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Abstract Sweet corn (Zea mays L. var. rugosa) was grown in replicated plots in 2004 and 2006
using organic, conventional, and genetically-engineered (Bt) production practices. Organic plots
were treated with Entrust® (Dow AgroSciences LLC, Indianapolis, IN) whereas conventional and
Bt sweet corn plots were treated with Warrior® (Syngenta Crop Protection, inc., Greensboro,
NC). All plots were treated once at silk emergence. Organic and conventional plots were treated
again 1 wk later. Twenty-five ears were harvested from row centers in each treatment subplot to
quantify ear pests and assess ear damage. The highest number of corn earworm, Helicoverpa
zea (Boddie), larvae were found on organically-grown sweet corn. European corn borer, Ostrinia
nubilalis (Hibner); southwestern corn borer, Diatraea grandiosella Dyar; and fall armyworm,
Spodoptera frugiperda (J.E. Smith), larvae were not found as frequently. Neither corn earworm
nor European corn borer larvae were found on Bt sweet corn ears. Sap beetles, Carpophilus
lugubris Murray, were found on all 3 types of sweet corn. Organically and conventionally-grown
sweet corn had a greater number of tip-damaged ears and numbers of damaged kernels per ear
than Bt sweet corn. Ear length and weight were the same for all 3 types of sweet corn. Based
on the information generated in this study, growing late-planted sweet corn organically or con-
ventionally on a large commercial scale with a limited spray program and without using other
types of ear pest management does not appear to be a practical or profitable option in central
Kentucky.
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Sweet corn, (Zea mays L. var. rugosa) was grown on 810 ha in Kentucky in 2002.
Since that time, production increased 39% to 1134 ha with a value of approx. $5 mil-
lion (Tim Woods, University of Kentucky Extension Service, pers. comm., Woods et al.
2006). Growers sell sweet corn at farmers’ markets and roadside stands to local cus-
tomers but also use Kentucky marketing cooperatives, the Kentucky Produce Auction,
and Kentucky Produce Shippers for wholesale marketing. Sweet corn production gen-
erally occurs on small farms scattered across the state with harvests from early to
late-planted cultivars occurring from late July to early September. Consumer demand
for damage-free sweet corn means that growers and vegetable processors have set
very low tolerance levels for presence of insects or damage to meet consumer de-
mand for blemish and insect-free food (Pimentel et al. 1977, Bartels and Hutchison
1995, Speece et al. 2005). Growers must develop/adopt the best possible management
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program for insect pests, especially those attacking the ear. Thus, maintaining a good
inventory of pest control products and practices and developing more sustainable
methods of production are essential for the success of sweet corn growers. Research
of this nature is necessary to assist small and limited resource farmers to replace lost
income from lower tobacco revenue. It will enable them to ascertain efficacy of mod-
ern agricultural production practices on pests and the damage they cause. This, in
turn, will enable them to continue operating family farms, the core of rural Kentucky
communities.

The primary pests of sweet corn ears in Kentucky are corn earworm, Heliocoverpa
zea (Boddie); European corn borer, Ostrinia nubilalis (HUbner); southwestern corn
borer, Diatraea grandiosella Dyar; fall armyworm, Spodoptera frugiperda (J.E. Smith)
and dusky sap beetle, Carpophilus lugubris Murray (Sparks 1986, Smith et al. 1989,
Wiseman et al. 1999, Maredia and Mihm 1991, Kumar and Mihm 1996, Dowd 2000).
Managing the insect pests infesting sweet corn presents serious challenges to smalil
farmers. Concerns about product timing, efficacy, impact on beneficial insects, the
environment, social factors, and economics determine which management practices
and cropping systems are selected by growers. Methods of control that have little
environmental impact, reduce worker exposure to potentially harmful pesticides, leave
no residues toxic to nontarget organisms, including beneficial insects, yet are highly
effective against pest species resulting in high quality produce are essential for sus-
tainable vegetable production systems. Thus, the objective of this research was to
quantify ear pests and assess ear damage of late-planted sweet corn using minimal
organic and conventional spray treatments and genetically engineered (Cry1Ab, Bt-11
insect protected) sweet corn production methods.

