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ABSTRACT

Runoff samples were collected and analyzed 
from Bt (Bacillus thuringiensis) cotton and 
Bt cotton fields for insecticides from 1996
through 1999 at the request of the Delta Council. 
The insecticide analyses included pyrethroid and 
organophosphate insecticides based on the 
popularity and use throughout the Mississippi
Delta in cotton-producing areas. The purpose of 
this paper was to present and compare the
insecticide concentration data for runoff samples 
from the Bt-cotton fields to that from non-Bt
cotton fields within the Mississippi Delta 
Management Systems Evaluation project. The
use of the genetically engineered Bt cotton plant 
to produce its own pesticide reduced the volume
of pyrethroid insecticides sprayed into the 
environment at the Lake Watershed. 
The reduced application dates and pyrethroid 
types on the Bt cotton sites as compared to the
multiple applications of pyrethroid
insecticides on the non-Bt cotton sites to control
the tobacco budworm and bollworm resulted in
dramatic reduction of pesticides released into 
the environment. Even though the non-Bt cotton 
sites resulted in little to no detects of the
pyrethroid insecticides, the Bt cotton site had 
even lower concentrations in the runoff.
Insignificant detects were found with the
organophosphate insecticides for boll weevil 
control from either Bt or non-Bt cotton sites. No 
detrimental environmental effect from the
pyrethroid and organophosphate insecticides 
was found from water samples of runoff from all 
tested sites within the watersheds o this study.
Other than economics or costs of the Bt 
cottonseed, reduced pyrethroid types, and 
reduced applications for budworm and bollworm 
control in heavily infected areas as compared to
the costs of non-Bt cottonseed, the multiple
pyrethroid types, and their multiple applications, 
there is little negative environment effect from 
either type of cottonseed. 

INTRODUCTION

Much attention has been given in the 
decade to nonpoint source contamination of our

Nation's water resources. Potential nonpoint 
source contaminants include sediment, 
nutrients, and pesticides in watersheds that
drain from agricultural enterprises. Although 
impacts due to sediment and nutrients will 
probably outweigh impacts from pesticides,
pesticides currently have been highly publicized. 
The concerns with pesticides have been on the 
potential impact to human health as well as the
impact on aquatic and wildlife habitat. 

Agricultural biotechnology, with its promise of
high crop yields and dramatic reduction in
pesticide use, has been touted as the way to
feed the worlds escalating population and 
reduce environmental damage from farming.
Ever since the when scientists found 
an easy way to copy genes and then transfer
them to other species, the potential benefits to 
agriculture seemed extraordinary. It didn't take
a visionary to see that corn engineered to
produce more oil might have added value as 
animal feed or that soybeans packed with more 
protein might lead to a healthier human diet. Or
that a cotton plant genetically engineered to
produce its own pesticide could one day 
dramatically cut the volume of pesticides 
sprayed into the environment.

Patented by the U.S. company Monsanto, Bt
(Bacillus thuringiensis) cotton is the first
genetically modified plant for commercial 
release to resist tobacco budworms. Monsanto
scientists discovered a way to insert an
insecticidal protein derived from the bacterium 
Bacillus fhuringiensis. into a cotton strain. The
cotton industry believes the plant will help
reduce pesticide use. Timely applications of
pyrethroid pesticides to control the tobacco 
budworm would be adverted and eliminated with 
the Bt cotton. While there is some concern that
worms will become resistant to Bt cotton,
Monsanto is working on additional genetic 
alterations that will delay worm resistance.
Moreover, producers now have another family of 
chemical insecticides, Tracer, which will
provide another layer of protection against the 
worms. If the Bt cotton resulted in Bt-resistant
worms, the crop could be sprayed with only one 
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application of Tracer that would take out all of
the Bt- resistantworms.

