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Proponents of biotech-
nology claim that GE
varieties substantially
reduce pesticide use.
While true in the first
few years of wide-
spread planting it is
clearly not the case
now, nor is it true on
average over the first
eight years of use.

INTRODUCTION

Today’s genetically engi-
neered (GE) crops are de-
signed to simplify and ex-
pand the use of pesticide-
based strategies for the
management of common
weed and insect pests. Pro-
ponents of biotechnology
claim that today’s GE varie-
ties substantially reduce pes-
ticide use, while U. S. De-
partment of Agriculture
(USDA) analysts and some
independent researchers
have reached different con-
clusions. Here, USDA data
are relied on in calculating
the overall impact of GE

crops on the volume of pesti-

cides applied in the produc-
tion of corn, soybeans, and
cotton.

Most studies done to date
on the impacts of GE crop
technology on pesticide use
have focused on the first
three years of adoption,

1996-1998, and no study has

estimated impacts in 2002
and 2003. This is the first
comprehensive estimate of
the impacts of GE crops on
pesticide use over the eight
years of commercial use
since 1996.

This report draws on offi-
cial USDA statistics on the
acreage planted to GE varie-

ties from 1996 through 2003,

coupled with USDA data on

pesticide use on corn, soy-

beans, and cotton. These
three crops account for
nearly all acres planted to

GE crops in the United

States. The analysis en-

compasses impacts of the

following technologies on
pesticide use —

« Herbicide tolerant (HT)
corn, soybeans and cot-
ton;

o Bacillus thuringiensis
(Bt) transgenic corn
and cotton.

Herbicide tolerant (HT)
crops allow farmers to
spray broad-spectrum her-
bicides over the top of
growing plants, controlling
weeds while leaving crops
unharmed. HT weed man-
agement systems are sim-
ple and flexible, the major
reasons why farmers have
so enthusiastically em-
braced them. Despite in-
creased seed prices, HT
systems have also become
less expensive for farmers,
largely because the price
of herbicides containing
glyphosate has fallen from
around $12.00 per acre
treated when HT crops
were first introduced to
less than $6.00 per acre
today.




New HT technology, cou-
pled with competitive re-
sponses from other herbicide
manufacturers, has created
an economic windfall for soy-
bean farmers who are paying
less for herbicides despite
spraying substantially more.
The unprecedented popular-
ity of Roundup Ready soy-
beans triggered more than a
40 percent across-the-board
reduction in soybean herbicide
prices in the late 1990s.

The other major category
of GE crops has been engi-
neered to produce the natu-
ral bacterial toxin Bacillus
thuringiensis ( Bt) in plant
cells to control certain Lepi-
dopteron insect pests. Bt
plant varieties manufacture
their own insecticides
throughout the plant and re-
duce the need for farmers to
treat fields with synthetic
chemical insecticides.

Unlike chemical insecti-
cides that are sprayed typi-
cally in a liquid form over
growing plants one to three
times a season, Bttoxins are
manufactured continuously
inside and throughout the
plant, exposing both target
and non-target organisms
feeding on the plant or plant
roots to Bttoxins.

PRINCIPAL FINDINGS

All GE crop varieties
commercialized to date
have been designed to
simplify and/or improve
the efficacy of pesticide-
based methods of pest
management.

Crops engineered to tol-
erate applications of gly-
phosate account for the
largest share of the acre-
age planted to HT crops
and are often referred to
as “"Roundup Ready,” or
RR varieties. Some 400
million acres of HT crops
have been planted since
1996, with soybeans ac-
counting for about three-
quarters (Table 6). HT
soybeans account for
about 54 percent of all GE
acres planted since 1996.
Some 150 million acres of
Bt corn and cotton have
been planted since 1996
(Table 7).

The dominance of HT
soybeans in terms of total
acres planted to GE varie-
ties explains why recent in-
creases in herbicide use on
HT soybeans have so dra-
matically changed the
overall impact of GE varie-
ties on total pesticide use.

Crops engineered to
tolerate applications
of glyphosate ac-
count for the largest
share of the acreage
planted to HT crops
and half of all acres
planted to GE crops
since 1996.




There is now clear
evidence that the
average pounds of
herbicides applied
per acre planted to
herbicide tolerant
(HT) varieties have
increased compared
to the first few
years of adoption.

Contrary to the often-
heard claim that GE tech-
nology has markedly re-
duced pesticide use, to-
day’s GE crops have mod-
estly increased the overall
volume of pesticides ap-
plied in the production of
corn, soybeans, and cotton
from 1996 through 2003
(Table 15, Charts 4 and 5).
There is now clear evi-
dence that the average
pounds of herbicides ap-
plied per acre planted to
herbicide tolerant (HT) va-
rieties have increased com-

pared to the first few years
of adoption. This is no sur-
prise, given that scientists
have warned that heavy
reliance on HT crops might
lead to changes in weed
communities and resis-
tance, in turn triggering
the need to apply addi-
tional herbicides and/or in-
crease rates of application.
These predictable ecologi-
cal adaptations have now
been documented in the
case of HT crops and have
eroded some measure of
the initial efficacy of HT
technologies.

Herbicide tolerant crops
have increased pesticide
use an estimated 70 million
pounds over the last eight
years, while Bt transgenic
varieties have reduced
pesticide use an estimated
19.6 million ponds. Total
pesticide use has risen
some 50.6 million pounds
over the eight-year period
studied.

The total pounds of pes-
ticides applied to corn and
cotton crops has fallen
modestly in the case of GE
corn and cotton technol-
ogy, but the increase in
the pounds of herbicides
applied on HT soybeans
has been far greater then
the combined reductions in
corn and cotton.




In the first three years of
commercialization (1996-
1998), GE corn, soybean,
and cotton varieties re-
duced the total pounds of
herbicides plus insecticides
applied by an estimated
25.4 million pounds, but
the volume of pesticides
applied to the same GE va-
rieties in the last three
years (2001-2003) in-
creased 73.1 million
pounds (Chart 2). Many
factors contributed to the
increase in the average
pounds of pesticides ap-
plied per acre of herbicide
tolerant crops in recent
years including changes in
tillage and planting sys-
tems, shifts in herbicide
formulations, falling prices
for glyphosate, herbicide
marketing strategies, and
the growing popularity of
low- and reduced rate her-
bicides.

Still, reliance on a single
herbicide as the primary, if
not sole method for man-
aging weeds on fields
planted to HT varieties,
and the resulting, indeed
inevitable ecological re-
sponses to such intense
herbicide selection pres-
sure, remains the primary
factor that has led to the
need to apply more herbi-
cides per acre to achieve

the same level of weed
control.

Recent trends in overall
pesticide use on GE varie-
ties compared to conven-
tional varieties are mark-
edly negative from the per-
spective of reducing the
volume of pesticides
needed in managing pests.
The pounds of herbicides
required to achieve accept-
able weed control is rising
on most farms planting
herbicide tolerant varieties,
compared to the rates of
application that were com-
mon in the 1996-1998 pe-
riod. In addition, the
pounds of herbicides and
insecticides applied per
acre on farms planting
conventional varieties con-
tinue to trend downward
as a result of incremental
shifts toward newer pesti-
cides applied at lower rates
of application.