Materials and Methods

2004 experiment. Organic, conventional and Bt sweet corn was grown in a ran-
domized complete block design with 3 subplots and 3 replicates, each 0.1 ha in area,
per cropping type. All plots were conventionally tilled and disked. A preplant treatment
of Bicep Il Magnum® (Syngenta Crop Protection, Inc., Greensboro, NC) was applied
at a rate of 4.9 L per ha to conventional and Bt plots and immediately incorporated for
weed control. Organic plots were cultivated once per week for 3 wks after crop emer-
gence for weed control. Soil samples from each field were submitted to International
Ag Laboratories, Inc. (Fairmont, MN) and the University of Kentucky Cooperative Ex-
tension Service (Franklin Co. KY) for nutrient analyses. Soil fertility recommendations
of International Ag Laboratories were followed for the organic plots whereas those of
the UK Cooperative Extension Service were followed for conventional and Bt corn
plots. Organic plots were fertilized with 560.4 kg soft rock phosphate, 111.2 kg potas-
sium sulfate, 111.2 kg Chilean nitrate, 11.2 kg copper sulfate, 11.2 kg zinc sulfate, 5.6
kg manganese sulfate, and 224.1 kg 10-6-2 fish meal per ha. Conventional and Bt
plots were fertilized with 340.8 kg ammonium nitrate, 170.3 kg diammonium sulfate,
282.4 kg muriate of potash and 103.1 kg zinc sulfate per ha before planting. All plots
were planted on 6 June 2004 and consisted of 40 rows divided into subplots of 12
rows (2 rows between each subplot of 12 were roto tilled to create drive rows for in-
secticide application). GSS 0966, a Bt Cry1Ab protected hybrid (Attribute®, Syngenta
Seed, Inc., Boise, ID) and its isoline, (Prime Plus®, Syngenta Seed, Inc., Boise, ID)
were used. Untreated Prime Plus seed were used to plant organic plots. Plant spacing
was 20 cm whereas row spacing was 1 m.
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Crop phenology was monitored and when silks began to emerge organic plots
were treated with Entrust® (Dow AgroSciences LLC, Indianapolis, IN) at a rate of
106.3 g per ha whereas conventional and Bt plots were treated with 237 ml Warrior®
(Syngenta Crop Protection, Inc., Greensboro, NC) per ha for larval control on 5 Au-
gust. Organic and conventional sweet corn plots were treated again with Entrust and
Warrior, respectively, on 12 August. Plots were hand-harvested on 18 August 2004.
Twenty-five primary ears from consecutive plants in the center of each subplot were
harvested and kept in a cooler at 4°C until analyzed. Ears were individually examined
in the laboratory, and corn earworm, European corn borer, southwestern corn borer,
fall armyworm, and sap beetles were identified and enumerated. Damaged and miss-
ing kernels were quantified, and ear lengths and weights taken.

2006 experiment. Bt, conventional and organic sweet corn plots were estab-
lished again in 2006 in the same manner and planted on 8 June. Plot size, hybrids,
and plant and row spacing were the same as 2004. Organic plots were treated
with Entrust at a rate of 106.3 g per ha whereas conventional and Bt plots were
treated with 237 ml Warrior per ha for larval control on 2 August. Organic and
conventional sweet corn plots were treated again with Entrust and Warrior, respec-
tively, on 9 August. Twenty-five ears were hand-harvested from each subplot on
16 August 2006 and kept in the cooler at 4°C until analyzed. Ears were individually
examined in the laboratory for insect pests and damage. Ear lengths and weights
also were taken.

Data for each year were transformed with a square-root transformation (x + 0.5)
and analyzed using ANOVA and Fisher’'s Protected LSD procedures in CoStat Statis-
tical Software (CoHort Software 2006).

Results and Discussion
In 2004, corn earworm larvae were found on harvested conventionally and

organically grown sweet corn ears (Table 1). European corn borer larvae were
not found as frequently as corn earworm larvae on organic ears. Neither corn earworm

Table 1. Average number of live pesis per ear at harvest =+ SE on organic,
conventional and Bt sweet corn ears 2004*

Corn European Southwestern
Crop n  earworm corn borer corn borer Sap beetle
GSS 0966 (Bt) 3 0.00+0.00a 0.00+0.00a 0.00 +0.00a 0.04 +0.02a
Prime Plus 3 0.07+0.03a 0.10+0.08a 0.01+0.01a 0.17+0.13a
(Conventional)
Prime Plus 3 0.15+0.04a 0.06 +0.004a 0.004 + 0.004a 0.09 +0.04a
(Organic)
df.=24 df.=24 df.=2,4 df.=2,4
F=38 F=0.99 F=0.50 F=0.80

P=0.1190 P=0.4470 P =0.6383 P=0.5104

* Means followed by different letters are significantly different.
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nor European corn borer larvae were found on Bt sweet corn ears. Southwestern
corn borer infestation was low overall and occurred only in the organically and
conventionally grown plots. Sap beetles were found in ears of all 3 types of sweet
corn.

