advanced EC chlorpyrifos 16�0 fl oz 5 August

5� Hero EC bifenthrin + zeta-cypermethrin 5�0 fl oz 5 August

6� Cobalt Advanced EC (A) lambda-cyhalothrin + chlorpyrifos 20 fl oz 5 August

7� Cobalt Advanced EC (B) lambda-cyhalothrin + chlorpyrifos 16 fl oz 5 August

8� Endigo ZC lambda-cyhalothrin + thiamethoxam 4�0 fl oz 5 August

a Does not contain a fungicidal/insecticidal seed treatment; and b per acre�

Table 6. List of yield at the Johnson Research Farm in 2013
Treatment Yield ± SEMa Yield - LSDb

1� Untreated Control 52�71 ± 2�27 AB

2� Warrior II CS and 
      Lorsban Advanced EC 50�37 ± 0�45 B

3� Warrior II CS 51�60 ± 2�21 AB

4� Lorsban Advanced EC 52�44 ± 2�43 AB

5� Hero EC 55�01 ± 2�59 A

6� Cobalt Advanced EC (A) 51�63 ± 2�42 AB

7� Cobalt Advanced EC (B) 52�38 ± 1�23 AB

8� Endigo ZC 53�43 ± 3�02 AB

a Yield is reported in bushels per acre ± the standard error of the mean; and b LSD (least significant difference) 
of yield at alpha = 0�10 (P<0�0088; F = 3�39; df = 7, 3)�
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Figure 6. Mean separation of treatments for yield + standard error of the mean at the 
Johnson Research Farm in 2013. See Table 5 for a full list of treatments and rates. Means 
with a unique letter are significantly different at alpha = 0.10 (P<0.0088; F = 3.39; df = 7, 3).



2013 Soybean Insecticide Evaluation Page 23

References

Cook, C� A�, and M� E� Gray� 2004� Japanese beetle� University of Illinois Extension, 
 Integrated Pest Management Publication, http://ipm�illinois�edu/fieldcrops/insects/
 japanese_beetles/�

Cranshaw, W� 2007� Japanese beetle� Colorado State University Extension fact sheet 
 5�601� 

Hodgson, E� W�, E� C� Burkness, W� D� Hutchison, and D� W� Ragsdale� 2004� Enumerative 
 and binomial sequential sampling plans for soybean aphid (Homoptera: 
 Aphididae) in soybean� Journal of Economic Entomology 97: 2127-2136�  

Hodgson, E� W�, R� C� Venette, M� Abrahamson, and D� W� Ragsdale� 2005� Alate 
 production of soybean aphid (Homoptera: Aphididae) in Minnesota� 
 Environmental Entomology 34: 1456-1463�

Hodgson, E� W�, and D� Alston� 2006� Utah Pests fact sheet: Japanese beetle, 3 pp� 
 ENT-100-06PR�

Hodgson, E� W�, B� P� McCornack, K� A� Koch, D� W� Ragsdale, K� D� Johnson, M� E� O’Neal,  
 E� M� Cullen, H� J� Kraiss, C� D� DiFonzo, M� Jewett, and L� M� Behnken� 2007� Field   
 validation of Speed Scouting for soybean aphid� Crop Management� 
 DOI: 10�1094/CM-2007-0511-01-RS�

Hodgson, E� W�, and G� VanNostrand� 2011� 2011 Yellow Book Report of insecticide 
 evaluation for soybean insects, 31 pp� Department of Entomology, Iowa State 
 University, Publication 288-11�

Hodgson, E� W�, and G� VanNostrand� 2012� 2012 Yellow Book Report of insecticide 
 evaluation for soybean pests, 35 pp� Department of Entomology, Iowa State 
 University, Publication 291-12�

Hodgson, E� W�, M� E� O’Neal, G� VanNostrand, and C� Kuntz� 2011� Japanese beetle 
 biology and management in corn and soybean, pp� 63-66� In Proceedings: Iowa 
 State University Integrated Crop Management Conference, Ames, IA, 30 
 November - 1 December 2011� 



2013 Soybean Insecticide Evaluation Page 24

Hodgson, E� W�, M� Kemis, and B� Geisinger� 2012a� Assessment of Iowa soybean growers   
 for insect pest management practices� Journal of Extension RIB6� 

Hodgson, E� W�, B� McCornack, K� Tilmon, and J� Knodel� 2012b� Management of the 
 soybean aphid, Aphis glycines (Hemiptera: Aphididae) in the United States� 
 Journal of Integrated Pest Management� DOI: 10�1603/IPM11019�

Kim, K�-S�, and B� W� Diers� 2009� The associated effects of the soybean aphid resistance 
 locus Rag1 on soybean yield and other agronomic traits� Crop Science 49: 1726-
 1732� 

McCornack, B� P�, D� W� Ragsdale, and R� C� Venette� 2004� Demography of soybean 
 aphid (Homoptera: Aphididae) at summer temperatures� Journal of Economic 
 Entomology 97: 854-861�

Potter, D� A�, and D� W� Held� 2002� Biology and management of the Japanese beetle� 
 Annual Review of Entomology 47: 175-205�

Ragsdale, D� W�, D� J� Voegtlin, and R� J� O’Neil� 2004� Soybean aphid biology in North 
 America� Annals of the Entomological Society of America 97: 204-208�

Ragsdale, D� W�, B� P� McCornack, R� C� Venette, E� W� Hodgson, B� E� Potter, I� V�   
 MacRae, M� E� O’Neal, K� D� Johnson, R� J� O’Neil, C� D� DiFonzo, T� E� Hunt, P� A�   
 Glogoza, and E� M� Cullen� 2007� Economic threshold for soybean aphid    
 (Homoptera: Aphididae)� Journal Economic Entomology 100: 1258-1267�

Ragsdale, D� W�, D� A Landis, J� Brodeur, G� E� Heimpel, and N� Desneux� 2011� Ecology 
 and management of the soybean in North America� Annual Review of 
 Entomology� DOI: 10�1146/annurev-ento-120709-144755�

SAS Institute� 2012� SAS/STAT user’s guide, version 9�3� SAS Institute, Cary, NC�

Szendrei, Z�, and R� Isaacs� 2006� Ground covers influence the abundance and behavior 
 of Japanese beetles� Environmental Entomology 35: 789-796�

Tilmon, K� J�, E� W� Hodgson, M� E� O’Neal, and D� W� Ragsdale� 2011� Biology of the 
 soybean aphid, Aphis glycines (Hemiptera: Aphididae), in the United States� 
 Journal of Integrated Pest Management� DOI: 10�1603/IPM10016�



2013 Soybean Insecticide Evaluation Page 25

[USDA-APHIS] United States Department of Agriculture – Animal and Plant Health 
 Inspection Service� 2004� Managing the Japanese beetle: A homeowner’s 
 handbook� Program Aid No� 1599� www�aphis�usda�gov/lpa/pubs/pub_
 phjbeetle04�pdf�

[USDA-NASS] United States Department of Agriculture - National Agricultural Statistics 
 Service� www�nass�usda�gov/�

Voegtlin, D� J�, S� E� Halbert, and G� Qiao� 2004� A guide to separating Aphis glycines 
 Matsumura and morphologically similar species that share its hosts� Annals of the 
 Entomological Society of America 97: 227-232�


