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ABSTRACT
Efficacy of Bt corn hybrids expressing an insecticidal delta-endotoxin through different
transformation events was evaluated in Louisiana. Efficacy levels were determined for
southwestern corn borer (SWCB), Diatraea grandiosella Dyar; sugarcane borer (SCB), Diatraea
saccharalis (F.); corn earworm (CEW), Helicoverpa zea (Boddie); and fall armyworm (FAW),
Spodoptera frugiperda (J. E. Smith). Insect (neonates and third instars) susceptibility was
evaluated on Bt and non-Bt corn plants (V6 and R1 stages) in field plots and plant tissue in
laboratory studies. Bt corn hybrids with MON810 and CBH351 transformation events sustained
significantly (P < 0.05) less injury caused by SWCB, SCB, and FAW during infestations at midwhorl stage. SWCB, SCB, and CEW infestations during silking stage were significantly reduced
in Bt hybrids with the MON810 event. However, CEW infestations at silking stage were not
significantly (P > 0.05) reduced in the Bt hybrid with the CBH351 event compared to respective
non-Bt equivalent hybrid. Performance of BT11 and 176 events against CEW infestations at
silking stage was not consistent under observed field conditions. SWCB and SCB were highly
susceptible to the MON810 event in leaf tissue experiments. However, consistency in
performance of the MON810 event against SWCB and SCB varied among Bt hybrids containing
that event. SCB expressed less susceptibility to leaf tissue containing the CBH351 event than to
leaf tissue with the MON810 event. Plant resistance to SWCB and SCB attack increased as
plants matured, independent of the presence of a Bt construct. Higher CEW survival was
observed on Bt silks than on Bt leaves regardless of Bt event. Economic returns above
technology fee were consistently observed in central and most areas of northeast Louisiana.
Economic returns in northwest Louisiana were highly dependent on corn market prices. Under
growing conditions and investment levels observed, soybeans and in some cases grain sorghum
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production might offer higher economic benefits compared to Bt corn production for late-crop
planting in some areas of Louisiana.
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CHAPTER 1

INTRODUCTION

Field corn (Zea mays L.), known as maize throughout most of the world, is one of the
most important crops worldwide and is grown commercially in over 100 countries (Agriculture
and Biotechnology Strategies, Inc. 2001). It is a staple food in Asia, Africa, and the Americas
(Maredia and Mihm 1991). Corn is the most valuable cereal crop grown in the United States
(U.S. Department of Agriculture 2001b). In 2000, area planted to corn in the United States was
30.2 million ha. (74.5 million acres). U.S. production in 2000 was 253 million metric tons (U.S.
Department of Agriculture 2001b). In the same year, Louisiana harvested 149,739 ha. (370,000
acres) of corn for grain representing a production value of $73 million (Zapata and Frank 2001).
Growing conditions in southeastern United States are favorable for the development of
insect populations that impact corn production. The most important lepidopterous insect pests
commonly causing economic losses in corn in this region include the southwestern corn borer
(SWCB), Diatraea grandiosella Dyar (Lepidoptera: Crambidae); sugarcane borer (SCB),
Diatraea saccharalis (F.) (Lepidoptera: Crambidae); corn earworm (CEW), Helicoverpa zea
(Boddie) (Lepidoptera: Noctuidae); and fall armyworm (FAW), Spodoptera frugiperda (J. E.
Smith) (Lepidoptera: Noctuidae) (Phillips and Barber 1931, Sparks 1986, Williams et al. 1989,
Williams and Davis 1990, Thome et al. 1992, Kumar and Mihm 1996, Davis et al. 1998).
Status of Pests
SWCB has been the subject of extensive work by corn researchers (International Maize
and Wheat Improvement Center 1989, Mihm 1997). This important corn borer species is
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distributed in at least 16 southern and southwestern states across the United States and Mexico
(U.S. Animal and Plant Health Inspection Service 1976, Williams et al. 1998a). There are two or
more SWCB generations per year in the southeastern United States (Williams and Davis 1983).
Therefore, corn plants are attacked at different stages of development (Williams et al. 1983).
Corn is attacked during the whorl (first-generation SWCB) and anthesis (second-generation
SWCB) stages of growth (Davis and Williams 1983, Williams et al. 1998a). Yield loss is the
result of a combination of whorl feeding, stalk tunneling, ear leaf-sheath and husk feeding, and
girdling (Arnold et al. 1970, Davis et al. 1972, Scott and Davis 1976, Williams et al. 1998a).
Yield loss estimates caused by this pest range from 1 to 12.7% annually in some states (Wiseman
and Morrison 1981).
SCB is another insect pest that affects corn in some areas of southern United States,
Central, and South America (Kumar and Mihm 1996). It is especially important in sugarcane(Saccharum spp.) and rice- (Oryza sativa L.) producing areas of the southeastern United States
(Dicke 1977). In addition, SCB is one of the most important corn borers in Mexico and many
other Latin American countries (Maredia and Mihm 1991). SCB larvae attack corn at all growth
stages and feed on whorl leaves, midribs, and sheaths before tunneling into stalks and ears
(Dicke 1977). Cummulative injury can cause yield losses of 40 to 50% (Floyd et al. 1960).
CEW has been an economic pest to southern U.S. agriculture since the early nineteenth
century (Phillips and Barber 1931). It is a polyphagous insect that infests more than 70 plant
species (Kring et al. 1993). CEW distribution includes the entire corn-growing region in the
United States (Wiseman and Davis 1990). The first seasonal generation of CEW larvae in corn
attacks whorl leaves and emerging tassels. The second seasonal generation of larvae feeds on
corn silks, ear tips, and developing kernels (Wiseman and Davis 1990). A third seasonal
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generation may cause damage to late-planted corn. However, as corn plants senesce and become
unattractive, CEW moths oviposit on more susceptible crops in the surrounding area such as
grain sorghum, Sorghum bicolor (L.) Moench, soybean, Glycine max (L.) Merrill, and cotton,
Gossypium hirsutum L., where economic damage may be devastating (Dicke 1977, Wiseman and
Morrison 1981). The rapid expansion of corn planted area within the traditional cottonproduction region was considered a major event that increased problems and control costs due to
dispersal of CEW from field corn to the more susceptible cotton crop (Rogers 1989). Field corn
yield losses caused by CEW in the United States have been calculated around 2.5% annually
(Wiseman and Davis 1990) and up to 16.7% in some corn hybrids (Widstrom et al. 1989).
FAW is a destructive pest on several economically important crops in North America.
FAW is a major pest of corn in the southern United States and tropical America (Sparks 1986,
Davis et al. 1998). FAW adults overwinter in southern Florida, southern Texas, and South
America (Sparks 1979). Northward migration occurs during the spring and summer (Sparks
1979). FAW feeds extensively on whorl-stage corn and skeletonizes the leaves of plants in all
developmental stages causing significant yield reductions. (Williams and Davis 1990, Williams
and Davis 1997a, Williams et al. 1998b). Corn yield losses caused by FAW are considered to be
around 2% annually in the United States (Wiseman and Morrison 1981).
Management Practices
Control measures frequently recommended for southern lepidopterous corn pests are
based on cultural practices such as destruction of crop residue, early planting, use of early
maturing cultivars, and soil fertilization (Rogers 1989, McMillian et al. 1976). The most
common cultural strategy is the destruction of corn stubble by fall and winter plowing (Dicke
1977, Rogers 1989). This practice seeks to reduce overwintering population densities of CEW
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and corn borers such as the SWCB and SCB. However, stubble destruction is effective only if
implemented as a uniform, regional practice (Archer et al. 1983). In addition, destruction of crop
residue is becoming a less common practice as crop producers increasingly adopt reduced and
non-tillage farming systems. The effects of natural enemies and other biotic factors to control
insect pests in corn are minimal and do not prevent economic damage (Caron et al. 1978,
Chippendale 1979, Kring et al. 1993, Archer and Bynum 1994, Calvin et al. 1997).
Pesticide use represents an important strategy to reduce damage caused by corn borers
and FAW in the United States (Wiseman and Morrison 1981, Wood et al. 1981, Rogers 1989).
However, a literature survey by Gianessi and Carpenter (1999) indicated that only 5% of the U.S.
corn planted area was sprayed for corn borers in 1995. In addition, only 6% of the corn area
planted in southeastern United States in 1997 was sprayed with insecticides for corn borers
(Gianessi and Carpenter 1999). Much of the apparent reluctance to use insecticides in corn
against corn borers is due to several factors such as cost and difficulty of scouting, undetected
damage (larval damage is hidden), desire to cap total input cost, especially if benefits from
insecticide actions are perceived to be smaller compared to other competing corn field activities
(Gianessi and Carpenter 1999). An effective chemical control of corn borers depends heavily on
a critical time of application before larvae move into the ear and stalks. The main reason for
opting not to use insecticides to control corn borers is the difficulty of properly timing insecticide
applications (Heinemann et al. 1992). Chemical control of second-generation SWCB may be
prohibitively expensive (Moulton et al. 1992). Furthermore, insecticide use increases public
concern of insecticides as environmental hazard (Davis et al. 1973) and increases the chances of
developing insecticide resistance. Despite the use of conventional insecticides, about 10% of the
U.S. corn crop yield is still lost to insect pest damage (Wiseman and Morrison 1981).
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Corn lines with varying levels of resistance to insects have been released and represent an
attractive and economic means of reducing crop yield losses (Williams and Davis 1984 and
1997a, Wiseman 1997, Kumar and Mihm 1996, Kumar 1997). Significant research advances
during the past 30 years resulted in the release of corn lines with resistance to SWCB and SCB
leaf and stalk feeding (Maredia and Mihm 1991, Thome et al. 1992, Williams and Davis 1997b,
Williams et al. 1998c, Abel et al. 2000), CEW (Williams et al. 1998b, Abel et al. 2000), and
FAW (Williams et al. 1997, Abel et al. 2000). However, most of the success in the selection for
resistance to corn borers has been accomplished for whorl stage infestations (Davis et al. 1989).
Resistance to insect attack after anthesis has not been identified (Williams and Davis 1983,
Williams et al. 1998a). Furthermore, resistant lines were developed from a common Antigua
germplasm, thus, representing a narrow genetic base (Williams et al. 1997).
Transgenic Technology
The development of genetic transformation technology in crops (Boulder 1993) allowed
corn plants to express genes that encode insecticidal proteins from the bacterium Bacillus
thuringiensis Berliner, commonly referred to as Bt (Koziel et al. 1993). Such genes are called
transgenes because they were asexually transferred from one species to another (Andow and
Hutchison 1998). Therefore, transgenic has become a common term used to describe an
organism that has been modified by genetic engineering to contain DNA from an external source
(Betsch 1998). Transgenic corn plants expressing the Bt delta-endotoxin are referred to as Bt
corn. Bt corn was originally developed and tested successfully for resistance to the European
corn borer, Ostrinia nubilalis Hübner, which is a major economic pest in Europe, temperate
North America (Corn Belt), and in some areas of southern United States (Thome et al. 1992,
Williams et al. 1998b, Huang et al. 1999). Bt corn hybrids also have been transformed and
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selected for insecticidal activity against SWCB, SCB, CEW, and FAW (Bohorova et al. 1999).
B. thuringiensis is a soilborne bacterium with natural worldwide distribution that produces
crystal-like proteins (therefore, referred to as Cry proteins) that kill specific groups of insects
(Ostlie et al. 1997). Once ingested, the protein is activated to its toxic form as a stomach poison.
Various Bt strains have been used as biological insecticides since 1938 to control several insect
pests in agriculture (Estruch et al. 1997).
In May 1995, the U.S. Environmental Protection Agency (EPA) granted the first
conditional registration to Ciba Seeds (now part of Syngenta Seeds, Inc., Golden Valley, MN)
and to Mycogen Plant Sciences (Mycogen Seeds, St. Paul, MN) for the commercial production
of Bt corn hybrids that express the insecticidal delta-endotoxin Cry1A(b) derived from B.
thuringiensis subspecies (subsp.) kurstaki (U.S. Environmental Protection Agency 1998). The
initial Bt corn hybrids were commercially available in 1996. Global acreage of Bt corn increased
to 10.3 million ha. (25.5 million acres) in 2000 (James 2000). In 2000, global Bt corn acreage
represented 23% of total transgenic crops planted, second to transgenic soybeans, which had
58% of all transgenic crop acreage (James 2000). Bt corn represented 7% of the 140 million ha.
(346 million acres) of global corn area planted in 2000 (James 2000). Adoption of Bt field corn
relative to total planted corn area in the United States was 0.16 million ha. (0.4 million acres) or
1% in 1996, 1.78 million ha. (4.4 million acres) or 6% in 1997, 5.87 million ha. (14.5 million
acres) or 18% in 1998, and 8.01 million ha. (19.8 million acres) or 26% in 1999 (U.S.
Environmental Protection Agency 2000).
Bt transgenic technology in crops is an important new tool for managing pests in
agriculture (Fischhoff 1996). The development of Bt corn technology solved common problems
observed with synthetic insecticides and conventional Bt insecticides. The Bt corn plant has a
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built-in system that consistently delivers the Cry protein to the pest target throughout the
growing season. Therefore, management problems such as critical application timing, poor
coverage of a sprayed insecticide on a crop surface, rapid heat and UV-radiation degradation of a
sprayed Bt toxin, as well as reduced toxicity against older larvae were eliminated (Ostlie et al.
1997, Pilcher et al. 1997). Bt proteins expressed in current commercially available Bt corn
hybrids are highly selective in killing larvae of Lepidoptera. According to Bauer (1995) and
Ostlie et al. (1997), Bt proteins are not toxic to beneficial insects, people, domestic animals,
aquatic organisms, and wildlife, and have no detrimental effects on the environment.
More than 100 Cry proteins from B. thuringiensis have been isolated and studied (Andow
and Hutchison 1998). Unique Cry protein genes are obtained from different subsp. of B.
thuringiensis. Several of the isolated proteins have selective insecticidal properties against
specific insect species. As a result, not all commercially available Bt corn hybrids express the
same insecticidal protein. Bt corn hybrids containing and expressing one of four proteins,
Cry1A(b), Cry1A(c), or Cry9C, and Cry1F have been developed and made commercially
available since 1996. Previous research showed that individual Bt proteins express varying levels
of toxicity against lepidopterous pests of southern corn including the SWCB, CEW, FAW (Ostlie
et al. 1997, Williams et at. 1997 and 1998b), the armyworm, Pseudaletia unipuncta (Haworth),
and stalk borer, Papaipema nebris (Guenée) (Pilcher et al. 1997). In addition to expressing a
specific Cry protein, Bt corn plants may not express the protein uniformly throughout the plant,
nor continuously throughout the crop season. Cry genes from B. thuringiensis are randomly
inserted into plant chromosomes at different insertion sites via microprojectile bombardment
using a particle gun technique (Betsch 1998, Bohorova et al. 1999). Before a Bt gene is inserted
into a corn chromosome, a promoter is attached to the gene. A promoter is a DNA sequence that
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regulates where, when, and to what degree an associated Cry gene is expressed (Ostlie et al.
1997). A successful insertion of the new genetic package containing the modified Bt gene into a
plant is called a transformation event (Rice and Pilcher 1998). Different transformation events in
corn provide varying levels of protein expression and thus different levels of resistance to insect
pest targets (Williams et al. 1997). In addition, the selection of a promoter to carry on the
transformation will largely determine which plant part will produce the Cry protein (Koziel et al.
1993). Therefore, an understanding of transformation events and how they alter insecticidal
protein expression in a plant is essential when selecting Bt corn hybrids against specific target
pests (Ostlie et al. 1997). Appendix A shows a list of Cry proteins, subsps. of B. thuringiensis,
promoters, and transformation events used in commercial Bt corn hybrids since 1996.
The environmental benefits of Bt corn may appear to be small when compared to the
considerable environmental benefits readily observed with Bt technology in heavily sprayed
crops such as cotton (National Research Council 2000). The environmental impact of Bt corn is
frequently compared to a corn system in which no insecticides are applied to control
lepidopterous pests (National Research Council 2000). However, insecticide use in U.S. corn in
1995 before the introduction of Bt corn was 6.1 million kg (13.5 million lb) in a surveyed area of
25.9 million ha. (64.1 million acres). Insecticide use in U.S. corn in 2000 was 4.5 million kg (9.8
million lb) across a surveyed area of 29.8 million ha. (73.7 million acres) (U.S. Department of
Agriculture 1996 and 2001a). Total insecticide usage in corn was reduced by more than 1.6
million kg (3.7 million lb) in a 5-year period across larger corn acreage. Approximately one half
of the reduction in the use of major insecticides in corn is attributed to the use of Bt corn
(Gianessi and Carpenter 1999). However, there is a rising concern of the potential development
of Bt resistance in targeted and secondary pests (Huang et al. 1997, Hutchison 1998, U.S.
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Environmental Protection Agency 1998 and 2001). The rapid deployment of B. thuringiensis
through Bt crops and other modes of delivery will likely increase selection pressure for Bt
resistance in pest populations (Siegfried et al. 2000). The development of resistance in target pest
populations threatens the usefulness of B. thuringiensis technology in Bt crops and in other Bt
based products (Marçon et al. 1999). Concerns for development of resistance to conventional
pesticides has led to the formulation of pesticide resistance management strategies (National
Research Council 1986). The goal is to develop approaches for pest control that will maximize
long-term benefits (National Research Council 1986). Particular concerns are focused in the
potential development of resistance in CEW in southeastern United States, where CEW
populations may be frequently exposed to increased levels of selection pressure through
exposure to Bt corn and Bt cotton (where it is called bollworm) in alternate generations
(International Life Sciences Institute 1998). Pesticide resistance management includes actions
designed for transgenic crops such as Bt corn (Andow and Hutchison 1998). The possibility of
resistance development in Bt crops prompted the EPA to require private industries to implement
resistance management strategies. The most widely used and accepted tactic for resistance
management in Bt corn and other Bt transgenic crops is based on two core strategies: Refuge
areas and high-dose expression (Ostlie et al. 1997, National Research Council 2000). EPA
established specific refuge requirements that must be adopted by producers using Bt corn
technology. The purpose is to prolong the valuable usefulness of Bt corn technology and slow
down resistance development in target and non-target organisms (U.S. Environmental Protection
Agency 1998 and 2001). A refuge is an area planted to a non-toxic host plant (i.e. non-Bt corn)
where Bt-susceptible pests can survive and produce a local population of susceptible individuals
to ideally mate with resistant survivors from Bt corn, thus, maintaining susceptibility in the
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population (Ostlie et al. 1997, Pilcher and Rice 2001). A refuge crop consists of isogenic plants
that are genetically similar to the Bt crop, except that they do not have the B. thuringiensis gene
(Pilcher and Rice 2001). Similar agronomic attributes between the Bt crop and its non-Bt
equivalent plants facilitate crop management practices. In addition, commercial Bt corn hybrids
are required to express a high dose of the Bt protein. A high dose is defined as the expression of
at least 25 times the amount of B. thuringiensis protein required to kill 99% of susceptible insects
(Scientific Advisory Panel 1998). The premise behind the high-dose strategy is to kill all
recessive and resistant heterozygous individuals to further delay the development of resistance.
Detailed studies of economic benefits of Bt corn technology are reported for midwestern
corn areas in the United States (Rice and Pilcher 1998, Hyde et al. 1998). These studies suggest
that economic returns of Bt corn in main corn producing states (Corn Belt) are not guaranteed.
Economic benefits are realized only if a population density of ECB is large enough to cause an
economic yield loss greater than the technology fee invested (Rice and Pilcher 1998). The
continuing expansion of Bt corn into southern corn areas prompted the need to develop economic
studies on the potential benefits of Bt corn under the specific growing conditions observed in
southeastern United States.
Rationale
Bt corn technology is expanding rapidly into southern United States. In February 1999,
the EPA granted southern corn producers access to Bt-corn technology by allowing them to plant
a maximum of 50% of their corn acreage to Bt hybrids expressing the Cry1A(b) protein with the
MON810 event (U.S. Environmental Protection Agency 2001, see Appendix B). In addition, the
EPA issued amended conditional registrations for Bt corn expressing the Cry1A(b) protein
through BT11 and MON810 events. The amended registration will automatically expire on
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midnight 15 October, 2008 (U.S. Environmental Protection Agency 2001). Furthermore, new
commercial elite hybrids expressing Bt genes become available each growing season with novel
transformation events. Insect pest survival differences among transformation events are more
critical where late-season pests such as SWCB, SCB, CEW, and FAW can destroy a corn crop.
Therefore, the effects of Bt corn events and hybrids on southern corn pests are extremely
important. Expression of Bt Cry protein, thus the level of insect control acquired, depends on the
choice of transformation event (Ostlie et al. 1997, Williams et al. 1997). Consequently, all
transformation events need to be evaluated in field and laboratory tests for performance against
infestations of the important pests of an area (Williams et al. 1997).
Limited information exists in the southeastern United States on the effect of transgenic Bt
corn on economically important pests in this region. Studies are needed in Louisiana, where
environmental factors and farming practices frequently lead to the buildup of economic
populations of specific insect pest complexes in corn, which affect corn production and might
influence production in other important crops such as cotton. In addition, no information exists
on the economics of Bt corn in Louisiana where large lepidopterous pest densities in recent years
drastically impacted conventional corn yields. Even though Bt corn technology is expanding into
Louisiana main corn areas, efficacy and economics of Bt corn have not been closely evaluated in
this state. Studies presented in this dissertation intent to address common questions on
effectiveness and economic value of Bt-corn technology under Louisiana conditions. The
information will hopefully improve decisions regarding the use of Bt transgenic corn in southern
states and help adjust current integrated pest management strategies for corn production in the
U.S. southeastern region.
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CHAPTER 2

EVALUATION OF BACILLUS THURINGIENSIS TRANSGENIC FIELD CORN FOR
MANAGEMENT OF SOUTHWESTERN CORN BORER AND SUGARCANE BORER
(LEPIDOPTERA: CRAMBIDAE)
Introduction
The southwestern corn borer (SWCB), Diatraea grandiosella Dyar, is a major pest of
corn (Zea mays L.) in the southern United States (Kumar and Mihm 1996, Davis et al. 1998).
The first generation of SWCB in corn normally consists of low population densities and results
in minimal damage (Whitworth et al. 1984). Moths emerge during the spring and oviposit on
whorl-staged corn. The first generation of SWCB larva damages corn by whorl feeding and stalk
tunneling. Neonates begin feeding on corn whorl tissue for approximately 10 d before entering
the stalks to complete their larval development until pupation (Williams et al. 1983, Davis et al.
1998). The second-generation SWCB attack corn during anthesis stage and begin feeding on
husks of the primary ear and ear shoots for approximately 7 to 9 d (Davis et al. 1972). Feeding
continues on developing kernels, cob, and ear shank. The larvae then move into the stalks and
begin tunneling during 15 to 20 d (Arnold et al. 1970, Davis et al. 1972, Davis and Williams
1983, Scott and Davis 1976, Williams et al. 1998a). At the end on the corn season, prediapausing larvae migrate to the plant crown region below the soil surface to overwinter. Many
SWCB larvae girdle the stalk just above the soil level while building an overwintering chamber
(Chippendale 1979). Girdling damage distinguishes SWCB injury from that of the European
corn borer (ECB), Ostrinia nubilalis (Hübner) and the southern cornstalk borer, Diatraea
crambidoides (Grote) that do not girdle the plant (Davis et al. 1973). Girdling is observed mostly
in late-planted corn where it increases plant lodging and yield loss (Davis et al. 1973, Scott and
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Davis 1976, Inglis et al. 2000). SWCB primary damage to corn is caused by the cumulative
injury from the second-generation larvae (Whitworth et al. 1984).
The sugarcane borer (SCB), Diatraea saccharalis (F.), damages corn in some areas of
southern United States, Central, and South America (Maredia and Mihm 1991, Kumar and Mihm
1996). It causes similar injury to the corn plant as the SWCB except for the girdling damage.
SWCB and SCB are the most important borers frequently affecting corn production in Louisiana.
SWCB and SCB control in corn in Louisiana relies mainly on destruction of corn stubble
soon after harvest to destroy overwintering sites and on early planting (March 1st to April 15th) to
allow the crop mature before SWCB and SCB populations increase (Baldwin et al. 2002).
Transgenic corn plants expressing the Bacillus thuringiensis delta-endotoxin (Bt corn)
have been studied for insecticidal activity against southern insect pests including the SWCB and
SCB. Interest in Bt corn increased in recent years after mild winters and reduced tillage practices
favored survival of overwintering corn borer populations. Previous studies in Texas indicated
that MON810, BT11, and CBH351 events provided good control against SWCB and ECB shank
tunneling and ear feeding compared to non-Bt corn (Archer et al. 2001). However, the event 176
did not provide significant control of shank tunneling and ear-feeding injury (Archer et al. 2001).
Further evaluations indicate that transgenic Bt corn hybrids expressing the Cry1A(b) protein
through the BT11 event sustained significantly less leaf-feeding injury caused by SWCB in field
tests compared to resistant and susceptible non-Bt corn hybrids (Williams et al. 1997). Larval
growth and survival were significantly reduced on Bt corn in field experiments (Williams et al.
1997). High mortality of SWCB larvae occurred when larvae fed on diets containing lyophilized
Bt corn leaf and husk tissue (Williams et al. 1997 and 1998b). Bt corn expressing the Cry9C
protein with the CBH351 event controlled two SWCB generations attacking corn in Kansas
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(Buschman et al. 1997). In addition, Cry9C protein carries the advantage of binding at different
sites in the midgut of susceptible insects than other commonly used Bt proteins such as the
Cry1A family proteins (Lambert et al. 1996), therefore, reducing the possibility of crossresistance. However, Ostlie et al. (1997) reported that Cry9C with the CBH351 event provided
less control than Cry1A(b) protein with BT11 and MON810 events. Studies by Huang et al.
(1999) on ECB revealed that fifth-instar larvae are more resistant to the Bt toxin than third- or
fourth-instar larvae. In like manner, Huarong et al. (2001) reported that ECB larvae feeding on
different excised tissue from whorl- and tassel-staged Bt corn expressing the Cry1A(b) protein
exhibited close to 100% larval mortality in first and second instars after 5 d of feeding exposure.
However, 10 to 50% survival was observed on third instars after 5 d of feeding exposure.
The build-up of devastating borer populations in Louisiana underscores the need to
generate information on the effect of Bt corn hybrids, Bt Cry proteins, and Bt events on SWCB
and SCB. Extensive studies have recorded the effects of Bt corn on ECB in the Midwestern
United States. However, limited research has been conducted on the effectiveness of Bt corn in
southeastern United States. Little reliable data are available to support the use of commercially
available Bt corn hybrids as an effective tool to control the SWCB-SCB pest complex.
Furthermore, native populations of SWCB and SCB in Louisiana are variable and mixed.
Therefore, controlled SWCB and SCB infestation studies could be useful to evaluate Bt event
performance to manage each species. Expression of Bt Cry proteins, thus the level of insect
control acquired, depends on the choice of transformation event (Ostlie et al. 1997, Williams et
al. 1997), Consequently, all transformation events need to be carefully evaluated in field and
laboratory conditions for effectiveness against infestations of the important corn borers in
Louisiana. Therefore, the objectives of this study were to assess the effectiveness of different Bt
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corn events in controlling first-generation and second-generation SWCB and SCB with artificial
infestations under field conditions; to study survival rates of SWCB and SCB larvae feeding on
excised Bt corn leaf tissue under controlled laboratory conditions; and to evaluate the field
performance of recommended Bt corn hybrids with the MON810 event exposed to native corn
borer populations under irrigated and non-irrigated field conditions.
Materials and Methods
Injury to Bt and non-Bt corn hybrids caused by SWCB and SCB was evaluated in three
different arrays of experiments each year in 1999 and 2000. The arrays consisted of field tests
where SWCB and SCB were artificially infested to Bt and non-Bt corn at two different
phenological stages; SWCB and SCB larval survival studies; and field tests evaluating Bt and
non-Bt hybrids against native infestations of corn borers under irrigated and non-irrigated
conditions. All field and laboratory experiments were conducted at the Macon Ridge location of
the Northeast Research Station near Winnsboro, Franklin Parish, Louisiana.
Field Infestations of Southwestern Corn Borer and Sugarcane Borer
Field plots. During 1999 and 2000, the experiments were planted in a split-plot design. Corn seed
brands were used as main plots and corn hybrids (Bt and non-Bt hybrids) as subplots. A
randomized complete block design (RCBD) structure with four blocks was used for the main plot
experimental units. Each Bt corn hybrid was planted adjacent to a respective parental non-Bt
hybrid to reduce potential variability due to spatial effects. In 1999, seed brands and corn hybrids
were arranged in a 4x2-factor factorial treatment arrangement, making a total of eight treatment
combinations (Table 1). In 2000, seed brands and corn hybrids were arranged in a 3x2-factor
factorial treatment arrangement, making a total of six treatment combinations (Table 1). Plots
(7.6 m long and 1.0 m between rows) consisted of 4 rows per main plot and 2 rows per subplot.
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Table 1. Field Corn Hybrids Used in Artificial Infestations and Laboratory Survival
Experiments in 1999 and 2000.
Seed brands

Corn hybrids

Bt protein

Trademark1

MON810

Cry1A(b)

YieldGard®

-----

-----

-----

MON810

Cry1A(b)

YieldGard®

-----

-----

-----

MON810

Cry1A(b)

YieldGard®

-----

-----

-----

Bt event
1999

Pioneer

Pioneer 31B13
Pioneer 3223

Pioneer

Dekalb Genetics

Garst Seeds

Pioneer 33V08
Pioneer 3394
Dekalb 679BTY
Dekalb 679
Garst 8366BT
Garst 8366

CBH351
-----

Cry9C

StarLink®

-----

-----

MON810

Cry1A(b)

YieldGard®

Pioneer 3223

-----

-----

-----

Garst 8366BT

CBH351

2000
Pioneer

Garst Seeds

Golden Acres
1

Pioneer 31B13

Cry9C

StarLink®

Garst 8366

-----

-----

-----

X6046BT

MON810

Cry1A(b)

YieldGard®

-----

-----

-----

X6047

YieldGard® is a trademark of Monsanto (Monsanto Agricultural Company, Agricultural
Research and Development, St. Louis, MO). StarLink® is a trademark of Aventis, formerly
AgrEvo (Aventis Crop Science, Research Triangle Park, NC).
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The experiments were planted in a loessial soil (Gigger Gilbert silt loam) with conventional
tillage practices using a John Deere 7300 planter (John Deere, Moline, IL). Experiments were
planted on 17 May and 11 June, 1999, and 15 May and 12 June, 2000. Multiple planting dates
per year increased the opportunity for crop susceptibility within the appropriate physiological
stages when larvae were available for infestation. Terbufos (Counter 20CR®; American
Cyanamid Co., Princeton, NJ) was applied as in-furrow granules at planting at 1.121 kg/ha to
provide protection from soil insects. Furrow supplemental irrigation was provided as needed.
Other agronomic practices common to the production region were used to manage the crop.
Insects. SWCB egg masses were obtained from colony-reared strains in 1999 (USDA-ARS,
Mississippi State, MS) and in 2000 (Pharmacia, Union City, TN). The Pharmacia colony
originated from the USDA-ARS, Mississippi State colony. Rearing and maintenance for the
Mississippi State colony follow procedures described by Davis (1989). SCB egg masses for 1999
and 2000 were obtained from a colony-reared strain (USDA-ARS, SRRC, Sugarcane Research
Unit, Houma, LA).
Eggs and larval handling procedures. Upon receipt, egg masses were held at 26.6 °C (80 °F) for
approximately 4 to 5 d until black-heading (when the black head capsule of the unhatched larva
is visible through the chorion). At this time, egg masses were placed into hatching containers
made of transparent 1.0 qt (1.0 liter) wide-mouth Mason jars (Ball®; Alltrista Corporation,
Muncie, IN) and placed in complete darkness to prevent clumping of larvae. Hatching was
completed 18 to 24 h after black-heading. Once all larvae hatched, # 2040 corn-cob grits (Cob
Division, Anderson Company, Maumee, OH) were added into the hatching container and gently
mixed with neonate larvae. Larvae/grit mixture was emptied into a plastic dishpan to allow easy
removal of oviposition papers. The contents of the dishpan were further mixed for two minutes
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to blend larvae into the grit. The mixture was emptied into a plastic dispensing devise commonly
referred to as a “bazooka” (Davis and Oswalt 1979). About 10 bazooka shots were metered out
to calibrate for the delivery of a desired amount of neonate larvae. Corncob grits or larvae were
added accordingly until approximately 15 neonate larvae were delivered per bazooka shot.
Infestation procedures. Once larvae and grits were mixed and calibrated in bazookas, they were
immediately taken to the field for infestation. Neonate SWCB and SCB larvae were infested at
mid-whorl and at silking corn stages (also referred to as V6 and R1 stages, respectively, Ritchie
et al. 1993) in an effort to target the two susceptible corn stages (mid-whorl and silking) for corn
borer infestations in Louisiana. SWCB and SCB were infested into corn at mid-whorl (V6) stage
on 7 July and 12 July, respectively, in 1999, and 11 July and 12 July, respectively, in 2000. A
total of 15 plants on each of rows one and two per subplot were infested with SWCB and SCB
neonate larvae, respectively. Field infestation procedures followed the methods outlined by
Davis et al. (1989) for SWCB. This procedure also was used to infest SCB larvae. Two
applications of approximately 15 neonate larvae each were delivered directly into the whorl of
each plant for a recommended (Williams et al. 1983) total of 30 neonate larvae per plant. In
addition, SWCB and SCB also were infested into corn at silking (R1) stage on 20 July and 13
July, respectively, in 1999, and 11 July and 15 July, respectively, in 2000. A total of 15 plants in
row one and 15 plants in row two per subplot were infested with SWCB and SCB neonate larvae,
respectively. Infestation procedures were similar to those described by Davis and Williams
(1994) and consisted of three consecutive applications of 15 neonate larvae each deposited
directly in the axil of the uppermost ear leaf and the leaf axils one above and one below the ear
leaf, respectively, for a total of 45 neonate larvae per plant.
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Evaluation procedures. Plants infested at mid-whorl (V6) stage were evaluated on 20 July and 26
July, 1999 (SWCB and SCB, respectively), and on 28 July, 2000 (both SWCB and SCB).
Feeding injury evaluations for corn infested at mid-whorl (V6) stage were conducted in the field
by using a visual leaf-feeding rating scale developed by Guthrie et al. (1960) for ECB. Leaffeeding injury caused by ECB is similar to those caused by SWCB and SCB. Therefore, the
visual scale developed by Guthrie et al. also can be used for evaluating leaf-feeding injury
caused by SWCB (Davis et al. 1989) and SCB (F. Davis, USDA-ARS, personal communication,
April 1999). The scale assigns leaf-feeding injury scores within a range of 1 to 9 (Table 2).
Plants infested at silking (R1) stage were evaluated on 4 August and 28 July, 1999 (SWCB and
SCB, respectively), and on 31 July and 1 August, 2000 (SWCB and SCB, respectively).
Evaluation of SWCB feeding injury to corn infested at silking (R1) stage followed the
procedures developed by Davis and Williams (1994). Stalks of infested plants were manually
severed just below the node containing the uppermost ear and at the internode above that ear.
Stalks were transported to the laboratory to rate the type and size of lesions to the leaf sheaths
and ear husks. Because leaf sheath and husk injury caused by SWCB is very similar to those
caused by the SCB, the evaluation procedure also was used for rating SCB feeding injury to corn
infested at silking (R1) stage. Injury rating scores for corn infested at silking (R1) stage were
based on a visual scale from 0 to 9 for damage to a single leaf sheath (Table 3) and to three husks
per ear (Table 4).
Data analysis. Data were analyzed as a split-plot with each Bt corn hybrid and the respective
parental non-Bt hybrid nested within each seed brand. Preliminary diagnostics revealed standard
deviations proportional to means in some variables measured. In such cases, a logarithmic
transformation was used to stabilize the variance. The log (x + 1) transformation was used

27
Table 2. Visual Rating Scale Used to Evaluate Leaf-Feeding Injury Caused by SWCB and
SCB to Corn Infested at Mid-Whorl (V6) Stage.1
Score

Type of injury
No visible leaf injury or a small amount of pin or fine shot-hole type of injury on a

1

1

few leaves.