Of the five GE technolo-
gies studied, two are sus-
taining their positive im-
pacts on the pounds of
pesticides applied per
acre — Bt corn and Bt cot-
ton. There has been a
decrease in the last few
years in the reduction in
insecticide pounds applied
on cropland planted to B¢
corn has fallen, despite an

The pounds of herbi-
cides required to
achieve acceptable
weed control is rising
on most farms plant-
ing herbicide toler-
ant varieties. Still,
farmers are saving
money from HT va-
rieties because the
price of herbicides
has dropped so dra-
matically since 1996,




increase in the overall
acres of Bt corn planted.

Estimates of the magni-
tude of the reductions in Bt
crop insecticide use in this
report do not take into ac-
count the pounds of Bt
toxins produced within the
cells of Bttransgenic
plants. Btendotoxins are
not sprayed on plants, as
the case with conventional
pesticides, but still function
as toxins within crop man-
agement systems.

In both the case of Bt
corn and Bt cotton, exten-
sive field monitoring has
shown continued high lev-
els of efficacy in controlling
target pests. Equally im-
portant, there is still no
evidence of resistance in
field populations of insects
targeted by Bttransgenic
varieties.

While the reductions in
insecticide use brought
about by Bt corn and Bt
cotton are significant, the
reductions are modest
compared to total corn
plus cotton insecticide use.
For example, in 2002 Bt
corn and cotton reduced
the pounds of insecticide
applied by about 2.3 mil-
lion pounds, or about 7
percent of total insecticide
use on these two crops.

Plus, pest management
challenges are constantly
evolving. A new soybean
insect pest, an aphid from
China, has gained a foot-
hold in several Midwestern
states, forcing farmers to
apply insecticides on mil-
lions of acres of soybeans,
a crop that rarely suffers
from serious insect dam-
age.

Only one-tenth of one
percent of soybean acres
were sprayed with an in-
secticide in 2001, while 6.2
percent were sprayed in
2002. Insecticide use on
soybeans rose 888,000
pounds in 2002. By way of
contrast, Bt cotton reduced
insecticide pounds applied
by 959,980 pounds in the
same year.

About two-thirds of the
newly treated soybean
acres were sprayed with
two highly toxic organo-
phosphate insecticides --
methyl parathion and
chlorpyrifos. Plus, these
applications were made
during the growing season
when potential environ-
mental and human health
risks are greatest.




The need to apply more
herbicides per acre planted
to HT soybeans accounts
for most of the increase in
overall pounds of pesti-
cides applied across the
three crops. USDA data
show a marked increase in
the per acre rate of gly-
phosate applied to HT soy-
beans between 2001 and
2002 — about a 22 percent
increase, from 0.85 pounds
per acre to 1.04 pounds.
Average glyphosate appli-
cation rates per acre of HT
soybeans no doubt contin-
ued rising in crop year
2003 as a result of —

o The spread of gly-
phosate-tolerant or gly-
phosate-resistant
marestail (also known
as horseweed);

« Shifts in the composi-
tion of weed communi-
ties toward species not
as sensitive to gly-
phosate or better
equipped to survive gly-
phosate applications;

» Early-stage resistance
in @ number of major
weeds in the Midwest;
and

» Substantial price reduc-
tions and volume-based
marketing incentives
from competing manu-
facturers of glyphosate-
based herbicides.

The slipping efficacy and
price competition of gly-
phosate is increasing the
pounds of herbicides ap-
plied on HT varieties.
Other factors have com-
bined to reduce the aver-
age pounds of herbicides
applied to conventional
crop acreage. These in-
clude regulatory restric-
tions/phase-outs on high-
dose herbicides; the regis-
tration of S-metolachlor in
time for the 1997 crop sea-
son, a herbicide applied at
65 percent of the rate of
original metolachlor; and,
the adoption of dozens of
new low-dose herbicides
and herbicide mixtures by
farmers planting conven-
tional crop varieties.

As a result, the differ-
ence in total pounds of
herbicides applied on an
acre planted to HT varie-
ties versus conventional
acres has increased stead-
ily since 2000 (Charts 4
and 5). Given the emer-
gence and spread of
weeds resistance or less
sensitive to glyphosate,
this difference is likely to
widen further if HT tech-
nology continues to be re-
lied on as heavily as it has
been in recent years.

The efficacy of HT
technology is now seri-
ously threatened by
weed shifts and resis-
tance. Herbicide use
and costs are bound to
rise for the foreseeable

future.

Changes in herbicide
use now need to be
monitored over full
crop rotation cycles,
not just in the years
when a field is planted
toan HT variety.




Commercial plantings of
GE crops grew rapidly
from 1996 through 1999.

OVERVIEW

Commercial plantings of
genetically engineered
crops in the United States
began in 1996 and totaled
just under six percent of
the acreage producing
corn, soybeans, and cot-
ton. Herbicide tolerant
(HT) soybeans accounted
for over half the acreage
planted in 1996. Adoption
of HT and Bt transgenic
varieties almost doubled in
1997, reaching 10.6 per-
cent of the total acreage
planted to corn, soybeans
and cotton, and then al-
most tripled in 1998. Since
1999, the growth rate in
acres planted to GE varie-
ties has slowed.

Chart 1 plots trends in
the percent of national
corn, soybean and cotton
acres planted to HT and Bt
transgenic varieties.

Table 1 presents recently
released Economic Re-
search Service (ERS) data
on the percent of corn
acres planted to GE varie-
ties by State and nationally
for four years (2000-2003).
Table 2 reports the same
information for HT soy-
beans, and Table 3 covers
HT and Bt cotton. (All ta-
bles appear in sequence at
the end of the text).

Table 4 combines the
percent of acreage planted
to HT and Bt varieties with
the percent of acres
planted to “stacked” varie-
ties that are both HT and
Bt transgenic. For 2000-
2003, this table draws on
the adoption data in Tables
1-3. Adoption data for
1996-1999 were drawn
from other USDA reports.

Table 5 presents the to-
tal acres planted to each
crop and the three crops
together by year and over
the 1996-2003 period, as
well as national insecticide
and herbicide use data for
these crops. Data in Table
5 include —

» Herbicide pounds ap-
plied per acre and total
pounds applied by
crop;

» Insecticide pounds ap-
plied per acre and to-
tals by crop; and

» Total pounds applied
across the three crops
by type of pesticide and
herbicide plus insecti-
cide totals.

Table 6 presents the na-
tional acres of corn, soy-
beans and cotton planted
to herbicide tolerant (HT)
varieties for 1996-2003
and totals for the eight-
year period.







Table 7 covers Bt transgenic crops,
and presents the national acres of
corn and cotton planted to Bt varie-
ties over the 1996-2003 period.

Average herbicide application rates
on conventional and herbicide toler-
ant corn are presented in Table 8.
The last line of this table estimates by
year the difference in pounds of her-
bicides applied per acre of corn
planted to HT varieties in contrast to
an acre planted to conventional varie-
ties. This difference is then multiplied
by the acres planted to HT corn each
year (from Table 6), producing an es-
timate of the impact of HT corn on
the volume of herbicide use by year
and over the eight-year period. The
same basic approach is used in esti-
mating the impact of other GE tech-
nologies on pesticide use.

Throughout this report, pesticide
use estimates for
2003 are prelimi-
nary, since USDA
will not release
field crop pesticide
use for 2003 until
May 2004. Pesti-
cide use estimates
for 2003 are based | -
on levels in 2002 |
and trends in re-
cent years. (See
the “"Methodology
and Data Sources”
section for more

details).

