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Chapter 4
Farm-L evel Effects of Adopting Genetically Engineered Cropsin the U.SA.

Jorge Fernandez-Cornejo, Cassandra KlotzIngram, and Sharon Jans'

Introduction
Geneticdly engineered crops with enhanced input traits for pest management carry genes

that confer herbicidetolerance and insect control. Use of these cropshasrisen dramaticaly inonly
afew yearssincecommercia gpprova (Table1). By 1998, around 40 percent of the cotton acres,

TABLE 1 Adoption of Geneticdly Engineered (GE) Cropsin Mgor Producing States

Year of First Edimated Planted Acreage

Field Crop [ ntroduction 1996 1997 1998°
Percent of planted acreage

Cotton
Bt cotton 1995 14.6 15.0 16.8
Herbicide-resistant cotton 1996 id 10.5 26.2
Corn
Bt corn 1996 1.4 7.6 19.1
Herbicide-resistant corr? 1996 3.0 4.3 18.4
Soybean
Herbicide-resistant soybean 1996 7.4 17.0 44.2

4ncludes stacked varieties (with Bt and herbicide-tolerant genes).

®| ncludes seeds obtained by traditional breeding but developed using of biotechnology techniques
that helped to identify the herbicide-tolerant genes.

id = Inaufficient datafor ardiable esimate.

Source Cdculated from USDALs ARMS data for 1996, 1997, and 1998.
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athird of the corn acres, and more than 40 percent of the soybean acreswere planted to geneticaly
engineered varieties. Adoptionisexpected to increasein 1999 as seed companies continueto offer
new seed varieties with herbicide-tolerant and insect-resstant traits, including * stacked” varieties
containing morethan onetrait. Now that these cropsarein thefidd, researchersare examining the
effect of these crops on pesticide use, yields, farmers profits, and the use of other cropping

practices.

It has been claimed that the use of geneticaly engineered crops with enhanced input traits
can increase land productivity, thus dlowing an increase in the production of food and fiber, while
reducing chemica pedticide use, but few farm-level empirica studies have reported the effect of
those crops on yidds, profits, and pesticide use. This paper summarizes the potentid benefits,
cods, and posshble environmentd implications from using geneticaly engineered crops with
enhanced input traits. [n addition, the paper presents the results of an empirica study on the effect
of adopting herbicide-tolerant crops such as soybean and cotton, aswell asan insect resistant crop
(Bt cotton), on yields, profits, and pesticide use.

Promises and Fears

Modern plant biotechnology methods, such ascdll culture and genetic engineering, haveled
to the development of novel plant varieties that would not have been possible using traditiona
breeding methods. The genetic modification of organisms by recombinant DNA techniques can
range from either enhancing or suppressing the performance of existing genes to the transfer of
gendtic information from one organism into ahost organism. Genetic engineering reducesthetime
required to identify dedrable traits and alows a more precise dteration of a plant’straits. Seed
developers are able to target a Single plant trait which can decrease the number of unintended
characteristics that may occur with traditiona breeding methods.

Mo of the genetically modified cropsthat are commercidly available have been devel oped
to carry herbicide-tolerant or insect-resstant genes. Crops carrying herbicide-tolerant geneswere
developed to survive certain herbicides that previousy would have destroyed the crop dong with
the targeted weeds, and dlow farmersto use them as postemergent herbicides, providing abroader
variety of herbicidesto control weeds. The most common herbicide-tolerant crops are Roundup
Ready (RR) crops resstant to glyphosate, an herbicide effective on many species of grasses,
broadleaf weeds, and sedges. Glyphosate tolerance has been incorporated into cotton, corn,
soybeans, and canola. Other genetically modified herbicide-tolerant cropsinclude Liberty Link
(LL) corn resgtant to glufosinate-ammonium, and BXN cotton resstant to bromoxynil. Thereare
aso traditiondly bred herbicide-tolerant crops, such as corn resistant to imidazolinone (IMI) and
sethoxydim (SR), and soybeans resigtant to sulfonylurea (STS).2

Bt crops containing the gene from a soil bacterium, Bacillus thuringiensis, are the only
insect-resistant crops commercidly available. The bacteria produces a protein that is toxic when
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ingested by certain Lepidopteran insects. Crops containing the Bt gene are able to produce this
toxin, thereby providing protection throughout the entire plant. Bt has been built into many crops,
such as corn and cotton, and is effective in controlling Lepidopteran insects. For example, Bt
cotton is primarily effective in controlling the tobacco budworm, the bollworm, and the pink
bollworm. Similarly, Bt corn provides protection against the European corn borer (ECB), and, toa
lesser extent, protects againgt the corn earworm, the southwestern corn borer and the lesser
cornstalk borer.