2

Small amount of shot-hole type lesions on a few leaves.

3

Shot-hole injury common on several leaves.

4

Several leaves with shot-hole and elongated lesions.

5

Several leaves with elongated lesions.

6

Several leaves with elongated lesions about 2.5 cm long.

7

Long lesions common on about one-half of the leaves.

8

Long lesions common on about two-thirds of the leaves.

9

Most leaves with long lesions.

Adapted from Guthrie et al. 1960.
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Table 3. Visual Rating Scale Used to Evaluate Leaf-Sheath Feeding Injury Caused by
SWCB and SCB to Corn Infested at Silking (R1) Stage.1
Score

Type of injury

0

No visible damage.

1

Only pin-hole lesions.

2

Pin-holes plus a few small, circular lesions.

3

Pin-holes and small, circular lesions or a few small, elongated lesions or both.
Several to many small, elongated lesions or up to several mid-sized, elongated

4

lesions, or both.
Mid-sized, elongated lesions plus a few large, elongated lesions or small uniform-to-

5

irregular lesions.
Several large, elongated lesions or several small to a few mid-sized, uniform-to-

6

irregular lesions, or both.
Many large, elongated lesions or small uniform-to-irregular lesions, or several mid-

7

sized to a few large uniform-to-irregular lesions, or a combination.
Elongated lesions of all sizes or small to mid-sized uniform-to-irregular lesions or

8
9
1

several large, uniform-to-irregular lesions, or a combination.
Many lesions of all types present.

Source: Davis and Williams 1994.
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Table 4. Visual Rating Scale Used to Evaluate Ear-Husk Feeding Injury Caused by SWCB
and SCB to Corn Infested at Silking (R1) Stage.1
Score

Type of injury

0

No visible damage.

1

Only pin-holes present.

2

Pin-holes plus a few small, circular lesions.
Pin-holes and small, circular lesions common on husks or a few small, elongated

3

lesions or both.
Several to many small, elongated lesions or up to many small, elongated lesions or

4

up to several mid-sized, elongated lesions, or both.
Many mid-sized, elongated lesions or a few large, elongated lesions or a few small

5

uniform-to-irregular lesions or a combination.
Several large, elongated lesions or a few small or mid-sized, uniform-to-irregular

6

lesions, or both.
Many large, elongated lesions or small to mid-sized, uniform-to-irregular lesions, or

7

1

a few large uniform-to-irregular lesions, or a combination.

8

Many lesions of all types on two of the three husks.

9

Many lesions of all types on each of the husks.

Source: Davis and Williams 1994.
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because of some zero values in the data (Little and Hills 1978, Steel and Torrie 1980, Neter et al.
1990). Transformed values were tested for normality using the Shapiro-Wilk test of the PROC
UNIVARIATE (SAS Institute Inc. 2001). Means in tables are from non-transformed data. Data
were subjected to ANOVA using the SAS MIXED procedure (Littell et al. 1996) which uses the
Tukey-Kramer’s mean separation test to ensure a family confidence level of α = 0.05 (SAS
Institute Inc. 2001). Differences between Bt and non-Bt hybrids within each seed brand were
compared using the CONTRAST statement in PROC MIXED (Littell et al. 1996).
Laboratory Studies with Southwestern Corn Borer and Sugarcane Borer
Plant material. Leaf tissue was obtained from selected Bt and non-Bt corn hybrids (Table 1)
planted on 8 July, 1999, and 11 July, 2000. Field plot management followed practices described
in the previous section for field infestations.
Larval handling procedures. SWCB and SCB egg masses were obtained from laboratory colonies
as explained in the previous section for field infestations. Larvae hatching from eggs were
provided a soybean-wheat germ-based laboratory diet (Heliothis Premix®, Stonefly Industries,
Bryan, TX) in individual 29.6-ml plastic cups with matching lids. Larvae were allowed to feed
on artificial diet until the third-instar stage. Third-instar larvae were used in all laboratory tests.
Larvae not used for survival tests in 1999 were used as reference larvae by allowing them to
remain feeding on artificial diet until the end of the survival test period. The developmental size
(herein referred to as growth size) of larvae reared on artificial diet was used as reference to
visually compare with the growth size of surviving larvae on leaf tissue.
Experiment design and procedures. Experiments were initiated on 22 July and 28 July, 1999
(SCB and SWCB tests, respectively), and on 21 July, 2000 (both SCB and SWCB tests).
Terminal expanding leaves from field-grown plants were excised at 14 d after planting (d.a.p.)
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and 20 d.a.p. (SCB and SWCB tests, respectively) in 1999 and 10 d.a.p. (both SCB and SWCB
tests) in 2000. Leaves were trimmed to approximately 8.0 cm in length, and placed inside a 9.2cm-diameter plastic petri dish with a 9.0-cm-diameter filter paper disc (moistened daily to
prevent leaf desiccation). One third-instar larva from the selected species was placed inside the
petri dish containing the leaf tissue from an individual corn hybrid, covered to prevent escape
and allowed to feed on the leaf material for 96 h. The experiment was structured as a completely
randomized design (CRD) with five larvae (in separate petri dishes) as experimental units, corn
hybrids as treatments, and five repetitions. The dishes were held in an environmental chamber at
27 °C and a photoperiod of 14:10 (L:D) for the duration of the tests.
Evaluation procedures. Survival on each experimental unit (percent of surviving larvae from five
larvae per unit) was measured at 24, 48, 72, and 96 h. Mortality criterion was the lack of
movement during 10 seconds after being prodded with a blunt probe. In 1999, growth size of
surviving larvae on plant tissue was visualy compared to growth size of larvae on artificial diet.
Values collected were the percent of surviving larvae from the test that were approximately the
same size as the reference larvae. For illustration purposes, a value of 100% indicates that all
surviving larvae were of same size as the reference larvae. Conversely, a value of 0% indicates
that none of the surviving larvae were as same size as the reference larvae but were markedly
smaller. In 2000, the initial and final weights of larvae were measured immediately before and
after the survival test. Weight gain of surviving larvae was recorded and used for the analyses.
Data analysis. SWCB and SCB survival data were analyzed using a repeated measures model.
Growth size (1999) and weight gain (2000) data were analyzed as a CRD. Because survival and
growth size data were measured in percentages, data were transformed [arcsine √ (x/100)] for
analysis of variance and means separation to normalize the variance distribution (Little and Hills
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1978, Steel and Torrie 1980, Sokal and Rohlf 1981). Transformed values were tested for
normality using the Shapiro-Wilk test of the UNIVARIATE procedure (SAS Institute Inc. 2001).
Means in tables are from non-transformed data. Data were subjected to ANOVA using the SAS
MIXED procedure (Littell et al. 1996, SAS Institute Inc. 2001). Differences among treatment
means were determined by using the Tukey-Kramer’s procedure for a family confidence level of
α = 0.05 (SAS Institute Inc. 2001). Differences in larval growth size (1999) and weight gain
(2000) in Bt and non-Bt hybrids within each seed brand were compared using the CONTRAST
statement in PROC MIXED (Littell et al. 1996).
Native Infestations in Field Experiments
Field plots. Experiments were conducted during 1999 and 2000. During both years, the
experiments consisted of 16-row plots (13.7 m long and 1.0 m between rows) in a RCBD
structure with five replications. Treatments (Bt and non-Bt field corn hybrids) were planted in a
loessial soil (Gigger Gilbert silt loam) with conventional tillage practices using a John Deere
7300 planter (John Deere, Moline, IL). The experiments were repeated under two irrigation
regimes: An irrigated test in which supplemental irrigation was provided weekly as needed; and
a non-irrigated test in which no artificial irrigation was provided. Supplemental irrigation in the
irrigated test was provided by an overhead sprinkler irrigation system in 1999 and by furrow
irrigation in 2000. Two corn hybrids were evaluated: Pioneer 3223 (Pioneer Hi-Bred
International Inc., Johnston, IA), a non-Bt corn hybrid commonly recommended and grown in
southeastern United States, and Pioneer 31B13 (Pioneer Hi-Bred International Inc., Johnston,
IA), a Bt corn hybrid developed from Pioneer 3223 and containing the MON810 event which
expresses the Cry1A(b) protein (YieldGard®; Monsanto Agricultural Company, Agricultural
Research and Development, St. Louis, MO). Both corn hybrids possess similar agronomic
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characteristics. Experiments were planted on 7 May and 10 May, 1999 (irrigated and nonirrigated, respectively), and 8 May, 2000 (both irrigated and non-irrigated). Planting density was
74,100 seeds/ha (30,000 seeds/acre) for 1999 and 2000. In 1999, terbufos (Counter 20CR®;
American Cyanamid Co., Princeton, NJ) was applied as in-furrow granules at planting (1.121
kg/ha). In 2000, chlorpyrifos (Lorsban 15G®; Dow AgroSciences, Indianapolis, IN) was applied
as in-furrow granules at planting at 0.504 kg/ha to provide soil-insect protection. In addition,
both hybrid seeds were metalaxyl- (Apron®; Syngenta, Greensboro, NC) safened. Other
agronomic practices common to the area of planting were used to grow the crop.
Evaluation procedures. Injury to corn hybrids caused by native infestations of corn borers was
evaluated by measuring injury variables at selected physiological maturity of the crop. These
variables were measured in the field and included the mean no. of corn borer holes (entrance +
exit holes) per plant, percent plants affected by borer holes in a 6.1-m (20-ft) row sample per
plot, percent lodging at soil level from a 27.5-m (90-ft) row sample per plot, percent shank
tunneling, ear cob tunneling, and average corn ear length from a 3.0-m (10-ft) row sample per
plot. Corn seed yields were obtained on 23 August, 1999 and 23 August, 2000 by mechanically
harvesting the four middle rows per plot and adjusting to 15.5% moisture.
Data analysis. Data were analyzed as a RCBD. Preliminary diagnostics revealed standard
deviations proportional to means in some variables measured. Where appropriate, logarithmic
[log (x + 1)] or a square root [(√ (x + 0.5)] transformations were used to normalize the variance
(Little and Hills 1978, Steel and Torrie 1980, Neter et al. 1990). In addition, data measured in
percentages were transformed [arcsine √ (x/100)] for analysis of variance and means separation
to normalize the variance distribution (Little and Hills 1978, Steel and Torrie 1980, Sokal and
Rohlf 1981). Transformed values were tested for normality using the Shapiro-Wilk test of the

34
PROC UNIVARIATE (SAS Institute Inc. 2001). Means in tables are from non-transformed data.
Data were subjected to ANOVA using the SAS MIXED procedure (Littell et al. 1996) which
uses the Tukey-Kramer’s mean separation test to ensure a family confidence level of α = 0.05
(SAS Institute Inc. 2001). The relationship between total corn seed yields and borer injury
variables was further investigated. Pearson product moment correlation coefficients were used in
the correlation analysis on transformed values (PROC CORR, SAS Institute Inc. 2001).
Results
Field Infestations of Southwestern Corn Borer and Sugarcane Borer
Mid-whorl (V6) stage infestations. In 1999, feeding injury caused by SWCB larvae to corn at
mid-whorl stage was significantly (F = 132.23; df = 4, 12; P < 0.0001) influenced by corn
hybrids within each seed brand. SWCB feeding injury was significantly lower in all Bt hybrids
compared to respective non-Bt hybrids (Table 5). Levels of resistance to SWCB mid-whorl leaffeeding injury were 5.3, 5.1, 5.3, and 5.7 times higher in Bt hybrids Pioneer 31B13, Pioneer
33V08, Dekalb 679BTY, and Garst 8366BT, respectively, compared to each respective non-Bt
hybrid. No significant (F = 0.63; df = 3, 9; P = 0.6122) differences were detected in levels of leaf
injury among Bt hybrids. Furthermore, statistically similar (F = 1.30; df = 1, 9; P = 0.2840)
results were associated with Bt hybrids (combined) containing the MON810 event compared to
the Bt hybrid with the CBH351 event. However, leaf-feeding injury levels during mid-whorl
infestations varied significantly (F = 4.34; df = 3, 9; P = 0.0377) among non-Bt hybrids. Non-Bt
hybrid Pioneer 3223 suffered significantly more feeding injury than non-Bt hybrid Garst 8366.
In 1999, SCB leaf-feeding injury in corn at mid-whorl stage was significantly (F =
179.28; df = 4, 12; P < 0.0001) influenced by corn hybrids nested within each seed brand. SCB
leaf-feeding injury was significantly lower in all Bt hybrids compared to respective non-Bt
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Table 5. SWCB and SCB Leaf-Feeding Injury to Bt Corn Compared to Non-Bt Corn
Hybrids Infested at Mid-Whorl (V6) Stage in 1999 and 2000.
Leaf-feeding injury1
Seed brand

Corn hybrid

Bt event

SWCB2

SCB

MON810

1.4 b

1.2 b

-----

7.4 a

7.3 a

MON810

1.3 b

1.0 b

-----

6.6 a

7.0 a

MON810

1.2 b

1.0 b

-----

6.4 a

6.6 a

CBH351

1.0 b

1.2 b

-----

5.7 a

6.7 a

MON810

1.1 b

1.1 b

Pioneer 3223

-----

6.5 a

4.6 a

Garst 8366BT

CBH351

1.5 b

1.2 b

Garst 8366

-----

6.3 a

4.3 a

X6046BT

MON810

3.5 a

1.9 b

-----

4.5 a

4.7 a

1999
Pioneer

Pioneer 31B13
Pioneer 3223

Pioneer

Dekalb Genetics

Garst Seeds

Pioneer 33V08
Pioneer 3394
Dekalb 679BTY
Dekalb 679
Garst 8366BT
Garst 8366

2000
Pioneer

Garst Seeds

Golden Acres

Pioneer 31B13

X6047

Least square means between hybrids (nested within each seed brand) in a column followed by
the same letter are not significantly different (P > 0.05 as determined by contrasts).
1
Leaf-injury rating scale from 1 = no visible injury or a small amount of pin or fine shot-hole
type of injury on a few leaves to 9 = most leaves with long lesions (Guthrie et al. 1960).
2
Least square means are non-transformed values. Significance letters in 1999 are from
transformed [log (x + 1)] data.
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hybrid equivalents (Table 5). Levels of resistance to SCB leaf-feeding injury were 6.1, 7.0, 6.6,
and 5.6 times higher in Bt hybrids Pioneer 31B13, Pioneer 33V08, Dekalb 679BTY, and Garst
8366BT, respectively, compared to each respective non-Bt hybrid equivalent. No significant (F =
1.66; df = 3, 9; P = 0.2445 and F = 0.93; df = 3, 9; P = 0.4667) differences were detected in
levels of leaf injury among non-Bt hybrids and among Bt hybrids, respectively. Levels of
resistance to SCB infestations at mid-whorl stage were not significantly different (F = 0.48; df =
1, 9; P = 0.5072) between Bt hybrids with the MON810 event (combined) compared to the Bt
hybrid with the CBH351 event.
In 2000, feeding injury caused by SWCB larvae to corn at mid-whorl stage varied
significantly (F = 22.27; df = 3, 9; P = 0.0002) among corn hybrids within each brand. SWCB
feeding injury was significantly lower in Bt hybrids from Pioneer and Garst brands compared to
respective non-Bt hybrids (Table 5). Differences were not significant between the Bt and non-Bt
hybrids from Golden Acres brand (Table 5). Levels of resistance to SWCB leaf-feeding injury
during mid-whorl infestations were 5.9 and 4.2 times greater in the Bt hybrids Pioneer 31B13
and Garst 8366BT, respectively, compared to each respective non-Bt hybrid equivalent.
Significant (F = 5.77; df = 2, 6; P = 0.0401) differences were detected in levels of leaf injury
among Bt hybrids. Bt hybrid Golden Acres X6046BT suffered significantly more SWCB leaffeeding injury during mid-whorl infestations than Bt hybrid Pioneer 31B13. Resistance to injury
at mid-whorl stage observed among Bt hybrids containing the MON810 event (combined) was
not significantly different (F = 1.33; df = 1, 6; P = 0.2929) from that observed in the Bt hybrid
with the CBH351 event. No significant differences (F = 3.53; df = 2, 6; P = 0.0969) in levels of
feeding at mid-whorl stage were observed among all non-Bt hybrids tested.
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In 2000, SCB injury during mid-whorl infestations was affected significantly (F = 20.80;
df = 3, 9; P = 0.0002) by corn hybrids within each brand. SCB feeding injury was significantly
lower in all Bt hybrids compared to respective non-Bt parental hybrid (Table 5). Resistance to
mid-whorl infestations of SCB as a result of the Bt gene insertion were 4.2, 3.6, and 2.5 times
greater in the Bt hybrids Pioneer 31B13, Garst 8366BT, and Golden Acres X6046BT,
respectively, compared to each respective non-Bt hybrid equivalent. Non-significant (F = 0.09;
df = 2, 6; P = 0.9114 and F = 4.97; df = 2, 6; P > 0.05) differences were detected in levels of
resistance among non-Bt hybrids and among Bt hybrids, respectively. Mid-whorl injury caused
by SCB to Bt hybrids (combined) containing the MON810 event was not statistically different (F
= 1.11; df = 1, 6; P = 0.3336) from that caused to the Bt hybrid with the CBH351 event.
Silking (R1) stage infestations. In 1999, feeding injury to ear leaf-sheath caused by SWCB was
significantly influenced by seed brands (F = 8.78; df = 3, 9; P = 0.0049) and by corn hybrids (F
= 51.00; df = 4, 12; P < 0.0001) nested within each seed brand. Injury levels in the Pioneer
(33V08 and 3394 combined) brand main plots were significantly lower than in all other seed
brand plots (Table 6). SWCB ear leaf-sheath injury was significantly lower in all Bt hybrids
compared to respective non-Bt hybrids (Table 6). Bt hybrids from Pioneer and Dekalb Genetics
brands (MON810 event) provided complete protection against SWCB feeding injury to ear leafsheath. The level of protection in the Garst Bt hybrid (CBH351 event) was 6.5 times that of the
Garst non-Bt hybrid (Table 6). Significant differences were detected in levels of feeding injury to
ear leaf-sheath among Bt hybrids (F = 9.00; df = 3, 9; P = 0.0045) and non-Bt hybrids (F = 9.29;
df = 3, 9; P = 0.0041). All Bt hybrids with the MON810 event suffered significantly (F = 26.27;
df = 1, 9; P = 0.0006) less injury to the ear leaf-sheath caused by SWCB compared to the hybrid
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Table 6. SWCB and SCB Ear Leaf-Sheath Feeding Injury to Bt Corn Compared to Non-Bt
Corn Hybrids Infested at Silking (R1) Stage in 1999 and 2000.

Seed brand

SWCB Ear
leaf-sheath
feeding injury
per seed
brand1,3,4

Ear leaf-sheath feeding
injury per hybrid2,3,4
Corn hybrid

Bt event

SWCB

SCB

MON810

0.0 b

0.0 b

-----

1.4 a

1.2 a

MON810

0.0 b

0.0 b

-----

0.4 a

1.0 a

MON810

0.0 b

0.1 b

-----

1.4 a

1.4 a

CBH351

0.2 b

0.1 b

-----

1.3 a

0.8 a

MON810

0.0 b

0.1 b

Pioneer 3223

-----

3.7 a

3.6 a

Garst 8366BT

CBH351

1.1 b

0.9 b

Garst 8366

-----

5.2 a

5.2 a

X6046BT

MON810

3.4 a

2.7 a

-----

3.6 a

3.7 a

1999
Pioneer

0.7 a

Pioneer

0.2 b

Dekalb Genetics

0.7 a

Garst Seeds

0.7 a

Pioneer 31B13
Pioneer 3223
Pioneer 33V08
Pioneer 3394
Dekalb 679BTY
Dekalb 679
Garst 8366BT
Garst 8366
2000

Pioneer

1.9 b

Garst Seeds

3.1 a

Golden Acres

3.5 a

1

Pioneer 31B13

X6047

Least square means among seed brands within years followed by the same letter are not
significantly different (P > 0.05; Tukey-Kramer’s test).
2
Least square means between hybrids (nested within each seed brand) in a column followed by
the same letter are not significantly different (P > 0.05 as determined by contrasts).
3
Ear leaf-sheath feeding injury rating scale from 0 = no visible damage to 9 = many lesions of all
types present (Davis and Williams 1994).
4
Least square means are non-transformed values. Significance letters in seed brand (2000),
SWCB (2000), and SCB (1999) columns are from transformed [log (x + 1)] data.
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with the CBH351 event. SWCB ear leaf-sheath injury was significantly lower in the non-Bt
hybrid Pioneer 3394 compared to other non-Bt hybrids.
In 1999, SCB feeding injury to ear leaf-sheath during silking infestations varied
significantly (F = 98.36; df = 4, 12; P < 0.0001) between corn hybrids nested within each seed
brand. SCB feeding injury was significantly lower in all Bt hybrids compared to respective nonBt hybrids (Table 6). No feeding damage was observed in both Pioneer Bt hybrids. Levels of
protection against SCB ear leaf-sheath feeding injury in the Dekalb and Garst Bt hybrids were 14
and 8 times higher, respectively, than in the respective non-Bt equivalent (Table 6). However,
differences in resistance levels were not statistically different among Bt hybrids (F = 3.86; df =
3, 9; P > 0.05) and among non-Bt hybrids (F = 3.09; df = 3, 9; P = 0.0825).
In 2000, feeding injury to ear leaf-sheath caused by SWCB varied significantly among
seed brands (F = 20.65; df = 2, 6; P = 0.0020) and corn hybrids (F = 84.63; df = 3, 9; P <
0.0001) nested within each seed brand. Feeding injury levels in Pioneer (31B13 and 3223
combined) brand plots were significantly lower compared to those in Garst and Golden Acres
plots (Table 6). SWCB injury to ear leaf-sheath was significantly reduced in Pioneer and Garst
Bt hybrids but not in the Golden Acres Bt hybrid compared to the respective non-Bt hybrid
equivalent (Table 6). Bt hybrid Pioneer 31B13 (MON810 event) provided complete protection
against SWCB feeding injury to ear leaf-sheath. However, protection provided by Bt hybrid
Golden Acres X6046BT (MON810 event) was not significantly different compared to its
parental non-Bt hybrid. Resistance conferred by the Bt hybrid in Garst 8366BT (CBH351 event)
was 4.7 times higher compared to the non-Bt parental hybrid (Table 6). Significant differences
were detected in levels of feeding injury to ear leaf-sheath among Bt hybrids (F = 33.12; df = 2,
6; P = 0.0006). The MON810 event (from Pioneer and Golden Acres Bt hybrids combined)
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provided statistically similar (F = 3.17; df = 1, 6; P = 0.1255) levels of resistance against ear
leaf-sheath feeding injury compared to the CBH351 event (Garst Bt hybrid). However, the
MON810 event (from Pioneer 31B13) provided a significantly (F = 10.27; df = 1, 3; P = 0.0492)
higher level of protection against SWCB ear leaf-sheath injury compared to the CBH351 event in
Garst 8366BT. Significant differences (F = 5.66; df = 2, 6; P = 0.0416) were detected in levels of
feeding injury to ear leaf-sheath among non-Bt hybrids. Feeding injury was significantly lower in
the Golden Acres non-Bt hybrid compared to the Garst non-Bt hybrid.
In 2000, resistance to SCB injury to ear leaf-sheath during silking infestations was
influenced significantly (F = 34.68; df = 3, 9; P < 0.0001) by corn hybrids nested within each
seed brand. SCB injury was significantly reduced in Pioneer (MON810 event) and Garst
(CBH351 event) Bt hybrids but not in the Golden Acres (MON 810 event) Bt hybrid compared to
the respective non-Bt hybrid (Table 6). Resistance to SCB ear leaf-sheath feeding injury
observed in Bt hybrids Pioneer 31B13 and Garst 8366BT were 36 and 5.8 times higher,
respectively, than in their respective non-Bt parental hybrid. Significant differences were
detected in levels of SCB feeding injury to ear leaf-sheath among Bt hybrids (F = 16.96; df = 2,
6; P = 0.0034). Significantly higher susceptibility was observed in the Golden Acres Bt hybrid
X6046BT than in Bt hybrids Pioneer 31B13 and Garst 8366BT. Pooling all Bt hybrids containing
the MON810 event (Pioneer and Golden Acres Bt hybrids) and comparing to the CBH351 event
(Garst Bt hybrid) revealed no significant differences (F = 1.54; df = 1, 6; P = 0.2613) in SCB ear
leaf-sheath feeding injury. When comparing performance of the MON810 event in Pioneer
31B13 against the CBH351 event in Garst 8366BT the differences increased but were still nonsignificant (F = 7.06; df = 1, 3; P = 0.0766) at the 5% level. No significant (F = 2.03; df = 2, 6; P
= 0.2128) differences in SCB ear leaf-sheath injury were detected among non-Bt hybrids.
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SWCB feeding injury to ear husks in 1999 in corn infested at silking (R1) stage varied
significantly (F = 97.22; df = 4, 12; P < 0.0001) among corn hybrids within each seed brand.
Injury to ear husks was significantly lower in all Bt hybrids compared to respective non-Bt
hybrids (Table 7). Levels of resistance to SWCB injury to the ear husks observed in Bt hybrids
were 20, 42, 46, and 4 times higher in Bt hybrids Pioneer 31B13, Pioneer 33V08, Dekalb
679BTY, and Garst 8366BT, respectively, compared to their respective non-Bt hybrid
equivalents. Levels of feeding injury to ear husks were significantly different (F = 7.96; df = 3,
9; P = 0.0067) among Bt hybrids evaluated. All Bt hybrids containing the MON810 event
expressed a significantly (F = 23.37; df = 1, 9; P = 0.0009) higher level of resistance to ear-husk
feeding during silking infestations compared to the Bt hybrid with the CBH351 event. No
significant (F = 2.54; df = 3, 9; P = 0.1221) difference in SWCB feeding injury to ear husks was
detected among non-Bt hybrids.
Resistance to SCB feeding injury to ear husks during silking infestations in 1999 was
affected significantly (F = 78.46; df = 4, 12; P < 0.0001) by corn hybrids within each seed brand.
Injury to ear husks was significantly lower in all Bt hybrids compared to respective non-Bt
hybrid equivalents (Table 7). Levels of resistance were 34, 19, 38, and 4.5 times higher in Bt
hybrids Pioneer 31B13, Pioneer 33V08, Dekalb 679BTY, and Garst 8366BT, respectively,
compared to the respective parental non-Bt hybrids. Resistance levels to SCB injury to ear husks
varied significantly (F = 55.31; df = 3, 9; P < 0.0001) among the Bt hybrids evaluated. SCB earhusk injury observed in all Bt hybrids with the MON810 event was significantly (F = 165.38; df
= 1, 9; P < 0.0001) lower compared to that observed in the Bt hybrid with the CBH351 event. No
significant difference (F = 0.17; df = 3, 9; P = 0.9140) in resistance to SCB ear-husk feeding was
detected among non-Bt hybrids.
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Table 7. SWCB and SCB Ear-Husk Feeding Injury to Bt Corn Compared to Non-Bt Corn
Hybrids Infested at Silking (R1) Stage in 1999 and 2000.
Ear-husk feeding
injury per seed
brand1,3
Seed brand

SWCB

SCB

Ear-husk feeding
injury per hybrid2,3
Corn hybrid

Bt event

SWCB

SCB

MON810

0.2 b

0.1 b

-----

4.0 a

3.4 a

MON810

0.1 b

0.2 b

-----

4.2 a

3.8 a

MON810

0.1 b

0.1 b

-----

4.6 a

3.8 a

CBH351

0.8 b

0.8 b

-----

3.2 a

3.6 a

MON810

0.2 b

0.2 b

Pioneer 3223

-----

5.9 a

5.5 a

Garst 8366BT

CBH351

1.7 b

2.0 b

Garst 8366

-----

7.0 a

6.8 a

X6046BT

MON810

4.8 a

5.5 a

-----

5.0 a

5.1 a

1999
Pioneer

2.1 a

1.8 a

Pioneer 31B13
Pioneer 3223

Pioneer

2.2 a

2.0 a

Dekalb Genetics

2.3 a

1.9 a

Garst Seeds

2.0 a

2.2 a

Pioneer 33V08
Pioneer 3394
Dekalb 679BTY
Dekalb 679
Garst 8366BT
Garst 8366
2000

Pioneer

3.0 b

2.8 b

Garst Seeds

4.4 a

4.4 ab

Golden Acres

4.9 a

5.3 a

1

Pioneer 31B13

X6047

Least square means among seed brands in a column within years followed by the same letter are
not significantly different (P > 0.05; Tukey-Kramer’s test).
2
Least square means between hybrids (nested within each seed brand) in a column followed by
the same letter are not significantly different (P > 0.05 as determined by contrasts).
3
Ear-husk injury rating scale from 0 = no visible damage to 9 = many lesions of all types on each
of three husks (Davis and Williams 1994).
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SWCB injury to ear husks in 2000 was significantly affected by seed brands (F = 12.59;
df = 2, 6; P = 0.0071) and by corn hybrids (F = 67.90; df = 3, 9; P < 0.0001) nested within each
seed brand. Injury levels in 2000 in Pioneer main plots were significantly lower compared to that
observed in other main plots (Table 7). Feeding injury was significantly lower in all Bt hybrids,
except in the Golden Acres Bt hybrid, compared to the respective parental non-Bt hybrid (Table
7). Resistance levels to ear-husk injury during silking infestations in the Pioneer and Garst Bt
hybrids evaluated were 30 and 4.1 times higher, respectively, than the resistance observed in the
non-Bt parental hybrids. Levels of resistance among Bt hybrids were significantly (F = 101.46;
df = 2, 6; P < 0.0001) different. Bt hybrid Pioneer 31B13 (MON810 event) was significantly
more resistant to husk-feeding injury by SWCB than all other Bt hybrids evaluated. Conversely,
Bt hybrid Golden Acres X6046BT (also with MON810 event) was significantly more susceptible
to SWCB husk-feeding injury than the other two Bt hybrids evaluated in 2000. No significant (F
= 4.46; df = 2, 6; P = 0.0650) difference in feeding injury was detected among non-Bt hybrids.
In 2000, SCB ear-husk feeding injury varied significantly among seed brands (F = 9.42;
df = 2, 6; P = 0.0141) and corn hybrids (F = 54.35; df = 3, 9; P < 0.0001) nested within each
seed brand. Higher resistance was observed in Pioneer main plots compared to the Golden Acres
main plots (Table 7). Feeding injury was significantly lower in all Bt hybrids, except in the
Golden Acres Bt hybrid, compared to the respective parental non-Bt hybrid (Table 7). Levels of
resistance to SCB ear-husk injury during silking-stage infestations the Pioneer and Garst Bt
hybrids evaluated were 28 and 3.4 times higher, respectively, than the resistance observed in
their respective non-Bt parental hybrids. Levels of resistance to SCB ear-husk feeding injury
among Bt hybrids were significantly different (F = 37.53; df = 2, 6; P = 0.0004). Significantly
higher resistance to SCB feeding injury to ear husks was observed in Bt hybrids Pioneer 31B13
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and Garst 8366BT compared to Bt hybrid Golden Acres X6046BT. Susceptibility levels were
statistically similar (F = 2.77; df = 2, 6; P = 0.1403) among non-Bt hybrids.
Laboratory Studies with Southwestern Corn Borer and Sugarcane Borer
In 1999, survival of third instar SWCB feeding on corn leaf tissue was significantly
affected by hybrid (F = 9.53; df = 7, 32; P < 0.0001), evaluation time (F = 40.91; df = 3, 32; P <
0.0001), and hybrid by time interactions (F = 8.57; df = 21, 32; P < 0.0001). SWCB survival
decreased significantly after 96 h of feeding exposure in all Bt hybrids (Figure 1). In addition,
SWCB survival decreased significantly on all Bt hybrids compared to survival on the respective
non-Bt parental hybrid at 96 h of feeding on leaf tissue (Figure 1). Survival was reduced ≤ 52%
on all Bt hybrids after 96 h of feeding exposure (Figure 1).
In 1999, survival of third instar SCB feeding on corn leaf tissue was significantly affected
by hybrid (F = 4.72; df = 7, 32; P = 0.0010), evaluation time (F = 15.44; df = 3, 96; P < 0.0001),
and hybrid by time interactions (F = 3.88; df = 21, 96; P < 0.0001). SCB survival decreased
significantly to 16% after 96 h of feeding exposure on Bt hybrid Pioneer 31B13. Survival on
other hybrids was 48% or above (Figure 2). In addition, survival was significantly lower on Bt
hybrid Pioneer 31B13 compared to its respective non-Bt parental hybrid Pioneer 3223 at 96 h of
feeding on leaf tissue (Figure 2).
Growth size [arcsine √ (x/100) transformed] of surviving SWCB larvae in 1999 was
significantly different (F = 42.95; df = 7, 31; P < 0.0001). Between 91 to 100% of surviving
SWCB larvae from non-Bt leaf tissue were similar in size to that of reference larvae (normal
size) grown on artificial diet (Table 8). However, only 0 to 25% of individuals surviving from Bt
leaf tissue had similar size to that of reference larvae (Table 8). Most of the survivors on the Bt
leaf tissue with the CBH351 event and all survivors on Bt corn with the MON810 event showed
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Figure 1. Survival of Third Instar SWCB on Corn Leaf Tissue, 1999.
*Indicates a significant difference in survival between a Bt hybrid and its non-Bt parental hybrid at the
same time level. **Indicates a significant difference in survival when compared across time within a
hybrid.
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Figure 2. Survival of Third Instar SCB on Corn Leaf Tissue, 1999.
*Indicates a significant difference in survival between a Bt hybrid and its non-Bt parental hybrid at the
same time level. **Indicates a significant difference in survival when compared across time within a
hybrid.
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Table 8. Effect of Bt Corn Compared to Non-Bt Corn Leaf Tissue on Growth Size of
Surviving Third Instar SWCB and SCB After 96 Hours of Laboratory Feeding Exposure
in 1999.
Growth size1,2
Seed brand
Pioneer