Organically and conventionally grown sweet corn had significantly greater num-
bers of tip-damaged ears and numbers of damaged kernels per ear than Bt sweet
corn. Remarkably, only one kernel on one Bt ear had any detectable damage (Table
2). Organically grown ears were the same length as conventional and Bt ears and all
3 types had similar weights.

In 2006, no corn earworm, European corn borer, or southwestern corn borer lar-
vae were found in any Bt sweet corn ears. However, significantly greater numbers of
corn earworm larvae were found in the Entrust-treated organic ears than the Bt or
Warrior-treated conventional ears (Table 3). Numbers of corn earworm larvae found
were higher than any of the other ear infesting Lepidoptera. Fall armyworm, while not
found in 2004, was present only in organically grown ears in 2006 (Table 3). Unlike
2004, sap beetles were not found in harvested Bt sweet corn.

There was minor ear tip damage in Bt sweet corn but substantially less than con-
ventional or organic ears in 2006 (Table 4). Less than one damaged kernel per ear
was present on Bt ears. Greater than 9 and 17 kernels per damaged ear were present
on conventional and organic ears, respectively. Tip damage and number of kernels
damaged per ear in conventional and organic ears were greater in 2006 than 2004.
Ear length and weight of each type was the same in 2006 (Table 4). Ears from ali 3
cropping types in 2006 weighed less than those in 2004 probably due to extreme heat
and drought conditions.

Based on the results reported herein, limited insecticide use for large-scale
commercial plantings of late-planted conventional and organic sweet corn production
in central Kentucky does not appear to be a practical or profitable option. Large num-
bers of tip damaged ears (29 - 85%) and large numbers of damaged kernels per
ear (4.5 - 17.2) are likely a resuit of only weekly spraying for ear pests and suggest

Table 2. Damage to and size of organic, conventional and Bt sweet corn ears

2004*
no. kernels  ear length ear weight
Crop n tip damage*™  damaged** (cm)™ (@)™

GSS 0966 (Bt) 3 0.0004 +0.0004b 0.01 +0.004b 17.9+0.2a 170.7 = 1.7a
Prime Plus 3 029+0.12a 2.16=x0.88a 177+04a 163.1+3.7a

(Conventional)
Prime Plus 3 036+0.02a 4.46+0.28a 18.1+0.1a 160.1+8.3a

(Organic)

df =24 df.=24 df.=2,4 df.=2,4
F=6.85 F=282 F=0.74 F=0.72

P =0.0489 P=0.0044 P=0.5323 P =0.5409

*Values represent averages per ear + SE.
** Means followed by different letters are significantly different.
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Table 4. Damage to and size of organic, conventional and Bt sweet corn ears

2006*
no. kernels ear length ear weight
Crop n tip damage** damaged** (cm)** (9)™

GSS 0966 (Bt) 3 0.05+0.03b 0.37+0.03b 17.0+0.03a 129.4+7.0a
Prime Plus 3 0.79+0.09a 9.1+13a 17.1+0.22a 131.1+6.9a

(Conventional)
Prime Plus 3 0.85+0.03a 17.2+3.0a 17.7+021a 110.0+4.7a

(Organic)

df.=2,4 df.=24 df.=24 df.=2,4
F=239.10 F=6.78 F=3.41 F=23.33

P =0.0024 P=0.0480 P =0.1366 P=0.1408

* Values represent averages per ear + SE.
** Means followed by different letters are significantly different.

that without a more frequent spray program, or other means of ear pest management
(e.g., vegetable/mineral oils and microbial pathogens, Hazard et al. 2003), growing
sweet corn on a large commercial scale would not be profitable. Similarly, high
percentages of unmarketable ears were found in lightly treated conventional sweet
corn grown in Virginia (Speece et al. 2005) and untreated conventional sweet corn in
South Carolina (Hassell and Shepard 2002) and Minnesota (Burkness et al. 2001).
Frequently, growers cannot apply intensive applications or other means of ear pest
management. Thus, for conventional sweet corn growers, growing Bt sweet corn
offers protection against severe ear pest damage. Organic growers would still need
to apply multiple crop protection methods to produce an economically viable sweet
corn crop.