Table 9 presents average per acre
insecticide use on Bttransgenic corn

engineered to control the European corn
borer and Southwestern corn borer, in
contrast to conventional corn varieties.
The differences in insecticide use on con-
ventional versus Bt acres are overesti-
mated because there is no way to accu-
rately estimate, nor take into account,
the pounds of Bt produced within the
cells of transgenic corn plants. Given
that Bttoxins are produced continuously
in most Bt-transgenic corn plant tissues
throughout the growth phase of the
plant’s life, the volume of Bt produced
over a full season is significant compared
to the rates of application of many of to-
day’s low-dose pesticides. Because the
focus of this report is the impact of GE
technology on the pounds of pesticides
sprayed on acres planted to GE varieties,
the pounds of Bt produced within the av-
erage 28,000 corn plants on an acre fall
outside this analysis. It must be empha-
sized, however, that Bttransgenic insect
pest management technology is pesti-

cide-based, despite the fact the pesticide
is a natural endotoxin produced by the
plant within its own cells.




Solid data on actual dif-
ferences in pesticide use
per acre are available for
HT soybeans in 1998. A
series of special tabula-
tions of herbicide use data
was carried out by the

ERS, at the request of Ben-

brook Consulting Services.

The ERS divided the sam-

ple points in the 1998

ARMS survey into four

categories of soybean

acres:

« Conventional varieties,
no glyphosate applied;

« Conventional varieties,
glyphosate applied
(mostly on no-till acre-
age);

o Roundup Ready varie-
ties; and

o Other HT varieties.

ERS reported both the
percent of total soybean
acreage by category, as
well as the average num-
ber of herbicides and
pounds of herbicides ap-
plied in each category.
This information made
possible an accurate
weighted average calcula-
tion of total herbicide use
per acre on conventional
versus HT soybeans. The
results are reported in
Table 10.

Table 11 presents aver-

age herbicide use rates per

acre on conventional ver-
sus HT soybeans over the
eight-year period and
shows clearly the upward
trend in glyphosate and HT
herbicide rates per acre
since 2001.

Table 12 focuses on her-
bicide tolerant cotton and
presents average per acre
rates on conventional ver-
sus HT varieties.

Table 13 covers Bttrans-
genic cotton and presents
estimates of the pounds of
insecticides applied on Bt
versus conventional acres
of cotton in the 1996-2003
period. As the case with
Bt corn, the average num-
ber of pounds of Bten-
dotoxin produced within
the cells of plants on an
acre of Bt cotton is not
known and hence was not
factored into the estimates
of differences in pesticide
use on Bt-transgenic ver-
sus conventional cotton
acres. In addition, USDA
did not collect cotton pesti-
cide use data in 2002; data
on pesticide use in 2002
and 2003 are estimates
based on 2001 levels and
recent trends.

Table 14 integrates all
the estimates of pesticide
use rates per acre on GE
versus conventional varie-

Be-transgenic insect pest
management technology
is pesticide based and
delivered through the
seed. This report does
not take into account the
pounds of Bt produced
within Bt transgenic
plants.
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ties by crop and GE trait for 1996-2003,
drawing on Tables 8-13.

Table 15 summarizes the overall im-
pact by year, crop and trait of GE varie-
ties on pesticide use. Totals are pre-
sented by crop for HT and Bttrans-
genic varieties, as well as across the
three crops. Changes in the pounds of
pesticides applied are expressed as a
percent of total pesticide use on the
crop and across the three crops.

Chart 2 contrasts the change in pesti-
cide use in the first three years of com-
mercialization (1996-1998) compared
to the last three (2001-2003) and Chart
3 compares the total change in 1996-
1998 to the change in 2001-2003.
(Charts 2-5 appear in the “Principal
Findings” section).

Chart 4 presents the changes in pes-
ticide use by year for the five GE tech-
nologies studied in this report.

Chart 5 places into perspective the over-
all impact of the five GE technologies
studied herein on pesticide use. It
shows by year the percentage change in
total pesticide use on corn, soybeans
and cotton brought about by the adop-
tion of HT and Bt crops.

Appendix Table 1 presents the data
used to correct an error made by NASS
in recoding the rate of metolachlor herbi-
cide applied to corn in 1999-2002. In
those years, NASS enumerators used the
reduced rate of application of herbicides
containing S-metolachlor for acres
sprayed with original metolachlor. Use
of the correct rate of application — 1.9
pounds per acre — increased the pounds
of herbicide applied in 1999 by 10.8 mil-
lion pounds, as shown in Appendix Table
1. As farmers progressively shifted from
old metolachlor to S-metolachlor over
the 1999-2003 period, the percent of
acres treated with old metolachlor went
down, as did the correction in the total
pounds of herbicide pounds applied to

2‘

¥
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OTHER ESTIMATES of
the IMPACT of GE
CROPS on PESTICIDE
USE

The USDA’s Economic
Research Service (ERS)
and the National Center for

16



NCFAP and this analysis
are in general agreement
on reductions in insecti-

cide pounds applied in the
case of Bt corn and Bt
cottonin 2001. Estimates
differ, however, in the case
of HT corn, cotton, and
especially soybeans.

series of reports dating
back to 1998. In 2002,
forty case studies were re-
leased that included esti-
mates of the impacts of
the eight GE varieties on
pesticide use for the year
2001, as shown in Table
16. Since these NCFAP es-
timates are the most com-
prehensive released to
date, they are used for
purposes of comparison to
this study’s estimates.

NCFAP and this analysis
are in general agreement
on reductions in insecticide
pounds applied in the case
of Bt corn and Bt cotton in
2001. Estimates differ,
however, in the case of HT
corn, cotton, and especially
soybeans. According to
NCFAP, the average rate of
herbicide application on
cropland planted to HT
soybeans in 2001 was 0.57
pounds less than the rate
of application on conven-
tional soybeans (Table
26.13 in Gianessi et al.,
2002, cited in notes—Table
16). In addition, in Table
26.6 they report an aver-
age rate of herbicide appli-
cation on HT acreage of
0.95. Accordingly, the rate
on non-HT soybean acre-
age must be 1.52 pounds
of herbicides per acre
(0.95 plus 0.57 pounds per

acre).

Given that the percent of
acres planted in 2001 to
HT and non-HT varieties is
reported by NCFAP (69
percent GE; 31 percent
non-GE), it is a simple ex-
ercise to calculate the
average rate of herbicide
application across HT and
non-HT soybean varieties
using the formula:

Average Herbicide Pounds
Applied per Acre of Soy-

beans in 2001 =

[(Percent GE planted in 2001 x
Rate GE acres in 2001) + Per-
cent non-GE in 2001 x Rate
Non-GE in 2001)]

Based on this calculation
and the NCFAP estimates
of herbicide use on GE and
non-GE soybean acres in
2001, the average rate of
herbicide application per
acre would be 1.13
pounds. USDA survey
data, on the other hand,
shows that an average of
0.96 pounds of herbicide
were applied on soybeans
in 2001. Accordingly, the
NCFAP estimates for 2001
are not consistent with
USDA herbicide use data;
for example, NCFAP esti-
mates an average rate of
glyphosate application of
0.95 pounds, USDA esti-
mates the rate at 0.85. If
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the NCFAP estimate of
0.95 pounds of glyphosate
per acre of HT soybeans
were accurate, the rate
would have to be 0.98 on
non-GE acres for the aver-
age pounds applied to
equal the USDA estimate
of 0.96.