Corn hybrid

Bt event

SWCB

SCB

Pioneer 31B13

MON810

0.0 b

0.0 b

100.0 a

67.0 a

0.0 b

37.0 b

100.0 a

95.0 a

0.0 b

43.0 b

-----

100.0 a

85.0 a

CBH351

25.0 b

58.0 a

-----

91.0 a

75.0 a

Pioneer 3223
Pioneer

Dekalb Genetics

Garst Seeds

Pioneer 33V08
Pioneer 3394
Dekalb 679BTY
Dekalb 679
Garst 8366BT
Garst 8366

----MON810
----MON810

Least square means between hybrids (nested within each seed brand) in a column followed by
the same letter are not significantly different (P > 0.05 as determined by contrasts).
1
Values are expressed as a percent of surviving SWCB larvae that were of similar size (as
opposite to reduced size) compared to larvae of same age on artificial, non-treated diet.
2
Least square means are non-transformed values. Significance letters are from transformed
[arcsine √ (x/100)] data.
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severely reduced growth at the end of 96 h of Bt leaf tissue feeding exposure. Differences were
significant between Bt hybrids and their non-Bt equivalents (Table 8). However, differences were
not significant among Bt hybrids (F = 1.32; df = 3, 15; P = 0.3061) and among non-Bt hybrids (F
= 2.65; df = 3, 16; P = 0.0841).
Growth size [arcsine √ (x/100) transformed] of surviving SCB larvae on leaf tissue was
significantly different (F = 5.34; df = 7, 29; P = 0.0005) in 1999. Approximately 67 to 95% of
surviving SCB larvae from non-Bt leaf tissue were similar in size to that of reference larvae
(normal size) grown on artificial diet. However, 0 to 43% of individuals surviving on Bt tissue
with the MON810 event and 58% of survivors on the CBH351 event were of similar size than
the reference larvae (Table 8). Differences were significant between non-Bt and respective Bt
leaf tissue with the MON810 event. However, differences were not significant between non-Bt
and respective Bt leaf tissue with the CBH351 event (Table 8). None of the survivors (0%) from
Pioneer 31B13 Bt leaf tissue (MON810 event) were of similar size compared to reference larvae
but were markedly smaller after 96 h of feeding exposure. However, such percentage was not
significantly (F = 2.69; df = 3, 13; P = 0.0895) different than those observed in SCB survivors in
leaf tissue from other Bt hybrids. Differences in growth size among larvae fed on non-Bt leaf
tissue were non-significantly (F = 1.54; df = 3, 16; P = 0.2428) different.
In 2000, survival of third instar SWCB feeding on corn leaf tissue was significantly
affected by hybrid (F = 8.17; df = 5, 24; P = 0.0001), evaluation time (F = 13.38; df = 3, 72; P <
0.0001), and hybrid by time interactions (F = 4.15; df = 15, 72; P < 0.0001). SWCB survival
decreased significantly to 60 and 68% after 96 h of feeding exposure on Bt hybrids Pioneer
31B13 and Garst 8366BT, respectively (Figure 3). In addition, survival decreased significantly
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Figure 3. Survival of Third Instar SWCB on Corn Leaf Tissue, 2000.
*Indicates a significant difference in survival between a Bt hybrid and its non-Bt parental hybrid at the
same time level. **Indicates a significant difference in survival when compared across time within a
hybrid.
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on Bt hybrid Pioneer 31B13 compared to the respective non-Bt parental hybrid Pioneer 3223 at
96 h of leaf feeding exposure (Figure 3).
In 2000, survival of third instar SCB feeding on corn leaf tissue was significantly affected
by hybrid (F = 46.98; df = 5, 24; P < 0.0001), evaluation time (F = 40.96; df = 3, 72; P <
0.0001), and hybrid by time interactions (F = 30.41; df = 15, 72; P < 0.0001). SCB survival
decreased significantly after 96 h of feeding exposure only on leaf tissue from Bt hybrid Pioneer
31B13 (Figure 4). Survival was reduced to 9% on Pioneer 31B13, whereas it remained above
92% on leaf tissue from other hybrids. In addition, survival was significantly lower on Bt hybrid
Pioneer 31B13 compared to the respective non-Bt parental hybrid Pioneer 3223 at 72 and 96 h of
feeding on leaf tissue (Figure 4).
Weight gain of surviving SWCB larvae after 96 h of feeding on leaf tissue was
significantly (F = 15.61; df = 5, 24; P < 0.0001) different among corn hybrids in 2000. Weight of
SWCB survivors on Bt corn was significantly lower than weight of survivors on the respective
non-Bt parental hybrids, except in survivors on Golden Acres leaf tissue (Table 9). Weight of
surviving larvae was significantly (F = 15.28; df = 2, 12; P = 0.0005) different among Bt
hybrids. Larvae exposed to leaf tissue from Golden Acres Bt hybrid X6046BT gained
significantly more weight than larvae exposed to leaf tissue from Bt hybrids Pioneer 31B13 and
Garst 8366BT. No significant (F = 2.17; df = 2, 12; P = 0.1567) differences in weight gain were
observed in surviving SWCB larvae that fed on the different non-Bt leaf tissue evaluated.
In 2000, weight gain of surviving SCB larvae after 96 h of leaf feeding was not
significantly (F = 1.33; df = 5, 21; P = 0.2890) different between any Bt hybrid compared to the
respective non-Bt hybrid (Table 9). No significant differences in weight of surviving SCB larvae
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Figure 4. Survival of Third Instar SCB on Corn Leaf Tissue, 2000.
*Indicates a significant difference in survival between a Bt hybrid and its non-Bt parental hybrid at the
same time level. **Indicates a significant difference in survival when compared across time within a
hybrid.
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Table 9. Effect of Bt Corn Compared to Non-Bt Corn Leaf Tissue on Weight Gain of
Surviving Third Instar SWCB and SCB After 96 Hours of Laboratory Feeding Exposure
in 2000.
Weight gain per larva (mg)
Seed brand
Pioneer

Corn hybrid

Bt event

SWCB

SCB

Pioneer 31B13

MON810

0.0 b

0.0 a

-----

12.0 a

2.2 a

1.0 b

0.0 a

Pioneer 3223
Garst Seeds

Golden Acres

Garst 8366BT

CBH351

Garst 8366

-----

13.0 a

1.8 a

X6046BT

MON810

6.0 a

2.2 a

-----

8.0 a

2.0 a

X6047

Least square means between hybrids (nested within each seed brand) in a column followed by
the same letter are not significantly different (P > 0.05 as determined by contrasts).
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were detected among Bt hybrids (F = 2.79; df = 2, 9; P = 0.1143) and among non-Bt hybrids (F =
0.05; df = 2, 12; P = 0.9510).
Native Infestations in Field Experiments
Corn borer diagnostic field sampling during 1999 and 2000 revealed that native corn
borer populations in Northeast Louisiana were a combination of SWCB and SCB. Injury to corn
measured in this study was likely caused by either species. However, it was not possible to
separate the damage caused by each species. Borer injury refers a combination of damage caused
by populations of SWCB and SCB.
In 1999, effects of native corn borer infestations on Bt and non-Bt corn hybrids were not
significantly different for irrigated regime (irrigated versus non-irrigated conditions) for most of
the variables measured, except for ear cob tunneling (F = 16.92; df = 1, 3; P = 0.0260), ear
length (F = 46.40; df = 1, 3; P = 0.0065), and seed yields (F = 120.53; df = 1, 3; P = 0.0016).
Therefore, separate analysis for irrigated and non-irrigated tests were performed on those
variables. Results from the effect of native infestations of corn borers on Bt and non-Bt corn
hybrids are presented in Table 10. Significant differences for most variables indicate that non-Bt
corn hybrid Pioneer 3223 suffered higher damage from native populations of corn borers
compared to Bt hybrid Pioneer 31B13. Corn borer injury levels expressed by number of holes per
plant, percent of stalk damaged plants, soil-level lodged plants, and shank-tunneled plants were
similar for irrigated and non-irrigated conditions in 1999 (Table 10). The greatest percent of ears
with cob tunneling was observed in irrigated non-Bt Pioneer 3223. Corn ears were significantly
(F = 46.40; df = 1, 3; P = 0.0065) longer in the irrigated plots compared to those in non-irrigated
plots but were not different between hybrids within each irrigation regime (F = 4.86; df = 1, 3; P
= 0.1148 and F = 0.34; df = 1, 4; P = 0.5902 for dry and irrigated tests, respectively).

Table 10. Effect of Native Infestations of Corn Borers on Bt Corn Compared to Non-Bt Corn Hybrids Under Irrigated and
Non-Irrigated Conditions in 1999 and 2000.

Corn hybrid

Bt event

Borer holes
(# / plant)1,2

Stalk
damaged
plants (%)3,4

Lodged plants
at soil level
(# / 27.5 m)5

Shank
tunneled plants
(%)4

Ear cob
tunneling
(%)4

Ear
length
(cms)

Seed
yield
(kg/ha)2

0.0 b

0.0 b

16.3 a

5499.1 a

97.0 a

61.7 a

16.0 a

4492.5 a

Irrigated test (1999)
Pioneer 31B13
Pioneer 3223

MON810

0.0 b

0.0 b

-----

1.6 a

53.1 a

6.0 ab
12.8 a

Non-irrigated test (1999)
Pioneer 31B13
Pioneer 3223

MON810

0.0 b

0.0 b

0.3 b

7.0 b

0.0 b

12.5 b

1904.6 b

-----

1.5 a

58.7 a

7.3 ab

74.0 a

8.1 b

12.1 b

958.1 c

Irrigated test (2000)
Pioneer 31B13
Pioneer 3223

MON810

0.0 c

2.0 c

15.6 a

5.5 b

1.8 a

9.9 a

707.4 a

-----

11.7 a

100.0 a

22.6 a

71.0 a

36.7 a

9.8 a

662.7 a

Non-irrigated test (2000)
Pioneer 31B13
Pioneer 3223

MON810

0.0 c

0.0 c

11.4 a

3.3 b

3.3 a

8.3 a

452.9 a

-----

2.9 b

79.3 b

22.2 a

57.7 a

30.0 a

9.4 a

520.2 a

Least square means in a column within years followed by the same letter are not significantly different (P > 0.05; Tukey-Kramer’s
test).
1
Includes entrance plus exit holes caused by native infestations of corn borers.
2
Least square means are non-transformed values. Significance letters are from transformed [√ (x + 0.5)] data.
3
Plants with stalks containing any number of entrance or exit borer holes.
4
Least square means are non-transformed values. Significance letters are from transformed [arcsine √ (x/100)] data.
5
Least square means are non-transformed values. Significance letters are from transformed [log (x + 1)] data.
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Significantly (F = 120.53; df = 1, 3; P = 0.0016) higher seed yields were observed in irrigated
plots compared to non-irrigated plots (Table 10). Bt hybrid Pioneer 31B13 yielded approximately
1000 lb more than non-Bt hybrid Pioneer 3223 irrespective of irrigation regime. However, seed
yield differences between hybrids were significant only in the non-irrigated test (Table 10).
In 2000, effects of native infestations of corn borers on Bt and non-Bt corn hybrids were
not significantly different for irrigation regime (irrigated and non-irrigated conditions) for most
of the variables measured, except for injury expressed as borer holes per plant (F = 48.96; df = 1,
4; P = 0.0022) and stalk damaged plants (F = 11.71; df = 1, 4; P = 0.0267). Therefore, separate
analysis for irrigated and non-irrigated tests were performed on those variables. Non-Bt corn
hybrid Pioneer 3223 suffered higher damage from native populations of corn borers compared to
Bt hybrid Pioneer 31B13 as indicated by significantly higher values of borer holes per plant,
stalk damaged plants, and shank tunneled plants in irrigated and non-irrigated tests (Table 10). In
addition, non-Bt hybrid Pioneer 3223 suffered significantly higher corn borer injury (i.e. more
borer holes per plant and higher number of stalk damaged plants) under irrigated than under nonirrigated conditions (Table 10). However, no significant differences between hybrids or between
irrigation regimes were detected in lodged plants at soil level, ear cob tunneling, ear length, and
seed yields (Table 10).
Correlations between corn seed yields and corn borer injury variables in 1999 were not
significant (Table 11). In addition, correlations between corn seed yields and corn borer injury
variables measured in 2000 were significant only for number of borer holes per plant in the
irrigated non-Bt hybrid Pioneer 3223 (Table 11). Therefore, injury levels from native populations
of SWCB and SCB observed in 1999 were not significantly related to final seed yields. In 2000,
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Table 11. Results of Pearson Correlation Analyses Between Corn Seed Yields and Corn
Borer Injury Variables in Irrigated and Non-Irrigated Bt Corn Compared to Non-Bt Corn
Hybrids in 1999 and 2000.

Corn borer injury
variable

1999
df

r

2000
Probability4

r

Probability4

--4
4
4
4
4

---0.04
0.75
-0.48
-0.48
0.76

--0.4728
0.0720
0.2048
0.2048
0.0666

4
--4
4
4
4

-0.94
---0.46
0.29
0.72
-0.31

0.0084
--0.2155
0.3204
0.0831
0.3078

df

Irrigated test - Pioneer 31B13 (MON810 event)
Borer holes per plant1
Stalk damaged plants2
Lodged plants at soil level3
Shank tunneled plants2
Ear cob tunneling2
Ear length

----4
----4

-----0.04
-----0.40

----0.4739
----0.2503

Irrigated test - Pioneer 3223
Borer holes per plant1
Stalk damaged plants2
Lodged plants at soil level3
Shank tunneled plants2
Ear cob tunneling2
Ear length

4
4
4
4
4
4

-0.57
-0.40
0.47
0.80
-0.21
0.25

0.1593
0.2522
0.2112
0.0533
0.3673
0.3450

Non-Irrigated test - Pioneer 31B13 (MON810 event)
Borer holes per plant1
Stalk damaged plants2
Lodged plants at soil level3
Shank tunneled plants2
Ear cob tunneling2
Ear length

----3
3
--3

-----0.45
0.17
---0.09

----0.2750
0.4123
--0.4533

----4
4
4
4

-----0.46
0.60
0.60
-0.35

----0.2206
0.1405
0.1405
0.2831

0.64
0.65
0.53
-0.47
-0.21
0.33

0.1214
0.1198
0.1771
0.2106
0.3686
0.2931

Non-Irrigated test - Pioneer 3223
Borer holes per plant1
3
0.85
Stalk damaged plants2
3
0.86
Lodged plants at soil level3
3
-0.66
Shank tunneled plants2
3
0.68
Ear cob tunneling2
3
-0.17
Ear length
3
0.80
1
Transformed [√ (x + 0.5)] values.
2
Transformed [arcsine √ (x/100)] values.
3
Transformed [log (x + 1)] values.
4
One-tailed P values.

0.0777
0.0720
0.1701
0.1596
0.4161
0.1021

4
4
4
4
4
4
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seed yield levels in the Bt hybrid and in non-irrigated plots were not correlated to injury caused
by native populations of corn borers (Table 11).
Data from non-Bt hybrid Pioneer 3223 revealed significantly higher corn borer
infestation densities in 2000 than in 1999. Significantly higher values were observed in 2000 for
number of holes per plant (t = -4.03; df = 9; P = 0.00291), percent of stalk-injured plants (t = 5.40; df = 11; P = 0.00021), and percent of plants lodged at soil level (t = -2.64; df = 17; P =
0.0171). Corresponding values for 1999 and 2000 were 1.6 and 7.3; 55.6 and 89.7; and 10.3 and
22.4, respectively. CV values for 1999 and 2000 data were 0.06 and 0.36, 0.10 and 0.22, and
0.40 and 0.19 for number of holes per plant, percent of stalk-injured plants, and percent of plants
lodged at soil level, respectively. In addition, values for ear length and seed yields were
significantly lower in 2000 than in 1999 for the Bt hybrid (t = 5.84; df = 17; P < 0.0001 and t =
4.74; df = 8; P = 0.0013) and non-Bt hybrid (t = 5.88; df = 17; P < 0.0001 and t = 3.43; df = 8; P
= 0.00861), respectively.
Discussion
Field performance of the MON810 event was influenced by the agronomic characteristics
of the hybrid into which the Bt gene was inserted. Resistance to corn borer infestations in the
MON810 event from Bt hybrid Golden Acres X6046BT generally was low and irregular
compared to resistance observed in the MON810 event from Pioneer and Dekalb Bt hybrids.
Golden Acres X6046BT and X6047 were experimental hybrids that did not seem to be well
adapted to Northeast Louisiana soil and weather conditions. Golden Acres Bt and non-Bt hybrids
exhibited poor growth and development from early stages, before corn borers were artificially
infested. Therefore, the MON810 event discussed in this section is from Pioneer and the Dekalb
Bt hybrids.
1

Satterthwaite’s approximation because of unequal variances.
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Bt corn hybrids with MON810 and CBH351 events, which express the Cry1A(b) and
Cry9C insecticidal proteins, respectively, provided high levels of resistance to SWCB and SCB
mid-whorl infestations. In a similar fashion, high levels of borer resistance were associated to Bt
hybrids with MON810 and CBH351 events during silking infestations compared to respective
parental non-Bt hybrids. However, while higher levels of resistance were observed in the
MON810 event to larval infestations at the mid-whorl and silking stage, levels of resistance in
the CBH351 event tended to decline at silking stage compared to resistance in the same event at
mid-whorl stage. Resistance in Bt hybrids with the MON810 event ranged from 6- to 8-fold
compared to the resistance observed in the Bt hybrid with the CBH351 event against SWCB and
SCB infestations at the silking stage. These observations do not fully agree with those from
Buschman et al. (1997) where both generations of SWCB in Kansas were successfully controlled
with the CBH351 event. However, our findings resemble those from Ostlie et al. (1997) with
ECB in which lower control was obtained with Cry9C (CBH351 event) than with Cry1A(b)
(MON810 and BT11 events). In addition, less damage was observed during silking compared to
damage observed during whorl infestations even though numbers of infested larvae were higher
at silking (45 neonates per plant) than at mid-whorl (30 neonates per plant) infestations. These
results agree with those reported by Davis and Williams (1983) where less damage was observed
from infestions in the ear leaf-axils than other sites on the plant. Reduced borer attack at silking
was observed for all Bt and non-Bt hybrids regardless of insect species. In addition, resistance to
feeding injury tended to be higher in ear leaf-sheath tissue than in husk tissue, independent of the
presence of a Bt gene. Therefore, other factors in the plant itself contribute part of the increased
resistance observed as the plant matures. Moreover, the increment in plant resistance with
maturity was more evident in Bt than in non-Bt plants, thereby, producing higher ratios of
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resistance between Bt and non-Bt hybrids during silking infestations. The aforementioned is true
for the MON810 event but not for the CBH351 event. At mid-whorl, resistance ratios in Bt
hybrids with the MON810 event ranged from 5.1- to 5.9- fold the resistance observed in the nonBt equivalents, whereas in the CBH351 event, ratios ranged between 4.2- to 5.7-fold. Resistance
ratios were between 20- to 46-fold during infestations at silking stage in Bt hybrids with the
MON810 event. However, ratios observed in Bt hybrids with the CBH351 event remained
between 4- and 6.5 fold. Williams et al. (1999) found similar results with fall armyworm (FAW),
Spodoptera frugiperda (J. E. Smith), as those in our study with the MON810 event suggesting a
complimentary effect of traditional and transgenic Bt resistance in corn. Because these effects
were observed in the MON810 event but not in the CBH351 event, our results indicate that the
complimentary effect depends on the event used in the plant transformation.
Weather conditions may have influenced the silking stage resistance to corn borers for
the Pioneer and Garst hybrids in 1999 and 2000. The 1998-2000 drought ranks among the two or
three most severe droughts on record for the century in Louisiana (Zapata and Frank 2001).
Weather conditions during mid-whorl attack (May and June) were similar in 1999 and 2000
(Appendix C). Therefore, differences in resistance to SWCB and SCB attack between Bt and
non-Bt corn in 1999 and 2000 were not clear during mid-whorl infestations. However, drought
and high temperatures peaked from June to August 2000 (Appendix C). Using the same rate of
artificial larval infestation for both years and similar crop management practices, higher borer
injury frequently was observed during larval attack at the silking stage in 2000 compared to that
in 1999. Expression of the Cry1A(b) toxin could have been negatively affected by extreme
weather but not to the point of causing resistance failures. The high, season-long protein
expression observed in the MON810 event is important for reducing corn borer damage during
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the more economically silking stage. In addition, high expression throughout the season is one of
the core strategies to reduce the evolution of resistance to the Bt protein in the mandatory
insecticide resistance management (IRM) practices established by regulatory agencies to Bt corn
technology sellers (U.S. Environmental Protection Agency 2000).
Results from laboratory survival tests indicate that the MON810 event was associated
with a significant reduction in survival of SWCB and SCB after 96 h of feeding exposure. The
CBH351 event significantly reduced survival of SWCB but not of SCB. Therefore, our results
indicate that SCB larvae were more resistant to the Cry9C protein than were SWCB larvae.
Interestingly, the MON810 event in Bt hybrid Golden Acres X6046BT performed poorly not
only in field studies but also in laboratory survival studies. Since whorl leaf tissue was collected
from field grown plants, either the expression of the Bt protein was impaired by local growing
conditions of the crop, or the corn hybrid failed to express the protein at sufficient levels, or both.
Developmental size of surviving larvae was different among Bt hybrids tested. All
SWCB survivors were severely reduced in size after 96 h of feeding on tissue with the MON810
event. However, 25% of SWCB that fed on the Bt tissue with the CBH351 event were normal in
size. Surviving SCB larvae were less affected by the Bt protein, except by that of Pioneer 31B13
(MON810 event). All SCB survivors on Pioneer 31B13 (MON810 event) were severely reduced
in size, whereas two thirds of SCB surviving population from other Bt hybrids with the MON810
event (Pioneer 33V08 and Dekalb 679BTY) were reduced in size. Less than half of the SCB
survivors on tissue with the CBH351 event were reduced in larval size. The sublethal effects of
the Bt toxin on the fitness of borer populations are not well understood. A portion of surviving
borer populations may reach adulthood at a later time than normally developing moths from a
non-Bt corn refuge. As a result, resistant adults might have increased opportunities of mating and
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producing resistant progeny. For that reason, transformation events with high mortality to both
the SWCB and SCB should be used. Among the events evaluated in our study, only the
MON810 event in Pioneer 31B13 was successful in significantly reducing survival of both
SWCB and SCB.
Corn borer (SWCB and SCB) injury levels measured in our experiments exposed to
native borer populations revealed higher corn borer pressure in 2000 than in 1999. Efficacy of
the MON810 event was observed in mid-whorl (first generation) borer infestation regardless of
irrigation regime. Under silking (second generation) borer infestation, the MON810 event
significantly reduced shank and cob tunneling compared to non-Bt plants in irrigated plots. In
non-irrigated plots, significantly low shank tunneling was associated with Bt than in non-Bt
plants. However, as the season progressed and high temperature and drought conditions became
the more limiting factors (see Appendix C) for borer survival on non-irrigated plots, ear cob
tunneling was reduced significantly in non-Bt plants from non-irrigated plots and was not
different from that of Bt plants. However, in irrigated plots where borers had better possibilities
of survival from drought conditions, the Bt hybrid with the MON810 event maintained a
significantly lower level of ear cob tunneling compared to the non-Bt hybrid. Significantly higher
seed yields were collected from Bt corn than from non-Bt corn in non-irrigated plots in 1999.
However, the lack of correlation between most injury variables and seed yields suggests that
yields were highly influenced by other factors such as drought and extreme temperatures than by
borer infestation.
Based on results from our studies, Bt corn hybrids containing the Cry1A(b) and Cry9C
protein through MON810 and CBH351 events, respectively, performed similarly in controlling
mid-whorl infestations by SWCB and SCB. However, hybrids with the MON810 event
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controlled more efficiently second infestation (silking stage) of borers in Louisiana. The
CBH351 event in U.S. corn was approved by the U.S. Environmental Protection Agency in 1998
only for cattle feed but not for human consumption (U.S. Environmental Protection Agency
2001). In September 2000, the Cry9C protein from the CBH351 event (commercially known as
StarLink® corn) was detected in the food chain. This finding led to the voluntary cancellation of
StarLink® registration by its maker Aventis (Aventis Crop Science, Research Triangle Park, NC)
in February 2001 (see Appendix A). Therefore, Bt hybrids with the MON810 event (one of two
transformation events commercially known as YieldGard® corn) made up the majority of
commercial Bt corn hybrids during the past two years. However, only the MON810 event from
Pioneer 31B13 provided uniform, season-long control of corn borers as compared to events in
other Bt corn hybrids available at the time of our experiment. More studies are needed to assess
the impact of newer Bt corn hybrids with the MON810 event on SWCB and SCB populations in
the southeastern United States. In addition, our artificial infestation studies were not continued
through plant maturity and the native infested studies were affected by non-favorable weather
conditions. Additional studies and on-going evaluations would be beneficial to assess the longterm benefits and/or risks derived from the incorporation of this new technology in southeastern
U.S. conditions.
The implications of sublethal effects associated with borers feeding on several Bt hybrids
with the MON810 event is not completely understood. Until these effects are studied in detail in
years with less extreme weather conditions, the management implications for borer populations
remain largely speculative. Finally, the use of Bt corn transgenic technology is a prophylactic
measure that must be decided on before the planting season begins. Insect pests such as SWCB
and SCB are less mobile than other important pests in the southeastern United States such as the
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corn earworm, Helicoverpa zea (Boddie), and the FAW. Therefore, the refinement of tools to
predict borer populations based on previous sampling and crop history can greatly help
producers improve their pest management strategies using available tools and Bt-corn technology
for SWCB and SCB control.
References Cited
Archer, T. L., C. Patrick, G. Schuster, G. Cronholm, E. D. Bynum, Jr., and W. P.
Morrison. 2001. Ear and shank damage by corn borers and corn earworms to four events of
Bacillus thuringiensis transgenic maize. Crop Prot. 20: 139-144.
Arnold, J. M., L. M. Josephson, W. R. Overton, and S. E. Bennett. 1970. Cultural control of
the southwestern corn borer. Tennessee Agric. Exp. Stn. Bull. 466. 12 pp.
Baldwin, J. L., T. J. Riley, and R. Leonard. 2002. Managing corn and grain sorghum insect
pests 2002. Louisiana State University AgCenter, Pub. 2284.
Buschman, L., P. Sloderbeck, Y. Guo, R. Higgins, and M. Witt. 1997. Evaluation of corn
borer resistance and grain yield for Bt and non-Bt corn hybrids at Garden City, KS. In 1997
Garden City, KS Trial Report, Dept. of Entomology, Kansas State University, Manhattan, KS.
Chippendale, M. G. 1979. The southwestern corn borer, Diatraea grandiosella, case history of
an invading insect. University of Missouri Agric. Exp. Stn., Res. Bull. 1031., 52 pp. Columbia,
MO.
Davis, F. M., C. A. Henderson, and G. E. Scott. 1972. Movement and feeding of larvae of the
southwestern corn borer on two stages of corn growth. J. Econ. Entomol. 65: 519-521.
Davis, F. M., G. E. Scott, and C. A. Henderson. 1973. Southwestern corn borer: Preliminary
screening of corn genotypes for resistance. J. Econ. Entomol. 66: 503-506.
Davis, F. M., and T. G. Oswalt. 1979. Hand inoculator for dispensing lepidopterous larvae.
Science and Education Administration, USDA. Advances in Agricultural Technology, AAT-S9/October 1979.
Davis, F. M., and W. P. Williams. 1983. Second-generation southwestern corn borer
(Lepidoptera: Pyralidae) ear and stalk damage to susceptible and resistant maize. J. Econ.
Entomol. 76: 507-509.
Davis, F. M. 1989. Rearing the southwestern corn borer and fall armyworms at Mississippi
State, pp. 27-36. In International Maize and Wheat Improvement Center (CIMMYT). Toward
Insect Resistant Maize for the Third World. Proceedings of the International Symposium on

64
Methodologies for Developing Host Plant Resistance to Maize Insects, held 9-14 March 1987 at
International Maize and Wheat Improvement Center, (CIMMYT), El Batan, Mexico.
Davis, F. M., W. P. Williams, and B. R. Wiseman. 1989. Methods used to screen maize for
and to determine mechanisms of resistance to the southwestern corn borer and fall armyworm,
pp. 101-108. In International Maize and Wheat Improvement Center (CIMMYT). Toward Insect
Resistant Maize for the Third World. Proceedings of an International Symposium on
Methodologies for Developing Host Plant Resistance to Maize Insects. CIMMYT, 9-14 March
1987. El Batan, Mexico.
Davis, F. M., and W. P. Williams. 1994. Evaluation of reproductive stage maize for resistance
to the southwestern corn borer (Lepidoptera: Pyralidae) using visual rating scores of leaf sheath
and husk damage. J. Econ. Entomol. 87: 1105-1112.
Davis, F. M., W. P. Williams, and P. M. Buckley. 1998. Growth responses of the southwestern
corn borer (Lepidoptera: Crambidae) and fall armyworm (Lepidoptera: Noctuidae) larvae fed
combinations of whorl leaf tissue from a resistant and a susceptible maize hybrid. J. Econ.
Entomol. 91: 1213-1218.
Guthrie, W. D., F. F. Dicke, and C. R. Neiswander. 1960. Leaf and sheath feeding resistance
to the European corn borer in eight inbred lines of dent corn. Ohio Agric. Exp. Sta., Res. Bull.
860.
Huang, F., L. L. Buschman, and R. A. Higgins. 1999. Suceptibility of different instars of
European corn borer (Lepidoptera: Crambidae) to diet containing Bacillus thuringiensis. J. Econ.
Entomol. 92: 547-550.
Huarong, L., R. A. Higgins, B. Oppert, L. L. Buschman, F. Huang, and K. Y. Zhu. 2001.
Survival and damage of dipel-resistant and –susceptible European corn borer strains on different
parts of transgenic Bt and non-Bt corn plants. A poster presented at the 2001 Annual Meeting of
the Entomological Society of America, December 9-13, 2001. San Diego, CA.
Inglis, G. D., A. M. Lawrence, and F. M. Davis. 2000. Pathogens associated with southwestern
corn borers and southern corn stalk borers (Lepidoptera: Crambidae). J. Econ. Entomol. 93:
1619-1626.
Kumar, H., and J. A. Mihm. 1996. Resistance in maize hybrids and inbreds to first-generation
southwestern corn borer, Diatraea grandiosella (Dyar) and sugarcane borer, Diatraea
saccharalis F.. Crop Prot. 15: 311-317.
Lambert, B., L. Buyesse, C. Decock, S. Jansens, C. Piens, B. Saey, J. Seurnick, K. Van
Audenhoven, J. Van Rie, A. Van Vliet, and M. Peferoen. 1996. A Bacillus thuringiensis
insecticidal crystal protein with a high activity against members of the family Noctuidae. Appl.
Environ. Microbiol. 62: 80-86.

65
®

Littell, R. C., G. A. Milliken, W. W. Stroup, and R. D. Wolfinger. 1996. SAS system for
mixed models. SAS Institute Inc., Cary, NC. 633 pp.
Little, T. M., and F. J. Hills. 1978. Agricultural experimentation, design and analysis. Wiley,
NY.
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.
Neter, J., W. Wasserman, and M. H. Kutner. 1990. Applied linear statistical models, 3rd. ed.
Irwin Inc., IL. 1181 pp.
Ostlie, K. R., W. D. Hutchison, and R. L. Hellmich. 1997. Bt corn and European corn borer.
NCR pub. 602. University of Minnesota, St. Paul, MN.
Ritchie, S. W., J. J. Hanway, and G. O. Benson. 1993. How a corn plant develops. Iowa State
University, Spec. Rep. 48.
SAS Institute Inc. 2001. SAS® software, release 8.02 TS Level 02M0. Cary, NC.
Scott, G. E., and F. M. Davis. 1976. Breeding for resistance to the southwestern corn borer, pp.
118-128. In H. D. Loden and D. Wilkinson [ed.]. Proc. 31st Annual Corn and Sorghum Research
Conference, Chicago, Il. 7-9 December 1976. American Seed Trade Assoc., Washington, D.C.
Sokal, R. R., and F. J. Rohlf. 1981. Biometry, 2nd ed. W. H. Freeman, NY.
Steel, R. G. D., and J. H. Torrie. 1980. Principles and procedures of statistics, a biometrical
approach, 2nd. ed. McGraw-Hill, NY. 633 pp.
U.S. Environmental Protection Agency (EPA). 2000. Biopesticides registration action
document, preliminary risks and benefits section. Bacillus thuringiensis plant-pesticides. Office
of Pesticide Programs, Biopesticides and Pollution Prevention Division, Washington, D.C.
[Online]. Available http://www.epa.gov/scipoly/sap/2000/october/brad1_execsum_overview.pdf
[February 15, 2002].
U.S. Environmental Protection Agency (EPA). 2001. Biopesticide fact sheet: Bacillus
thuringiensis subspecies tolworthi Cry9C protein and the genetic material necessary for its
production in corn. Office of Pesticide Programs, Biopesticides and Pollution Prevention
Division, Washington, D.C. [Online]. Available:
http://www.epa.gov/pesticides/biopesticides/factsheets/fs006466t.htm [February 20, 2002]
Whitworth, R. J., F. L. Poston, S. M. Welch, and D. Calvin. 1984. Quantification of
southwestern corn borer feeding and its impact on corn yield. Southwest. Entomol. 9: 308-318.
Williams, W. P., F. M. Davis, and G. E. Scott. 1983. Second-brood southwestern corn borer
infestation levels and their effect on corn. Agron. J. 75: 132-134.

66
Williams, W. P., J. B. Sagers, J. A. Hanten, F. M. Davis, and P. M. Buckley. 1997.
Transgenic corn evaluated for resistance to fall armyworm and southwestern corn borer. Crop
Sci. 37: 957-962.
Williams, W. P., F. M. Davis, and P. M. Buckley. 1998a. Resistance to southwestern corn
borer in corn after anthesis. Crop Sci. 38: 1514-1517.
Williams, W. P., P. M. Buckley, J. B. Sagers, and J. A. Hanten. 1998b. Evaluation of
transgenic corn for resistance to corn earworm (Lepidoptera: Noctuidae), fall armyworm
(Lepidoptera: Noctuidae), and southwestern corn borer (Lepidoptera: Crambidae) in a laboratory
bioassay. J. Agric. Entomol. 15: 105-112.
Williams, W. P., F. M. Davis, J. L. Overman, and P. M. Buckley. 1999. Enhancing inherent
fall armyworm (Lepidoptera: Noctuidae) resistance of corn with Bacillus thuringiensis genes.
Fla. Entomol. 82: 271-277.
Zapata, H. O., and D. Frank. 2001. 2000 Louisiana Agricultural Statistics. Dept. of
Agricultural Economics and Agribusiness, A.E.A. Inf. Ser. No. 195. Louisiana State University
AgCenter, Baton Rouge, LA.