The Bt based GSS 0966 hybrid provides excellent control of larval lepidopterous
ear pests. Using it or other similar Bt hybrids would reduce the use and number of
insecticide applications, or eliminate them altogether, so using them could be the
basis of more biologically based IPM practices in this commodity (Dively et al. 1998,
Lynch et al. 1999, Dowd 2000, Burkness et al. 2001, Musser and Shelton 2003).
Nonetheless, there is concern that Bt sweet corn may impact nontarget and beneficial
insects. To date, short term field studies conducted in Cry1Ab hybrid sweet corn fields
have not found negative effects on beneficial insects (Rose and Dively 2007, Daly and
Buntin 2005, Pilcher et al. 2005). However, significant quantities of Cry1Ab endotoxin
has been found in several nontarget insect herbivores and in some arthropod preda-
tors (i.e., Coccinellidae, Araneae and Nabidae) collected from Bt corn fields (Harwood
et al. 2005). This indicates movement of the Cry1Ab endotoxin into higher trophic
levels. More recently, several species of Coccinellidae were found to contain detect-
able levels of Bt endotoxin 2 wks before and up to 10 wks after anthesis (Harwood
et al. 2007). Thus, long-term field studies concerning the sustainability of genetically-
engineered Bt sweet corn should be performed at the multitrophic level to determine
the significance of trophic linkages and whether nontarget arthropods are in any way
impacted (O’Callaghan et al. 2005).

$S900E 981) BIA 20-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid,/:sdiy woil papeojumoc]



SEDLACEK et al.: Ear Pests and Damage to Sweet Corn 389

Acknowledgments

This research was supported by Evans Alien Grant no. KYX.10-03-38P. Syngenta Seed Com-
pany provided all seed for this research and Dow AgroScience LLP provided the Entrust. Kirk
Pomper assisted with statistical analyses and Michael Bomford reviewed an early draft of the
manuscript. Mention of proprietary products does not constitute endorsement.

References Cited

Bartels, D. W. and W. D. Hutchison. 1995. On-farm efficacy of aerially applied Bacillus thur-
ingiensis for European corn borer (Lepidoptera: Pyralidae) and corn earworm (Lepidoptera:
Noctuidae) control in sweet corn. J. Econ. Entomol. 88: 380-386.

Burkness, E. C., W. D. Hutchison, P. C. Bolin, D. W. Bartels, D. F. Warnock and D. W. Davis.
2001. Field efficacy of sweet corn hybrids expressing a Bacillus thuringiensis toxin for man-
agement of Ostrinia nubilalis (Lepidoptera: Crambidae) and Helicoverpa zea (Lepidoptera:
Noctuidae). J. Econ. Entomol. 94: 197-203.

CoHort Software. 2006. CoStat Version 6.311, Monterey, CA.

Daly, T. and G. D. Buntin. 2005. Effect of Bacillus thuringiensis transgenic corn for Lepidoptera
control on non-target arthropods. Environ. Entomol. 34: 1292-1301.

Dively, G.P., J. J. Linduska and M. Ross. 1998. Timing of insecticide applications for dusky sap
beetle and Lepidoptera survivors of Bt sweet corn, Pp. 22-25. In J. Whalen [ed.], Proc. Mid-
Atlantic Vegetable Worker. Conference, 3-4 November 1998, Univ. of Delaware, Newark.

Dowd, P. F. 2000. Suitability of commercially available insect traps and pheromones for monitor-
ing dusky sap beetles (Coleoptera: Nitidulidae) and related insects in Bt sweet corn. J. Econ.
Entomol. 93: 1714-1720.

Harwood, J. D., R. A. Samson and J. J. Obrycki. 2007. Temporal detection of Cry1Ab-endo-
toxins in coccinellid predators from fields of Bacillus thuringiensis corn. Bull. Entomol. Res.
97: 643-648.

Harwood, J. D., W. G. Wallin and J. J. Obrycki. 2005. Uptake of Bt endotoxins by nontarget
herbivores and higher order arthropod predators: molecular evidence from a transgenic corn
agroecosystem. Mol. Ecol. 14: 2815-2823.