It appears that the
NCFAP team overestimated
herbicide use on both GE
and non-GE soybean acres,
but overestimated use on
non-GE acres by a wider
margin. This led to the er-
roneous conclusion that HT
soybeans were treated
with an average of 0.57
fewer pounds of herbi-
cides, hence reducing her-
bicide use by some 27.7
million pounds. Instead,
this analysis estimates that
the average acre of HT
soybeans received 0.34
more pounds of herbicide
in 2001, or an additional
17.6 million pounds. And
consistent with both USDA
herbicide use data and ERS
estimates of the impact of
HT soybeans on herbicide
use, this analysis also finds
that the difference be-
tween the pounds applied
on HT soybean acres com-
pared to non-HT acres is
increasing over time.

METHODOLOGY and
DATA SOURCES

The USDA does not rou-
tinely collect nor report
data comparing in a given
year the average number
of pounds of herbicides ap-
plied per acre on cropland
planted to HT crop varie-
ties, compared to the aver-
age pounds of herbicides
applied per acre on land
planted to conventional
crop varieties. Such data
are needed to definitively
settle whether GE crops
have increased, decreased,
or left the volume of pesti-
cide use unchanged.

This report’s estimates of
the impacts of GE varieties
on pesticide use are spe-
cific to a given crop, GE
trait (HT or Bttransgenic),
type of pesticide (herbicide
or insecticide), and year.
Overall impacts are simply
the sum of annual impacts.

A simple three-step
methodology produced the
estimates in this report.

First, the number of
acres producing HT and Bt
transgenic crops each year
is calculated using USDA
data on the total acres
planted to corn, soybeans,
and cotton by year,

Data comparing the aver-
age number of pounds of
herbicides applied per
acre on cropland planted
to HT varieties, com-
pared to the average
pounds of herbicides ap-
plied per acre on land
planted to conventional
varieties, are needed to
definitively settle whether
GE crops have increased,
decreased, or left the vol-
ume of pesticide use un-
changed.
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coupled with USDA data on the per-
cent of the acres of each crop planted
to each GE technology. The data
used in reaching these numbers ap-
pear in Tables 4, 5, 6, and 7. There is
widespread agreement on these data.

Second, for each year and GE tech-
nology, the average pounds of pesti-
cides applied per acre on conventional
acres are calculated, along with the
average rate on acres planted to the
GE trait. When the rate applied to
the GE portion of the crop is lower/
higher than the rate applied to acres
planted to non-GE varieties, pesticide
use is reduced/increased. It is as-
sumed that an acre not planted to the
GE trait would receive the same level
of pesticide use as acres planted to
non-GE varieties. Hence, the differ-
ence between these two rates is an
estimate of the impact of the GE trait
on average per acre pesticide use.

Third, the difference in pesticide
pounds applied per acre by crop and
GE technology are combined with
acres planted to each GE trait, to pro-
duce an estimate of the increase or
decrease in pesticide pounds applied
across all acres planted to a given GE
trait in a given year between 1996
and 2003.

Estimating Average Application
Rates by GE Technology

Slightly different methods were
used to calculate the average pesti-
cide application rates per acre in the
case of herbicide tolerant and Bt
transgenic varieties. In order to

maximize the reliability of the esti-
mates, as well as the trend data, the
same basic data source for pesticide
use rates and percent acres treated
was used in making all the estimates.
These data come from the annual Na-
tional Agricultural Statistical Service
(NASS) field crop pesticide use sur-
veys.

By state and at the national level,
this USDA-NASS survey reports by crop
the percent of acres treated with a
given pesticide, the average rate of
application (for each distinct applica-
tion), the average number of applica-
tions, the rate per crop year (average
one-time rate multiplied by the number
of applications), and the pounds ap-
plied. Electronic copies of annual
NASS survey results covering 1991
through 2002 are accessible at http://
usda.mannlib.cornell.edu/reports/
nassr/other/pcu-bb/ #field.

In the case of herbicide tolerant
crops, the pounds of herbicides applied
per HT acre in a given year were esti-
mated by adding together the gly-
phosate rate of application in that year
and an estimate of the average pounds
of other herbicides applied. The
pounds applied on non-GE acres were
then calculated using the reported
USDA average pounds applied across
all acres; the percent of acres planted
to HT and non-HT varieties, and the
average pounds applied on HT acres,
using the following formula —
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Herbicide Pounds Applied
per Acre Non-HT varieties

of Cropy =

[USDA Ave Rate All acres crop, —
(% acres HT varieties crop, X
Rate GE varieties crop,)] divided
by (% acres non-HT varieties

cropy)

Herbicide Tolerant Corn

In the
case of HT P8
corn, the -
average
rate of
herbicide
application
was calcu-
lated as a
weighted
average
between
the aver-
age rates
in two HT
corn weed
manage-
ment programs — the
“Roundup Reliant” program
and the “Residual Herbi-
cide Applied” program.
Both programs are dis-
cussed in the Monsanto
Roundup Ready corn tech-
nical guide. The rates of
glyphosate applied in the
programs are based on the
actual average NASS re-
ported rates per acre by
year. Weed management
experts were consulted in
arriving at the 30 percent
“Roundup Reliant” and 70

percent “Residual Applied”
split in total HT acreage.

The difference in aver-
age herbicide pounds ap-
plied per acre shifts from a
reduction of 0.8 pounds
per acre in 1996 to an in-
crease of 0.58 pounds per
acre in 2003. This shift is

e %

caused by three main fac-

tors —

o Increases in the rate of
glyphosate applied per
acre driven largely by
shifts in weed commu-
nities, resistance,
changes in tillage and
planting systems, and
significant reductions in
the price of herbicides
containing glyphosate
as the active ingredi-
ent;

» Incremental increases
in reliance of farmers

20




on herbicides other than glyphosate to
assure season-long control of grasses
in acres planted to HT corn; and

o The downward trend in the average
rate of application of herbicides on non-
HT acres.

HT corn tech-
nology reduced
herbicide use
per acre from
1996 through
2001, but in-
creased use
thereafter. The
big change be-
tween 2001 and
2002 was
brought about
by the drop in
the average
pounds applied
to non-HT acres [k
from 2.24
pounds per acre
to 1.85 pounds |
per acre. This
came about be- #

e

cause of the SN P ok

CATEDD ST

combination of o _
v 2

regulatory re-
strictions on
high-rate herbi- §
cides and the
shift to low-
dose herbicides. The rate of the most
widely used corn herbicide atrazine fell
from 1.18 in 2001 to 1.04 in 2002.

Note that the big drop in average
pounds applied per acre in 2000 is re-
flected in the reduction in the glyphosate
rates that year, as well as the pounds of

X

_"_‘ o~ )

e 2 s
L 4 ¥ "'

other herbicides applied on HT acre-
age.