CHAPTER 3

EVALUATION OF BACILLUS THURINGIENSIS TRANSGENIC FIELD CORN FOR
MANAGEMENT OF CORN EARWORM (LEPIDOPTERA: NOCTUIDAE)
Introduction
The corn earworm (CEW), Helicoverpa zea (Boddie), is one of the most mobile pests in
the United States (Andow and Hutchison 1998). Its distribution includes the entire corn
production region in the United States (Wiseman and Davis 1990). CEW is unable to overwinter
in northern United States (Andow and Hutchison 1998, Siegfried et al. 2000). However, in
southern states, CEW is able to migrate between different crops through several generations
before overwintering as a diapausing pupa in the soil (Anonymous 1982, Kring et al. 1993,
Andow and Hutchison 1998). Corn is the primary host utilized by CEW populations in the
southeastern United States (Wiseman and Isenhour 1990). A corn crop can produce large CEW
populations with 0.6 to 0.8 viable pupae per corn ear in some areas of southeastern United States
(Caron et al. 1978). These populations (F3 seasonal generation) may attack late-planted corn.
However, as corn matures and becomes less attractive, CEW moths oviposit on more susceptible
crops in the surrounding area such as grain sorghum, Sorghum bicolor (L.) Moench, cotton,
Gossypium hirsutum L., and soybeans, Glycine max (L.) Merrill (Dicke 1977) where economic
damage may be devastating (Wiseman and Morrison 1981). Corn is frequently considered the
main reservoir for the development of CEW populations that later migrate to other major
agronomic crops in the southern United States (Wiseman 1989).
Natural mortality of CEW in corn is highly variable. Overwintering mortality can be as
high as 80% (Caron et al. 1978), but season survival may be as high as 82 to 94% (Kring et al.
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1993). In addition, observations by Kring et al. (1993) and Archer and Bynum (1994) indicate a
low (1.0 to 2.1%) mortality from biotic factors in the F2 seasonal generation in corn. The high
migratory patterns make reduction of emerging moth populations using chemical or modified
cultural strategies impractical and likely impossible (Kring et al. 1993). CEW control with
insecticides in corn in Louisiana is recommended only for rare extreme infestations at whorl
stage (Baldwin et al. 2002). Early planting (March 1st to April 15th) is recommended in this state
to reduce corn insect damage and insecticide costs.
Host-plant resistance is considered a potentially viable tool for controlling CEW silk
damage (Williams et al. 1998, Abel et al. 2000). Maysin and related compounds have been a
chemical basis for corn resistance to CEW silk feeding by inhibiting larval growth (Wiseman et
al. 1996, Abel et al. 2000). However, available tolerant corn cultivars produce acceptable seed
yields despite producing large numbers of CEW (Wiseman and Isenhour 1990). Those large
CEW populations produced on corn inflict devastating damage to other economically important
crops. The aforementioned recurrent problem highlights the need for other control tactics to
prevent the development of high CEW population levels on field corn (Wiseman and Isenhour
1990).
Transgenic corn plants expressing a Bacillus thuringiensis delta-endotoxin (Bt corn) have
been studied for insecticidal activity against southern insect pests including the CEW. Previous
studies by Archer et al. (2001) found inconsistent control of CEW kernel feeding on Bt hybrids
with MON810, BT11, CBH351, and 176 events. Williams et al. (1998) found lower survival and
growth of CEW larvae fed on diets containing silks or a mixture of husks and silks, respectively,
harvested from transgenic corn plants expressing the Cry1A(b) protein through the BT11 event
compared to CEW on normal corn. Additional reports indicate that neonate CEW are generally
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less susceptible to the Cry1A(b) protein than other Lepidoptera such as the European corn borer,
Ostrinia nubilalis Hübner (Marçon et al. 1999, Siegfried et al. 2000). Siegfried et al. (2000)
observed that the LC50 for Cry1A(b) in CEW ranged 18- and 36-fold the EC50 (concentrations
that caused 50% growth inhibition of CEW). Therefore, much higher protein concentrations were
required to cause mortality than those that inhibited larval growth. BT11 and MON810 events
did not prevent CEW establishment in corn ears, but larval development was slower than in nonBt corn ears (Buntin et al. 2001). Storer et al. (2001) reported 15 to 40% CEW survival to the
prepupal stage in hybrids containing either the MON810 or the BT11 events. Some additional
mortality was observed during pre-pupal and pupal stages. Overall adult populations were
reduced by 65 to 95% and development of surviving individuals was delayed 6 to 10 d (Storer et
al. 2001). Similar observations of delayed development but little effect on larval weight were
detected in Cry1A(b) from Bt corn hybrids with the event 176 (Storer 1999). The implications of
sublethal effects of current levels of Bt toxins on CEW are not known (Siegfried et al. 2000). The
apparent sublethal effects may delay CEW development in Bt corn fields and disrupt mating
synchrony with individuals from the non-Bt corn refugia, and may increase the evolution of
resistance. Furthermore, the recent commercial availability of Bt corn in southern states
emphasizes a need to evaluate current expression of all Cry proteins in Bt corn to ensure high
mortality, rather than only sublethal effects, in CEW populations especially in cotton-corn
ecosystems.
The concentration of Bt Cry proteins in corn plant tissue is highly dependent on the
promoter and the transformation event (Ostlie et al. 1997, Williams et al. 1997). Therefore, the
expression of the toxin varies among different Bt hybrids and among different tissue within the
same hybrid. Bt corn proteins and transformation events need to be carefully evaluated in field
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and laboratory conditions for effectiveness against infestations of CEW in Louisiana. Thus, the
objectives of this study were to assess the effectiveness of different Bt corn events in controlling
second-generation CEW through artificial infestations under field conditions; to study survival
rates of CEW larvae feeding on excised Bt corn leaf and silk tissue under controlled laboratory
conditions; to compare field efficacy of selected Bt corn events with that of a synthetic
pyrethroid insecticide to control native occurrence of CEW ear infestations; and to evaluate the
field performance of the recommended Bt corn event MON810 exposed to the effect native CEW
populations under irrigated and non-irrigated field conditions.
Materials and Methods
Injury to Bt and non-Bt corn hybrids caused by CEW was evaluated in three arrays of
experiments during 1998, 1999, and 2000. These experiments consisted of field tests using
artificial infestations of CEW to the silks of corn plants; laboratory studies where CEW larvae
were offered leaf and silk tissue; and field tests evaluating native populations of CEW on Bt and
non-Bt corn with an insecticide treatment (1998) and under irrigated and non-irrigated conditions
(1999 and 2000).
Field Infestations
Field plots. Experiments were conducted during 1999 and 2000 using selected Bt and non-Bt
corn hybrids (Table 1). Corn hybrids were planted on 11 June, 1999, and 12 June, 2000.
Experimental design and crop management followed procedures described in chapter 2 for field
tests.
Insects. CEW larvae were obtained from a laboratory colony described in Gore et al. (2002). The
colony was initialized each year from CEW larvae collected on crimson clover, Trifolium
incarnatum L., during April, and sweet corn, Zea mays L. (hybrid ‘SG 90’), during June near
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Winnsboro, Louisiana. The colony was maintained in the laboratory for a minimum of one
generation to eliminate parasitoids and pathogens.
Infestation procedures. The infestation procedures followed the methods described by Wiseman
(1989). CEW larvae were infested to corn during the silking stage (also referred to as R1 stage,
Ritchie et al. 1993). Three neonate larvae were transferred to 1 to 2 day-old silk masses with a
camel hair brush. A total of 15 plants per subplot (row 2) were infested on 5 August, 1999, and 7
August, 2000.
Evaluation procedures. CEW ear-feeding injury was evaluated on 23 August, 1999, and 25
August, 2000. Infested corn ears were hand harvested and transported to the laboratory in labeled
paper bags. Ear-feeding injury was estimated by using a visual rating system (Table 12)
developed by Widstrom (1967).
Data analysis. Data were analyzed as a split-plot with each Bt-corn hybrid and the respective
parental non-Bt hybrid nested within each seed brand. Normality was tested by using the
Shapiro-Wilk test of the PROC UNIVARIATE (SAS Institute Inc. 2001). Data were subjected to
ANOVA using the SAS MIXED procedure (Littell et al. 1996) which uses the Tukey-Kramer’s
mean separation test to ensure a family confidence level of α = 0.05 (SAS Institute Inc. 2001).
Differences between Bt and non-Bt hybrids within each seed brand were compared using the
CONTRAST statement in PROC MIXED (Littell et al. 1996).
Laboratory Studies
Plant material. Leaf and silk tissues were obtained from selected Bt and non-Bt corn hybrids used
in field tests (Table 1) and planted on 17 May and 11 June, 1999, and 12 June, and 11 July, 2000.
Insects. CEW larvae were obtained from a laboratory colony described by Gore et al. (2002).
Neonate larvae were provided a soybean-wheat germ-based laboratory diet (Heliothis Premix®,
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Table 12. Rating Scale Used to Evaluate Ear-Feeding Injury Caused by CEW to Corn
Infested at Silking (R1) Stage.1
Score

1

Type of injury

0

No damage.

1

Silk damage only.

2

Ear tip damage to a depth of 1 cm.

3

Ear tip damage to a depth of 2 cm.

n+1

Damage up to n cms of penetration beyond ear tip.

Source: Widstrom 1967.
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Stonefly Industries, Bryan, TX) in individual 29.6-ml plastic cups with matching lids. Thirdinstar larvae were selected to initiate laboratory survival tests. In 1999, an additional cohort of
larvae was allowed to remain feeding on artificial diet until the end of the survival test period.
The developmental size (herein referred to as growth size) of larvae on artificial diet was used as
reference to visually compare with the growth size of surviving larvae on plant tissue.
Experiment design and procedures. Terminal expanding leaves from field-grown plants were
excised at 27 d after planting (d.a.p.) and 30 d.a.p. (1999 and 2000, respectively). Procedures for
CEW survival tests on leaf tissue followed those outlined in chapter 2 for corn borer laboratory
experiments. In addition, a similar protocol was used for silk tissue in 1999 and 2000. Silk tissue
was removed from corn at silking (R1) stage before tasseling at 54 d.a.p. and 56 d.a.p. in 1999
and 2000, respectively. Silk masses were rinsed with tap water for three min. to remove any
pollen grains. Experiments were initiated on 8 July, 1999 (leaf tissue), 10 July, 1999 (silk tissue),
10 August, 2000 (leaf tissue), and 18 August, 2000 (silk tissue).
Evaluation procedures. Survival on each experimental unit (percent of surviving larvae from five
larvae per unit) was measured at 24, 48, 72, or 96 h. Evaluation procedures and mortality
criterion followed protocols explained in the laboratory survival studies section in chapter 2 for
corn borers.
Data analysis. Data on CEW survival were subjected to ANOVA using the SAS MIXED
procedure with a confidence level of α = 0.05 (Littell et al. 1996, SAS Institute Inc. 2001). Other
statistical procedures for data analysis followed those outlined in chapter 2.
Native Infestations in Field Experiments
Field plots. Selected corn hybrid susceptibility to native infestations of CEW was evaluated in
1998, 1999, and 2000. In 1998, experiments were planted in a split-plot design in a loessial soil
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(Gigger Gilbert silt loam, Winnsboro, Franklin Parish, LA) using conventional tillage practices
with a John Deere 7300 planter (John Deere, Moline, IL). Insecticide treatment was used as main
plots and corn hybrids (Bt and non-Bt hybrids) as subplots. A randomized complete block design
(RCBD) structure with four blocks was used for the main plot experimental units. Corn hybrids
(Table 13) were planted on 3 April, 1998, into two-row plots (10.7 m long and 1.0 m between
rows). Insecticide treatments consisted of a non-treated control and cypermethrin (Ammo 2.5
EC®; FMC Corporation, Agricultural Chemicals Group, Middleport, NY) applied at 0.028 kg/ha
during silking (R1) stage. The insecticide was applied directly to the corn silk on 12, 17, 19, and
24 June, 1998 using a handboom that delivered 20 gpa of product through a single broadcast
nozzle. Furrow supplemental irrigation was provided as needed. Other agronomic practices
common to the area of planting were used to grow the crop. Experiments during 1999 and 2000
followed protocols described previously in chapter 2 for field tests against native corn borer
populations.
Evaluation procedures. Ear injury caused by native infestations of CEW was estimated from a
3.0-m (10-ft) row sample per plot. Corn ears were hand-harvested at physiological maturity and
transported to the laboratory in labeled paper bags. Ear-feeding injury was estimated by using a
visual rating system (Table 12) developed by Widstrom (1967). CEW ear-feeding injury was
evaluated on 4 August, 1998, 23 August, 1999, and 25 August, 2000. Corn seed yields were not
measured in these experiments.
Data analysis. Data were analyzed as a RCBD. Normality was tested by using the Shapiro-Wilk
test of the PROC UNIVARIATE (SAS Institute Inc. 2001). Data were subjected to ANOVA
using the SAS MIXED procedure (Littell et al. 1996) which uses the Tukey-Kramer’s mean
separation test to ensure a family confidence level of α = 0.05 (SAS Institute Inc. 2001).
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Table 13. Field Corn Hybrids Evaluated Against Native Infestations of CEW in 1998.
Corn hybrid
Pioneer 3167
Pioneer 31B13
Novartis Seeds N6800

1

Bt event

Bt protein

Trademak1

-----

-----

-----

MON810

Cry1A(b)

YieldGard®

-----

-----

-----

Novartis Seeds N6800Bt

BT11

Cry1A(b)

YieldGard®

Novartis Seeds N7590Bt

BT11

Cry1A(b)

YieldGard®

Novartis Seeds N86-P7

176

Cry1A(b)

KnockOut®

Novartis Seeds N79-L3

BT11

Cry1A(b)

YieldGard®

YieldGard® is a trademark of Monsanto (Monsanto Agricultural Company, Agricultural
Research and Development, St. Louis, MO). KnockOut® is a trademark of Syngenta (Syngenta
Seeds, Inc., Golden Valley, MN).

76
Results
Field Infestations
In 1999, ear-feeding injury caused by CEW larvae to corn at silking (R1) stage was
significantly (F = 27.85; df = 4, 11; P < 0.0001) affected by corn hybrids within each seed brand.
CEW ear-feeding injury was significantly lower in all Bt hybrids compared to respective non-Bt
equivalents (Table 14). Levels of resistance to CEW ear-feeding injury conferred by the Bt gene
were 2.1, 2.4, 1.5, and 1.8 times higher in Bt hybrids Pioneer 31B13, Pioneer 33V08, Dekalb
679BTY, and Garst 8366BT, respectively, compared to each respective parental non-Bt hybrid.
No significant differences were detected in levels of ear injury among non-Bt hybrids (F = 1.54;
df = 3, 8; P = 0.2766) and Bt hybrids (F = 4.08; df = 3, 9; P > 0.0500). The average injury in all
Bt hybrids containing the MON810 event was not significantly (F = 1.47; df = 1, 9; P = 0.2561)
different from that associated with the Bt hybrid with the CBH351 event.
In 2000, ear-feeding injury caused by CEW larvae to corn at silking (R1) stage varied
significantly among seed brands (F = 6.41; df = 2, 6; P = 0.0324) and among corn hybrids (F =
10.86; df = 3, 8; P = 0.0034) within each seed brand. Hybrids from Pioneer brand suffered
significantly less ear injury than Golden Acres hybrids (Table 14). CEW ear-feeding injury was
significantly lower in Bt hybrids containing the MON810 event (Pioneer 31B13 and Golden
Acres X6046BT) compared to respective parental non-Bt hybrids (Table 14). Ear injury levels
were statistically similar in Bt hybrid Garst 8366BT (CBH351 event) compared to its parental
non-Bt hybrid Garst 8366 (Table 14). Levels of resistance to CEW ear-feeding injury were 1.9
and 1.2 times higher in Bt hybrids Pioneer 31B13 and Golden Acres X6046BT, respectively,
compared to each respective non-Bt hybrid. CEW ear injury was significantly (F = 9.46; df = 2,
6; P > 0.0140) different among Bt hybrids. Pioneer 31B13 suffered significantly less ear injury
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Table 14. CEW Ear-Feeding Injury to Bt Corn Compared to Non-Bt Corn Hybrids
Infested at Silking (R1) Stage in 1999 and 2000.

Seed brand

Ear-feeding
injury per
seed brand1,3

Bt event

Ear-feeding
injury per
hybrid2,3

MON810

1.6 b

-----

3.4 a

MON810

1.6 b

-----

3.9 a

MON810

2.7 b

-----

4.1 a

CBH351

2.3 b

-----

4.2 a

MON810

2.1 b

Pioneer 3223

-----

3.7 a

Garst 8366BT

CBH351

4.4 a

Garst 8366

-----

3.7 a

X6046BT

MON810

3.9 b

-----

4.8 a

Corn hybrid
1999

Pioneer

2.5 a

Pioneer 31B13
Pioneer 3223

Pioneer

2.7 a

Dekalb Genetics

3.4 a

Garst Seeds

3.2 a

Pioneer 33V08
Pioneer 3394
Dekalb 679BTY
Dekalb 679
Garst 8366BT
Garst 8366
2000

Pioneer

2.9 b

Garst Seeds

4.0 ab

Golden Acres

4.3 a

1

Pioneer 31B13

X6047

Least square means among seed brands within years followed by the same letter are not
significantly different (P > 0.05; Tukey-Kramer’s test).
2
Least square means between hybrids (nested within each seed brand) followed by the same
letter are not significantly different (P > 0.05 as determined by contrasts).
3
N. W. Widstrom (1967) method for rating ear injury as follows: 0, no injury; 1, silk feeding
only; 2, feeding up to 1 cm beyond ear tip; 3, feeding up to 2 cm beyond ear tip; n + 1, feeding
up to n cm beyond ear tip.

78
compared to Garst 8366BT and Golden Acres X6046BT. No significant (F = 5.67; df = 2, 5; P =
0.0518) differences were detected in resistance to CEW ear injury among non-Bt hybrids.
Laboratory Studies
In 1999, survival of third instar CEW feeding on corn leaf tissue was significantly
affected by hybrid (F = 29.60; df = 7, 32; P < 0.0001), evaluation time (F = 139.26; df = 2, 32; P
< 0.0001), and hybrid by time interactions (F = 18.09; df = 14, 32; P < 0.0001). CEW survival
decreased significantly after 72 h of feeding exposure (Figure 5) on Bt hybrids Pioneer 31B13
(12%), Pioneer 33V08 (14%), Dekalb 679BTY (38%), and non-Bt hybrid Pioneer 3394 (72%).
In addition, survival decreased significantly on Bt hybrids Pioneer 31B13 and Pioneer 33V08
after 48 and 72 h of feeding exposure and on Bt hybrid Dekalb 679BTY after 72 h of feeding
exposure compared to their respective non-Bt parental hybrid (Figure 5).
Survival of third instar CEW feeding on corn silk tissue in 1999 was significantly
affected by hybrid (F = 3.63; df = 7, 32; P = 0.0055), evaluation time (F = 11.80; df = 3, 96; P <
0.0001), and hybrid by time interactions (F = 3.03; df = 21, 96; P = 0.0001). CEW survival
decreased significantly after 96 h of feeding exposure on Bt hybrids Pioneer 31B13 and Pioneer
33V08 to values of 68 and 84% survival, respectively (Figure 6). In addition, survival decreased
significantly on Bt hybrid Pioneer 31B13 after 96 h of feeding exposure compared to its
respective non-Bt parental hybrid Pioneer 3223 (Figure 6).
In 1999, size [arcsine √ (x/100) transformed] of larvae surviving on leaf tissue was
significantly different (F = 102.58; df = 7, 28; P < 0.0001). At 72 h after infestation, 84 to 100%
of surviving CEW larvae from non-Bt leaf tissue were similar in size to that of reference larvae
(normal size) grown on artificial diet. However, none of the individuals (0%) surviving from Bt
leaf tissue with the MON810 event were of similar size to that of reference larvae, but were
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Figure 5. Survival of Third Instar CEW on Corn Leaf Tissue, 1999.
*Indicates a significant difference in survival between a Bt hybrid and its non-Bt parental hybrid at the
same time level. **Indicates a significant difference in survival when compared across time within a
hybrid.
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Figure 6. Survival of Third Instar CEW on Corn Silk Tissue, 1999.
*Indicates a significant difference in survival between a Bt hybrid and its non-Bt parental hybrid at the
same time level. **Indicates a significant difference in survival when compared across time within a
hybrid.
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rather smaller (Table 15). Approximately 46% of survivors on the CBH351 event were similar in
size to that of the reference larvae and the remainders were markedly smaller after 72 h of
feeding exposure (Table 15). Significant differences were detected between Bt hybrids and their
non-Bt equivalents (Table 15). The size of surviving CEW larvae was not significanttly (F =
3.18; df = 3, 16; P = 0.0525) different among non-Bt plants after 72 h of feeding exposure.
However, significant differences (F = 627.63; df = 3, 12; P < 0.0001) in larval size were detected
among leaf tissue from different Bt hybrids. A majority of survivors on leaf tissue with the
CBH351 event were normally sized (as that in reference larvae) compared to survivors on leaf
tissue with the MON810 event that were significantly smaller.
Growth size [arcsine √ (x/100) transformed] of surviving larvae that fed on silk tissue in
1999 also was significantly different (F = 50.38; df = 7, 32; P < 0.0001). At 96 h of feeding
exposure, an 80 to 100% of surviving CEW larvae from non-Bt silks were similar in size to that
of reference larvae (normal size) grown on artificial diet (Table 15). Approximately 0 to 19% of
individuals surviving on Bt leaf tissue with the MON810 event were of similar size to that of
reference larvae, most of the surviving population was rather smaller (Table 15). Approximately
92% of survivors on the CBH351 event (Garst 8366BT) were of similar size to that of the
reference larvae. This percentage was not different from that of survivors on the parental non-Bt
Garst 8366 (Table 15). Differences were significant between Bt hybrids with the MON810 event
compared to their non-Bt equivalents (Table 15). Significant differences (F = 32.26; df = 3, 16; P
< 0.0001 and F = 7.32; df = 3, 16; P = 0.0026) in percent survivors with normal size were
observed in Bt silk tissue and non-Bt silk tissue, respectively. A significant majority of survivors
(92%) on the CBH351 event were of normal size compared to a low percent (0 to 19%) of
survivors on the MON810 event with normal size. Among non-Bt silk tissue, 80% of survivors
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Table 15. Effect of Bt Corn Compared to Non-Bt Corn Leaf and Silk Tissue on Growth Size
of Surviving Third Instar CEW After 72 Hours (Leaf) and 96 Hours (Silk) of Laboratory
Feeding Exposure in 1999.
Growth size1,2
Seed brand
Pioneer

Corn hybrid

Bt event

Leaf tissue

Silk tissue

Pioneer 31B13

MON810

0.0 b

19.9 b

-----

94.0 a

96.0 a

MON810

0.0 b

5.0 b

-----

84.0 a

80.0 a

MON810

0.0 b

0.0 b

-----

100.0 a

100.0 a

CBH351

46.0 b

92.0 a

-----

100.0 a

100.0 a

Pioneer 3223
Pioneer

Dekalb Genetics

Garst Seeds

Pioneer 33V08
Pioneer 3394
Dekalb 679BTY
Dekalb 679
Garst 8366BT
Garst 8366

Least square means between hybrids (nested within each seed brand) in a column followed by
the same letter are not significantly different (P > 0.05 as determined by contrasts).
1
Values are expressed as a percent of surviving CEW larvae that were of similar size (as opposite
to reduced size) compared to larvae of same age on artificial, non-treated diet.
2
Least square means are non-transformed values. Significance letters are from transformed
[arcsine √ (x/100)] data.
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on Pioneer 3394 were normally sized compared to 96 to 100% of survivors on other non-Bt silk
tissue whose size was not affected.
In 2000, CEW survival on leaf tissue was significantly affected by hybrid (F = 173.27; df
= 5, 24; P < 0.0001), evaluation time (F = 51.27; df = 3, 72; P < 0.0001), and hybrid by time
interactions (F = 28.59; df = 15, 72; P < 0.0001). CEW survival decreased significantly after 48
h of feeding exposure on Bt hybrid Pioneer 31B13 (MON810 event) and after 96 h on Bt hybrid
Garst 8366BT (CBH351 event) compared to their respective parental non-Bt hybrids (Figure 7).
Survival decreased to 0% after 72 h of feeding exposure on Bt hybrid Pioneer 31B13 (Figure 7).
Survival of third instar CEW feeding on corn silk tissue in 2000 was significantly
influenced by hybrid (F = 5.04; df = 5, 16; P = 0.0058) and hybrid by evaluation time
interactions (F = 2.58; df = 15, 48; P = 0.0065). Significant and decreased CEW survival was
observed on Bt hybrid Pioneer 31B13 across time (Figure 8). CEW survival on Bt hybrid Pioneer
31B13 silk tissue became significantly different after 72 h (56% survival) of silk feeding
compared to CEW survival on non-Bt hybrid Pioneer 3223 (Figure 8). CEW survival on Pioneer
31B13 was reduced to 44% after 96 h.
In 2000, weight gain of surviving CEW larvae after 96 h of feeding exposure to leaf
tissue was significantly different between Golden Acres hybrids (F = 8.27; df = 4, 20; P =
0.0004). Surviving larvae fed on the Bt Golden Acres leaf tissue gained significantly more
weight than those fed on non-Bt Golden Acres hybrid (Table 16). In addition, significantly (F =
32.11; df = 1, 8; P = 0.0005) more weight was gained by surviving CEW larvae fed on Golden
Acres X6046BT Bt leaf tissue than on Garst 8366BT leaf tissue. No significant (F = 3.66; df = 2,
12; P = 0.0573) differences in weight gain of surviving larvae were observed among the non-Bt
hybrids.
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Figure 7. Survival of Third Instar CEW on Corn Leaf Tissue, 2000.
*Indicates a significant difference in survival between a Bt hybrid and its non-Bt parental hybrid at the
same time level. **Indicates a significant difference in survival when compared across time within a
hybrid.
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Figure 8. Survival of Third Instar CEW on Corn Silk Tissue, 2000.
*Indicates a significant difference in survival between a Bt hybrid and its non-Bt parental hybrid at the
same time level. **Indicates a significant difference in survival when compared across time within a
hybrid.
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Table 16. Effect of Bt Corn Compared to Non-Bt Corn Leaf and Silk Tissue on Weight
Gain of Surviving Third Instar CEW After 96 Hours of Laboratory Feeding Exposure in
2000.
Weight gain per larva (mg)
Seed brand
Pioneer

Garst Seeds

Golden Acres

Corn hybrid

Bt event

Leaf tissue

Silk tissue

Pioneer 31B13

MON810

-----1

9.0 b

Pioneer 3223

-----

Garst 8366BT

CBH351

5.0 a

75.0 b

Garst 8366

-----

8.0 a

154.0 a

X6046BT

MON810

12.0 a

52.0 a

-----

7.0 b

45.0 a

X6047

11.0

81.0 a

Least square means between hybrids (nested within each seed brand) in a column followed by
the same letter are not significantly different (P > 0.05 as determined by contrasts).
1
No surviving larvae after 72 h of feeding exposure.
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Weight gain of surviving CEW larvae after 96 h of silk feeding was significantly (F =
10.40; df = 5, 15; P = 0.0002) different among hybrids in 2000. Weight gain was significantly
lower in larvae fed on Bt silk tissue than on the respective non-Bt silk tissue, except for the
Golden Acres hybrids (Table 16). CEW larvae that survived were 9 times and 2 times heavier in
non-Bt Pioneer and Garst hybrids, respectively, compared to respective Bt hybrids (Table 16).
Weight of surviving larvae was significantly different among Bt hybrids (F = 26.20; df = 2, 9; P
= 0.0002) and non-Bt hybrids (F = 5.94; df = 2, 6; P = 0.0378). Significantly less weight was
gained in surviving larvae on Pioneer 31B13 (MON810 event) than in other survivors on other
Bt hybrids. CEW larval weight gain among non-Bt hybrids was significantly higher in Garst
8366 than in Golden Acres X6047.
In 1999, lower survival rates were associated with Bt leaf tissue than Bt silk tissue from
Bt hybrids with the MON810 event but not from the hybrid with the CBH351 event after 72 h of
feeding exposure (Table 17). Significantly lower CEW survival was observed on Bt leaf tissue
from Pioneer 31B13 than from Garst 8366BT and Dekalb 679BTY after 72 h of feeding
exposure. Significantly higher CEW survival was observed on Garst 8366BT leaf tissue than on
any other Bt hybrid evaluated after 72 h (Table 17). No significant differences in CEW survival
rate on silk tissue were observed among Bt hybrids after 72 h of feeding exposure (Table 17).
In 2000, lower CEW survival rates also were associated with Bt leaf tissue than with Bt
silk tissue from Bt hybrid Pioneer 31B13 (Table 17). Significantly lower CEW survival was
observed on Bt leaf and silk tissues from Pioneer 31B13 (MON810 event) compared to survival
on same tissues from other Bt hybrids (CBH351 event from hybrid Garst 8366BT and MON810
event from hybrid Golden Acres X6046BT) evaluated after 96 h of feeding exposure (Table 17).
No significant differences in CEW survival rate on leaf or silk tissues were observed among Bt
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Table 17. Comparison of Percent Survival of Third Instar CEW Larvae on Bt Corn Leaf
versus Bt Corn Silk Tissue After 72 Hours (1999) and 96 Hours (2000) of Laboratory
Feeding Exposure.
Corn hybrid

Leaf tissue1

Bt event

Silk tissue1

1999
Pioneer 31B13

MON810

12.0 c

84.0 a

Pioneer 33V08

MON810

14.0 bc

96.0 a

Dekalb 679BTY

MON810

38.0 b

96.0 a

Garst 8366BT

CBH351

86.0 a

100.0 a

2000
Pioneer 31B13

MON810

0.0 c

44.0 b

Garst 8366BT

CBH351

72.0 a

96.0 a

Golden Acres X6046BT

MON810

96.0 a

100.0 a

Least square means in a column and in a row followed by the same letter are not significantly
different (P > 0.05; Tukey-Kramer’s test).
1
Least square means are non-transformed values. Significance letters are from transformed
[arcsine √ (x/100)] data.
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hybrids Garst 8366BT (CBH351 event) and Golden Acres X6046BT (MON810 event) after 96 h
of feeding exposure (Table 17).
Native Infestations in Field Experiments
In 1998, ear-feeding injury caused by native infestations of CEW was significantly (F =
5.09; df = 6, 18; P = 0.0033) different among corn hybrids. No significant (F = 9.77; df = 1, 3; P
> 0.05) differences in injury were associated with a hybrid whether treated or not with
insecticide. Significantly higher CEW ear-feeding injury was detected in non-Bt hybrid Novartis
6800 compared to non-Bt Pioneer 3167 and Bt hybrids Pioneer 31B13 (MON810 event),
Novartis N86P7 (event 176), and Novartis N79L3 (BT11 event) (Table 18).
In 1999, ear-feeding injury caused by native infestations of CEW was affected
significantly (F = 6.47; df = 2, 7; P = 0.0256) by corn hybrids but was not affected by irrigation
regime. CEW ear-feeding injury was significantly reduced in Bt hybrid Pioneer 31B13 compared
to non-Bt hybrid Pioneer 3223 in the irrigated and non-irrigated tests (Table 19). Bt hybrid
Pioneer 31B13 suffered significantly higher CEW injury to ears under non-irrigated than under
irrigated conditions.
In 2000, ear-feeding injury caused by native infestations of CEW also was significantly
(F = 32.21; df = 2, 8; P = 0.0001) different between corn hybrids but not between irrigation
regime. CEW ear-feeding injury was significantly reduced in Bt hybrid Pioneer 31B13 compared
to non-Bt hybrid Pioneer 3223 in the irrigated and non-irrigated tests (Table 19).
Data from non-Bt hybrid Pioneer 3223 revealed significantly (t = 4.43; df = 10; P =
0.00131) higher CEW ear-feeding injury caused by native infestations of CEW in 1999 than in
2000 (Table 19). Corresponding values of CEW injury in Pioneer 3223 for 1999 and 2000 were
4.5 and 3.0, respectively. CV values for 1999 and 2000 data were 0.05 and 0.40, respectively.
1

Satterthwaite’s approximation because of unequal variances.
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Table 18. CEW Ear-Feeding Injury to Bt Corn and Non-Bt Corn Hybrids Caused by
Native Infestations of CEW in 1998.
Corn hybrid

Bt event

Ear-feeding injury1

Pioneer 3167

-----

0.9 b

Pioneer 31B13

MON810

1.0 b

Novartis 6800

-----

1.8 a

Novartis 6800BT

BT11

1.3 ab

Novartis N7590BT

BT11

1.2 ab

Novartis N86P7

176

1.1 b

Novartis N79L3

BT11

1.0 b

Least square means followed by the same letter are not significantly different (P > 0.05; TukeyKramer’s test).
1
N. W. Widstrom (1967) method for rating ear injury as follows: 0, no injury; 1, silk feeding
only; 2, feeding up to 1 cm beyond ear tip; 3, feeding up to 2 cm beyond ear tip; n + 1, feeding
up to n cm beyond ear tip.
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Table 19. CEW Ear-Feeding Injury to Bt Corn and Non-Bt Corn Hybrids Caused by
Native Infestations of CEW in 1999 and 2000.
Ear-feeding injury1
Corn hybrid

