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Abstract

A landscape survey was conducted to evaluate the number of bollworms developing on Genuity VT3 PRO corn that
contribute the overall populations infesting cotton in late summer. The overall bollworm population was very low in
the majority of the corn acreage throughout the summer which lessened the number of bollworms infesting cotton.
Larvae were collected from both VT3 PRO and non-Bt corn and allowed to pupate in order to arrange reciprocal and
back crosses. Progeny from each cross were subjected to tissue-overlay bioassays using lyophilized Bollgard II
cotton tissue. Progeny resulting from bollworm moths reared on VT3 PRO corn had a higher LC50 compared to
moths whose parents were reared on non-Bt corn.

Introduction

Bollworm, Helicoverpa zea (Boddie), has been collected from a total of 238 plant species within 36 plant families
(Kogan et al. 1989). Of these, field corn is the most preferred and the most suitable host (Isley 1942, Gore et al.
2003). Larvae complete development more rapidly and adults are more fecund when reared on field corn compared
to other hosts or artificial diet. The most damaging outbreaks in cotton occur where corn and cotton are in
comparable acreage. However, damage to cotton is the most common complaint because it has never been
economically advantageous to treat field corn in order to control bollworm (Isley 1926). Silking corn is largely
favored during early summer but as corn begins to mature, bollworm populations begin to transition into cotton
(Lincoln 1972). The first transgenic corn and cotton varieties utilizing Bacillus thuringiensis (Bt) were implemented
for control of tobacco budworm, Heliothis virescens (Fabricius), in cotton and several corn borer species attacking
field corn. Bollworm susceptibility has been highly variable (Greenplate et al. 1998, Adamczyk et al. 2001) and
researchers have begun to notice an increase in the frequency of bollworm outbreaks in Bt cotton. Trait packages in
both corn and cotton containing two or more Bt genes utilize the same or similar proteins in both corn and cotton
(Table 1).

Table 1.Bt corn and cotton trait packages in commercial production for use against bollworm.

Trait Packages (abbreviations)* Lepidoptera Active Traits
Cotton

Bollgard II CrylAc + Cry2Ab

Widestrike CrylAc + CrylF

Corn

VT Double PRO (VT2P*), VT Triple PRO (VT3P*)  CrylA.105 + Cry2Ab
Smartstax (GENSS* or SSX*) CrylA.105 + Cry2Ab + Cry1F
Agrisure Viptera 3110, Agrisure Viptera 3111 CrylAb + VIP3A

The majority of corn acreage in Mississippi is planted to varieties containing at least one Bt protein. Furthermore, a
large percentage of the bollworms infesting Bt cotton completed at least one generation in field corn (Jackson et al.
2008, Head et al. 2010). These factors are cause for concern about the potential selection pressure placed on
bollworm populations completing development in Bt field corn and then transitioning into Bt cotton. To address
these concerns, the objective of this research was to evaluate the contribution of bollworms in Genuity VT3 PRO
corn to the overall landscape and to determine the susceptibility of bollworms collected from Non-Bt and Genuity
VT3 PRO field corn, and their reciprocal crosses on Bollgard II cotton.
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Materials and Methods

A minimum of 20 Genuity® VT3 PRO™ corn fields (expressing CrylA.105 and Cry2Ab2) were surveyed for
bollworm density and subsequent kernel damage in the Delta and Hills region of Mississippi. At least 10 non-Bt
fields within 0.5mi proximity of the VT3 Pro surveyed fields were also evaluated in order to attain a comparison of
larval and egg densities. The number of eggs and larvae was recorded along with the size of each larvae by
categorizing larvae as small (<0.25in) or large (>0.25in). The survey began at the R1 growth stage (silking) and
terminated approximately at the R4, or dough stage. Fields were scouted weekly by examining a minimum of 100
corn ears. Corn silks were examined for the presence of eggs and/or larvae. If no eggs or larvae are observed on
exterior silks, ear leaves were folded back in order to examine the ear for larvae. Any larvae observed that were
0.251n or greater were collected and placed on artificial diet.