Herbicide Tolerant Soybeans

The annual pounds of glyphosate
applied per acre
of HT soybeans
was estimated by
adding to the
USDA reported
rate of applica-
tion of gly-
phosate —

» An average of
0.15 pounds of
other herbicides
in 1996 and
1997;
e An average
0.22 pounds in
1998-2001; and

e An average

& The addition of
e # 0.22 pounds in
A 92N 1998 produced
R N the correct
' ‘:‘y weighted average
e rate across all
acres planted to
soybeans in
1998. The USDA average rate for all
herbicides applied to soybeans was
1.08 pounds. Adding 0.22 pounds to
the reported glyphosate rate of 0.9
produced a total average rate per
acre of HT soybeans of 1.12 pounds.
These estimates were then used in
the weighted average formula to
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calculate the rate on non-
HT acres (1.05 in 1998).

These estimates — 1.05
on non-HT acres and 1.12
on HT acres — produced
the correct differential of
0.07 pounds per acre, es-
tablished in the special
tabulation done by ERS
drawing on the 1998 ARMS
data. This tabulation pro-
duced the ERS estimate of
2,300,000 more pounds of
herbicide applied on HT
soybeans noted in Table
16, or 0.07 pounds per
acre.

The 22 percent jump in
glyphosate pounds applied
per acre from 2001 to
2002 was caused by the
major price reductions of-
fered to farmers, the need
to control more difficult
sets of weeds, and the
emergence of resistance
and/or lessened sensitivity
in many weed species that
were once fully controlled
by one glyphosate applica-
tion.

Herbicide Tolerant
Cotton

The difference in herbi-
cide application rates on
HT cotton and conven-
tional varieties changed in-
crementally much like in
the case of HT corn and

soybeans. It was assumed
that the average acre of
HT cotton was treated with
0.7 additional pounds of
herbicides other than gly-
phosate from 1996
through 2000, and with 0.6
additional pounds in 2001-
2003. This assumption re-
flects the increased use of
low-dose herbicides on
both conventional and HT
cotton acres.

The reduction in average
pounds applied on conven-
tional acres accelerated in
2001, with a drop from
1.84 to 1.55.

The USDA did not collect
cotton pesticide use statis-
tics in 2002. As a result, it
is not possible to confirm
that the average rate of
glyphosate applied on
acres of HT cotton in-
creased in 2002, as it
clearly did in the case of
soybeans. Accordingly, the
estimates for differences in
cotton herbicide use 2002
and 2003 are unchanged
from 2001.

Bt Transgenic Corn

Calculating the reduction
in insecticide pounds ap-
plied for each acre planted
to Bt corn is complicated
by the fact that not all
acres planted to Bt

The 22 percent jump in
glyphosate pounds ap-
plied per acre from 2001
to 2002 was caused by
the major price reduc-
tions offered to farmers,
and the emergence of re-
sistance and/or lessened
sensitivity in many weed
species that were once
fully controlled by one
glyphosate application.
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varieties would have been treated
with insecticides for the control of
European corn borers (ECB) and/or
Southwestern corn borers SWCB) if
the farmers had instead decided not
to plant Bt corn. This is evident in
the data on percent of acres treated
with an insecticide applied wholly or
partially for control of the ECB/SWCB,
compared to the percent of corn
acres planted to Bt varieties. For ex-
ample, in 2001, 24 percent of corn
acres were planted to Bt varieties, yet
historically well less than 10 percent
of corn acres were treated with an in-
secticide for the management of
these insects.

The method used to estimate the
average pounds of insecticides ap-
plied on corn acres for management
of EBC/SWCB is straightforward.
USDA reports indicate that seven in-
secticides are applied for the manage-
ment of the ECB/SWCB. Of these,
two are generally applied largely or
solely for control of the ECB/SWCB:
o Lambda-cyhalothrin; and
o Permethrin.

Five other insecticides are applied
for control of multiple corn insect
pests, including the ECB/SWCB:

« Chlorpyrifos;

» Bifenthrin;

o Esfenvalerate;

o Dimethoate; and

o Methyl parathion

Corn insecticide use data from the
USDA was used to calculate the aver-
age pounds of these seven insecti-
cides applied to corn acres by year,

weighted in accord with each insecti-
cide’s share of the total pounds of
these seven that were applied. The re-
sults (see the “Conventional Corn —
weighted average rate per acre
treated” line in Table 9) show a steady
decline in the pounds applied per acre
from 0.63 in 1995 to 0.36 in 2002 and
2003. The shift in acres treated to-
ward low-dose synthetic pyrethroid in-
secticides accounts for the significant
reduction between 2001 and 2002-
2003.

Because of the efficacy of Bt corn,
very few farmers planting Bt corn
treated their fields with insecticides for
control of the ECB/SWCB. Hence, pro-
jected insecticide applications on Bt
corn acres are zero. In reality though,
not all Bt corn acres would have been
treated with insecticides, so the reduc-
tion in insecticide use as a result of Bt
corn must be adjusted downward.

This was done by first estimating the
maximum percent of Bt corn acres that
would have likely been treated with in-
secticides, based on the historic rate of
ECB/SWCB insecticide treatment of 7.5
percent. In the first two years of Bt
corn use, essentially all acres could
have been previously treated with in-
secticides, but this percentage declines
as the margin widens between the per-
cent of acres planted to Bt varieties in
contrast to 7.5 percent historically
treated.

The estimate of the maximum per-
cent of Bt corn acres that could have
been treated with an insecticide needs
to be adjusted a second time to reflect
the degree of targeting of Bt varieties
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to acres previously treated with insecti-
cides for ECB/SWCB control. Itis as-
sumed that farmers targeted Bt acres
to acres previously sprayed for the
ECB/SWCB with 60 percent efficiency.
This estimate probably underestimates
the efficiency of targeting in the south-
ern and western edges of the Corn Belt
where adoption of Bt corn was highest
in step with ECB/SWCB pressure, and
overestimates the percent in much of
the northern and eastern Corn Belt,
where far fewer corn acres were previ-
ously treated for ECB/SWCB control.

The estimated rate of application on
acres planted to Bt varieties is then cal-
culated by multiplying the percent of Bt
acres that were not likely to have been
treated with an insecticide by the aver-
age rate of application on acres that
were treated. This adjustment reflects
the fact that there can be no reduction
from the planting of Bt corn on acres
that were not previously treated with
an insecticide. Hence, given the way
this model estimates the difference in
pesticide use between GE and non-GE
varieties, for that portion of Bt corn
acres planted where there was no ac-
tual reduction in insecticide use, we
have to assume that those acres would
have been treated at the same rate per
acre as acres that were treated. This
produces the correct estimate of the re-
duction in pounds applied as a result of
planting Bt corn — zero.

Bt Transgenic Cotton

Unlike Bt corn, virtually 100 per-
cent of the acres planted to 5t cot-
ton were previously sprayed for
control of the target pests, the Bud-
worm/Bollworm complex. Accord-
ingly, the method used to estimate
insecticide use on acres planted to
Bt and conventional cotton varieties
is simpler than in the case of Bt
corn.

Fifteen insecticides are applied
largely for the management of the
Budworm/bollworm complex.
Based on pounds applied across
these 15 insecticides and acres of
cotton planted, average insecticide
application rates by year were cal-
culated and used as the estimated
rates on acres planted to non-5t va-
rieties. As in the case of Btcorn,
the rates decline from 0.48 pounds
per acre in 1996 to 0.3 in 2001-
2003. The shift to synthetic pyre-
throid insecticides accounts for
most of this reduction over time.