Bt event

1999

2000

MON810

3.2 c

1.3 bc

-----

4.5 a

3.6 a

MON810

4.3 b

1.0 c

-----

4.6 a

2.5 ab

Irrigated test
Pioneer 31B13
Pioneer 3223

Non-irrigated test
Pioneer 31B13
Pioneer 3223

Least square means in a column followed by the same letter are not significantly different
(P > 0.05; Tukey-Kramer’s test).
1
N. W. Widstrom (1967) method for rating ear injury as follows: 0, no injury; 1, silk feeding
only; 2, feeding up to 1 cm beyond ear tip; 3, feeding up to 2 cm beyond ear tip; n + 1, feeding
up to n cm beyond ear tip.
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Discussion
CEW resistance in Bt and non-Bt hybrid Golden Acres X6046BT (MON810 event) was
inconsistent in both field and laboratory tests. Furthermore, agronomic performance of Golden
Acres hybrids was erratic under field conditions. Golden Acres X6046BT and X6047 were
experimental hybrids that did not seem to be well adapted to Northeast Louisiana soil and
environmental conditions. Golden Acres Bt and non-Bt hybrids exhibited poor development from
early growth stages, before tissue from these hybrids was selected for laboratory experimentation
and before infesting CEW in field tests. Therefore, the MON810 event discussed in this section
is from Pioneer and the Dekalb Bt hybrids.
Bt corn hybrids with the MON810 event had significantly lower ear injury caused by
CEW compared to injury observed in non-Bt parental hybrids. However, despite the significant
differences, resistance to CEW injury in Bt hybrids was low (1.2- to 2.4-fold) compared to that in
non-Bt hybrids during both years of field tests. A significant reduction in CEW survival was
observed on hybrids with the MON810 event compared to all other hybrids. Pioneer Bt corn
hybrids caused lower survival on CEW third-instar larvae on leaf tissue (12 to 14% survival)
compared to the Dekalb hybrid (38% survival). Significant reduction in CEW survival occurred
more commonly after 72 to 96 h on leaf and silk tissues in Bt hybrids with the MON810 event.
Furthermore, CEW survivors on leaf tissue with the MON810 event were noticeably reduced in
size compared to survivors on the CBH351 event.
Performance of the CBH351 event was inconsistent in all tests. The efficacy of the
CBH351 event was similar to that of the MON810 event in artificially infested plots during
1999. However, during 2000 the CBH351 event did not reduce corn ear injury. Low efficacy of
the CBH351 event during 2000 was anticipated because the Cry9C toxin from the CBH351 event
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is not toxic to CEW (National Research Council 2000), even though the protein is expressed in
corn silks and corn ears. The insecticidal effects associated with the CBH351 event in 1999 may
be an indication of some effect of the Cry9C insecticidal protein on CEW. Lower insecticidal
expression could produce sublethal effects on surviving CEW larvae that may increase the
selection for resistance to the Cry9C protein. Levels of control provided by the CBH351 event
during first seasonal generation of CEW in corn (72 to 86% survival) may not be sufficient to
reduce the buildup of the second seasonal generation of CEW. In addition, larval size in
approximately half of CEW survivors on tissue with the CBH351 event was not affected in 1999.
No differences in weight gain were associated with CEW exposed to the CBH351 event
compared to CEW survivors on non-Bt hybrids. CEW survival on silk tissue with the CBH351
event was not significantly reduced compared to that on silks from the respective non-Bt hybrid.
Survival of third-instar CEW larvae on silk tissue was significantly reduced only in the MON810
event in Pioneer 31B13. In addition, survival was significantly higher on Bt silk tissue than on Bt
leaf tissue regardless of Bt event. Because CEW larvae infested to both leaf and silk tissues were
from the same insect generation and age, higher survival on silk tissue than on leaf tissue is an
indication that expression of Bt protein decreases in silks. Higher survival may be due to lower
Cry protein expression in silk tissue, which might be caused by seasonal variation in the
expression of the Bt toxin or because the plant increases natural resistance at it matures or both.
In any case, high CEW survival may occur during silking infestations to corn with the MON810
event. Non-Bt hybrids evaluated during artificial infestations in the field exhibited high
susceptibility to CEW ear injury. However, laboratory survival tests revealed reduced survival
and decreased size in CEW that fed on non-Bt hybrid Pioneer 3394 compared to larvae that fed
on other non-Bt hybrids. Susceptibility of refuge (non-Bt equivalent hybrids) is highly desirable
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from a resistance management point of view. A sufficiently large population of susceptible
individuals should be produced in the refugia to hopefully mate with resistant survivors on the Bt
corn. However, if survival or larval development in the refugia is significantly impaired, mating
synchrony between susceptible and resistant survivors may be disrupted (Siegfried et al. 2000).
This could have unknown consequences for the overall resistance management strategy.
In 1998, the use of an insecticide did not make a significant difference in the level of
injury observed in Bt and non-Bt corn ears. In addition, Bt hybrids containing either the
MON810 event or the event 176 consistently suffered less CEW ear injury compared to non-Bt
hybrids. Bt corn with the BT11 event suffered reduced damage, but its performance was not
consistent across hybrids. Therefore, our observations agree with those by Archer et al. (2001)
who also found inconsistent CEW control with the BT11 event. In 1999 and 2000, the MON810
event (Pioneer 31B13) significantly reduced CEW ear injury in irrigated and non-irrigated field
conditions compared to the non-Bt equivalent hybrid Pioneer 3223. However, high significance
(P = 0.0001) in CEW injury between the Bt and non-Bt hybrids was observed only at lower CEW
pressure in 2000 than at higher CEW pressure in 1999 (P = 0.0256). Therefore, levels of
resistance to CEW ear injury observed in Bt hybrid Pioneer 31B13 may not be enough under
higher CEW population densities. Higher injury and narrower mean differences in injury levels
between Bt and non-Bt corn were observed in 1999 than in 2000. At higher CEW densities
(1999), both Bt and non-Bt hybrids suffered higher CEW injury to ears. Injury levels were
similar for non-Bt corn under irrigated and non-irrigated conditions. However under high CEW
densities, resistance to CEW ear injury in Bt corn tended to decrease more rapidly in the nonirrigated tests.
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Our results suggest that the CBH351 event may not offer satisfactory levels of control for
the first seasonal generation of CEW but some mortality associated with this event may occur
during the second generation of CEW. Therefore, CEW survivors may be under slight selection
pressure for resistance to Cry9C protein. Our results agree with those by Archer et al. (2001)
who also found inconsistent CEW control associated with the CBH351 event.
Hybrids with the event 176 tended to suffer lower CEW injury to ears under native
infestations of CEW. However, the observed performance of the event 176 against native
infestations of CEW may be misleading. The event 176 expresses low levels of the Cry1A(b)
protein in silk, kernels and pith. Protein expression declines later in the season (see Appendix A).
Therefore, low toxicity is expected against CEW ear infestations. However, during 1998 native
CEW pressure was relatively low. CEW densities were not high enough to unveil clear
differences, if any, between Bt hybrids within the two insecticide treatments.
The CBH351 event was withdrawn from the market in 2001 after traces of Cry9C protein
(which in Bt corn was intended for cattle feed only, U.S. Environmental Protection Agency
2001a) were detected in the food chain (see Appendix A). In addition, inconsistent performance
of the event 176 against second-generation corn borers led its makers Syngenta (KnockOut®,
Syngenta Seeds, Inc. Golden Valley, MN) and Mycogen Seeds (NatureGard®, Mycogen Seeds,
St. Paul, MN) to voluntarily phase it out in 2001 (Sloderbeck 2001, see Appendix A). Therefore,
Bt hybrids with BT11 and MON810 events (the two transformation events commercially known
as YieldGard® corn) evaluated in these experiments still remain in the market for commercial
use. However, protection against CEW ear injury associated with the BT11 event was not
consistent under the conditions of our experiments. The MON810 event from the Bt hybrid
Pioneer 31B13 provided significant control of CEW infesting leaf tissue under laboratory
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conditions. In addition, artificial infestations of CEW neonates during silking stage were
controlled more efficiently with the MON810 event from Pioneer 31B13. However, higher CEW
survival may be observed from CEW infestations at silking stage. Levels of native infestations
observed during our study were enough to produce low to moderate levels of injury to CEW
ears. Therefore, levels of resistance observed in current elite Bt hybrids containing the MON810
event may not be enough to control CEW infestations in years with higher native population
densities in Louisiana. Furthermore at higher infestations, CEW injury could increase rapidly in
Bt corn under non-irrigated conditions. Archer et al. (2001) also reported insufficient levels
CEW control in corn with the MON810 event.
Specific restrictions are in place for planting Bt corn in cotton-growing areas in
southeastern states (U.S. Environmental Protection Agency 2001b, see Appendix B). However,
current levels of Bt insecticidal protein may not be expressed in silks or ear components at the
high dose (Scientific Advisory Panel 1998) necessary to delay resistance. Resistance concerns in
CEW are particularly important in cotton-growing areas. CEW is targeted in Bt cotton with Bt
toxin Cry1A(c) (Storer et al. 2001), which has a shared binding target site with Cry1A(b), the Bt
protein found in Bt corn (Tabashnik 1994, Gould 1998). Cross-resistance could potentially have
an impact in corn-cotton growing areas as CEW migrates from less attractive maturing Bt corn to
more attractive fruiting Bt cotton. Therefore, until newer hybrids with improved levels of CEW
control are commercially available, extensive planting of Bt hybrids with moderate effect on
CEW might have an important effect in accelerating the evolution of CEW resistance in
southeastern United States.
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CHAPTER 4

EVALUATION OF BACILLUS THURINGIENSIS TRANSGENIC FIELD CORN FOR
MANAGEMENT OF FALL ARMYWORM (LEPIDOPTERA: NOCTUIDAE)
Introduction
The fall armyworm (FAW), Spodoptera frugiperda (J. E. Smith), is a destructive pest in
several economically important crops including corn, Zea mays L., in the United States. The
variable migration patterns, short developmental time, and efficient reproductive system allow
the FAW to be a successful serious pest throughout many agricultural regions (Adamczyk et al.
1998).
FAW control in Louisiana relies heavily on the use of insecticides (Wood et al. 1981).
Carbaryl and several pyrethroids are recommended for FAW control at whorl stage of corn
development in Louisiana (Baldwin et al. 2002). However, FAW in corn and other important
crops in Louisiana have demonstrated resistance to carbaryl and permethrin insecticides (Wood
et al. 1981). Erratic FAW control in corn has been reported with permethrin, cypermethrin,
fenvalerate, esfenvalerate, fluvalinate, and cyfluthrin (Guillebeau and All 1991).
Transgenic corn hybrids expressing a Bacillus thuringiensis delta-endotoxin (Bt corn)
have been evaluated for activity against southern insect pests including the FAW. Previous
studies revealed that transgenic Bt corn hybrids expressing the Cry1A(b) protein through the
BT11 event sustained significantly less leaf feeding from FAW compared to resistant and
susceptible non-Bt hybrids (Williams et al. 1997). In addition, larval growth and survival were
significantly reduced on Bt corn following consumption of diets containing lyophilized Bt corn
leaf and husk tissue (Williams et al. 1997). However, studies by Nyouki et al. (1996) suggest that
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FAW larvae are not very susceptible to some strains of B. thuringiensis including B.
thuringiensis subsp. kurstaki, which produces Cry1A(b) insecticidal protein. Similar
observations by Williams et al. (1997 and 1998) indicate that FAW larvae are less susceptible to
the Bt protein compared to the southwestern corn borer, Diatraea grandiosella Dyar, and to the
corn earworm, Helicoverpa zea (Boddie). Buntin et al. (2001) reported consistent reduction of
FAW densities in BT11 and MON810 events. FAW larvae established in Bt corn developed
slower through larval stadia compared to FAW feeding on non-Bt corn (Buntin et al. 2001).
Moderate resistance levels to FAW feeding damage were observed in Bt corn with the MON810
event (Buntin et al. 2001). Bt expression associated with the MON810 event used in combination
with traditional plant resistance further reduced FAW injury and suggests a complimentary effect
of traditional resistance and transgenic Bt expression in corn (Williams et al. 1999). Observations
in cotton, Gossypium hirsutum L., revealed no significant differences in survival of FAW on
non-transgenic and transgenic Bt cotton plants containing the CryIA(c) endotoxin. However,
FAW larval weights were significantly lower on the transgenic cotton hybrid compared to those
from larvae on non-transgenic cotton (Adamczyk et al. 1998).
Traditional pesticide use strategies recommended to manage the FAW in southeastern
United States provide moderate levels of control, but are not consistent from year to year.
Transgenic Bt corn technology offers the potential to further reduce FAW populations. However,
expression of Bt Cry proteins in corn plant tissue is highly dependent on the promoter and the
transformation event used (Ostlie et al. 1997, Williams et al. 1997). Therefore, the concentration
of the toxin varies among different Bt hybrids and among different tissue within the same hybrid.
Bt corn proteins and transformation events need to be carefully evaluated in field and laboratory
conditions for effectiveness against infestations of FAW. Information on the effect of Bt corn on
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FAW management in Louisiana is important to partially assess the value of this new technology
in the southeastern United States. Therefore, the objectives of this study were to assess the
effectiveness of different Bt corn events in controlling artificial whorl infestations of FAW under
field conditions; and to study survival rates of FAW larvae feeding on excised Bt corn leaf tissue
under controlled laboratory conditions.
Materials and Methods
Injury to Bt and non-Bt corn hybrids by FAW was evaluated in two types of experiments
during 1999 and 2000. These experiments consisted of field tests using artificial infestations of
FAW to corn at mid-whorl stage, and laboratory studies where survival of FAW larvae was
studied when fed on Bt and non-Bt leaf tissue.
Field Infestations
Field plots. Experiments were planted in a split-plot design in 1999 and 2000 using selected Bt
corn hybrids and respective non-Bt equivalent hybrids (Table 1). Experiments were planted on 8
July, 1999 and 11 July, 2000. Experimental desing and crop management practices followed
those outlined on the field infestation section in previous chapters.
Insects. FAW egg masses were obtained from colony-reared strains in 1999 (USDA-ARS,
Mississippi State, MS) and in 2000 (Pharmacia, Union City, TN). The Pharmacia colony
originated from the USDA-ARS, Mississippi State colony. Rearing and maintenance for the
Mississippi State colony follow procedures described by Davis (1989).
Eggs and larval handling procedures. Upon receipt, FAW egg masses were handled in a similar
manner prior to field infestations as that for corn borer egg masses as explained in chapter 2.
Infestation procedures. Neonate FAW larvae were infested at mid-whorl stage (also referred to as
V6 stage, Ritchie et al. 1993) using the bazooka method (Davis et al. 1989) as described in
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chapter 2 for artificial infesting corn borers. Two bazooka shots of approximately 15 neonate
larvae each were delivered directly into the whorl of each plant for a total of 30 larvae per plant.
Evaluation procedures. FAW mid-instar larvae often migrate from adjacent plants within and
between rows (Davis et al. 1989). Therefore, evaluations should be conducted at an early date,
i.e. approximately 7 d after infestation (d.a.i.) to avoid higher leaf injury caused by larvae
migrating from susceptible adjacent plants (F. Davis, USDA-ARS, Mississippi State, MS,
personal communication, April 1999). FAW leaf injury was estimated in the field on 13 August,
1999 (6 d.a.i.), and on 23 August, 2000 (7 d.a.i.). Feeding injury evaluations were conducted by
using a visual leaf feeding rating scale developed by Williams et al. (1983). The scale assigns
leaf-feeding injury scores within a range of 0 to 9 (Table 20).
Data analysis. Data were analyzed as a split-plot with each Bt-corn hybrid and the respective
parental non-Bt hybrid nested within each seed brand. Non-transformed values were tested for
normality using the Shapiro-Wilk test of the PROC UNIVARIATE (SAS Institute Inc. 2001).
Data were subjected to ANOVA using the SAS MIXED procedure (Littell et al. 1996) which
uses the Tukey-Kramer’s mean separation test for a confidence level of α = 0.05 (SAS Institute
Inc. 2001). Differences between Bt and non-Bt hybrids within each seed brand were compared
using the CONTRAST statement in PROC MIXED (Littell et al. 1996).
Laboratory Studies
Plant material. Leaf tissue was obtained from selected Bt and non-Bt corn hybrids used in field
tests (Table 1). Corn hybrids were planted on 11 June, 1999, and 11 July, 2000. Agronomic
practices to manage the corn crop followed those described on previous chapters.
Larval handling procedures. Upon receipt, egg masses and neonate larvae were reared in a
similar manner as that outlined in chapter 2. Third-instar larvae reared on artificial diet were
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Table 20. Rating Scale Used to Evaluate Leaf-feeding Injury Caused by FAW to Corn
Infested at Mid-Whorl (V6) stage.1
Score

1

Type of injury

0

No visual leaf damage.

1

Pin-hole damage on a few leaves.

2

Small amount of shot-hole damage on a few leaves.

3

Shot-hole damage on several leaves.

4

Shot-hole damage and lesions on a few leaves.

5

Lesions on several leaves.

6

Large lesions on several leaves.

7

Large lesions and portions eaten away on a few leaves.

8

Large lesions and large portions eaten on several leaves.

9

Large lesions and large portions eaten on most leaves.

Source: Williams et al. 1983.
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selected to initiate laboratory survival tests. In 1999, an additional cohort of larvae was used as
reference larvae by allowing them to remain feeding on artificial diet until the end of the survival
test period. The developmental size (herein referred to as growth size) of larvae fed on artificial
diet was used as reference for comparison purposes with the growth size of surviving larvae from
the laboratory experiments as outlined in chapter 2.
Experiment design and procedures. Experiments were initiated on 12 July, 1999, and 8 August,
2000. Terminal expanding leaves from field-grown plants were excised at 31 d after planting
(d.a.p.) in 1999 and 29 d.a.p. in 2000. Experimental design and procedures used for laboratory
tests were similar to those described on previous chapters 2 and 3.
Evaluation procedures. Survival on each experimental unit (percent of surviving larvae from five
larvae per unit) was measured at 24, 48, 72, and 96 h. Evaluation procedures and mortality
criterion followed protocols explained in the laboratory survival studies section in chapter 2.
Data analysis. Exploratory analysis of data was performed as indicated in previous chapters.
Data were subjected to ANOVA and CONTRAST statements using the SAS MIXED procedure
(Littell et al. 1996, SAS Institute Inc. 2001). Differences among treatment means were
determined by using the Tukey-Kramer’s procedure with a confidence level of α = 0.05 (SAS
Institute Inc. 2001).
Results
Field Infestations
In 1999, injury from FAW larvae to corn at mid-whorl (V6) stage was affected
significantly by seed brands (F = 10.72; df = 3, 9; P = 0.0025) and corn hybrids (F = 106.58; df
= 4, 12; P < 0.0001) nested within each seed brand. Significantly higher FAW feeding injury was
detected in Garst Seeds brand than in any other seed brand evaluated (Table 21). FAW injury
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Table 21. FAW Leaf-Feeding Injury to Bt Corn Compared to Non-Bt Corn Hybrids
Infested at Mid-Whorl (V6) Stage in 1999 and 2000.

Seed brand

Leaf-feeding
injury per seed
brand1,3

Bt event

Leaf-feeding
injury per
hybrid2,3

MON810

1.0 b

-----

8.2 a

MON810

0.2 b

-----

7.3 a

MON810

0.1 b

-----

7.8 a

CBH351

4.4 b

-----

7.7 a

MON810

1.3 b

Pioneer 3223

-----

7.9 a

Garst 8366BT

CBH351

5.4 b

Garst 8366

-----

8.1 a

X6046BT

MON810

8.0 a

-----

6.8 a

Corn hybrid
1999

Pioneer

4.6 b

Pioneer 31B13
Pioneer 3223

Pioneer

3.7 b

Dekalb Genetics

3.9 b

Garst Seeds

6.0 a

Pioneer 33V08
Pioneer 3394
Dekalb 679BTY
Dekalb 679
Garst 8366BT
Garst 8366
2000

Pioneer

1

4.6 b

Garst Seeds

6.7 a

Golden Acres

7.4 a

Pioneer 31B13

X6047

Least square means among seed brands within years followed by the same letter are not
significantly different (P > 0.05; Tukey-Kramer’s test).
2
Least square means between hybrids (nested within each seed brand) followed by the same
letter are not significantly different (P > 0.05 as determined by contrasts).
3
Leaf-feeding injury rating scale from 0 = no visual leaf damage to 9 = large lesions and large
portions eaten on most leaves (Williams et al. 1983).
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was significantly lower in all Bt hybrids compared to respective non-Bt hybrids (Table 21).
Levels of resistance to FAW leaf-feeding injury were 8.2, 36.5, 78.0, and 1.8 times higher in Bt
hybrids Pioneer 31B13, Pioneer 33V08, Dekalb 679BTY, and Garst 8366BT, respectively,
compared to each respective non-Bt hybrid. Significant differences were detected in levels of leaf
injury among Bt hybrids (F = 21.34; df = 3, 9; P = 0.0002). Resistance in all Bt hybrids
(combined) containing the MON810 event was significantly (F = 61.23; df = 1, 9; P < 0.0001)
higher than the resistance observed in the hybrid with the CBH351 event. Leaf-feeding injury
levels were not significantly different (F = 0.77; df = 3, 9; P = 0.5397) among non-Bt hybrids.
In 2000, injury caused by FAW larvae to corn at mid-whorl (V6) stage varied significantly
among seed brands (F = 13.86; df = 2, 6; P = 0.0056) and between corn hybrids (F = 27.49; df =
3, 9; P < 0.0001) nested within each seed brand. Significantly lower FAW leaf-feeding injury
was associated with the Pioneer hybrids compared to Garst or Golden Acres hybrids (Table 21).
In addition, FAW leaf-feeding injury was significantly lower in Bt hybrids from Pioneer
(MON810 event) and Garst (CBH351 event) brands compared to respective non-Bt hybrids.
Differences were not significant between the Bt and non-Bt hybrids from Golden Acres
(MON810 event) brand (Table 21). Levels of resistance to FAW leaf-feeding injury were 6.1 and
1.5 times greater in the Bt hybrids Pioneer 31B13 and Garst 8366BT, respectively, compared to
each respective parental non-Bt hybrid. Significant (F = 47.79; df = 2, 6; P = 0.0002) differences
were detected in levels of leaf injury among Bt hybrids. Significantly higher susceptibility to
FAW leaf-feeding injury was associated with Bt hybrid Golden Acres X6046BT (MON810
event) than with other Bt hybrids and significantly higher resistance was detected in Bt hybrid
Pioneer 31B13 (MON810 event) than in any other Bt hybrid. No significant differences (F =
1.22; df = 2, 6; P = 0.3597) in feeding injury were observed among all non-Bt hybrids.
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Laboratory Studies
In 1999, survival of third instar FAW on corn leaf tissue was significantly (F = 4.60; df =
3, 96; P = 0.0047) influenced by evaluation time. Survival decreased significantly to 88% from
48 to 96 h of feeding on Pioneer 33V08 (Figure 9). Differences in survival did not reach
significance when Bt hybrids were compared to the corresponding parental non-Bt hybrid (Figure
9). However, growth size [arcsine √ (x/100) transformed] of surviving FAW larvae was
significantly different (F = 42.62; df = 7, 32; P < 0.0001) between Bt and non-Bt hybrids. At 96
h of feeding exposure, approximately 96 to 100% of surviving FAW larvae on non-Bt leaf tissue
were similar in size to that of reference larvae (normal size) on artificial diet. However, only 0 to
20% of individuals surviving on Bt leaf tissue with the MON810 event were of similar size
compared to that of reference larvae (normal size) and the remainders were smaller (Table 22).
In contrast, larval size in all survivors (100%) on leaf tissue with the CBH351 event was not
affected (Table 22). Differences were significant between Bt hybrids with the MON810 event but
not between the hybrid with the CBH351 event compared to the respective non-Bt equivalents
(Table 22). A significant (F = 22.67; df = 3, 16; P < 0.0001) group of survivors on leaf tissue
with the MON810 event was distinctly smaller compared to all survivors on leaf tissue with the
CBH351 event whose larval size was not affected. No significant difference (F = 1.00; df = 3,
16; P = 0.4182) was observed in growth size of surviving FAW after feeding on non-Bt leaf
tissue for 96 h.
In 2000, survival of third instar FAW feeding on corn leaf tissue was significantly
affected by hybrid (F = 45.74; df = 5, 24; P < 0.0001), evaluation time (F = 30.26; df = 3, 72; P
< 0.0001), and hybrid by time interactions (F = 22.16; df = 15, 72; P < 0.0001). FAW survival
rate significantly decreased to 20% on Bt hybrid Pioneer 31B13 after 96 h of feeding exposure
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DK679/
G8366/G8366BT/
P3223/P3394

Survival (%)

100

P31B13

DK679BTY

90
P33V08**

80
24

48
72
Time (hours)

96

Figure 9. Survival of Third Instar FAW on Corn Whorl Tissue, 1999.
**Indicates a significant difference in survival when compared across time within a hybrid.
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Table 22. Effect of Bt Corn Compared to Non-Bt Corn Leaf Tissue on Growth Size of
Surviving Third Instar FAW After 96 Hours of Laboratory Feeding Exposure in 1999.
Seed brand
Pioneer

Pioneer

Dekalb Genetics

Garst Seeds

Corn hybrid

Bt event

Growth size1,2

Pioneer 31B13

MON810

0.0 b

Pioneer 3223

-----

Pioneer 33V08

MON810

Pioneer 3394

-----

Dekalb 679BTY

MON810

Dekalb 679

-----

100.0 a

Garst 8366BT

CBH351

100.0 a

Garst 8366

-----

100.0 a

96.0 a
0.0 b
100.0 a
20.0 b

Least square means between hybrids (nested within each seed brand) followed by the same letter
are not significantly different (P > 0.05 as determined by contrasts).
1
Values are expressed as a percent of surviving FAW larvae that were of similar size (as opposite
to reduced size) compared to larvae of same age on artificial, non-treated diet.
2
Least square means are non-transformed values. Significance letters are from transformed
[arcsine √ (x/100)] data.
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(Figure 10). In addition, survival was significantly lower on Bt hybrid Pioneer 31B13 compared
to the respective non-Bt parental hybrid Pioneer 3223 at 48, 72, and 96 h of feeding on leaf tissue
(Figure 10). Weight gain of surviving FAW larvae after 96 h of feeding exposure was
significantly (F = 12.20; df = 5, 23; P < 0.0001) different among hybrids. Less weight was
gained in surviving larvae fed on Bt corn leaf tissue than in survivors on the respective non-Bt
corn leaf tissue, except in Golden Acres hybrids (Table 23). Weight of surviving larvae was
significantly (F = 12.52; df = 2, 11; P = 0.0015) different among Bt hybrids. Surviving FAW
larvae from Pioneer 31B13 leaf tissue were significantly smaller than those from Garst and
Golden Acres Bt leaf tissue. No significant (F = 0.53; df = 2, 12; P = 0.6019) differences in
weight gain were associated with surviving larvae fed on leaf tissue from the different non-Bt
hybrids evaluated.
Discussion
Resistance of Golden Acres X6046BT (MON810 event) to FAW leaf feeding was
inconsistent in field and laboratory tests. Golden Acres X6046BT and X6047 were experimental
hybrids and did not seem to be well adapted to Northeast Louisiana soil and environmental
conditions. Golden Acres Bt and non-Bt hybrids exhibited poor growth and development during
early stages of growth, before tissue from these hybrids was selected for laboratory
experimentation and before FAW was infested in the field. Therefore, the MON810 event
discussed in this section is from Pioneer and Dekalb Bt hybrids.
Injury derived from field infestations of FAW during mid-whorl stage was significantly
reduced in Bt hybrids with MON810 and CBH351 events compared to the respective non-Bt
parental hybrid. However, resistance to FAW leaf feeding associated with the CBH351 event
was significantly lower compared to that of the MON810 event. Therefore, only the MON810
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*
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*
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24
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72
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96

Figure 10. Survival of Third Instar FAW on Corn Leaf Tissue, 2000.
*Indicates a significant difference in survival between a Bt hybrid and its non-Bt parental hybrid at the
same time level. **Indicates a significant difference in survival when compared across time within a
hybrid.
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Table 23. Effect of Bt Corn Compared to Non-Bt Corn Leaf Tissue on Weight Gain of
Surviving Third Instar FAW After 96 Hours of Laboratory Feeding Exposure in 2000.

Seed brand
Pioneer

Garst Seeds

Golden Acres

Corn hybrid

Bt event

Weight gain per
larva (mg)

Pioneer 31B13

MON810

2.0 b

Pioneer 3223

-----

22.0 a

Garst 8366BT

CBH351

16.0 b

Garst 8366

-----

22.0 a

X6046BT

MON810

16.0 a

-----

20.0 a

X6047

Least square means between hybrids (nested within each seed brand) followed by the same letter
are not significantly different (P > 0.05 as determined by contrasts).
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event provided significant levels of resistance to neonate FAW under field conditions. The
CBH351 event provided only moderate levels of control to FAW leaf injury.
Results from laboratory tests revealed a higher survival of third instar FAW larvae on leaf
tissue from the Bt hybrid with the CBH351 event than on hybrids with the MON810 event.
Larvae used in laboratory tests were third instars from the same FAW population used as
neonates for the artificial field infestations. Significantly lower survival in laboratory tests was
observed on Pioneer 31B13 (20% survival) in 2000 but not in 1999. These results suggest that as
FAW larva gets larger, it becomes more tolerant to Cry1A(b) at levels expressed in Bt hybrids
with the MON810 and CBH351 events. Our results agree with those presented by Nyouki et al.
(1996) and Williams et al. (1997 and 1998) where FAW exhibited low susceptibility to the
Cry1A(b) protein produced by B. thuringiensis subsps. kurstaki. Adamczyk et al. (1998) found
decreased susceptibility of FAW to CryIA(c) delta-endotoxin after feeding on leaves and bolls of
Bt cotton.
The MON810 event (one of two transformation events commercially known as
YieldGard® corn) is conditionally approved for planting in Louisiana with specific restrictions
for cotton-growing areas (U.S. Environmental Protection Agency 2001, see Appendix B). The
inconsistent levels of resistance to FAW leaf feeding associated with Bt hybrids with the
MON810 event suggest that the MON810 event does not offer significant control of FAW under
the conditions observed in this study. Because of high mobility of FAW between corn plants in a
field (Davis et al. 1989), larger and more tolerant, larvae from non-Bt corn refuge could migrate
to and successfully infest Bt corn. Therefore, higher leaf injury to Bt corn leaves might be
expected under field conditions caused from FAW migrating from less susceptible plants. Newer
Bt transgenic material in corn is in the process of evaluation against FAW. However, until Bt
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hybrids with improved levels of FAW control are commercially available or incorporated into an
integrated pest management program with multiple control tactics, the FAW may still continue to
be an important pest that affetcs field corn production in southeastern United States.
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CHAPTER 5

AN ECONOMIC ANALYSIS OF BT CORN IN LOUISIANA

Introduction
Field corn, Zea mays L., is the most extensively planted agronomic crop in the United
States. Area planted to corn represented 25% of the total area for all other agronomic crops in the
United States in 1998 (Gianessi and Carpenter 1999). Corn planted area reached 30.2 million ha.
(74.5 million acres) in the United States with a grain production of 253 million metric tons in
2000 (U.S. Department of Agriculture 2001).
Insect Pest Problems
Conditions for growing crops in southeastern United States are favorable for the
development of significant populations of insect pests that impact corn production. The
southwestern corn borer (SWCB), Diatraea grandiosella Dyar, and sugarcane borer (SCB),
Diatraea saccharalis (F.), are important insect species that frequently cause economic losses to
corn in this region. SWCB and SCB normally infest corn plants during the whorl and anthesis
stages of plant development (Davis and Williams 1983, Maredia and Mihm 1991, Williams et al.
1998a). Corn yield losses caused by these pests in the United States are reported between 13%
and 50% annually during high infestations of SWCB and SCB, respectively (Floyd et al. 1960,
Wiseman and Morrison 1981).
Insect Pest Management Overview
General strategies frequently used to control corn borers in southern states are based on
cultural practices such as destruction of crop residue, early planting, use of early maturing
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cultivars, and soil fertilization (McMillian et al. 1976, Rogers 1989). The most widely
recommended cultural strategy is the destruction of corn stubble using fall and winter plowing
(Dicke 1977, Rogers 1989). This practice seeks the reduction of overwintering population
densities of corn borers. However, stubble destruction is effective only if implemented as a
uniform, regional practice (Archer et al. 1983). In addition, destruction of crop residue is
becoming a less common practice as crop producers increasingly adopt reduced and non-tillage
farming systems.
Limited success has been accomplished with the use of natural enemies for borer control
in corn (Calvin et al. 1997). The effect of natural enemies and other biotic factors to control
insect pests in corn is minimal and do not prevent economic damage (Chippendale 1979).
Corn breeding research in southeastern United States has produced corn lines with
varying levels of resistance to corn borers. These lines have been released and represent an
attractive and economic means of reducing crop yield losses (Maredia and Mihm 1991, Thome et
al. 1992, Williams and Davis 1997, Williams et al. 1998b, Abel et al. 2000). However, most of
the success in the selection for resistance to corn borers was accomplished for whorl stage
infestations (Davis et al. 1989). Resistance to corn borer attack after anthesis has not been
identified (Williams and Davis 1983, Williams et al. 1998a). Furthermore, current resistant lines
were developed from a common Antigua germplasm, thereby, representing a narrow genetic base
(Williams et al. 1997).
The use of chemical insecticides represents an important tool to reduce damage caused by
corn insect pests in the United States (Rogers 1989). However, only 6% of the corn area planted
in southeastern United States is sprayed with insecticides against corn borers (Gianessi and
Carpenter 1999). Much of the apparent reluctance to use insecticides against borers in corn is due
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in part to factors such as cost and difficulty of scouting, unawareness of damage (larval damage
is hidden), and desire to cap total input costs (Gianessi and Carpenter 1999). An effective
chemical control of corn borers depends on the critical time of application before targeted larvae
move into corn ears and stalks. Therefore, the difficulty in properly timing the insecticide
applications to obtain an economic benefit is considered the main reason for opting not to use
insecticides to control corn borers (Heinemann et al. 1992). Chemical control of anthesis
infestation (second-generation) of borers may be prohibitively expensive (Moulton et al. 1992).
Furthermore, the use of insecticides is increasing public and scientific concerns as an
environmental hazard (Davis et al. 1973) and an accelerator of insecticide resistance evolution in
pest populations.
Beginning in 1996, genetically altered corn hybrids were commercially produced in the
United States. Genetic transformation technology in corn allowed plants to express genes that
encode insecticidal proteins from the widespread soil bacterium Bacillus thuringiensis Berliner,
commonly referred to as Bt (Koziel et al. 1993). Corn expressing Bt genes, also called Bt corn,
represents a new tool to protect corn yields from lepidopterous (species from insect order
Lepidoptera) insect pests such as corn borers. Bt corn was originally developed and tested
successfully for resistance to the European corn borer (ECB), Ostrinia nubilalis Hübner, which
is a major economic pest in Europe, temperate North America (Corn Belt), and in some areas of
southern United States (Thome et al. 1992, Williams et al. 1998b). The development of Bt corn
technology solved common problems observed with synthetic insecticides and conventional Bt
insecticides. The Bt corn plant has a built-in system that consistently delivers the insecticidal Bt
protein to the pest target throughout most of the corn-growing season. Therefore, management
problems such as critical application timing, poor coverage of a sprayed insecticide on a crop
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surface, rapid heat and UV-radiation degradation of a sprayed Bt toxin, as well as sub-lethal
toxicity against older larvae were eliminated (Ostlie et al. 1997, Pilcher et al. 1997). Bt proteins
are highly selective in killing lepidopterous larvae. According to Bauer (1995) and Ostlie et al.
(1997), Bt proteins are not toxic to beneficial insects, people, domestic animals, aquatic
organisms, and wildlife and have no detrimental effects on the environment. Bt corn planted in
the United States increased from 0.16 million ha. (0.4 million acres) or 1% of total corn planted
area in 1996 to 8.01 million ha. (19.8 million acres) or 26% of total corn planted area in 1999
(U.S. Environmental Protection Agency 2000). Increasing acceptance of Bt corn by U.S.
producers is largely due to its potential ability to enhance corn seed yields and reduce pest
management costs (Ballenger et al. 2000).
Economic Considerations for Bt Corn
The transformation of elite conventional corn hybrids into Bt corn hybrids brings upon
developmental costs that are reflected as an added premium cost for Bt corn seed. Seed premium
(also known as technology fee) for Bt corn as well as corn market prices have large impacts on
returns and on the adoption of Bt corn technology (Baute et al. 2002). Previous studies on Bt
corn and ECB conducted in midwestern United States indicate that economic benefits from Bt
corn use are realized only in years of high ECB infestations (Rice and Pilcher 1998). No yield
advantage was observed between Bt and non-Bt equivalent corn hybrids under low corn borer
infestations (Baute et al. 2002). In areas of low and/or sporadic infestations of corn borers,
adoption of Bt corn is expected to be limited, especially when market prices for corn are low.
However, areas with normally high levels of infestations of corn borers would be more likely to
profit from using Bt corn (Baute et al. 2002). Also important are market predictions for
genetically modified crops, which still contain high levels of uncertainty (Lin et al. 2000). Much