Collected Bollworm larvae from Non-Bt and Genuity VT3 PRO field corn were placed on artificial diet, and stored
in a rearing facility at Mississippi State University. Pupae were sexed by determining the presence of a ventral v-
shaped suture on the females and two circular pads near the tip of the abdomen in the males. After segregating pupae
by sex, backcrosses were done with each colony. Additionally, reciprocal crosses were done to determine if
bollworm ability to survive on a Bt host is sex-linked. The following crosses were done:

Non-Bt (F*) x Non-Bt (M)
Non-Bt (F) x VT3P (M)
VT3P (F) x Non-Bt (M)
VT3P (F)x VT3P (M)

*Denotes the sex of pupa

Non-Bt and Bollgard II leaf tissue was collected in 1 gal zip-lock bags and placed in a -80°F freezer for
approximately 48 hr. Tissue was then lyophilized and ground until dry powder would pass through a 40-mesh sieve.
For bioassay, 100 mg of powder was diluted with 5.0 ml of 0.2% agar solution to make a 20 mg/ml stock solution.
Further dilutions were performed from the stock solution to develop eight treatment concentrations to apply to
artificial diet. Bioassay arenas were arranged by adding 0.5 ml of warm artificial diet to each well in a 128-well
bioassay tray and allowed to cool at room temperature. Each well then had 50 pl of one of the treatment
concentrations pipetted onto the diet surface for a total of 16 wells per concentration for each tray. Trays were again
allowed to dry at room temperature. Once samples were dry, each well received one neonate larvae (16 larvae per
concentration) with one tray of larvae per cross for each tissue type. Wells were then covered with perforated,
adhesive tray covers and placed in a rearing room at 84°F. Larval mortality was rated seven days after initiation.
Mortality was assessed by determining larvae that had not molted into the second instar (larvae weighing <10 mg).
Bioassay data were analyzed using probit analysis (Proc Probit SAS version 9.2). Fiducial limits that did not overlap
were considered significantly different.
Results

Larval densities in both non-Bt and VT3 PRO corn indicate bollworm pressure for much of the state was relatively
low in ear-stage field corn (Fig. 1). Bollworm assay data from 2011 illustrate progeny resulting from females reared
on VT3 PRO corn had a higher LC50 on Bollgard II cotton with the paternal constituent contributing nothing with
respect to survivorship (Fig. 2). In 2012, assay data was similar, however, the only cross that had a significantly
higher LC50 on Bollgard II cotton was the backcross from which both parents were reared on VI3 PRO corn (Fig
3).

844



2013 Beltwide Cotton Conferences, San Antonio,Texas, January 7-10, 2013 845

Corn Survey of Bollworms
250%
WG Infester MBL % Infestes VT3P

200%

150%
0
8 oo
= 100% -
2
i=
} - l L

0% I T I 1 -_ 1 l 1
/B0 B/1A2012 6212012 62002012 TFIB/2012 TAT2002 7243012 BA12012
Sample Date

Figure 1. Landscape Survey of Bollworm Density in VT3 PRO and Non-Bt Field Corn.

2011 Results
LC50s for Reciprocal Crosses of CEW Collected
from VT3P and Non-Bt on BGII Lyophilized Tissue
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Figure 2. LC50s for Progeny Resulting from VT3 PRO and Non-Bt Field Corn on Bollgard II cotton in 2011.
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LC50s for Reciprocal Crosses of CEW Collected
from VT3P and Non-Bt on BGlII Lyophilized Tissue
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Figure 3. LC50s for Progeny Resulting from VT3 PRO and Non-Bt Field Corn on Bollgard II cotton in 2011.

Discussion

Results from the field corn survey are not indicative of larval densities infesting field corn from the previous two
years (data not presented here). Furthermore, sample data taken on 24 July displaying high bollworm densities
represents a small portion of the corn acreage in Mississippi because these fields were planted after the optimum
planting period for corn. Overall, the data suggests field corn contributed very little to bollworm populations
infesting cotton for the 2012 growing season which has not been true in previous years.

Assay data were similar for both years. The back cross in which both parents were reared on VI3 PRO was
consistently higher in both years which indicate progeny from individuals developing on VT3 PRO corn are more
virulent on Bollgard II cotton. Elevated LC50s were observed on larvae from moths completing one generation in
VT3 PRO corn and because of this, the propensity for this phenomenon to be seen in successive generations
completing development in transgenic corn should be high.
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