While Bt cotton is highly effective
in many areas, it does not eliminate
insecticide applications targeting
the Budworm/Bollworm complex.
Accordingly, it was assumed that
the average acre of Bt cotton was
treated with 0.1 pound of insecti-
cides. Accordingly, the reduction in
insecticide pounds applied per acre
planted to Bt cotton ranges from
0.38 pounds in 1996 to 0.2 pounds
in 2001-2003.
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Table 1. Genetically engineered (GE) corn varieties by State and United
States, 2000-2003

Insect-resistant (Bt) Only

Herbicide-tolerant Only

2000 | 2001 | 2002 | 2003

2000 | 2001 | 2002 | 2003

State Percent of all corn planted ----
Tllinois 13 12 18 23 3 3 3 4
Indiana 7] 6 7| 8 4 6 6 7
Towa 23 25 31 33 5 6 Vi 8
Kansas 25 26 25 25 7] 11 15 17
Michigan 8| 8 12 18 4 7] 8| 14
Minnesota 28 25 29 31 7| 7 11 15
Missouri 20, 23 27, 32 6 8 6 9
Nebraska 24 24 34 36 8 8 9 11
Ohio 6 7 6 6 3 4 3 3
South Dakota 35 30 33 34 11] 14 23 24
Wisconsin 13 11 15 21 4 6 9 9
Other States1/ 10 11 14 17 6) 8 12 17
U.S. 18 18 22, 25 6 Vi 9 11
Stacked gene varieties All GE varieties
2000 2001 2002 2003 2000 2001 2002 2003
State
Tllinois 1 1 1 1 17 16 22 28
Indiana X X X 1 11] 12 13 16
Iowa 2 1 3 4 30] 32 41 45
Kansas 1 1 2 5 33 38 43 47
Michigan X 2 2 3 12 17 22, 35
Minnesota 2 4 4 V 37| 36) 44 53
Missouri 2 1 2 1 28 32 34 42
Nebraska 2 2 4 5 34 34 46 52
Ohio X X X * 9 11 9 9
South Dakota 2 3 10 17 48 47 66 75
Wisconsin 1 1 2] 2 18] 18 26| 32
Other States1/ 1 2] 2 17, 20 27| 36
u.S. 1 1 2 4 25 26 34 40

* Less than 1 percent.

1/ Includes all other States in which USDA collected corn data.
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Table 2. Genetically engineered (GE) soybean varieties by State and United
States, 2000-2003

Herbicide-tolerant Only

All GE varieties

2000 | 2001 | 2002 | 2003

2000 | 2001 | 2002 | 2003

State Percent of all soybeans planted
Arkansas 43 60 68 84 43 60 68 84
Tllinois 44 64 71 77 44 64 71 77
Indiana 63 78 83 88 63 78 83 88
Iowa 59 73 75 84 59 73 75 84
Kansas 66 80 83 87 66 80 83 87
Michigan 50, 59 72 73 50 59 72 73
Minnesota 46| 63 71 79 46| 63| 71 79
Mississippi 48 63 80 89 48 63 80 89
Missouri 62 69 72 83 62 69 72 83
Nebraska 72 76 85 86 72 76 85 86
North Dakota 22| 49 61 74 22 49 61 74
Ohio 48| 64 73 74 48 64 73 74
South Dakota 68 80 89 91 68 80 89 84
Wisconsin 51 63 78 84 51 63| 78 84
Other States1/ 54 64 70 76 54 64 70 76
U.S. 54 68 75 81 54 68 75 81

1/ Includes all other States in which USDA collected soybean data.

26



Table 3. Genetically engineered (GE) upland cotton varieties by State and
United States, 2000-2003

Insect-resistant (Bf) Only

Herbicide-tolerant Only

2000 | 2001 | 2002 | 2003

2000

| 2001 | 2002 | 2003

State Percent of all upland cotton planted
Arkansas 33 21 27 24 23 29 37 25
California 3 11 6 9 17 27 26 27
Georgia 18 13 8 14 32 43 55 32
Louisiana 37 30 27 30 13 14 9 15
Mississippi 29 10 19 15 13 15 22 16
North Carolina 11 9 14 16 29 37 27 29
Texas 7 8 7 8 33 35 40 39
Other States1/ |17 18 19 18 21 33 35 32
U.S. 15 13 13 14 26 32 36 32
Stacked Gene Varieties All GE Varieties
2000 2001 2002 2003 2000 2001 2002 2003
State
Arkansas 14 28 26 46 70 78 90 95
California 4 2 1 3 24 40 33 39
Georgia 32 29 30 47 32 85 93 93
Louisiana 30 47 49 46 80 91 85 91
Mississippi 36 61 47 61 78 86 38 92
North Carolina 36 38 45 48 76 34 86 93
Texas 6 6 4 6 46 49 51 53
Other Statesl/ |36 33 32 38 74 84 86 388
u.S. 20 24 22 27 61 69 71 73

1/ Includes all other States in which USDA collected upland cotton data.
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Table 4. Percent of National Acres Planted to All Herbicide Tolerant and Bt
Transgenic Crop Varieties, 1996 through 2003 [Combines percent acres

planted to HT only and Bt only varieties with percent planted to stacked

varieties]
1996 | 1997 1998 | 1999 | 2000 2001 2002 | 2003*
——————————————————————— All Herbicide Tolerant Varieties - - - - - - - == ------------
Corn 3%) 4.3% 18.4% 9% 7%) 8% 11%) 15%
Soybeans 7.4%) 17%) 44.2%) 57% 54% 68% 75% 81%
Cotton 15%) 15%) 16.8% 34% 46% 56% 58% 59%
------------------------ All Bt Transgenic Varieties - - - ------- ----------
Corn 1.4% 7.6%) 19.1% 25.6% 24.5% 19% 24% 29%
Soybeans 0% 0% 0% 0% 0% 0% 0% 0%
Cotton 12.7%) 15.3%) 19.0% 29.0% 28.7% 37% 35% 41%

* Acres planted in 2003 are preliminary projections based on recent trends.
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Table 9. Pounds per Acre of Insecticides Applied to Control the European Corn
Borer on Conventional and Bt Transgenic Varieties of Corn, 1996-2003

[See Notes]