121
of this uncertainty rests on public perception of biotechnology food and feed products, which
largely dictates Bt crop acceptance in domestic and foreign markets (Lin et al. 2000).
Louisiana Perspective
Several factors influence corn-planting decisions in Louisiana. These factors include
weather conditions, disease and insect pest pressure, corn yields, and expected corn price versus
expected price of other alternate cash crops such as cotton, Gossypium hirsutum L., soybeans,
Glycine max (L.) Merrill, and grain sorghum, Sorghum bicolor (L.) Moench. Therefore, corn
production in Louisiana is typically variable (Dr. J. Baldwin, Louisiana Coop. Ext. Serv.,
personal communication, February 2002). Corn planting in Louisiana fluctuated from 283,290
ha. (700,000 acres) in 1998 to 153,786 has (380,000 acres) in 2000 (Zapata and Frank 2001).
Average yield varied from 5,087 kg/ha (81 bu/acre) in 1998 to 7,285 kg/ha (116 bu/acre) in
2000. Moreover, Louisiana corn prices fluctuated from $2.70 per bu in 1997 to $1.70 per bu in
2000 (Zapata and Frank 2001). In 2000, Louisiana corn represented a production value of $73
million (Zapata and Frank 2001). The main corn production areas in Louisiana are located in the
northeast, northwest, and central areas of the state (Zapata and Frank 2001, see Appendix D).
Numerous insect pests attack corn in Louisiana. Late season pests such as corn earworm
(CEW), Helicoverpa zea (Boddie), fall armyworm, Spodoptera frugiperda (J. E. Smith), and
second-generation (anthesis-infesting) SWCB and SCB can be avoided by planting corn early.
Current recommendations by the Louisiana Cooperative Extension Service (Morrison et al.
2002a) highlight early planting within March 1st to April 15th. However, planting crops early
within the recommended planting dates is largely dependent on weather conditions. Spring
freezes may bring soil temperature below adequate levels for seed germination (Mascagni et al.
1998). Spring rainfalls frequently cause wet soil conditions that are not appropriate for soil
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preparation, weed control, and planting. In addition, land preparation and planting in a timely
manner also may be delayed due to lack of equipment or equipment failure. Therefore, corn
producers often have no choice but to plant their crops latter than recommended. When planted
late, corn plants may be exposed to late and severe insect and disease pest pressure, and severe
drought stress (Mascagni et al. 1998). Furthermore, the combination of drought stress, high
temperature and humidity, and CEW kernel infestations favors the production of aflatoxin (a
mycotoxin produced by the fungi Aspergillus flavus Link ex Fr. and A. parasiticus Speare) in
preharvest field corn (Smith and Riley 1992). Aflatoxin infestation levels of 43.8% have been
reported in northeast Louisiana (Smith and Riley 1992). The continuous expression of the Bt
insecticidal protein in plant tissues allows Bt corn to be a potentially important tool for
management of lepidopterous pests that attack both early and late planted corn in southeastern
United States. In addition, Bt corn could be instrumental in lowering the incidence of mycotoxinproducing fungi commonly observed in Louisiana by controlling the lepidopterous larvae (i.e.
corn borers and CEW) that act as vector of pathogenic spores (Rice and Pilcher 1998, Munkvold
and Hellmich 1999).
In February 1999, the U.S. Environmental Protection Agency granted southern corn
producers conditional access to Bt-corn technology by allowing planting up to 50% of the corn
area to Bt hybrids expressing the Cry1A(b) protein with the MON810 event (U.S. Environmental
Protection Agency 2001, see Appendix B). Bt corn is commercially available and recommended
in Louisiana (Baldwin et al. 2002). Adoption of Bt corn among Louisiana corn producers is
estimated at approximately 10% of Louisiana corn planting area (Dr. J. Baldwin, Louisiana
Coop. Ext. Serv., personal communication, February 2002). However, interest in Bt corn is
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increasing rapidly after recent mild winters and reduced tillage practices favored overwintering
survival and build-up of devastating SWCB and SCB populations.
Crop Alternatives
Bt corn could potentially reduce injury caused by lepidopterous pests to late-planted corn.
However for late-planting decisions, other crop alternatives also represent important production
strategies for southeastern producers. Soybean and grain sorghum are important alternative crops
with optimal planting dates shortly after recommended planting dates for field corn.
Short-season planting system for soybeans is recommended to avoid August droughts and
intensive insect pest pressure in August and September (Boyd et al. 1997, Boquet 1998). Shortseason planting can be accomplished by selecting early maturing soybean varieties such as those
from maturity group (MG) IV (Boquet 1998). The Louisiana Cooperative Extension Service
recommends planting MG IV and indeterminate MG V soybeans within 10 April to 10 May
(Morrison et al. 2002b) with optimal planting for MG IV during early May (Boquet 1998).
Therefore, growing soybeans becomes a potentially viable alternative for southeastern producers
when conditions are not favorable for early planting corn.
Grain sorghum is an attractive alternative under Louisiana conditions because of its
drought tolerance and ability to adapt to different soil types. Sorghum seed yields are good when
conditions are not favorable for other crops (Morrison 1983, Paul 1990). The Louisiana
Cooperative Extension Service recommends planting grain sorghum in Louisiana within 15 April
to 15 May (Saichuk et al. 2002). However, later than recommended plantings will normally
result in reduced seed yields because of exposure to severe insect pest pressure, specially the
sorghum midge, Stenodiplosis sorghicola (Coquillett), and increased disease pressure (Castro et
al. 2000, Saichuk et al. 2002).
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Rationale
Agricultural conditions in southeastern United States experienced dramatic changes in
recent years. Bt corn technology, high-yielding conventional corn hybrids, and host-plant
resistance represent new tools and opportunities for successful crop management. However,
increasing soil and environmental protection requirements, failing corn prices, weather patterns
that favor the increase of insect pests and limit corn growth, etc. contribute additional risk and
uncertainty to agricultural production. Efficient use of Bt corn technology in southeastern United
States is difficult due to limited information pertaining the economics of Bt corn use compared to
that of high-yielding conventional corn hybrids. In addition, no information exists on the
economics of Bt corn compared to that of other alternative late planted crops, which might offer
additional options for potential profitable enterprise to crop producers. Therefore, the objectives
of this study were to examine the economics of Bt corn versus that of non-Bt corn; and to study
and compare the economics of Bt corn against those of soybeans and grain sorghum for late
planting conditions in southeastern United States.
Materials and Methods
Economics of Bt Corn Versus Non-Bt Corn
Corn hybrids. Two Pioneer hybrids (Pioneer Hi-Bred International Inc., Johnston, IA) were
selected for the economic analysis: Pioneer 3223, a non-Bt corn hybrid commonly recommended
and grown in the southeastern United States; and Pioneer 31B13, a Bt corn hybrid developed
from Pioneer 3223. Both hybrids belong to a medium maturity group (111 to 120 d) and are
commercially available in Louisiana. Pioneer 31B13 expresses the Bt protein Cry1A(b) through
the MON810 event (YieldGard® technology, Monsanto Agricultural Company, Agricultural
Research and Development, St. Louis, MO). Bt corn hybrids with the MON810 event express the
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Cry1A(b) insecticidal protein in all plant tissue, all season-long at a high dose. They were
commercially released in 1996 in the United States and allowed conditional planting in
southeastern states in 1999 (see Appendices A and B). The MON810 event is one of two Bt corn
transformation events granted conditional planting in the southeastern United States for 2002
(see Appendix B). Bt corn hybrid Pioneer 31B13 and its parental non-Bt hybrid Pioneer 3223 are
assumed to have similar agronomic characteristics, except for the Bt construct.
Yield data. Economic studies of Bt and non-Bt corn were based on yield data collected from
1997 to 2001. Yield data were collected from corn hybrid performance trials conducted annually
by scientists of the Louisiana Agricultural Experiment Station. For comparison purposes, yield
data used were from years and locations in which both Pioneer 3223 and Pioneer 31B13 were
planted in the same performance trial under similar crop growing conditions. In addition, to
reduce variability due to planting area, yield data were grouped into six locations that represent
the major soil and climatic regions of Louisiana where corn in grown (Figure 11). Supplemental
irrigation was provided as needed for performance trials in Franklin Parish (1998 to 2001),
Winnsboro (1998 and 1999), and Baton Rouge (1999 to 2001). Collected yields from Bt corn
hybrid Pioneer 31B13 (Table 24) and non-Bt corn hybrid Pioneer 3223 (Table 25) were averaged
per location for economic analysis. None of the corn performance trials selected in this study
were sprayed with insecticides against corn borers.
Technology fee. Premium price for the Bt corn hybrid considered for this study was $7.50 per
acre (unpublished commercial data).
Corn market value. Economic analysis of corn yields was conducted using season average prices
for corn in Louisiana (Zapata and Frank 2001). Market values ($/bu) were $2.70, $2.05, $2.05,
and $1.70 per bu of corn for 1997, 1998, 1999, and 2000, respectively.
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Bossier City
Franklin Parish
Winnsboro
St. Joseph

Alexandria

Baton Rouge

Jeanerette

Figure 11. Bt Corn and Non-Bt Corn Performance Trail Locations 1997 to 2001.1
1
Corn performance trials are conducted annually by scientists of the Louisiana Agricultural
Experiment Station at Franklin Parish = Hurby Hitt Farm (Necessity silt loam); Winnsboro =
Macon Ridge Research Station (Gigger Gilbert silt loam); St. Joseph = Northeast Research
Station (Commerce silt loam and Sharkey clay); Bossier City = Red River Research Station
(Caplis sandy loam); Alexandria = Dean Lee Research Station (Norwood silt loam); Baton
Rouge = Ben Hur Plant Science Farm (Commerce silt loam); and Jeanerette = Iberia Research
Station (Iberia silty clay).
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Table 24. Yield Data for Bt Corn Hybrid Pioneer 31B13, Louisiana 1997 to 2001.

1

Year
1998
1999
2000
2001
Average:
1998
1999
1999
Average:
1998
1999
2000
2001
Average:
1998
1999
2000
2001
Average:
1999
2000
2000
2001
Average:
1997
1998
2000
2001
Average:
1997
1998
1999
2000
2001
Average:
1999
2000
2001
Average:

Yield
(bu/acre)
189.40
177.90
149.60
194.00
177.73
90.50
87.55
30.32
69.46
162.20
166.00
150.40
179.00
164.40
103.10
157.50
78.50
196.00
133.78
110.12
93.67
118.40
94.00
104.05
138.00
123.20
160.50
144.00
141.43
130.30
73.80
85.10
162.30
144.00
119.10
112.20
123.00
150.00
128.40

Moisture
(%)
15.5
15.5
15.5
15.5

Location
Franklin Parish
Franklin Parish
Franklin Parish
Franklin Parish

Supplemental
irrigation
yes
yes
yes
yes

15.5
15.5
15.5

Winnsboro
Winnsboro2
Winnsboro2

yes
yes
no

15.5
15.5
15.5
15.5

St. Joseph (L)3
St. Joseph (L)3
St. Joseph (L)3
St. Joseph (L)3

no
no
no
no

15.5
15.5
15.5
15.5

St. Joseph (S)3
St. Joseph (S)3
St. Joseph (S)3
St. Joseph (S)3

no
no
no
no

15.5
15.5
15.5
15.5

Bossier City2
Bossier City2
Bossier City
Bossier City

no
no
no
no

15.5
15.5
15.5
15.5

Alexandria
Alexandria
Alexandria
Alexandria

no
no
no
no

15.5
15.5
15.5
15.5
15.5

Baton Rouge
Baton Rouge
Baton Rouge
Baton Rouge
Baton Rouge

no
no
yes
yes
yes

15.5
15.5
15.5

Jeanerette
Jeanerette
Jeanerette

no
no
no

Source: Louisiana Agricultural Experiment Station. Performance of corn and grain sorghum
hybrids in Louisiana 1997, 1998, 1999, 2000 (LAES Ser. No. 132, 105, 113, and 123
respectively) and 2001. [Online] Available: http://www.agctr.lsu.edu/grains/hybtrials.html
[February 2002].
2
Data from dissertation field experiments.
3
St. Joseph (L) = Commerce silt loam; St. Joseph (S) = Sharkey clay.
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Table 25. Yield Data for Non-Bt Corn Hybrid Pioneer 3223, Louisiana 1997 to 2001.

1

Year
1998
1999
2000
2001
Average:
1998
1999
1999
Average:
1998
1999
2000
2001
Average:
1998
1999
2000
2001
Average:
1999
2000
2000
2001
Average:
1997
1998
2000
2001
Average:
1997
1998
1999
2000
2001
Average:
1999
2000
2001
Average:

Yield
(bu/acre)
170.10
171.20
143.60
198.00
170.73
94.70
71.52
15.25
60.49
150.50
165.50
124.50
181.00
155.38
91.70
144.30
84.40
202.00
130.60
104.06
91.36
124.90
83.00
100.83
146.30
111.60
133.60
148.00
134.88
142.50
119.90
105.70
150.60
154.00
134.54
102.20
137.90
157.00
132.37

Moisture
(%)
15.5
15.5
15.5
15.5

Location
Franklin Parish
Franklin Parish
Franklin Parish
Franklin Parish

Supplemental
irrigation
yes
yes
yes
yes

15.5
15.5
15.5

Winnsboro
Winnsboro2
Winnsboro2

yes
yes
no

15.5
15.5
15.5
15.5

St. Joseph (L)3
St. Joseph (L)3
St. Joseph (L)3
St. Joseph (L)3

no
no
no
no

15.5
15.5
15.5
15.5

St. Joseph (S)3
St. Joseph (S)3
St. Joseph (S)3
St. Joseph (S)3

no
no
no
no

15.5
15.5
15.5
15.5

Bossier City2
Bossier City2
Bossier City
Bossier City

no
no
no
no

15.5
15.5
15.5
15.5

Alexandria
Alexandria
Alexandria
Alexandria

no
no
no
no

15.5
15.5
15.5
15.5
15.5

Baton Rouge
Baton Rouge
Baton Rouge
Baton Rouge
Baton Rouge

no
no
yes
yes
yes

15.5
15.5
15.5

Jeanerette
Jeanerette
Jeanerette

no
no
no

Source: Louisiana Agricultural Experiment Station. Performance of corn and grain sorghum
hybrids in Louisiana 1997, 1998, 1999, 2000 (LAES Ser. No. 132, 105, 113, and 123
respectively) and 2001. [Online] Available: http://www.agctr.lsu.edu/grains/hybtrials.html
[February 2002].
2
Data from dissertation field experiments.
3
St. Joseph (L) = Commerce silt loam; St. Joseph (S) = Sharkey clay.

129
Break-even analysis. The value of Bt corn technology was compared against that of conventional
corn by using break-even analysis (Kay 1981) of corn yield. In our study, a break-even yield is
the minimum yield necessary to just cover the added seed premium of Bt corn at a given market
price. The analysis followed the formula:
Break-even yield =

total costs
output price

Where:
total costs = technology fee, and output price = observed market price.
To further define the value of Bt corn, a break-even analysis for prices also was
conducted using harvested yield differences between Bt and non-Bt corn from each location. The
analysis followed the formula:
Break-even price =

total costs
yield difference

Where:
total costs = technology fee, and yield difference = harvested Bt corn yield minus harvested nonBt corn yield.
Economic return of Bt corn. The Bt crop value was calculated for each of six locations in
Louisiana (Figure 11) for the years 1997, 1998, 1999, and 2000. Economic return of Bt corn
compared to that of non-Bt corn was based on observed yield differences (Bt corn yield minus
non-Bt corn yield) and observed corn market prices. The calculations followed the formula:
Economic return of Bt corn = [(harvested yield difference) x (market price)] – [technology fee]
Economics of Bt Corn Production Versus Economics of Soybean and Grain Sorghum
Production
Value of the Bt corn production strategy in Louisiana was further defined by studying the
complete enterprise substitution of Bt corn with a soybean or a grain sorghum production
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enterprise. The study was performed for those areas in Louisiana where Bt corn will likely
produce an economic advantage over non-Bt corn as revealed by results in the previous section
of this study. The analysis was accomplished with the development of enterprise budgets and
comparison of partial budgets (Kay 1981) for the proposed enterprise change.
Corn yield data. Yield data were collected for Bt corn hybrid Pioneer 31B13 and its parental nonBt hybrid Pioneer 3223. Yield values were obtained from performance trials conducted annually
by scientists of the Louisiana Agricultural Experiment Station (Table 26). The Louisiana State
University AgCenter Corn Committee currently recommends Pioneer 31B13 and Pioneer 3223
for major corn growing areas of Louisiana. A hybrid is recommended when its two-year yield
average falls within 90% of the average yield of the top three hybrids by location and maturity
group, provided it is acceptable in other agronomic traits (Morrison et al. 2002a). Yield data are
two-year averages and were grouped per hybrid and location prior to budget preparation.
Soybean yield data. Yield data were obtained from performance trials conducted annually by
scientists of the Louisiana Agricultural Experiment Station (Table 27). Soybean varieties in MG
IV to VI are recommended for Louisiana for their consistent superior yield and quality per acre
(Morrison 2002b). A variety whose two-year average yield falls within 90% of the average yield
of the top three varieties by location and maturity group is given a recommendation provided it is
acceptable in other agronomic traits (Morrison 2002b). Soybean varieties selected for this study
were of MG IV or V depending on availability of recommended variety data in the locations
selected for this study. Yield data from recommended varieties were averaged and grouped per
location and MG prior to budget preparation.
Grain sorghum yield data. Yield values were obtained from performance trials conducted
annually by scientists of the Louisiana Agricultural Experiment Station (Table 28). The
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Table 26. Yield Data for Bt Corn (Pioneer 31B13) and Non-Bt Corn (Pioneer 3223) Hybrids
in Louisiana.1, 2, 4

Corn hybrid

Franklin Parish3
(bu/acre)

Bossier City
(bu/acre)

Alexandria
(bu/acre)

Pioneer 31B13

172.00

179.00

106.00

152.00

Pioneer 3223

171.00

153.00

104.00

141.00

Average:

171.50

166.00

105.00

146.50

Average (Bossier City and Alexandria):
1

St. Joseph
(bu/acre)

125.75

Yields are two-year averages (2000-2001).
Franklin Parish = Hurby Hitt Farm (Necessity silt loam); St. Joseph = Northeast Research
Station (Commerce silt loam); Bossier City = Red River Research Station (Caplis sandy loam);
Alexandria = Dean Lee Research Station (Norwood silt loam).
3
Yields from irrigated tests.
4
Source: Morrison et al. 2002a.
2
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Table 27. Yield Data for Soybean Varieties in Louisiana.
Winnsboro4
(bu/acre)

St. Joseph
(bu/acre)

Bossier City
(bu/acre)

Alexandria
(bu/acre)

DeltaKing 4711

NR

48.00

----

30.00

DeltaKing 4860

46.00

48.00

----

NR

Deltapine DP 4748S

51.00

54.00

----

NR

Hornbeck HBK 4891

49.00

47.00

----

32.00

Terral TV 4881

47.00

49.00

----

35.00

Terral TV 4975

NR

47.00

----

30.00

Asgrow A5959

NU

NU

42.00

NU

DeltaKing 5995

NU

NR

40.00

NU

Deltapine DP 5989

NR

NR

NR

NR

Hornbeck HBK 5991

NU

NU

42.00

NU

Pioneer 9594

NU

NU

46.00

NU

48.25

48.83

42.50

31.75

Soybean variety
MG IV

MG V

Average:

37.10
Average (Bossier City and Alexandria):
1
Yields are two-year averages (2000-2001).
2
Winnsboro = Macon Ridge Research Station (Gigger silt loam); St. Joseph = Northeast
Research Station (Sharkey clay); Bossier City = Red River Research Station (Moreland silty
clay); Alexandria = Dean Lee Research Station (Norwood silt loam).
3
"----" indicates that the variety has not been tested long enough at this location; NR = variety is
not recommended at this location; NU = yield data on MG V are available but only MG IV yield
data were used at this location.
4
Yields from irrigated tests.
5
Source: Morrison et al. 2002b.
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Table 28. Yield Data for Grain Sorghum Hybrids in Louisiana.
Winnsboro4
(cwt/acre)

Jonesville5
(cwt/acre)

Bossier City4
(cwt/acre)

Alexandria4
(cwt/acre)

Dekalb DK54

ND

39.86

ND

ND

Dekalb DK52

38.04

39.62

NR

NR

Dekalb DK53

38.06

37.54

46.46

NR

Pioneer 83G66

38.71

NU

53.20

56.63

Dyna-Grow 762B

40.12

NU

ND

59.33

Asgrow A459

36.90

NU

NR

59.03

Pioneer 8282

39.33

NU

46.46

57.42

Terral TV1050

36.89

NU

45.63

56.02

NR

NU

45.77

62.73

43.11

NU

48.70

59.89

NR

NU

48.72

55.46

Golden Acres 444E

38.88

ND

NR

61.97

Southern States 800

36.98

ND

49.56

NR

Average:

38.70

39.01

48.06

58.72

Grain sorghum
hybrid

Dyna-Grow 751B
Terral TV9421
Dyna-Grow 780B

53.70
Average (Bossier City and Alexandria):
Yields are two-year averages (1999 and 2001) for Winnsboro, Bossier City, and Alexandria, and
two-year average (1999 and 2000) for Jonesville.
2
Winnsboro = Macon Ridge Research Station (Gigger silt loam); Jonesville = Louisiana Delta
Plantation in Northeast Louisiana (Tensas/Alligator clay); Bossier City = Red River Research
Station (Caplis sandy loam); Alexandria = Dean Lee Research Station (Norwood silt loam).
3
NR = hybrid is not recommended at this location; ND = no yield data is available at this
location; NU = yield data are available but only yields from the top three varieties were used at
this location.
4
Source: Saichuk et al. 2002.
5
Source: Kang et al. 2000.
1
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Louisiana State University AgCenter Grain Sorghum Committee recommends a grain sorghum
hybrid when its two-year yield average falls within 90% of the average yield of the top three
hybrids by location, provided it is acceptable in other agronomic traits (Saichuk et al. 2002).
Yield data are two-year averages and were grouped per location prior to budget preparation.
Information on recommended sorghum hybrids for St. Joseph for 2002 was not available.
Therefore, a new location (Jonesville) was included to represent Northeast Louisiana. The top
three yielding hybrids from this location were selected to prepare budgets (Table 28).
Assumptions. Prior to building enterprise budgets, assumed costs and crop management
parameters were determined for each crop enterprise per region studied (Table 29). Current EPA
regulations require a 50% Bt and 50% non-Bt corn (refuge) planting constraint for Bt corn
planting in the southeastern United States (U.S. Environmental Protection Agency 2001, see
Appendix B). Numerical values for Bt corn and non-Bt corn presented in Table 29 are on a peracre basis. Therefore, values for Bt and non-Bt corn should be adjusted accordingly (i.e. multiply
by 0.5) to reflect Bt corn plus non-Bt corn usage per acre on a Bt corn enterprise. Scouting and/or
spraying for corn borers are not common practices in Louisiana (Dr. J. Baldwin, Louisiana Coop.
Ext. Serv., personal communication, February 2002). Therefore, the proper base to determine the
value of Bt corn is to compare with non-Bt corn without scouting and insecticide costs for corn
borer management. A Bt corn technology fee of $7.50 per acre was used in corn budgets.
Enterprise budgets. Production budgets for corn, soybeans, and grain sorghum were obtained
from the Louisiana State University Department of Economics and Agribusiness (Paxton 2002a
and 2002b). Budgets were adjusted as possible to local situations to reflect actual practices in
areas included in this study. In addition, corn enterprise budget was adjusted to input use and
costs under a Bt corn production strategy in southeastern states. Enterprise budgets for Bt corn,

Table 29. Assumed Costs and Crop Management Practices.
Crop enterprise
Parameter
Planting area / acre
Corn borer scouting cost
Corn borer insecticide cost

Bt corn
50%1
None

Non-Bt corn

Soybeans

50% (refuge)1
None

Grain sorghum

100%

100%

2

None

None

2

None

None

None

None

Seed cost / bag

$114.00

$90.00

$17.25

$52.00

Seed amount / bag

80000 seeds

50 lbs

50 lbs

3

80000 seeds
4

4

5

5.5 lbs6

Seed planting rate / acre

25000 seeds

25000 seeds

35 lbs

Seed cost / acre

$35.63

$28.13

$12.25

$5.72

Bt corn technology fee / acre

$7.50

None

None

None

Irrigation costs/acre/year7

$38.70

$38.70

$38.70

None

Land ownership

Tenant

Tenant

Tenant

Tenant

Land share rent8

20% of yield

20% of yield

25% of yield

20% of yield

Overhead costs / acre (tenant)8

$63.41

$63.41

$63.41

$63.41

Projected market value8
$2.30 / bu
$2.30 / bu
$5.26 / bu
$3.30 / cwt
1
U.S. Environmental Protection Agency 2001, see Appendix B.
2
Dr. J. Baldwin, Louisiana Coop. Ext. Serv., personal communication, February 2002.
3
Based on local prices and non-published commercial data.
4
The Louisiana Cooperative Extension Service recommends planting between 22,000 to 31,000 seed per acre (Morrison 2002a).
5
Louisiana Cooperative Extension Service recommendation for row width = 36-40 inches (Morrison 2002b).
6
The Louisiana Cooperative Extension Service recommends planting between 4 to 7 lbs of seed per acre (Saichuk 2002).
7
Furrow irrigation system costs per acre per year for the Macon Ridge area (Paxton 2002a, see Appendix E).
8
Paxton 2002a and 2002b.
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soybean, and grain sorghum were produced for three locations in Louisiana: Macon Ridge area,
Northeast Louisiana area, and Red River-Central area. The Macon Ridge budget was separate
from that of the Northeast Louisiana area budget because of different weather and soil conditions
in the Macon Ridge area, which may have an impact on budgetary considerations and crop
management practices. Variable weather patterns and droughty loessial soils of the Macon Ridge
area make it prone to severe drought conditions. Therefore, artificial irrigation becomes excellent
crop insurance for crop production in that area. To better reflect conditions in the Macon Ridge
location, budgets for Bt corn and soybeans were built for artificial irrigation scenarios. A furrow
irrigation system was selected and assumed to cost $38.70 per year per acre (Paxton 2002a, see
Appendix E). Because of inherent drought tolerance of grain sorghum, enterprise budgets for this
crop were prepared for non-irrigated production. In addition, budget for all crops reflect a
conventional production system using 8-row equipment (38-inch rows). Enterprise budgets for Bt
corn, soybeans, and grain sorghum are included in Appendices F1, F2, and F3 (Macon Ridge
area), Appendices G1, G2, and G3 (Northeast Louisiana), and Appendices H1, H2, and H3 (Red
River and Central areas).
Partial budgets. Partial budgets are used to analyze the profitability of proposed changes in a
farm business (Kay 1981). Partial budgets include only changes in costs and income that occur if
a proposed modification in farm activities is implemented. They differ from enterprise budgets in
that only the changes in income and expenses are included in a partial budget and not the total
values. In addition, several enterprises might be involved in the change (Kay 1981). Therefore, a
partial budget comparison analysis is useful to estimate the gain or loss in profit that might be
expected if a crop producer changes from a Bt corn production enterprise to a soybean or a grain
sorghum production enterprise. Partial budgets study the total reduction in profit from the
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additional costs incurred and current income lost or reduced with the implementation of the new
activity. In a similar fashion, partial budgets study the total increase in profit from new or
additional income received or from current costs that are reduced or eliminated (Kay 1981). Data
for partial budgets were obtained from crop enterprise budgets (Appendices F, G, and H).
Proposed changes in crop enterprise were studied for three locations in Louisiana: Macon Ridge
area, Northeast Louisiana area, and Red River-Central Louisiana area. The proposed changes
include replacing irrigated Bt corn production for irrigated soybean or non-irrigated grain
sorghum production (Macon Ridge area), and replacing non-irrigated Bt corn production for nonirrigated soybeans or non-irrigated grain sorghum production (Northeast Louisiana area and Red
River-Central areas of Louisiana). A positive value in a partial budget indicates that the proposed
change to the new crop enterprise will be profitable.
Results
Economics of Bt Corn Versus Non-Bt Corn
Results from the break-even yield analysis and the estimated value of Bt corn (MON810
event, YieldGard® technology) is presented in Table 30. Assuming a technology fee of $7.50 per
acre and observed corn market values of $2.70 (1997), $2.05 (1998), $2.05 (1999), and $1.70
(2000) the minimum Bt corn yield (bu/acre) differences necessary to cover the added seed
premium of Bt corn were 2.78 (1997), 3.66 (1998), 3.66 (1999), and 4.41 (2000), respectively.
As expected, higher seed yield differences were needed to justify Bt corn use as observed corn
market values dropped consistently over recent years. Given the observed range of corn prices
from 1997 to 2000, Bt corn consistently offered a positive economic return over non-Bt corn for
Alexandria and Northeast Louisiana (except for the Sharkey clay soils of St. Joseph). Economic
advantage of Bt corn over non-Bt corn in Northwest Louisiana (Bossier City) and in the Sharkey

Table 30. Break-Even Analysis and Estimated Value of Bt Corn (MON810 Event) in Louisiana.

Louisiana
location1
Franklin
Parish

Soil type
Necessity
silt loam

Bt corn
Pioneer
31B13
(bu/acre)

Non-Bt corn
Pioneer 3223
(bu/acre)

Tech.
Yield
fee
difference
(bu/acre) ($/acre)

177.73

170.73

7.00

$7.50

Winnsboro Gigger silt
loam

69.46

60.49

8.96

$7.50

St. Joseph

Commerce
silt loam

164.40

155.38

9.03

$7.50

St. Joseph

Sharkey
clay

133.78

130.60

3.18

$7.50

Bossier
City

Caplis
sandy
loam

104.05

100.83

3.22

$7.50

Year

Corn
market
value2
($/bu)

2000
1999
1998
1997
2000
1999
1998
1997
2000
1999
1998
1997
2000
1999
1998
1997
2000
1999
1998
1997

$1.70
$2.05
$2.05
$2.70
$1.70
$2.05
$2.05
$2.70
$1.70
$2.05
$2.05
$2.70
$1.70
$2.05
$2.05
$2.70
$1.70
$2.05
$2.05
$2.70

Breakeven
price
($/bu)

$1.07

$0.84

$0.83

$2.36

$2.33

Economic
Breakreturn of
even
yield diff. Bt corn
($/acre)
(bu/acre)
4.41
$4.40
3.66
$6.85
3.66
$6.85
2.78
$11.40
4.41
$7.74
3.66
$10.88
3.66
$10.88
2.78
$16.70
4.41
$7.84
3.66
$11.00
3.66
$11.00
2.78
$16.87
4.41
-$2.10
3.66
-$0.99
3.66
-$0.99
2.78
$1.07
4.41
-$2.03
3.66
-$0.91
3.66
-$0.91
2.78
$1.18
“(Table continued)”
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2000
$1.70
4.41
$3.64
1999
$2.05
3.66
$5.93
Alexandria Norwood
141.43
134.88
6.55
$7.50
$1.15
silt loam
1998
$2.05
3.66
$5.93
1997
$2.70
2.78
$10.19
2000
$1.70
4.41
-$33.75
1999
$2.05
3.66
-$39.15
Baton
Commerce
119.10
134.54
-15.44
$7.50
---Rouge
silt loam
1998
$2.05
3.66
-$39.15
1997
$2.70
2.78
-$49.19
2000
$1.70
4.41
-$14.24
1999
$2.05
3.66
-$15.63
Jeanerette Iberia silty
128.40
132.37
-3.97
$7.50
---clay
1998
$2.05
3.66
-$15.63
1997
$2.70
2.78
-$18.21
1
Franklin Parish = Hurby Hitt Farm; Winnsboro = Macon Ridge Research Station; St. Joseph = Northeast Research Station; Bossier
City = Red River Research Station; Alexandria = Dean Lee Research Station; Baton Rouge = Ben Hur Plant Science Farm; Jeanerette
= Iberia Research Station.
2
Zapata and Frank 2001.
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clay of St. Joseph (Northeast Louisiana) was observed only when corn price was above $2.36
$/bu (Sharkey clay in St. Joseph) and $2.33 $/bu (Bossier City). Therefore, positive returns were
observed only in 1997 in these two areas when realized prices were above required break-even
prices. Bt corn produced lower yields than non-Bt corn in Baton Rouge and Jeanerette locations.
Therefore, the use of Bt corn in Baton Rouge (south central) and Jeanerette (south) Louisiana
was not economically justified at any of the price levels observed in this study. Economic returns
of Bt corn over non-Bt corn ranged from $11.40 to $4.40 in Franklin Parish, $16.70 to $7.74 in
Winnsboro, $16.87 to $7.84 in St. Joseph (Commerce silt loam), $1.07 to -$2.10 in St. Joseph
(Sharkey clay), $1.18 to -$2.03 in Bossier City, $10.19 to $3.64 in Alexandria, -$49.19 to $33.75 in Baton Rouge, and -$18.19 to -$14.24 in Jeanerette. A break-even analysis on selling
corn prices was further investigated for those locations where Bt corn offered a potential positive
economic value over non-Bt corn. Break-even price analyses were conducted for yield
differences observed in Franklin Parish, Winnsboro, St. Joseph, Bossier City, and Alexandria for
a range of possible yield difference levels (Table 31). Results from break-even price analyses
revealed that given the observed prices, yield differences, and technology fee (and if everything
else remains equal), greatest potential to recover the technology fee was observed in Franklin
Parish, Winnsboro, and St. Joseph (Commerce silt loam). Alexandria followed next in potential
to recover the technology fee investment. St. Joseph (Sharkey clay) and Bossier City showed
only marginal potential to just break-even with the technology investment given the observed
yield differences in those locations.
Economics of Bt Corn Production Versus Economics of Soybean and Grain Sorghum
Production
A summary of enterprise budgets is presented in Table 32. Bt corn production required a
higher investment (total specified expenses of $250.09 to $324.09) per acre compared to per-acre

Table 31. Break-Even Selling Corn Prices Required to Recover Bt Corn Technology Fee Investment for Selected Yield Levels
in Louisiana.