Current use insecticides account for 20 to 30
percent of all pesticides used in cotton. Most of 
the current-use insecticides include 
organophosphates (such as malathion,
parathion, dimethoate) or carbamates (such as
aldicarb and carbofuran). The newest group of
insecticides, the synthetic pyrethroid 
compounds, includes such products as
esfenvalerate, cyfluthrin, and cyhalothrin.
Synthetic pyrethroids are only slightly toxic to
birds and mammals, but are highly toxic to fish 
and other aquatic animals. The Bt cotton would 
require less of these chemicals for 
control. Detection of these chemicals in runoff
from the Bt cotton sites should be less frequent 
resulting in enhanced water quality entering 
adjacent streams and lakes.

One of the most intensive agricultural areas of
the United States is the Mississippi River Alluvial 
Plain in northwestern Mississippi, a
square-km (7,000-square-mile) area. The hot, 
humid conditions during the long growing
season in the Mississippi Delta increase the
frequency and dependency of pesticide use, 
especially on cotton that is highly sensitive to
intense insect and weed pressures. Concern 
exists for potential off-site movement of these
compounds during runoff events, due to the
amounts of pesticides used in the Mississippi 
Delta along with the fact that the region is 
characterized with high regional rainfall [about
1524 mm (60 inches) per year], low slopes, and
slightly permeable soils.

The Delta Council, a regional economic
development organization, in 1996 requested 
research of water quality from Bt cotton grown in
the Mississippi Delta due to the Bt cotton initial 
commercial release. As part of an ongoing
research and demonstration effort called the
Mississippi Delta Management Systems 
Evaluation Areas (MDMSEA) begun in 1994 to
address the concerns of agricultural nonpoint
source pollution in the Delta (Rebich et

water quality from runoff from
sub-watersheds was analyzed and compared to
other non-Bt cotton sub-watersheds in the area.
Oxbow lakes within the MDMSEA accumulate all
runoff from the surrounding agricultural 

The U.S. Department of Agriculture (USDA), 
Agricultural Research Service (ARS). Water 
Quality and Ecological Processes Research Unit
(WQEPRU) of the National Sedimentation
Laboratory, in Oxford, MS began operating an
automated acquisition system in June 1996 to
sample and measure storm runoff from Bt cotton
and non-Bt cotton watersheds. Also that year,
the USGS began cooperating with the USDA-
ARS Soil and Water Research Unit, in Baton 
Rouge, LA, to provide samples from their 
automated streamflow and water-quality
sampling network (Rebich, 1997) for the 
purpose of insecticide analyses. In 1998, more 
emphasis was placed on low-level analyses of
pyrethroid insecticides, and additional samplers 
were installed in cooperation with the pyrethroid 
manufacturing industry (Pyrethroid Working 
Group) to ensure that samples would be
collected for as many runoff events as possible. 
The purpose of this paper is to present the 
insecticide concentration data for runoff samples 
from the Bt-cotton sub-watersheds and compare 
to concentration data from the non-Bt sites for 
the MDMSEA project from 1996 through 1999.

METHODS AND PROCEDURES

Studv Sites: The study involved the fields in 
Beasley Lake watershed in Sunflower County,
MS that were grown to Bt cotton and the fields in 
the Deep Hollow watershed in Leflore County, 
MS that were grown to non-Bt cotton. Runoff
from these watersheds was gauged by USGS
(Southwick 2000). Due to not knowing 
what each cotton grower would plant in this 
year period, additional sites located in the 
Beasley Lake watershed were gauged for runoff 
and water quality measurements. 

In 1996, these additional two fields, 4 ha
acres) and 4.85 ha (12 acres) in size, were 
selected and planted to Bt cotton denoted as 
and non-Bt cotton denoted as A2. respectively.
Their respective owner managed each field. In
each field. runoff was routed through a 61-cm
(24-in) culvert. Attached to each culvert was a 
0.6-m H flume. A bubbler flowmeter was 
attached to each flume for flow and
determinations. A compositewater sampler was
wired into the flowmeter and activated based on
flow proportion of every 0.25-mm (0.01-inch) of
runoff.

After the first year, the owner of the non-Bt
cotton field, site converted to another
cropping system other than cotton. Therefore,
to compare the insecticides in runoff from the Bt 

watersheds that provides an opportunity to
understand the impacts of pesticides throughout
the ecosystem of the whole oxbow lake
watershed.
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