Proponents claim that the use of herbicide-tolerant and insect-resistant crops may benefit
the environment by reducing the use of potentidly harmful synthetic peticides that could be
transported into waterways or lead to resduesin/onthefood. Therearesgnificant benefitsto U.S.
farmers from using pesticides, as evidenced by the willingness of these farmersto spend $8 billion
on pesticidesin 1996 (USDA, 1997). However, the potential hazard of these chemicasto human
health and the environment has caused increased concern. Agricultura chemicd firmshaveinvested
increesngly in plant biotechnology, partly in response to tougher hedth and environmenta
regulations that have raised the costs of developing chemica pesticides that are both harmlessto
cropsand sufficiently toxic tokill target pests. Asaresult, achemica pesticide takes an average of
11 years a a cost of $50-70 million to develop, wheress the development of a genetically
engineered plant takes about 6 years and costs about $10 million (Ollinger and Fernandez-Camgo,
1995).

Although there may be some environmental benefits from using crops with herbicide-
tolerant or insect-res gtant traits, there are some concerns about extensive use of these crops. One
concern is that herbicide-tolerant crops would foster farmers' reliance on herbicides. However,
these crops may require lower gpplication rates or fewer herbicide applications. And, in some
cases, these crops could alow farmers to subdtitute the use of more benign herbicides for more
harmful onesand dlow farmersto use them as postemergent herbicides. For example, glyphosate
is condgdered to be environmentally benign (Culpepper and Y ork, 1998; Roberts et ., 1998).

Another concern is that extensve use of these crops could lead to the development of
insect and weed resstance. Geneticaly modified organisms(GMOs), ingenerd, havethe potentid
to reproduce, mutate, and migrate. Since GMOs interact with the environment, concerns have
been raised about risks associated with therelease of GMOs. One potentia risk isthat herbicide-
tolerant crops may pass their genes to weedy relatives, thereby making those weeds resistant to
herbicides. Another risk isthat Bt cropswould promoteinsect resistanceto Bt.® Resistant insects
could make crops more vulnerable. This problem exists with chemica pesticides as well, but Bt
geneticdly engineered into a plant will perss in the environment longer than foliar Bt, thus
shortening the time for targeted insect pests to become resstant to foliar Bt. Some agricultura
producers, such as organic growers, rely on Bt for insect control, and if insects become resistant
these growers could lose the option of using these products. However, the Environmenta
Protection Agency (EPA) requiresres stance management plansto control insect resstanceto Bt to
ensure that enough susceptible moths survive to mate with resstant ones. The two resistance
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management dternaives mandated by EPA are: 1) planting arefuge of 20 percent of crop acres
which can betreated only with foliar conventiona insecticideswithout the use of Bt products, or 2)
planting arefuge of 4 percent of crop acresthat isleft entirely untreated for Lepidopteran insects
(Cotton Insect Control Guide, 1997).

Despite environmenta concerns, herbicide-tolerant and insect-resistant varietiesmay offer
farmers many benefits, including decreased pest management costs, increased yields, and greater
cropping practiceflexibility. The expected benefitsand performance of these cropswill vary greetly
by region, mostly depending on infestation levels, the development of popular regiond varieties
containing these genes to ensure yield advantages, and seed and technology costs. For many
farmers, expected benefits appear to have outweighed expected codts, trandating into rapid
adoption of these crop varieties.

Potential Effects of Using Genetically Engineered Crops
with Pest Management Traits

Herbicide-tolerant and insect-resstant crops may help reduce chemica pesticide usein
agriculture. For example, it has been claimed that Bt corn would reduce the need for conventiona
chemica pesticides by about 10 million pounds per year (Pesticide & Toxic Chemical News,
Sdquis). Smilaly, geneticdly engineered plant varieties resstant to particular herbicides may
reduce herbicide use. It was claimed that by converting 30 percent of cotton acreage to cotton
varieties tolerant to bromoxynil, which is effective at lower rates han traditiona herbicides,
herbicide use could be reduced by 10 million pounds and farmerswoul d have annud savings of $40
million (SAquist).* Also, a report by James (1998) indicated that the use of herbicide-tolerant
soybeans led to 10 to 40 percent less herbicide requirements.

Savings in herbicide costs may be achieved with the use of herbicide-tolerant crops by
decreased herbicide gpplication rates through the ability to use more effective postemergence
herbicides. Smilarly, farmers using Bt crops may be able savein insecticide costs by being ableto
discontinue the use of Bt foliar soraysand poss bly decrease gpplications of other insecticides, such
aspyrethroidsin cotton. Farmers planting Bt crops may aso benefit from decreased dependence
on variableweather conditions. They would not haveto worry about timing insecticide gpplications
because the Bt toxin remains active in the plant throughout the crop year.