Location

Soil type

Base yield Tech.
difference1 fee
(bu/acre) ($/acre)

Yield difference level
-90%

-60%

-30%

Base

+30%

+60%

+90%

---------------------------Dollars per bushel----------------------------------Franklin Parish Necessity silt loam

7.00

7.50

10.71

2.68*

1.53*

1.07*

0.82*

0.67*

0.56*

Winnsboro

Gigger silt loam

8.96

7.50

8.37

2.09*

1.20*

0.84*

0.64*

0.52*

0.44*

St. Joseph

Commerce silt loam

9.03

7.50

8.31

2.08*

1.19*

0.83*

0.64*

0.52*

0.44*

St. Joseph

Sharkey clay

3.18

7.50

23.62

5.91

3.37

2.36*

1.82*

1.48*

1.24*

Bossier City

Caplis sandy loam

3.22

7.50

23.33

5.83

3.33

2.33*

1.79*

1.46*

1.23*

Alexandria
Norwood silt loam
6.55
7.50
11.45
2.86
1.64*
1.15*
0.88*
0.72*
0.60*
1
Yield difference used as base was the observed average yield difference between Bt corn (Pioneer 31B13) and non-Bt corn (Pioneer
3223) from 1997 to 2000 harvested in each location.
*Indicates that the price was within observed selling prices in Louisiana in the 1997 to 2000 period.
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Table 32. Summary of Projected Costs and Returns per Acre for Bt corn1, Soybeans, and Grain Sorghum for Macon Ridge
Area, Northeast Louisiana Area, and Red River and Central Areas, 8-Row Equipment (38-Inch Rows), Louisiana, 2002.2

Crop / location description

Yield per
acre

Total
income

Total
direct
expenses

Returns
above
direct
expenses

Total
fixed
expenses

Total
specified
expenses3

Returns
above total
specified
expenses

---------------------------------------Dollars per unit------------------------------------------Macon Ridge Area:
Bt corn1, silty soil, irrigated
Soybeans, silty soil, irrigated
Grain sorghum, non-irrigated

171.50 bu
48.30 bu
38.70 cwt

315.56
190.54
102.17

266.37
105.48
96.53

49.19
85.06
5.64

57.71
48.25
31.85

324.09
153.74
128.38

-8.53
36.81
-26.21

Northeast Louisiana Area:
Bt corn1, sandy alluvial soil, non-irrigated 166.00 bu
Soybeans, sandy alluvial soil, non-irrigated 48.80 bu
Grain sorghum, non-irrigated
39.01 cwt

305.44
192.52
102.99

213.81
102.55
96.53

91.63
89.97
6.46

43.20
38.12
31.85

257.01
140.67
128.38

48.43
51.85
-25.39

250.09
139.01
137.27

-18.71
7.35
4.49

Red River and Central Areas:
Bt corn1, sandy soil, non-irrigated
125.75 bu
231.38
205.84
25.54
44.25
Soybeans, sandy soil, non-irrigated
37.10 bu
146.36
100.11
46.25
38.90
Grain sorghum, non-irrigated
53.70 cwt
141.77
105.93
35.83
31.34
1
Bt corn enterprise includes 50% Bt corn and 50% non-Bt corn (refuge) planting requirements.
2
Projected crop prices are $2.30/bu (corn), 5.26/bu (soybeans), and $3.30/cwt (grain sorghum).
3
Farm overhead costs for tenant operators ($63.41/acre) are not included in total specified expenses.
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investments of soybeans ($139.01 to $153.74) and grain sorghum ($128.38 to $137.27). Based
on costs per acre (highest to lowest), crop production cost ranking was irrigated Bt corn, nonirrigated Bt corn, irrigated soybeans, non-irrigated soybeans, and non-irrigated grain sorghum
(Table 32). Highest returns in Bt corn and soybeans were observed in the sandy alluvial soils of
Northeast Louisiana. Soybean production consistently offered a positive return above specified
expenses per acre compared to Bt corn and grain sorghum production. In addition, given the
conditions observed in this study, irrigated soybeans offered a positive return above specified
expenses compared to irrigated Bt corn and non-irrigated grain sorghum in the Macon Ridge area
(Table 32).
Replacing an irrigated Bt corn enterprise with irrigated soybean enterprise in the Macon
Ridge area (and if other factors remain unchanged) is expected to generate a profit of $45.33 per
acre (Table 33). However, if the implemented change in Macon Ridge were non-irrigated grain
sorghum, a loss of $17.68 would be observed (Table 34). Switching from non-irrigated Bt corn to
non-irrigated soybeans in other areas of northeast Louisiana would generate a small profit of
$3.42 per acre (Table 35). If non-irrigated grain sorghum substitutes non-irrigated Bt corn, a loss
of $73.82 could be obtained (Table 36). Replacing a non-irrigated Bt corn production enterprise
with non-irrigated soybeans or non-irrigated grain sorghum enterprises in Red River and Central
areas of Louisiana could potentially generate economic profits for producers. Profits of $26.06
and $23.21 per acre were projected for non-irrigated soybeans (Table 37) and non-irrigated
grains sorghum (Table 38), respectively, if the change is implemented.
Discussion
Increasing acceptance of Bt corn by U.S. producers is mostly due to its potential ability to
enhance corn seed yields and reduce pest management costs (Ballenger et al. 2000). However, in
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Table 33. Partial Budget Analysis for Bt Corn and Soybeans in Macon Ridge Area in
Louisiana.
Proposed change: To replace irrigated Bt corn production strategy with irrigated
soybean production.
ADDITIONAL COSTS ($)

ADDITIONAL INCOME ($)

FIXED COSTS
none

Soybean production
48.30 bu at $5.26

254.06

VARIABLE COSTS
Airplane lo-vol (Northeast)
Soybean seed

1.23
12.25

REDUCED INCOME ($)
Corn production
171.50 bu at $2.30

A. Total annual additional
costs and reduced
income

REDUCED COSTS ($)

394.45

$407.93

Land share rent
Drying charge
Nitrogen
Phosphate
Potash
Herbicides
Other hired labor
Insecticides
Corn seed
Operator labor
Diesel fuel
Gasoline
Repair and maintenance
Interests on operating capital
Implements
Tractors
Self-propelled equipment
B. Total annual additional
income and reduced
costs

15.38
26.07
44.00
17.10
12.80
13.00
0.90
13.36
31.88
5.19
1.80
0.78
3.32
4.17
2.10
4.80
2.56

$453.26
$407.93

Net change in profit (B minus A)

$45.33
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Table 34. Partial Budget Analysis for Bt Corn and Grain Sorghum in Macon Ridge Area in
Louisiana.
Proposed change: To replace irrigated Bt corn production strategy with non-irrigated
grain sorghum production.
ADDITIONAL COSTS ($)

ADDITIONAL INCOME ($)

FIXED COSTS
none

Grain sorghum production
38.70 cwt at $3.30

127.71

VARIABLE COSTS
Airplane lo-vol (Northeast)
Grain sorghum seed

2.45
5.72

REDUCED INCOME ($)

Corn production
171.50 bu at $2.30

394.45

A. Total annual additional
costs and reduced
income

$402.62

REDUCED COSTS ($)
Land share rent
Drying charge
Nitrogen
Phosphate
Potash
Herbicides
Other hired labor
Insecticides
Corn seed
Poly pipe
Operator labor
Electricity
Diesel fuel
Gasoline
Repair and maintenance
Interests on operating capital
Furrow irrigation system
Implements
Tractors
Self-propelled equipment
B. Total annual additional
income and reduced
costs

53.35
26.07
17.60
17.10
12.80
18.64
5.33
12.77
31.88
5.80
5.16
3.58
3.17
0.33
5.33
12.47
14.38
3.30
6.48
1.71

$384.94
$402.62

Net change in profit (B minus A)

-$17.68
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Table 35. Partial Budget Analysis for Bt Corn and Soybeans in Northeast Louisiana Area.
Proposed change: To replace non-irrigated Bt corn production strategy with non-irrigated
soybean production.
ADDITIONAL COSTS ($)

ADDITIONAL INCOME ($)

FIXED COSTS
none

Soybean production
48.8 bu at $5.26

256.69

VARIABLE COSTS
Airplane (Northeast)
Airplane lo-vol (Northeast)
Herbicides
Soybean seed

3.70
1.23
16.81
12.25

REDUCED INCOME ($)
Corn production
166.00 bu at $2.30

A. Total annual additional
costs and reduced
income

REDUCED COSTS ($)

381.80

$415.79

Land share rent
Drying charge
Nitrogen
Phosphate
Potash
Other hired labor
Insecticides
Corn seed
Operator labor
Diesel fuel
Gasoline
Repair and maintenance
Interests on operating capital
Implements
Tractors
Self-propelled equipment
B. Total annual additional
income and reduced
costs

12.19
25.23
44.00
11.40
9.60
0.90
12.58
31.88
3.87
0.50
0.78
1.48
3.03
0.20
2.32
2.56

$419.20
$415.79

Net change in profit (B minus A)

$3.42

147
Table 36. Partial Budget Analysis for Bt Corn and Grain Sorghum in Northeast Louisiana
Area.
Proposed change: To replace non-irrigated Bt corn production strategy with non-irrigated
grain sorghum production.
ADDITIONAL COSTS ($)

ADDITIONAL INCOME ($)

FIXED COSTS
none

Grain sorghum production
39.01 cwt at $3.30

128.73

VARIABLE COSTS
Airplane lo-vol (Northeast)
Grain sorghum seed

2.45
5.72

REDUCED INCOME ($)
Corn production
166.00 bu at $2.30

A. Total annual additional
costs and reduced
income

REDUCED COSTS ($)

381.80

$389.97

Land share rent
Drying charge
Nitrogen
Phosphate
Potash
Other hired labor
Insecticides
Corn seed
Operator labor
Diesel fuel
Gasoline
Repair and maintenance
Interests on operating capital
Implements
Tractors
Self-propelled equipment
B. Total annual additional
income and reduced
costs

50.61
25.23
17.60
11.40
9.60
0.38
12.77
31.88
5.16
3.02
0.33
4.15
3.94
3.30
6.34
1.71

$316.15
$389.97

Net change in profit (B minus A)

-$73.82
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Table 37. Partial Budget Analysis for Bt Corn and Soybeans in Red River and Central
Areas in Louisiana.
Proposed change: To replace non-irrigated Bt corn production strategy with non-irrigated
soybean production.
ADDITIONAL COSTS ($)

ADDITIONAL INCOME ($)

FIXED COSTS
none

Soybean production
37.10 bu at $5.26

195.15

VARIABLE COSTS
Airplane lo-vol (Red River)
Herbicides
Other hired labor
Soybean seed

6.60
12.13
0.53
12.25

REDUCED INCOME ($)
Corn production
125.75 bu at $2.30

A. Total annual additional
costs and reduced
income

REDUCED COSTS ($)

289.23

$320.73

Land share rent
Drying charge
Lime (spread)
Nitrogen
Phosphate
Potash
Insecticides
Corn seed
Operator labor
Diesel fuel
Gasoline
Repair and maintenance
Interests on operating capital
Implements
Tractors
Self-propelled equipment
B. Total annual additional
income and reduced
costs

9.06
19.11
8.00
44.00
9.50
11.20
4.85
31.88
3.10
0.77
0.33
1.63
2.87
0.85
2.79
1.71

$346.79
$320.73

Net change in profit (B minus A)

$26.06
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Table 38. Partial Budget Analysis for Bt Corn and Grain Sorghum in Red River and
Central Areas in Louisiana.
Proposed change: To replace non-irrigated Bt corn production strategy with non-irrigated
grain sorghum production.
ADDITIONAL COSTS ($)

ADDITIONAL INCOME ($)

FIXED COSTS
none

Grain sorghum production
53.70 cwt at $3.30

177.21

VARIABLE COSTS
Airplane lo-vol (Red River)
Herbicides
Other hired labor
Grain sorghum seed

3.30
13.60
0.53
5.72

REDUCED INCOME ($)
Corn production
125.75 bu at $2.30

A. Total annual additional
costs and reduced
income

REDUCED COSTS ($)

289.23

$312.37

Land share rent
Drying charge
Lime (spread)
Nitrogen
Phosphate
Potash
Insecticides
Corn seed
Operator labor
Diesel fuel
Gasoline
Repair and maintenance
Interests on operating capital
Implements
Tractors
Self-propelled equipment
B. Total annual additional
income and reduced
costs

22.40
19.11
8.00
17.60
9.50
11.20
8.49
31.88
5.57
3.55
0.33
4.74
3.09
3.89
7.31
1.71

$335.58
$312.37

Net change in profit (B minus A)

$23.21
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many areas of southeastern United States and Louisiana in particular, field corn is not normally
scouted for or sprayed against corn borers, which are the main lepidopterous pests controlled by
first generation (i.e. YieldGard® corn) Bt corn hybrids. Therefore, adoption and increased
acceptance of Bt corn among southeastern corn producers will mostly depend on the ability of Bt
corn to return a profit above the added seed premium for Bt corn compared to non-Bt corn
hybrids. In this study, the economics of Bt corn expressing the insecticidal Cry1A(b) protein
(MON810 event, YieldGard® technology) was studied based on observed yield data. Results
obtained under conditions of 1997 to 2000 revealed that Bt corn commercially available in
Louisiana has the potential to realize an economic return above technology fee costs in northern
and central Louisiana but not in south-central or southern areas of the state. Bt corn produced a
consistent economic profit above premium seed costs in most of northeast and central Louisiana.
Local researcher observations report moderate to high corn borer infestation levels in northeast
Louisiana and moderate levels in central Louisiana. These levels of infestations occurred every
year (northeast Louisiana) or almost every year (central Louisiana) favored by weather
conditions and farming practices in recent years. However, ability of Bt corn to produce a yield
difference to cover for added premium seed costs was highly influenced by soil type in northeast
Louisiana. A smaller positive yield difference was observed between Bt and non-Bt corn in the
Sharkey clay (3.18 bu/acre) than in the Commerce silt loam (9.03 bu/acre) in St. Joseph. At price
levels observed, only in one out of the four years included in this study was corn price sufficient
enough to recover the technology fee invested in Bt corn planted in the Sharkey clay of St.
Joseph. The SWCB and SCB do not normally occur in northwest Louisiana. Therefore, only a
small average yield advantage (3.22 bu/acre) was recorded between Bt corn and non-Bt corn in
Bossier City. Under corn price levels observed and relatively no borer pressure, an economic
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return of Bt corn over non-Bt corn was realized only in one out of the four years included in this
study in northwest Louisiana. In addition, information obtained from local researchers indicates
that borer pressure is not normally observed in south-central (Baton Rouge) and south
(Jeanerette) Louisiana. Results from this study further revealed that the use of Bt corn in those
areas would represent a loss of profit compared to the use of non-Bt corn. Therefore, our results
agree with those by Rice and Pilcher (1998) and Baute et al. (2002) who indicated that Bt corn
economic benefits are realized only in areas and years with high borer infestations.
Results from break-even price analyses suggest that Bt corn use might offer an economic
advantage over non-Bt corn even in periods of unfavorable conditions for corn production (i.e.
drought conditions and low corn prices) such as those observed from 1997 to 2000. An economic
advantage was observed consistently in northeast Louisiana (Franklin Parish, Winnsboro, St.
Joseph Commerce silt loam), followed by central Louisiana, and to a lesser degree in northwest
Louisiana and the Sharkey clay area of St. Joseph (northeast Louisiana). Since northeast, central,
and northwest Louisiana are the main corn producing areas in the state (see Appendix D), the use
of Bt corn might represent a viable economic alternative to conventional non-Bt corn in main
corn producing areas in Louisiana.
Break-even analyses were useful tools for comparing the economic advantage of Bt corn
against that of non-Bt corn. However, little information was inferred with regards to the
economics of Bt corn production as a whole farm operation. Therefore, the use of whole
enterprise and partial enterprise budgets proved to be useful for further evaluation of Bt corn
production against production of other crops such as soybeans and grain sorghum. Soybeans
production consistently outperformed Bt corn and grain sorghum production in all three locations
in terms of economic returns. New profits expected if soybean production replaced Bt corn
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production were highest in the Macon Ridge area (irrigated), intermediate in the Red River and
Central areas (non-irrigated), and smallest in other northeast Louisiana locations (non-irrigated).
Implementing an irrigated soybean production strategy compared to irrigated Bt corn strategy in
the Macon Ridge area yielded a profit of $45.33 in favor of soybean production. This is
equivalent to 19.71 bu. per acre of corn at the assumed projected price of $2.30/bu of corn.
However in other northeast locations, implementing a non-irrigated soybean strategy over nonirrigated Bt corn strategy represented only $3.42 profit per acre. A profit this small could easily
become a loss with small changes in observed yields and market prices. Therefore in northeast
locations where no irrigation is used, either Bt corn or soybeans have the potential to produce
equivalent profit levels compared to irrigated areas of Macon Ridge. In contrast, the proposed
replacement of Bt corn production for grain sorghum production would generate an economic
loss if implemented in northeast Louisiana (-$17.68 and -$73.82 per acre in Macon Ridge and in
other northeast Louisiana areas, respectively). However, if the proposed change is implemented
in Red River and Central areas of Louisiana, it might produce a moderate profit (i.e. $23.21) per
acre.
Timely planting corn is critical for high yields (Mascagni et al. 1998). Moreover, early
harvest in Louisiana increases probabilities of higher early season premiums in some years,
decreases risks of late drought damage, and late summer storms (Mascagni et al. 1998).
However, when planting corn on time is not possible, corn producers and farm managers of corn
enterprises might take advantage of Bt corn to protect corn yields from late season lepidopterous
pests in most northern and central corn producing areas of Louisiana. However, it is important to
mention that not all Bt corn hybrids are the same (Ostlie et al. 1997). Only those hybrids with
season-long expression of the Bt insecticidal protein at high levels in all plant parts have the
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potential to reduce injury caused by late season insect pests. Furthermore, implementing a very
delayed corn planting strategy (i.e. late May or June) might bring some other implications not
included in this study. Mascagni et al. (1998) reported a linear decrease in corn seed yields when
corn is planted after mid-April in northeast Louisiana. Therefore, further studies would be useful
to determine how long (after the recommended planting window for conventional corn) can Bt
corn produce an economic yield advantage. When flexibility allows implementing a change of
crop enterprise for late season planting, soybeans might offer a profitable alternative in most
areas of northeast Louisiana, if price ratio for these crops remains unchanged. Soybeans and
grain sorghum production also might be important strategies for late planting in areas of
northwest and central Louisiana. However, when the option is to plant soybeans or grain
sorghum after mid-June, the Louisiana Cooperative Extension Service recommends to plant
soybeans rather than grain sorghum (Saichuk et al. 2002).
The economic analyses conducted herein were performed during years with low market
prices for corn. In years with more competitive market prices for corn and if other conditions
remain unchanged, Bt corn might become more economical in areas such as Bossier City and the
Sharkey clay in St. Joseph. Bt corn also could be used as insurance against yield loss to
lepidopterous pests in areas with variable levels of borer densities over the years. However, the
decision to plant Bt corn is complicated by many other factors. Economic return for Bt corn is
not guaranteed (Rice and Pilcher 1998). Bt corn is likely to deliver an economic benefit only
when corn borer populations are large enough to cause an economic loss greater than the added
seed premium paid for the Bt hybrid (Ostlie et al. 1997, Rice and Pilcher 1998). Unfortunately,
predictive tools for future corn borer infestations and yield losses are not available mainly
because insect densities and corn yields are highly influenced by unpredictable environmental
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conditions. Since higher yields of Bt corn over non-Bt corn are not granted, Baute et al. (2002)
suggest to include the Bt construct only into locally adapted high yielding hybrids to maximize
the benefit of Bt corn technology even in years with low borer infestations.
Yielding characteristics of Bt corn, market prices, and consumer acceptance would be
very influential to a farm manager or corn producer when deciding on adopting Bt corn
technology. Moreover, a manager or producer may wish to consider additional risks, benefits,
and uncertainties for any new crop enterprise before implementing a change. For instance,
environmental safety could be an important consideration for a manager or corn producer.
Reduced foliar insecticide input in Bt corn might be an attractive feature for a Bt corn strategy
than for other crop production strategies whose yields depend heavily on conventional pesticide
use.
The economic analyses conducted in this study used the season average price for corn in
Louisiana. Sensitivity analysis using monthly corn prices might reveal additional important
effects of price instability and price seasonal trends. Therefore, studies using sensitivity price
analysis could be useful to refine estimates of economic returns and risks associated with a corn
enterprise compared to other crop enterprises. Results presented in this study could be useful to
reduce the risk of uncertainty brought upon by the adoption of new crop strategies such as Bt
corn. Farm managers and crop producers might adapt the cost and yield benefit analysis from
this research, use projected crop prices, and available historical yield losses caused by borers to
reduce unpredictability in their farm. Therefore, the information presented will hopefully aid to
improve management decisions regarding the implementation and adoption of Bt corn
technology in southeastern United States.
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CHAPTER 6

SUMMARY AND CONCLUSIONS

Questions were addressed regarding the effects of Bt corn hybrids and Bt corn events on a
lepidopterous pest complex commonly found in southeastern United States. Since its commercial
introduction in 1996, Bt corn has been developed into several transformation events with
different inherent modes of insecticidal endotoxin expression in a corn plant. Therefore, levels of
efficacy were determined and established for commercially available Bt corn events on
southwestern corn borer (SWCB), Diatraea grandiosella Dyar (Lepidoptera: Crambidae);
sugarcane borer (SCB), Diatraea saccharalis (F.) (Lepidoptera: Crambidae); corn earworm
(CEW), Helicoverpa zea (Boddie) (Lepidoptera: Noctuidae); and fall armyworm (FAW),
Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae). Susceptibility of selected insect
species (neonates and third instars) was evaluated on Bt and non-Bt corn plants and plant tissue
(V6 and R1 stages) in laboratory and field studies.
Bt hybrids with the MON810 event expressed high and significant (P < 0.05) levels of
resistance to SWCB, SCB, and FAW mid-whorl infestations. In like manner, the MON810 event
provided significant (P < 0.05) resistance to SWCB and SCB silking infestations, and moderate
but significant (P < 0.05) resistance to CEW silk infestations in the field.
Laboratory experiments revealed that leaf tissue containing the MON810 event caused
significant (P < 0.05) decrease in survival of third instar SWCB (40 to 60% survival) after 96 h
of feeding exposure. In addition, SWCB survivors on leaf tissue with the MON810 event were
noticeable reduced in size. However, from all the evaluated Bt leaf tissue containing the
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MON810 event only leaf tissue from Pioneer 31B13 caused significant (P < 0.05) survival
reduction on third instar SCB (9 to 16% survival). All SCB survivors on leaf tissue with the
MON810 event (Pioneer 31B13) were reduced in size whereas two thirds of the SCB survivors
on tissue with the MON810 event from other Bt hybrids were of reduced size. Leaf tissue with
the MON810 event was either susceptible or caused inconsistent survival rates to third instar
FAW larvae (20 to 96% survival). Significant (P < 0.05) decrease in survival of third instar CEW
larvae was observed when fed on leaf tissue with the MON810 event (0 to 38% survival).
Moreover, all CEW survivors on leaf tissue with the MON810 event were of reduced size. Nonsignificant (P > 0.05) reduction of CEW survival was observed on silk tissue (84 to 88%
survival) from most hybrids with the MON810 event, except from Pioneer 31B13, which caused
varied but significant (P < 0.05) CEW survival drecrease (0 and 68% survival) after 96 h of
feeding exposure.
Field experiments subjected to native corn borer infestations showed that the MON810
event from Pioneer 31B13 significantly (P < 0.05) reduced mid-whorl and silking infestations of
corn borers under irrigated and non-irrigated crop conditions. Additionally, the MON810 event
provided significant (P < 0.05) control of CEW injury to silking corn when CEW insect pressure
was low. However, resistance to CEW infestations during silking stage decreased rapidly as
CEW pressure increased and as water stress became severe in Bt hybrids with the MON810
event.
The CBH351 event provided high and significant (P < 0.05) levels of resistance against
mid-whorl infestations of SWCB and SCB, and moderate but significant (P < 0.05) levels of
resistance to silking infestations of SWCB and SCB. In addition, moderate but significant (P <
0.05) levels of control associated with the CBH351 event was observed against artificial FAW
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mid-whorl infestations compared to the respective non-Bt equivalent. The CBH351 event did not
control CEW artificial infestations in silking corn.
Laboratory studies revealed that leaf tissue containing the CBH351 event caused
significant (P < 0.05) reductions in survival of third instar SWCB (24 and 68 % survival) but not
to third instar SCB (68 to 92% survival) after 96 h of feeding exposure. All SWCB survivors
after 96 h of feeding on leaf tissue with the CBH351 event were significantly (P < 0.05) reduced
in size. However, larval size in half of the surviving population of SCB was not affected after 96
h of feeding on leaf tissue with the CBH351 event. Leaf tissue with the CBH351 event was
significantly (P < 0.05) susceptible to leaf-feeding injury from third instar FAW larvae (96 to
100% survival). In a similar manner, leaf (72 and 86% survival) or silk (96 to 100% survival)
tissue with the CBH351 event did not reduce (P > 0.05) survival of third instar CEW after 96 h
of feeding exposure.
Observations on host-plant resistance indicated that corn plant susceptibility to SWCB
and SCB attack decreased as plant matured regardless of the presence of the Bt gene in the plant.
Moreover, third instar CEW larvae was more resistant to Bt silks than to Bt leaf tissue regardless
of the Bt event. Complimentary effect of increased natural plant resistance as plant matured to
silking stage and transgenic Bt resistance on corn borers was more readily associated with the
MON810 event in silking plants but not with the CBH351 event. In addition, transgenic Bt
resistance to SWCB and SCB silking infestations decreased under intense hot and dry weather
conditions.
The BT11 event evaluated against native CEW infestations expressed inconsistent control
of native CEW populations infesting corn ears. Furthermore, the event 176 evaluated against
native CEW infestations significantly (P < 0.05) reduced corn ear injury at low CEW infestation
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pressure. However, CEW infestation pressure was not high enough to evaluate further
performance of the event 176. In addition, the use of a pyrethroid insecticide to control CEW silk
infestations did not offer a control advantage compared to that of using Bt hybrids under the low
CEW pressure observed in 1998.
Based on data presented in this study, current Bt corn hybrids with the MON810 event
commercially available in southeastern United States performed significantly better than the
CBH351 event in controlling infestations of southern insect pests. SWCB and SCB were
susceptible to the MON810 event during first (mid-whorl) and second (silking) infestation to
corn. However, moderate levels of control were observed against CEW infestations. CEW
control provided by the MON810 event might not be high enough to protect corn ears at high
CEW infestations. Mid-whorl infestations of neonate FAW were controlled with the MON810
event. But high mobility of FAW between corn plants and increased tolerance to Cry1A(b)
protein observed in larger FAW larvae may result in severe leaf injury if larger larvae from
susceptible corn refuge migrate to Bt corn.
The high percent of CEW and FAW survivors with no apparent adverse effects on size
and development may contribute to a high numbers of individuals reaching adulthood. The
implications of sublethal effects observed in survivors on Bt corn with the MON810 event are
not completely understood and should be studied closely for southern insect pests. Particularly
important is the survival (up to 88%) of CEW larvae on silk tissue with the MON810 event. If
current levels of control associated with the MON810 event are not consistent against this
species, the role of refuge sites becomes critically important. Refuge sites must be carefully
designed and their effectiveness monitored closely to allow a sufficiently large population of
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susceptible adults to synchronize their mating flights with those coming from Bt corn and
hopefully dilute resistance genes.
Data from our study indicate that significant (P < 0.05) differences may be observed in
the level of susceptibility of selected non-Bt hybrids to the insect pests evaluated. Therefore, the
decision of using transgenic Bt corn should consider not only the premium performance of the Bt
hybrid selected. The respective non-Bt equivalent hybrid that is to be used in refuge sites must
meet certain susceptibility levels to assure that plant biological factors do not significantly affect
the production of susceptible insects. Nevertheless, management and implications of CEW
populations surviving from Bt corn in southeastern United States remain largely speculative.
Therefore, levels of resistance and long-term effect on populations of the more resistant and
polyphagous insects such as CEW and FAW need to be reevaluated and studied in the context of
corn and other important crops such as cotton and soybeans to fully understand the impact of
transgenic technology in the mid-south. Additionally, new research avenues should be explored
to incorporate more that 30 years of plant breeding efforts against southern corn pests and
enhance them with newer genetic engineering methods. Complimentary effects have been
demonstrated under field conditions. Furthermore, the approach could potentially shorten the
time required to develop elite hybrids for southern United States conditions.
Adoption and increased acceptance of Bt corn among southeastern corn producers will
largely depend on Bt corn ability to return a profit above the added premium (technology fee) for
Bt seed. Economic analyses conducted from 1997 to 2000 revealed that Bt corn with the
MON810 event (YieldGard® technology) has the potential to achieve an economic return above
technology fee in the most important corn producing areas in central and northern Louisiana.
However, specific local growing conditions should be considered as differences in soil type or
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many other factors might affect performance of the Bt hybrid. Since higher yields of Bt corn over
non-Bt corn are not granted for every year in all areas, corn producers willing to implement a Bt
corn strategy should select locally recommended high yielding Bt hybrids if available. By doing
so, the benefit of Bt corn technology can be maximized under specific conditions even in years
with low SWCB and SCB infestations. Bt corn with season-long expression of the Bt insecticidal
protein at high levels in all plant parts may be used as insurance to protect yield losses caused by
late season lepidopterous pests in late planted corn. However, crop managers and producers
should be aware of a planting date effect that potentially could reduce seed yields if corn is
planted too late beyond recommended dates. Other crop strategies such as soybean and grain
sorghum production could result in an economic alternative under late-planted conditions.
Yielding characteristics of Bt corn, market prices, and consumer acceptance of transgenic
food would be very influential to a farm manager or corn producer when deciding on adopting Bt
corn technology. Moreover, a manager or producer may wish to consider additional risks,
benefits, and uncertainties for any new crop enterprise before implementing a change. As Bt
transgenic technology reaches and establishes into southeastern corn production areas,
appropriate efficacy and management studies are continuously needed to make sure that the
technology will be of long-term benefit. Environmental conditions and crop systems in Louisiana
offer newer opportunities for development of unique integrated pest management plans
applicable to the benefit of corn producers as well as to producers of other important crops in the
same area. Results presented in this study address fundamental questions on the efficacy of Bt
corn events to control southern insect pests in corn and on the economics of Bt corn in Louisiana.
The information presented will hopefully aid to improve management decisions regarding the
implementation and adoption of this new technology in southeastern United States.

APPENDIX A
BT CORN TRANSFORMATION EVENTS, PROMOTERS, AND INSECTICIDAL PROTEIN EXPRESSION DEVELOPED
IN COMMERCIAL CORN HYBRIDS 1996-2000
B.
thuringiensis
subspecies

Protein

Event

B.t. subsp.
kurstaki

Cry1A(b)

BT11

B.t. subsp.
kurstaki

Cry1A(b)

MON810

Promoter
Cauliflower
mosaic virus
35S
Cauliflower
mosaic virus
35S

Trademark

Release
date

Registrant

Protein expression

YieldGard®

Syngenta Seeds, Inc.1

Aug.
19963

All plant tissue, season-long,
high protein expression.

YieldGard®

Monsanto Company

Dec.
19963

All plant tissue, season-long,
high protein expression.
Green tissue + pollen. Below
detectable levels in silk,
kernels, and pith. Expression
declines after pollen-shed.
Green tissue + pollen. Below
detectable levels in silk,
kernels, and pith. Expression
declines after pollen-shed.
All plant tissue, season-long,
medium to high protein
expression in leaf tissue.
Lower expression in kernel,
stalk, and silks.

176

Phosphenal-pyruvate
carboxylase

KnockOut

Cry1A(b)

176

Phosphenal-pyruvate
carboxylase

NatureGard®

Mycogen Seeds

Aug.
19955

B.t. subsp.
kurstaki

Cry1A(c)

DBT418

Cauliflower
mosaic virus
35S

Bt-Xtra®

DeKalb Genetics
Corporation

March
19976

B.t. subsp.
tolworthi

Cry9C

CBH351

StarLink®

Aventis CropScience2

March
19976

All plant tissue, season-long,
high protein expression.

Herculex®

Mycogen Seeds/
Dow AgroSciences
and Pioneer Hi-Bred
International,
Inc./DuPont

May
20013

All plant tissue, season-long,
high protein expression.

Cry1A(b)

B.t. subsp.
kurstaki
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B.t. subsp.
kurstaki

B.t. subsp.
aizawai

Cry1F

TC1507

Cauliflower
mosaic virus
35S
Maize
polyubiquitin/
cauliflower
mosaic virus
35S

®

Syngenta Seeds, Inc.

1

Aug.
19954
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1

Formerly Novartis Seeds.
Formerly AgrEvo.
3
Registration expires on 15 October, 2008.
4
Registration expired on 1 April, 2001.
5
Registration expired on 30 June, 2001.
6
Registration voluntarily cancelled on 20 February, 2001.
Sources:
Agriculture and Biotechnology Strategies (AGBIOS) Inc. 2001. Essential biosafety (CD-ROM),
Vol. 1 AGBIOS Inc., Merrickville, Ontario. (http://www.essentialbiosafety.info)
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APPENDIX B
COTTON-GROWING AREA REFUGE REQUIREMENTS FOR BT CORN, 20021
For Cry1Ab and Cry1F Bt field corn grown in cotton-growing areas, grower agreements (also
known as stewardship agreements) will specify that growers must adhere to the refuge requirements
as described in the grower guide/product use guide and/or in supplements to the grower
guide/product use guide.
•

Specifically, growers in these areas must plant a structured refuge of at least 50% non-Bt corn
that may be treated with insecticides applied as needed to control lepidopteran stalk borers and
other pests.

•

Refuge planting options include: separate fields, blocks within fields (e.g., along the edges or
headlands), and strips across the field.

•

External refuges must be planted within ½ mile (1/4 mile or closer preferred).

•

When planting the refuge in strips across the field, refuges must be at least 4 rows wide,
preferably 6 rows wide.