1996 1997 1998 1999 2000 2001 2002 2003*
Acres Planted
79,507,000 80,227,000 80,798,000{77,431,000]79,579,000{79,545,000|79,054,000[79,066,000
Bt Corn Acres Planted] 1,113,098 6,097,252| 15,432,418/19,800,000(19,500,000|{15,113,550]18,972,960[22,929,140
% Bt Corn Acres| 1.4% 7.6% 19.1% 25.6%) 24.5% 19.0%) 24.0% 29.0%
Planted
Historic % Acres 7.5%) 7.5% 7.5% 7.5%) 7.5%) 7.5%) 7.5%) 7.5%)
Treated for ECB/
SWCB
Percent Acres
Treated
lambda-cyhalotrin 2.0% 1.0% 2.0%) 3.0% 2.0% 2.0% 2.0%) 2.0%
permethrin 4.0% 5.0% 2.0%) 3.0% 3.0% 3.0% 2.0%) 2.0%
chlorpyrifos 8.0% 7.0% 6.0%) 5.0% 6.0% 4.0%) 3.0%) 3.0%
bifenthrin 1.0% 0.0% 2.0%) 2.0% 2.0% 2.0% 2.0%) 2.0%
esfenvalerate 1.0% 0.0% 0.0%) 0.5% 0.6% 0.0%) 0.0%) 0.0%)
dimethoate 0.4% 0.0% 1.0% 0.5% 0.3% 0.1%) 0.6%) 0.6%)
methyl parathion 2.0% 4.0% 1.0% 1.0% 0.7% 1.0% 0.4%) 0.4%)
Total Percent Acres 18.4% 17.0%) 14.0% 15.0% 14.6% 12.1%) 10.0% 10.0%)
Treated
Percent Not Treated 81.6% 83.0% 86.0% 85.0% 85.4% 87.9%) 90.0% 90.0%
Acres Treated
lambda-cyhalotrin 1,590,140 802,270 1,615,960| 2,322,930 1,591,580 1,590,900 1,581,080| 1,581,320
permethrin 3,180,280 4,011,350 1,615,960 2,322,930 2,387,370 2,386,350/ 1,581,080| 1,581,320
chlorpyrifos 6,360,560 5,615,890 4,847,880 3,871,550 4,774,740, 3,181,800 2,371,620| 2,371,980
bifenthrin 795,070 0] 1,615,960| 1,548,620 1,591,580 1,590,900| 1,581,080 1,581,320
esfenvalerate 795,070 0 0| 387,155 477,474 0 0 0
dimethoate 318,028 0 807,980 387,155 238,737 79,545 474,324 474,396
methyl parathion 1,590,140, 3,209,080 807,980 774,310 557,053 795,450 316,216 316,264
Total Acres Treated|14,629,288| 13,638,590 11,311,720|11,614,650{11,618,534| 9,624,945 7,905,400| 7,906,600
Weighted Share of
Treated Acres
lambda-cyhalotrin 0.11 0.06 0.14 0.20 0.14 0.17, 0.20 0.20
permethrin 0.22 0.29 0.14 0.20 0.21 0.25 0.20 0.20
chlorpyrifos 0.43 0.41 0.43 0.33 0.41 0.33 0.30 0.30
bifenthrin 0.05 0.00 0.14 0.13 0.14 0.17 0.20 0.20
esfenvalerate 0.05 0.00 0.00 0.03 0.04 0.00 0.00 0.00
dimethoate 0.02 0.00 0.07 0.03 0.02 0.01 0.06 0.06
methyl parathion 0.11 0.24 0.07 0.07 0.05 0.08 0.04 0.04
Rates per Acre
lambda-cyhalotrin 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
permethrin 0.12 0.10 0.10 0.09 0.09 0.10 0.10 0.10
chlorpyrifos 1.04 1.23 1.01 1.08 1.05 1.14 0.94 0.94
bifenthrin 0.05 0.00 0.07 0.07 0.07 0.05 0.06 0.06
esfenvalerate 0.03 0.00 0.00 0.05 0.13 0.02 0.00 0.00
dimethoate 0.46 0.00 0.52 0.46 0.48 0.51 0.42 0.42
methyl parathion 0.52 0.66 0.41 0.51 0.45 0.52 0.53 0.53
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Table 9. (Cont.) Pounds per Ace of Insecticides Applied to Control the
European Corn Borer on Conventional and Bt Transgenic Varieties of Corn,
1996-2003 [See Notes]

1996

1997

1998

1999

2000

2001

2002 | 2003*

Conventional Corn

Weighted Average Rate
per Acre Treated

0.55

0.69

0.53

0.44

0.50

0.46

0.36

0.36

Bt Corn Acres

Maximum Possible % Bt
Acres Previously
Treated with Insecticide

100%

99%

39%)

29%

31%

39%

31%

26%

Estimated % Acres
Planted to Bt Previously
Treated with Insecticide
(Assumes 60% of Maxi-
mum value)

60%

59%

24%

18%

18%

24%

19%

16%

Estimated % Bt Acres
Planted Not Previously
Treated with Insecti-
cides

40%

41%

76%

82%

82%

76%

81%

84%

lAverage Rate Applied
on Acres Planted to Bt
\Varieties

0.22

0.28

0.40

0.36]

0.41

0.35

0.30

0.31

Difference Between Bt
Transgenic and Conven-
tional Varieties**

-0.33

-0.41

-0.12

-0.08

-0.09

-0.11

-0.07

-0.06

* Pesticide use estimates for 2003 are preliminary projections based on 2002 data and recent trends.

** Differences in pounds of insecticides applied do not take into account the pounds of Bt produced
within the cells of transgenic corn plants (see text for discussion).
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Table 10. Difference in Actual Herbicide Application Rates per Acre on HT
versus Conventional Soybeans, 1998

tional and GE Varieties

Average Num- Average
Percent bgr of Pounds of Her-
Area Acres Planted - bicides
Treated Herbicides Ap- Applied per
plied per Acre
Acre

Conventional Varieties, 47.9% 34,803,176 2.7 1.08
No Glyphosate Applied
Conventional Varieties, 8.0% 5,789,284 3.2 1.45
Glyphosate Applied
Total Conventional Varieties 40,592,460
RR Varieties 38.8% 28,197,596 1.4 1.22
Other Herbicide-Tolerant 5.4% 3,929,944 2.8 1.06
\Varieties
Total HT Varieties 32,127,540

All Soybeans 100% 72,720,000
Weighted Average Rate on Con- 1.13
ventional Acres
\Weighted Average Rate on GE 1.20
Acres
Difference Between Conven- 0.07

Source: Special tabulations done by the Economic Research Service for Benbrook Consulting Services.

35




0£6'859'6S  00S'8TE'SS  08878C'TY

000°€S9°€Z  000'8SZ°€L  000'9TH'S4

x€00¢C €00¢




'2002 Ul Yasn Aq pa309)|0d ejep
asn apionsad uoNod Ou Sem aJayl ‘eyep T00Z-000Z UO paseq sarewnss Aseujwip.id e £00z pue z00g 10) S93ed SpRIGISH

SanRLIEA [RUOIUSA
£T°0 /170 /170 00°0 1C°0- 61°0- T/.°0- 9°0- -uo) pue ojuabsuel]
| H usamiag a0y Jad
SpUNog Ul 92uaJayiq
LT CL'T LT ¥8'T P/ T CL'T 61°1 ce'T sanaLeA IH
SS'T SS°T GS'T 78'T S6'T 16°T 0¢'¢ /6°T SOIaLIE/ [BUOIUDAUO)D)
CT'T CT'T CT'T P11 70°T cO'T 6£°0 €9°0 ajesoydA|D
SO'T G9'T S9'T 78°T 88T 38'T 60°C 38'T abeIaAY SSYN
3.y Jod sajey
%1 %T %T %9 %L %t %T VN [luAxowo.g
%085 %0°LS %0°SS %0°0v %0°LC %8°¢CT %0 T %9 V1 H¥/a1es0ydA|D
%065 %085 %095 %09 %0 V€ %891 %0°ST %9 v sanaueA 1H
paiueld
So.0Y 1U9o19d
0ZE'TTT'S 0¢1'vS6'L 0b2'066'8 029'650Z 06’18y SL'v61'C 00£'€€0°C 009850°C pajue|d SaY 1H
000'8¥Z'ST  |000°PTL'ST  |000'4S0’9T  |000°ZHE'ST  |000‘THC'PT  JOO0'Y90°ET  [000'8SS'ET  |000°00T HT pajue|d 2.0V
*€00¢ *xC00¢ T00¢C 000¢ 6661 866T L66T 9661