Hassell, R. L. and B. M. Shepard. 2002. Insect populations on Bacillus thuringiensis transgenic
sweet corn. J. Entomol. Sci. 37: 285-292.

Hazard, R. V., B. B. Schultz, E. Groden, E. D. Ngollo and E. Seidlecki. 2003. Evaluation of oil
and microbial pathogens for control of lepidopteran pests of sweet corn in New England. J.
Econ. Entomol. 96: 1653-1661.

Kumar, H. and J. A. Mihm. 1996. Resistance in maize hybrids and inbreds to first-generation
southwestern corn borer, Diatraea grandiosella (Dyer) and sugarcane borer, Diatraea sac-
charalis Fabricius. Crop Prot. 15: 311-317.

Lynch, R. E., B. R. Wiseman, H. R. Sumner, D. Plaisted and D. Warnick. 1999. Management
of corn earworm and fall armyworm (Lepidoptera: Noctuidae) injury on a sweet corn hybrid
expressing a CrytA(b) gene. J. Econ. Entomot. 92: 1217-1222.

Maredia, K. M. and J. A. Mihm. 1991. Sugarcane borer (Lepidoptera: Pyralidae) damage to
maize at four plant growth stages. Environ. Entomol. 20: 1019-1023.

Musser, F. R. and A. M. Shelton. 2003. Bt sweet corn and selective insecticides: impacts on
pests and predators. J. Econ. Entomol. 96: 71-80.

O’Callaghan, M. O., T. R. Glare, E. P. J. Burgess and L. A. Malone. 2005. Effects of plants geneti-
cally modified for insect resistance on nontarget organisms. Annu. Rev. Entomol. 50: 271-292.
Pilcher, C. D., M. E. Rice and J. J. Obrycki. 2005. Impact of transgenic Bacillus thuringiensis

corn and crop phenology on five nontarget arthropods. Environ. Entomol. 26: 446-454.

Pimentel, D., E. C. Terhune, W. Dritschilo, D. Gallahn, N. Kenner, D. Nafus, R. Peterson, N.
Zareh, J. Misti and O. Haber-Schaim. 1977. Pesticides, insects in foods and cosmetic stan-
dards. Bioscience 27: 178-185.

SS900E 93l} BIA 20-/0-G20Z 1e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awndy/:sdiy woly papeojumoq



390 J. Entomol. Sci. Vol. 44, No. 4 (2009)

Rose, R. and G. P. Dively. 2007. Effects of insecticide-treated and lepidopteran-active Bt trans-
genic sweet corn on the abundance and diversity of arthropods. Environ. Entomol. 36: 1254-
1268.

Smith, M. E., J. A. Mihm and D. C. Jewell. 1989. Breeding for multiple resistance to temperate,
subtropical, and tropical maize insect pests at CIMMYT, Pp. 224-234. In Toward Insect Resis-
tant Maize for the Third World: Proceedings of the International Symposium on Methodolo-
gies for Developing Host Plant Resistance to Maize Insects. International Maize and Wheat
tmprovement Center (CIMMYT), El Batan, Mexico.

Sparks, A. N. 1986. Fall armyworm (Lepidoptera: Noctuidae): potential for area-wide manage-
ment. Fla. Entomol. 69: 603-614.

Speece, J. lll, T.P. Kuhar, A.D. Bratsch, B.A. Nault, V.M. Barlow, R.J. Cordero and Z-X. Shen.
2005. Efficacy and economics of fresh-market Bt transgenic sweet corn in Virginia. Crop Prot.
24:57-64.

Wiseman, B. R., R. E. Lynch, D. Plaisted and D. Warnick. 1999. Evaluation of Bt transgenic
sweet corn hybrids for resistance to corn earworm and fall armyworm (Lepidoptera: Noctui-
dae) using a meridic diet bioassay. J. Entomol. Sci. 34: 415-425.

Woods, T. A., M. Ernst and J. Mansfield. 2006. 2006 Kentucky produce planting & marketing
intentions survey and outlook. www.uky.edu/Ag/NewCrops/2006intentions.pdf.

$S900E 981) BIA 20-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid,/:sdiy woil papeojumoc]


http://www.uky.edu/Ag/NewCrops/2006intentions.pdf