•

Insecticide treatments for control of ECB, CEW and southwestern corn borer (SWCB) [Cry1Ab
or Cry1F corn hybrids] and/or fall armyworm (FAW) and black cutworm (BCW) [Cry1F corn
hybrids only] may be applied only if economic thresholds are reached for one or more of these
target pests. Economic thresholds will be determined using methods recommended by local or
regional professionals (e.g., Extension Service agents, crop consultants). Instructions to growers
will specify that microbial Bt insecticides must not be applied to non-Bt corn refuges.

•

Cotton-growing areas2 include the following states: Alabama, Arkansas, Georgia, Florida,
Louisiana, North Carolina, Mississippi, South Carolina, Oklahoma (only the counties of
Beckham, Caddo, Comanche, Custer, Greer, Harmon, Jackson, Kay, Kiowa, Tillman, Washita),
Tennessee (only the counties of Carroll, Chester, Crockett, Dyer, Fayette, Franklin, Gibson,
Hardeman, Hardin, Haywood, Lake, Lauderdale, Lincoln, Madison, Obion, Rutherford, Shelby,
and Tipton), Texas (except the counties of Carson, Dallam, Hansford, Hartley, Hutchinson,
Lipscomb, Moore, Ochiltree, Roberts, and Sherman), Virginia (only the counties of Dinwiddie,
Franklin City, Greensville, Isle of Wight, Northampton, Southampton, Suffolk City, Surrey,
Sussex) and Missouri (only the counties of Dunkin, New Madrid, Pemiscot, Scott, Stoddard).
The correct list of counties must be in the 2003 grower guide and may be provided as a
supplement for the 2002 growing season.

1

Source: U.S. Environmental Protection Agency (EPA). 2001. Bt plant-incorporated protectants
October 15, 2001. Biopesticides registration action document. Bt corn confirmatory data and terms
and conditions of the amendment. Office of Pesticide Programs. Washington, D.C. [Online].
Available: http://www.epa.gov/pesticides/biopesticides/reds/brad_bt_pip2.htm [February 15, 2002].
2
Counties selected based on approximately 1000 acres Bt cotton/5000 acres total cotton using
1999-2001 cotton acreage reports from Monsanto and USDA/NASS.
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APPENDIX C
TEMPERATURE (°F DEGREES) AND PRECIPITATION (INCHES) 1999-2000 SUMMARY IN NORTHEAST
LOUISIANA1
Jan.

Feb.

Mar.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

Total / year

1999

Temperature

50.3

55.3

55.1

69.7

72.7

79.3

82.2

84.0

74.1

64.6

58.0

48.4

66.1

Norm. 1961-1990

44.2

48.6

56.8

65.4

72.5

79.3

81.9

81.0

75.7

64.9

56.3

47.6

64.5

Precipitation

11.7

2.1

7.2

5.4

4.4

6.2

1.6

1.6

2.7

1.7

1.4

4.1

50.2

5.2

5.1

5.9

4.8

5.4

3.9

4.0

3.3

3.0

3.6

5.0

6.0

55.2

Norm. 1961-1990
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2000

Temperature

49.3

54.2

61.1

62.8

75.0

79.0

83.0

85.2

76.4

66.3

52.6

38.5

65.3

Norm. 1961-1990

44.2

48.6

56.8

65.4

72.5

79.3

81.9

81.0

75.7

64.9

56.3

47.6

64.5

Precipitation

2.1

1.5

8.6

8.4

4.4

4.4

1.4

0.5

2.5

1.4

8.9

4.9

49.2

Norm. 1961-1990

5.2

5.1

5.9

4.8

5.4

3.9

4.0

3.3

3.0

3.6

5.0

6.0

55.2

1

Source: Zapata, H. O., and D. Frank. 2000. 1999 Louisiana Agricultural Statistics. Dept. of Agricultural Economics and
Agribusiness, A.E.A. Inf. Ser. No. 178. Louisiana State University AgCenter, Baton Rouge, LA.
Zapata, H. O., and D. Frank. 2001. 2000 Louisiana Agricultural Statistics. Dept. of Agricultural Economics and Agribusiness,
A.E.A. Inf. Ser. No. 195. Louisiana State University AgCenter, Baton Rouge, LA.

APPENDIX D
CORN PRODUCTION IN LOUISIANA IN 20001

Bushels
3,000,000 and greater
2,000,000 to 2,999,999
500,000 to 1,999,999
0 to 499,999

1

Source: Zapata, H. O., and D. Frank. 2001. 2000 Louisiana Agricultural Statistics. Dept. of
Agricultural Economics and Agribusiness, A.E.A. Inf. Ser. No. 195. Louisiana State University
AgCenter, Baton Rouge, LA.
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APPENDIX E
ESTIMATED ANNUAL COSTS, REPRESENTATIVE POLY PIPE FURROW
IRRIGATION SYSTEM, NORTHEAST LOUISIANA, 20021,5
System used on 60 acres,
with three two-inch applications
Annual cost ($)2
Investment cost ($)
INVESTMENT REQUIREMENTS:
Well
Pump and motor
Land forming
Tractor and ditcher3
Interest
Total ownership cost
Ownership cost / acre
Ownership cost / acre inch

4500.00
1500.00
9750.00
0.00
0.00
15750.00

DIRECT EXPENSES:4
Electric
Repair and maintenance
Labor
Diesel (tractor)
Poly pipe
Total direct cost
Direct cost / acre
Direct cost / acre inch

225.00
150.00
487.50
8.30
511.70
1382.51
23.04
3.84

214.85
70.80
297.00
9.09
348.00
939.74
15.66
2.61

Total annual cost
2322.25
Annual cost / acre
38.70
Annual cost / acre inch
6.45
1
Includes an 8-inch casing, 6-inch discharge well 100 ft deep, and 10 horsepower electric motor
that consumes approximately 8.3 kwh of electricity.
2
Annual costs include depreciation and interes on investment. Estimated life of wells, pumps,
power units, and land forming were assumed to be 20, 10, 10, and 20 years, respectively.
3
Includes a pro-rated share of fixed and variable costs of both the tractor and ditcher.
4
Electricity was assumed to cost $0.09 cents per kwh, diesel fuel $0.94 per gallon, repair and
maintenance calculated as 0.5 percent of total investment (excluding land forming), wage rates
assumed to be $7.50 per hour, and poly pipe $218.00 per ¼ mile roll.
5
Source: Paxton, K. W. 2002. Projected costs and returns – cotton, soybeans, corn, milo, and
wheat, northeast Louisiana, 2002. Dept. of Agricultural Economics and Agribusiness, A.E.A. Inf.
Ser. No. 199. LA Agric. Exp. Stn., Louisiana State University AgCenter, Baton Rouge, LA.
[Online]. Available: http://www.agecon.lsu.edu/Commodity_Budgets/2002/AEA199NEcotton.pdf [March 8, 2002].
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APPENDIX F1
ESTIMATED COSTS AND RETURNS PER IRRIGATED ACRE BT CORN AND NONBT CORN (50%-50%), SILTY SOIL, 8-ROW EQUIPMENT (38-INCH ROWS),
TENANT-OPERATORS, MACON RIDGE AREA, LOUISIANA, 2002
ITEM
INCOME
Non-Bt corn Pioneer 3223
Bt corn Pioneer 31B13
Land share rent

UNIT PRICE
bu
bu
bu

2.30
2.30
2.30

QUANTITY

AMOUNT

85.5000
86.0000
-34.3000

196.65
197.80
-78.89

TOTAL INCOME
DIRECT EXPENSES
CUSTOM
Airplane lo-vol (Northeast)
Drying charge
FERTILIZER
Nitrogen
Phosphate
Potash
HERBICIDES
Roundup
Atrazine 4L
Lasso 4EC
Bladex 4L
HIRED LABOR
Other labor
INSECTICIDES
Counter 20CR
Pounce 3.2EC
SEED
Non-Bt corn seed (P3223)
Bt corn seed (P31B13)
IRRIGATION
Poly pipe
OPERATOR LABOR
Tractors
Self-propelled equipment

315.56

acre
bu

2.45
0.19

1.0000
137.2000

2.45
26.07

lbs
lbs
lbs

0.22
0.19
0.16

200.0000
90.0000
80.0000

44.00
17.10
12.80

pt
pt
pt
pt

4.39
2.60
2.80
3.73

2.0000
4.0000
2.0000
2.0000

8.78
10.40
5.60
7.46

hour

7.50

1.1800

8.85

lbs
pt

2.65
16.74

7.0000
0.1000

18.55
1.67

thou
thou

1.13
1.43

12.5000
12.5000

14.06
17.81

acre

5.80

1.0000

5.80

hour
hour

7.50
7.50

1.3420
10.07
0.4000
3.00
“(Table continued)”
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173
OWNER LABOR
Self-propelled equipment
ELECTRICITY
Irrigation motor
DIESEL FUEL
Tractors
Self-propelled equipment
GASOLINE
Self-propelled equipment
REPAIR AND MAINTENANCE
Irrigation
Implements
Tractors
Self-propelled equipment
INTEREST ON OPERATING CAPITAL

hour

12.00

0.2310

2.77

kwh

0.09

39.7870

3.58

gal
gal

0.94
0.94

7.7437
1.4910

7.28
1.40

gal

1.30

2.0000

2.60

acre
acre
acre
acre
acre

1.18
5.49
3.35
8.65
15.60

1.0000
1.0000
1.0000
1.0000
1.0000

1.18
5.49
3.35
8.65
15.60

TOTAL DIRECT EXPENSES
RETURNS ABOVE DIRECT EXPENSES
FIXED EXPENSES
Furrow irrigation system
Implements
Tractors
Self-propelled equipment

266.37
49.19

acre
acre
acre
acre

14.38
8.54
15.10
19.70

TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES
RETURN ABOVE TOTAL SPECIFIED EXPENSES

1.0000
1.0000
1.0000
1.0000

14.38
8.54
15.10
19.70
57.71
324.09
-8.53

ALLOCATED COST ITEMS
Overhead (tenant)
acre
63.41
1.0000
63.41
RESIDUAL RETURNS
-71.94
Source: Adapted from Paxton, K. W. 2002. Projected costs and returns – cotton, soybeans, corn,
milo, and wheat, northeast Louisiana, 2002. Dept. of Agricultural Economics and Agribusiness,
A.E.A. Inf. Ser. No. 199. LA Agric. Exp. Stn., Louisiana State University AgCenter, Baton
Rouge, LA. [Online]. Available:
http://www.agecon.lsu.edu/Commodity_Budgets/2002/AEA199-NEcotton.pdf [March 8, 2002].

APPENDIX F2
ESTIMATED COSTS AND RETURNS PER IRRIGATED ACRE SOYBEANS, SILTY
SOIL, 8-ROW EQUIPMENT (38-INCH ROWS), TENANT-OPERATORS, MACON
RIDGE AREA, LOUISIANA, 2002
ITEM

UNIT PRICE QUANTITY

INCOME
Soybean
Land share rent

bu
bu

5.26
5.26

48.3000
-12.0750

TOTAL INCOME

AMOUNT
254.06
-63.51
190.54

DIRECT EXPENSES
CUSTOM
Airplane lo-vol (Northeast)
HERBICIDES
Canopy 75DF
Classic 25DG
Surfactant
Fusilade DX
Crop oil
HIRED LABOR
Other labor
INSECTICIDES
Karate Z2
Pounce 3.2EC
SEED
Soybean seed
IRRIGATION
Poly pipe
OPERATOR LABOR
Tractors
Self-propelled equipment
OWNER LABOR
Self-propelled equipment
ELECTRICITY
Irrigation motor
DIESEL FUEL
Tractors
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acre

2.45

1.5000

3.68

lbs
oz
pt
pt
pt

37.50
11.40
1.29
15.06
1.03

0.4380
0.0600
0.0300
0.1300
0.1300

16.43
0.68
0.04
1.96
0.13

hour

7.50

1.0600

7.95

oz
pt

2.98
16.74

1.6000
0.1250

4.77
2.09

lbs

0.35

35.0000

12.25

acre

5.80

1.0000

5.80

hour
hour

7.50
7.50

0.7700
0.2800

5.78
2.10

hour

12.00

0.2310

2.77

kwh

0.09

39.7870

3.58

gal

0.94

5.8314
5.48
“(Table continued)”
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Self-propelled equipment
GASOLINE
Self-propelled equipment
REPAIR AND MAINTENANCE
Irrigation
Implements
Tractors
Self-propelled equipment
INTEREST ON OPERATING CAPITAL

gal

0.94

1.4910

1.40

gal

1.30

1.4000

1.82

acre
acre
acre
acre
acre

1.18
4.31
2.27
7.59
11.43

1.0000
1.0000
1.0000
1.0000
1.0000

1.18
4.31
2.27
7.59
11.43

TOTAL DIRECT EXPENSES
RETURNS ABOVE DIRECT EXPENSES
FIXED EXPENSES
Furrow irrigation system
Implements
Tractors
Self-propelled equipment

105.48
85.06

acre
acre
acre
acre

TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES
RETURN ABOVE TOTAL SPECIFIED EXPENSES

14.38
6.44
10.30
17.14

1.0000
1.0000
1.0000
1.0000

14.38
6.44
10.30
17.14
48.25
153.74
36.81

ALLOCATED COST ITEMS
Overhead (tenant)
acre 63.41
1.0000
63.41
RESIDUAL RETURNS
-26.60
Source: Adapted from Paxton, K. W. 2002. Projected costs and returns – cotton, soybeans, corn,
milo, and wheat, northeast Louisiana, 2002. Dept. of Agricultural Economics and Agribusiness,
A.E.A. Inf. Ser. No. 199. LA Agric. Exp. Stn., Louisiana State University AgCenter, Baton
Rouge, LA. [Online]. Available:
http://www.agecon.lsu.edu/Commodity_Budgets/2002/AEA199-NEcotton.pdf [March 8, 2002].

APPENDIX F3
ESTIMATED COSTS AND RETURNS PER ACRE GRAIN SORGHUM, 8-ROW
EQUIPMENT (38-INCH ROWS), TENANT-OPERATORS, MACON RIDGE AREA,
LOUISIANA 2002
ITEM

UNIT PRICE QUANTITY AMOUNT

INCOME
Grain sorghum
Land share rent

cwt
cwt

3.30
3.30

38.7000
-7.7400

TOTAL INCOME

127.71
-25.54
102.17

DIRECT EXPENSES
CUSTOM
Airplane lo-vol (Northeast)
FERTILIZER
Nitrogen
HERBICIDES
Atrazine 4L
Lasso 4EC
HIRED LABOR
Other labor
INSECTICIDES
Karate Z2
SEED
Grain sorghum seed
OPERATOR LABOR
Tractors
Self-propelled equipment
OWNER LABOR
Self-propelled equipment
DIESEL FUEL
Tractors
Self-propelled equipment
GASOLINE
Self-propelled equipment
REPAIR AND MAINTENANCE
Implements
Tractors
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acre

2.45

2.0000

4.90

lbs

0.22

120.0000

26.40

pt
pt

2.60
2.80

2.0000
3.0000

5.20
8.40

hour

7.50

0.4700

3.53

oz

2.98

2.5000

7.45

lbs

1.04

5.5000

5.72

hour
hour

7.50
7.50

0.7040
0.3500

5.28
2.63

hour

12.00

0.2310

2.77

gal
gal

0.94
0.94

4.3715
1.4910

4.11
1.40

gal

1.30

1.7500

2.28

acre
acre

3.50
1.93

1.0000
3.50
1.0000
1.93
“(Table continued)”
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Self-propelled equipment
INTEREST ON OPERATING CAPITAL

acre
acre

7.91
3.13

1.0000
1.0000

TOTAL DIRECT EXPENSES
RETURNS ABOVE DIRECT EXPENSES
FIXED EXPENSES
Implements
Tractors
Self-propelled equipment

7.91
3.13
96.53
5.64

acre
acre
acre

TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES
RETURN ABOVE TOTAL SPECIFIED EXPENSES

5.24
8.62
17.99

1.0000
1.0000
1.0000

5.24
8.62
17.99
31.85
128.38
-26.21

ALLOCATED COST ITEMS
Overhead (tenant)
acre 63.41
1.0000
63.41
RESIDUAL RETURNS
-89.62
Source: Adapted from Paxton, K. W. 2002. Projected costs and returns – cotton, soybeans, corn,
milo, and wheat, northeast Louisiana, 2002. Dept. of Agricultural Economics and Agribusiness,
A.E.A. Inf. Ser. No. 199. LA Agric. Exp. Stn., Louisiana State University AgCenter, Baton
Rouge, LA. [Online]. Available:
http://www.agecon.lsu.edu/Commodity_Budgets/2002/AEA199-NEcotton.pdf [March 8, 2002].

APPENDIX G1
ESTIMATED COSTS AND RETURNS PER ACRE BT CORN AND NON-BT CORN
(50%-50%), SANDY SOIL, 8-ROW EQUIPMENT (38-INCH ROWS), TENANTOPERATORS, ALLUVIAL SOILS, NORTHEAST LOUISIANA 2002
ITEM

UNIT PRICE QUANTITY AMOUNT

INCOME
Non-Bt corn Pioneer 3223
Bt corn Pioneer 31B13
Land share rent

bu
bu
bu

2.30
2.30
2.30

76.5000
89.5000
-33.2000

TOTAL INCOME

175.95
205.85
-76.36
305.44

DIRECT EXPENSES
CUSTOM
Airplane lo-vol (Northeast)
Drying charge
FERTILIZER
Nitrogen
Phosphate
Potash
HERBICIDES
Atrazine 4L
Lasso 4EC
HIRED LABOR
Other labor
INSECTICIDES
Counter 20CR
Pounce 3.2EC
SEED
Non-Bt corn seed (P3223)
Bt corn seed (P31B13)
OPERATOR LABOR
Tractors
Self-propelled equipment
OWNER LABOR
Self-propelled equipment
DIESEL FUEL
Tractors
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acre
bu

2.45
0.19

1.0000
132.8000

2.45
25.23

lbs
lbs
lbs

0.22
0.19
0.16

200.0000
60.0000
60.0000

44.00
11.40
9.60

pt
pt

2.60
2.80

2.0000
3.0000

5.20
8.40

hour

7.50

0.5200

3.90

lbs
pt

2.65
16.74

7.0000
0.1000

18.55
1.67

thou
thou

1.13
1.43

12.5000
12.5000

14.06
17.81

hour
hour

7.50
7.50

1.3420
0.4000

10.07
3.00

hour

12.00

0.2310

2.77

gal

0.94

7.5825
7.13
“(Table continued)”
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Self-propelled equipment
GASOLINE
Self-propelled equipment
REPAIR AND MAINTENANCE
Implements
Tractors
Self-propelled equipment
INTEREST ON OPERATING CAPITAL

gal

0.94

1.4910

1.40

gal

1.30

2.0000

2.60

acre
acre
acre
acre

5.49
3.35
8.65
7.07

1.0000
1.0000
1.0000
1.0000

5.49
3.35
8.65
7.07

TOTAL DIRECT EXPENSES
RETURNS ABOVE DIRECT EXPENSES
FIXED EXPENSES
Implements
Tractors
Self-propelled equipment

213.81
91.63

acre
acre
acre

TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES
RETURN ABOVE TOTAL SPECIFIED EXPENSES

8.54
14.96
19.70

1.0000
1.0000
1.0000

8.54
14.96
19.70
43.20
257.01
48.43

ALLOCATED COST ITEMS
Overhead (tenant)
acre 63.41
1.0000
63.41
RESIDUAL RETURNS
-14.98
Source: Adapted from Paxton, K. W. 2002. Projected costs and returns – cotton, soybeans, corn,
milo, and wheat, northeast Louisiana, 2002. Dept. of Agricultural Economics and Agribusiness,
A.E.A. Inf. Ser. No. 199. LA Agric. Exp. Stn., Louisiana State University AgCenter, Baton
Rouge, LA. [Online]. Available:
http://www.agecon.lsu.edu/Commodity_Budgets/2002/AEA199-NEcotton.pdf [March 8, 2002].

APPENDIX G2
ESTIMATED COSTS AND RETURNS PER ACRE SOYBEANS, SANDY SOILS, 8-ROW
EQUIPMENT (38-INCH ROWS), TENANT-OPERATORS, ALLUVIAL SOILS,
NORTHEAST LOUISIANA 2002
ITEM

UNIT PRICE QUANTITY AMOUNT

INCOME
Soybean
Land share rent

bu
bu

5.26
5.26

48.8000
-12.2000

TOTAL INCOME

256.69
-64.17
192.52

DIRECT EXPENSES
CUSTOM
Airplane (Northeast)
Airplane lo-vol (Northeast)
HERBICIDES
Roundup
Treflan 4L
Scepter 70DG
Classic 25DG
2, 4-DB
Lexone 90DF
HIRED LABOR
Other labor
INSECTICIDES
Karate Z2
Ambush 2EC
SEED
Soybean seed
OPERATOR LABOR
Tractors
Self-propelled equipment
OWNER LABOR
Self-propelled equipment
DIESEL FUEL
Tractors
Self-propelled equipment
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acre
acre

3.70
2.45

1.0000
1.5000

3.70
3.68

pt
pt
oz
oz
pt
lbs

4.39
3.35
5.40
11.40
3.13
18.20

3.0000
1.5000
0.3330
0.2500
0.5000
0.3300

13.17
5.03
1.80
2.85
1.57
6.01

hour

7.50

0.4000

3.00

oz
pt

2.98
14.36

1.6000
0.2000

4.77
2.87

lbs

0.35

35.0000

12.25

hour
hour

7.50
7.50

0.9460
0.2800

7.10
2.10

hour

12.00

0.2310

2.77

gal
gal

0.94
0.94

7.0530
6.63
1.4910
1.40
“(Table continued)”
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GASOLINE
Self-propelled equipment
REPAIR AND MAINTENANCE
Implements
Tractors
Self-propelled equipment
INTEREST ON OPERATING CAPITAL

gal

1.30

1.4000

1.82

acre
acre
acre
acre

5.59
2.83
7.59
4.04

1.0000
1.0000
1.0000
1.0000

5.59
2.83
7.59
4.04

TOTAL DIRECT EXPENSES
RETURNS ABOVE DIRECT EXPENSES
FIXED EXPENSES
Implements
Tractors
Self-propelled equipment

102.55
89.97

acre
acre
acre

TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES
RETURN ABOVE TOTAL SPECIFIED EXPENSES

8.34
12.64
17.14

1.0000
1.0000
1.0000

8.34
12.64
17.14
38.12
140.67
51.85

ALLOCATED COST ITEMS
Overhead (tenant)
acre 63.41
1.0000
63.41
RESIDUAL RETURNS
-11.56
Source: Adapted from Paxton, K. W. 2002. Projected costs and returns – cotton, soybeans, corn,
milo, and wheat, northeast Louisiana, 2002. Dept. of Agricultural Economics and Agribusiness,
A.E.A. Inf. Ser. No. 199. LA Agric. Exp. Stn., Louisiana State University AgCenter, Baton
Rouge, LA. [Online]. Available:
http://www.agecon.lsu.edu/Commodity_Budgets/2002/AEA199-NEcotton.pdf [March 8, 2002].

APPENDIX G3
ESTIMATED COSTS AND RETURNS PER ACRE GRAIN SORGHUM, 8-ROW
EQUIPMENT (38-INCH ROWS), TENANT-OPERATORS, NORTHEAST LOUISIANA
2002
ITEM

UNIT PRICE QUANTITY AMOUNT

INCOME
Grain sorghum
Land share rent

cwt
cwt

3.30
3.30

39.0100
-7.8020

TOTAL INCOME

128.73
-25.75
102.99

DIRECT EXPENSES
CUSTOM
Airplane lo-vol (Northeast)
FERTILIZER
Nitrogen
HERBICIDES
Atrazine 4L
Lasso 4EC
HIRED LABOR
Other labor
INSECTICIDES
Karate Z2
SEED
Grain sorghum seed
OPERATOR LABOR
Tractors
Self-propelled equipment
OWNER LABOR
Self-propelled equipment
DIESEL FUEL
Tractors
Self-propelled equipment
GASOLINE
Self-propelled equipment
REPAIR AND MAINTENANCE
Implements
Tractors
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acre

2.45

2.0000

4.90

lbs

0.22

120.0000

26.40

pt
pt

2.60
2.80

2.0000
3.0000

5.20
8.40

hour

7.50

0.4700

3.53

oz

2.98

2.5000

7.45

lbs

1.04

5.5000

5.72

hour
hour

7.50
7.50

0.7040
0.3500

5.28
2.63

hour

12.00

0.2310

2.77

gal
gal

0.94
0.94

4.3715
1.4910

4.11
1.40

gal

1.30

1.7500

2.28

acre
acre

3.50
1.93

1.0000
3.50
1.0000
1.93
“(Table continued)”

183
Self-propelled equipment
INTEREST ON OPERATING CAPITAL
TOTAL DIRECT EXPENSES
RETURNS ABOVE DIRECT EXPENSES
FIXED EXPENSES
Implements
Tractors
Self-propelled equipment

acre
acre

7.91
3.13

1.0000
1.0000

7.91
3.13
96.53
6.46

acre
acre
acre

5.24
8.62
17.99

1.0000
1.0000
1.0000

5.24
8.62
17.99

TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES
RETURN ABOVE TOTAL SPECIFIED EXPENSES

31.85
128.38
-25.39

ALLOCATED COST ITEMS
Overhead (tenant)
acre 63.41
1.0000
63.41
RESIDUAL RETURNS
-88.80
Source: Adapted from Paxton, K. W. 2002. Projected costs and returns – cotton, soybeans, corn,
milo, and wheat, northeast Louisiana, 2002. Dept. of Agricultural Economics and Agribusiness,
A.E.A. Inf. Ser. No. 199. LA Agric. Exp. Stn., Louisiana State University AgCenter, Baton
Rouge, LA. [Online]. Available:
http://www.agecon.lsu.edu/Commodity_Budgets/2002/AEA199-NEcotton.pdf [March 8, 2002].

APPENDIX H1
ESTIMATED COSTS AND RETURNS PER ACRE BT CORN AND NON-BT CORN
(50%-50%), SANDY SOIL, 8-ROW EQUIPMENT (38-INCH ROWS), TENANTOPERATORS, RED RIVER AND CENTRAL AREAS, LOUISIANA, 2002
ITEM

UNIT PRICE QUANTITY AMOUNT

INCOME
Non-Bt corn Pioneer 3223
Bt corn Pioneer 31B13
Land share rent

bu
bu
bu

2.30
2.30
2.30

61.2500
64.5000
-25.1500

TOTAL INCOME

148.35
140.88
-57.85
231.38

DIRECT EXPENSES
CUSTOM
Drying charge
FERTILIZER
Lime (spread)
Nitrogen
Phosphate
Potash
HERBICIDES
Atrazine 4L
Lasso 4EC
HIRED LABOR
Other labor
INSECTICIDES
Counter 20CR
SEED
Non-Bt corn seed (P3223)
Bt corn seed (P31B13)
OPERATOR LABOR
Tractors
Self-propelled equipment
OWNER LABOR
Self-propelled equipment
DIESEL FUEL
Tractors
Self-propelled equipment
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bu

0.19

100.6000

19.11

tons
lbs
lbs
lbs

32.00
0.22
0.19
0.16

0.2500
200.0000
50.0000
70.0000

8.00
44.00
9.50
11.20

pt
pt

2.60
2.80

2.0000
3.0000

5.20
8.40

hour

7.50

0.4000

3.00

lbs

2.65

5.0000

13.25

thou
thou

1.13
1.43

12.5000
12.5000

14.06
17.81

hour
hour

7.50
7.50

1.3860
0.4000

10.40
3.00

hour

12.00

0.2310

2.77

gal
gal

0.94
0.94

8.0575
7.57
1.4910
1.40
“(Table continued)”
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GASOLINE
Self-propelled equipment
REPAIR AND MAINTENANCE
Implements
Tractors
Self-propelled equipment
INTEREST ON OPERATING CAPITAL

gal

1.30

2.0000

2.60

acre
acre
acre
acre

5.65
3.53
8.65
6.73

1.0000
1.0000
1.0000
1.0000

5.65
3.53
8.65
6.73

TOTAL DIRECT EXPENSES
RETURNS ABOVE DIRECT EXPENSES
FIXED EXPENSES
Implements
Tractors
Self-propelled equipment

205.84
25.54

acre
acre
acre

TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES
RETURN ABOVE TOTAL SPECIFIED EXPENSES

8.78
15.77
19.70

1.0000
1.0000
1.0000

8.78
15.77
19.70
44.25
250.09
-18.71

ALLOCATED COST ITEMS
Overhead (tenant)
acre 63.41
1.0000
63.41
RESIDUAL RETURNS
-82.12
Source: Adapted from Paxton, K. W. 2002. Projected costs and returns – cotton, soybeans, corn,
milo, and wheat, Red River and Central Areas, Louisiana, 2002. Dept. of Agricultural
Economics and Agribusiness, A.E.A. Inf. Ser. No. 200. LA Agric. Exp. Stn., Louisiana State
University AgCenter, Baton Rouge, LA. [Online]. Available:
http://www.agecon.lsu.edu/Commodity_Budgets/2002/AEA200-RRcotton.pdf [March 8, 2002].

APPENDIX H2
ESTIMATED COSTS AND RETURNS PER ACRE SOYBEANS, SANDY SOILS, 8-ROW
EQUIPMENT (38-INCH ROWS), TENANT-OPERATORS, RED RIVER AND
CENTRAL AREAS, LOUISIANA 2002
ITEM

UNIT PRICE QUANTITY AMOUNT

INCOME
Soybean
Land share rent

bu
bu

5.26
5.26

37.1000
-9.2750

TOTAL INCOME

195.15
-48.79
146.36

DIRECT EXPENSES
CUSTOM
Airplane lo-vol (Red River)
HERBICIDES
Treflan 4L
Scepter 70DG
2, 4-DB
Fusilade DX
Crop oil
HIRED LABOR
Other labor
INSECTICIDES
Karate Z2
Methyl parathion 4E
SEED
Soybean seed
OPERATOR LABOR
Tractors
Self-propelled equipment
OWNER LABOR
Self-propelled equipment
DIESEL FUEL
Tractors
Self-propelled equipment
GASOLINE
Self-propelled equipment
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acre

3.30

2.0000

6.60

pt
oz
pt
pt
pt

3.35
5.40
3.13
15.06
1.03

1.5000
2.8000
0.5000
0.2500
0.2500

5.03
15.12
1.57
3.77
0.26

hour

7.50

0.4700

3.53

oz
pt

2.98
3.63

1.6000
1.0000

4.77
3.63

lbs

0.35

35.0000

12.25

hour
hour

7.50
7.50

1.0230
0.3500

7.67
2.63

hour

12.00

0.2310

2.77

gal
gal

0.94
0.94

7.2339
1.4910

6.80
1.40

gal

1.30

1.7500
2.28
“(Table continued)”

187
REPAIR AND MAINTENANCE
Implements
Tractors
Self-propelled equipment
INTEREST ON OPERATING CAPITAL

acre
acre
acre
acre

5.39
2.90
7.91
3.86

1.0000
1.0000
1.0000
1.0000

TOTAL DIRECT EXPENSES
RETURNS ABOVE DIRECT EXPENSES
FIXED EXPENSES
Implements
Tractors
Self-propelled equipment

5.39
2.90
7.91
3.86
100.11
46.25

acre
acre
acre

TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES
RETURN ABOVE TOTAL SPECIFIED EXPENSES

7.93
12.98
17.99

1.0000
1.0000
1.0000

7.93
12.98
17.99
38.90
139.01
7.35

ALLOCATED COST ITEMS
Overhead (tenant)
acre 63.41
1.0000
63.41
RESIDUAL RETURNS
-56.06
Source: Adapted from Paxton, K. W. 2002. Projected costs and returns – cotton, soybeans, corn,
milo, and wheat, Red River and Central Areas, Louisiana, 2002. Dept. of Agricultural
Economics and Agribusiness, A.E.A. Inf. Ser. No. 200. LA Agric. Exp. Stn., Louisiana State
University AgCenter, Baton Rouge, LA. [Online]. Available:
http://www.agecon.lsu.edu/Commodity_Budgets/2002/AEA200-RRcotton.pdf [March 8, 2002].

APPENDIX H3
ESTIMATED COSTS AND RETURNS PER ACRE GRAIN SORGHUM, 8-ROW
EQUIPMENT (38-INCH ROWS), TENANT-OPERATORS, RED RIVER AND
CENTRAL AREAS, LOUISIANA, 2002
ITEM

UNIT PRICE QUANTITY AMOUNT

INCOME
Grain sorghum
Land share rent

cwt
cwt

3.30
3.30

53.7000
-10.7400

TOTAL INCOME

177.21
-35.44
141.77

DIRECT EXPENSES
CUSTOM
Airplane lo-vol (Red River)
FERTILIZER
Nitrogen
HERBICIDES
Atrazine 4L
Lasso 4EC
HIRED LABOR
Other labor
INSECTICIDES
Lorsban 4E
SEED
Grain sorghum seed
OPERATOR LABOR
Tractors
Self-propelled equipment
OWNER LABOR
Self-propelled equipment
DIESEL FUEL
Tractors
Self-propelled equipment
GASOLINE
Self-propelled equipment
REPAIR AND MAINTENANCE
Implements
Tractors
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acre

3.30

1.0000

3.30

lbs

0.22

120.0000

26.40

pt
pt

2.60
2.80

4.0000
6.0000

10.40
16.80

hour

7.50

0.4700

3.53

pt

4.76

1.0000

4.76

lbs

1.04

5.5000

5.72

hour
hour

7.50
7.50

0.6930
0.3500

5.20
2.63

hour

12.00

0.2310

2.77

gal
gal

0.94
0.94

4.2850
1.4910

4.03
1.40

gal

1.30

1.7500

2.28

acre
acre

3.29
1.89

1.0000
3.29
1.0000
1.89
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189
Self-propelled equipment
INTEREST ON OPERATING CAPITAL
TOTAL DIRECT EXPENSES
RETURNS ABOVE DIRECT EXPENSES
FIXED EXPENSES
Implements
Tractors
Self-propelled equipment

acre
acre

7.91
3.64

1.0000
1.0000

7.91
3.64
105.93
35.83

acre
acre
acre

4.89
8.46
17.99

1.0000
1.0000
1.0000

4.89
8.46
17.99

TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES
RETURN ABOVE TOTAL SPECIFIED EXPENSES

31.34
137.27
4.49

ALLOCATED COST ITEMS
Overhead (tenant)
acre 63.41
1.0000
63.41
RESIDUAL RETURNS
-58.92
Source: Adapted from Paxton, K. W. 2002. Projected costs and returns – cotton, soybeans, corn,
milo, and wheat, Red River and Central Areas, Louisiana, 2002. Dept. of Agricultural
Economics and Agribusiness, A.E.A. Inf. Ser. No. 200. LA Agric. Exp. Stn., Louisiana State
University AgCenter, Baton Rouge, LA. [Online]. Available:
http://www.agecon.lsu.edu/Commodity_Budgets/2002/AEA200-RRcotton.pdf [March 8, 2002].
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