€00T-966T ‘sPIldLIEA JURID
-|0L @PPIGISH puUe [_RUOIRUSIAUO) U0 Uo}0) 03 paljddy sapIdIqIaH Jo 3.0y Jad spunod 'ZT @|qeL

37



Table 13. Pounds per Acre of Insecticides Applied to Control the Budworm/
Bollworm Complex of Insects on Conventional and Bt Transgenic Varieties
of Cotton, 1996-2003

1996

1997

1998

1999

2000

2001

2002*

2003*

Acres Planted

14,100,000

13,558,000

13,064,000

14,241,000

15,347,000

16,054,000

13,714,000

13,748,000

Bt Acres Planted

1,796,390,

2,078,890

2,486,493

4,123,252

4,409,348|

5,939,980

4,799,900

5,636,680

Percent Acres
Planted to Bt Va-
rieties

12.7%

15.3%

19.0%

29.0%)

28.7%)|

37.0%

35.0%

41.0%)

Budworm/
Bollworm Average
Pounds Applied

0.48;

0.45

0.38

0.36]

0.28]

0.30

0.30

0.30]

Total Pounds per
Acre

1.25

1.39

1.26

2.96)

2.82]

1.83

1.5

1.5

Budworm/
Bollworm Conven-
tional Rate

0.48;

0.45

0.38

0.36]

0.28]

0.30

0.30

0.30]

Budworm/
Bollworm Bt Rate

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

Difference in
Pounds per Acre
Between Bt
Transgenic and
Conventional Va-
rieties**

-0.38

-0.35

-0.28

-0.26

-0.18

-0.20

-0.20

-0.20

* Insecticide rates for 2002 and 2003 are preliminary projections based on 2000-2001 data. There was
no cotton pesticide use data collected by USDA in 2002.

** Differences in pounds of insecticides applied do not take into account the pounds of Bt produced
within the cells of transgenic cotton plants (see text for discussion).
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Table 14. Average Pesticide Pounds Applied per Acre Planted to Conven-
':ional, Herbicide Tolerant, and Bt Transgenic Varieties* and Estimated Dif-
erences per Acre, 1996 through 2003 [Includes acres planted to stacked

varieties]
1996 1997 1998 1999 2000 2001 2002 | 2003**
Coventional Corn
Herbicide 2.67, 2.67 2.56 2.43 2.13 2.24 1.85 1.81
Insecticide 0.55 0.69 0.53 0.44 0.50 0.46 0.36 0.36)
GE Corn
Herbicide Tolerant 1.87, 1.74 2.07 2.16 1.91 2.18 2.33 2.40
Bt Transgenic 0.22 0.28 0.40 0.36 0.41] 0.35 0.30 0.31
Average Differ-
ence GE to Con-
ventional
Herbicide -0.80 -0.93 -0.49 -0.28 -0.22 -0.06 0.48 0.58
Insecticide -0.33 -0.41] -0.12 -0.08 -0.09 -0.11] -0.07 -0.06
Conventional Soy-
beans
Herbicide 1.20 1.23 1.05 0.93 0.99 0.73 0.93 0.87
GE Soybeans
Herbicide Tolerant 0.84 0.94 1.12 1.12 1.10 1.07, 1.29 1.34
Average Differ-
ence GE to Con-
ventional
Herbicide -0.36 -0.29 0.07 0.19 0.11] 0.34 0.36 0.47
Conventional Cot-
{ton
Herbicide 1.97 2.20 1.91 1.95 1.84 1.55 1.55 1.55
Insecticide 0.48 0.45 0.38 0.36 0.28 0.30 0.30 0.30
GE Cotton
Herbicide Tolerant 1.33 1.49 1.72 1.74 1.84 1.72 1.72 1.72
Bt Transgenic 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Average Differ-
ence GE to Con-|
ventional
Herbicide -0.64 -0.71 -0.19 -0.21 0.00 0.17 0.17 0.17
Insecticide -0.38 -0.35 -0.28 -0.26 -0.18 -0.20 -0.20 -0.20

* Differences in pounds of insecticides applied do not take into account the pounds of Bt produced within the cells of transgenid
corn and cotton plants (see text for discussion).

**Pesticide use rates in 2003 are preliminary projections based on 2000-2002 data and recent trends.
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Table 15. Differences in the Pounds of Pesticides Applied to Conventional Ver-
sus GE Corn, Soybean, and Cotton Varieties, 1996 through 2003 [Includes
acres planted to stacked varieties]

Totals
1996 1997 1998 1999 2000 2001 2002 2003* 1996-
2003
Corn
Herbicides - -
1,908,168| -3,204,637|-7,392,320( | gq g10| 1 107,063 387350 4201409 6,906,648 4,862,200
Insecticides - - -
-368,193( -2,499,543( 1,914,047 ; 041 26l 757 330 1,698,061 -1,296,327] 1,296,524 1, 351 100
Herbicides il _ il
plus Insecti-| 2,276,361 -5,704,180|-9,256,367| 5 421 a5 g5 305| 2035410 2,905,082 5,610,123 1 )12 100
cides (H+I)
H+I as % off
Total Pesti1 5o/ 2.5%|  -43%|  -1.7%|  -1.7% -1.1%| 1.9% 3.6% -1.1%
cides Ap-
plied
Soxbeans
I(—i:)rblqdes -1,693,182| -3,482,747| 2,304,103 7,824,112| 4,372,591| 17,628,490| 19,914,660 28,259,493|75,127,521
H as % of
Total Pestiy ) 390l 4208  2.9%| 10.2%|  5.6%|  24.3%  22.5% 30.7%|  11.6%
cides Ap-
plied
Cotton
Herbicides | ; 355 706 -1,435,553| -422,068 L 027,078 0| 1,498,373 1,325,687 1,351,887 -34548
Insecticides | co) 628l 727,612 -696,218 L 072046 793/683| -1,187,996 -959,980| -1,127,336| 7,247,498
Herbicides ]
plus Insecti-| -2,008,424| -2,163,164]-1,118,286 -793,683| 310,377] 365,707  224,551| -7,282,046
\ 2,099,124
cides (H+I)
H+I as % off
Total Pesti1 oo/ -4.6%  -2.7%|  -3.0%| -1.1% 0.6% 0.8% 0.5% -1.7%
cides Ap-
plied
Three
Crops
Herbicides |-4,927,146| -8,122,937]-5,460,285| 4,867,215| 3,174,628 18,739,514] 25,441,756| 36,518,027] 70,230,772
Insecticides - - -
1,050,822 -3,227,154-2,610,265( , 13 31l cay 0] 2,836,057 -2,256,307] 2,423,860 g 55 o7
Herbicides
plus Insecti-|-5,977,967]-11,350,091]-8,070,550] 2,253,905 593,606 15,903,457] 23,185,448| 34,094,167|50,631,976
cides (H+I)
H+I as % off
Total Pesti1 4 Jo)l 300  -2.4%|  0.7%  0.2% 5.0% 7.9%) 11.5% 1.9%
cides Ap-
plied

* Estimates for 2003 are preliminary projections based on data for 2001-2002 and recent trends.
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