Farmers may aso benefit from increased planting flexibility. For example, herbicide-
tolerant crops may dleviae any problemsarisng from the carryover of herbicides. Farmers may
be able to practice strippcropping (a practice where corn and soybeans are grown in aternating
rows). Also, farmers that use production practices such as notill may benefit if the adoption of
herbicide-tolerant crops alow them to use a more effective herbicide trestment system.
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Herbicide-tolerant and insect-res stant crops are expected to offer more effective options
for contralling pests, resulting in higher crop yields. A yidd lag, however, has made adoption of
these crops in some regions dower than others. Adoption is expected to increase as preferred,
high-yielding, regiond cultivars are devel oped to contain herbicide-tolerant or insect- resstant ganes
Additionaly, crop revenues could be affected by crop prices. These prices may depend on crop
quality and whether exportsareredtricted by countriesthat do not commercidly gpprove geneticaly
engineered crops.

Although farmers may experience decreased pest management costs and higher revenues
attributed to herbicide-tolerant and insect-resistant crops, thereisacost. Seed costs are greater
than traditiona seed. Not only isthere aseed price premium, but farmers are dso required to pay
a technology fee. Seed developers not only determine seed prices to recoup research and
development expenses, but aso to encourage adoption. Fack-Zepedaand Traxler (1998) found
that U.S. cotton farmers shared the surpluswith Bt cottonseed devel opment companies. They each
received about 49 percent of the surplus. The study showed, however, that consumers did not
benefit that much. Only about 2 percent of the surplus went to consumersin the U.S. and the rest
of the world combined. Regiond benefitswill vary because of differencesin pest infestation, seed
prices, and technology fees.

Previous Empirical Studies

There have been severd fidd test and enterprise sudiesthat have analyzed the agronomic,
environmental and budget effects of adopting genetically modified crops (Culpepper and Y ork,
1998; Roberts et d., 1998). However, there have been few studies that have investigated the
actud yidd, pedticide use, and profit effect from farm-level adoption (Stark, 1997; Marraet d.,
1998; Fernandez-Corngjo and KlotzIngram, 1998). Some of the findings of these Sudies are
summarized below.

Herbicide-Tolerant Crops

Weed contral iscritica in the production of many crops, especidly cotton. Cropsusudly
require severd types and gpplications of herbicides to control weeds. Some of the studies on
herbicide-tolerant crops (Cul pepper and Y ork , 1998; Marraet d., 1998; Fernandez- Corngoand
Klotz-Ingram, 1998) found that the adoption of these varieties did not necessarily trandate into
yield gains. However, Roberts et a. (1998) concluded that herbicide trestments that included
glyphosate on RR soybeans|ed to lower treatment costs combined with ahigher yield “resultingina
positive impact on net farm income.”

The greatest advantage of planting herbicide-tolerant varieties was the reduced herbicide
use. Herbicide trestments that included glyphosate were as effective, if not more effective, than
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traditiona herbicide trestment systemson RR cotton and soybean varieties (Cul pepper and Y ork,
1998; and Roberts et d., 1998). Herbicide treatment systems with glyphosate on RR cotton
required fewer herbicide trestments and less totad herbicide to produce equivalent yields and net
returns (Culpepper and York, 1998). The study on RR soybeans by Roberts et a. (1998) adso
found that totd herbicide costs were lower for herbicide treatment systems that included
glyphosate.

Fernandez- Corngjo and KlotzIngram (1998) estimated the effects of herbicide-tolerant
corn adoption on yieds, profits and herbicide use. The analyss used fied-level survey dataon
herbicide-tolerant (mainly IMI) corn adoption in 1996. They concluded that the adoption of these
corn varietieswas negatively and sgnificantly related to herbicide use, especidly for the acetamide
herbicide family. The effect of adoption of those corn varieties on yieldswas smadl and on profits
was not datigticadly significant. Other sudies determined that farmers had greater net returnsfrom
RR crop varieties. Marra et a. (1998) estimated that the net gains from using RR soybeans was
about $6.00 per acre. The lower herbicide costs done were enough to outweigh the higher seed
costs.

Bt Crops

I nsect pests can cause cons derable damageto crops. In cotton, bollworms and budworms
combined accounted for about $186 million in cotton losses and treatment expenses in 1998
(Williams,1999). In 1998, about 9 million cotton acres were infested with bollworms and
budworms. The European corn borer is among the mgjor pests in corn production and itsannua
damage have been estimated at about $1 billion (James, 1998).

Many of the studies found that Bt varieties had a yield advantage and lower insecticide
costs. Marraet a. (1998) conducted a Bt cotton survey to determine the effects of adoption on
yidlds, net revenues and pesticide use. Surveyswere returned by 300 farmersin North and South
Cardlina, Georgia and Alabama. They found that yields were sgnificantly greeter for farmers
planting Bt in the lower southern states and for the entire sample. Thiswas not true for the upper
southern gates. They aso found that farmers growing Bt cotton had fewer insecticide gpplications,
especidly for pyrethroid insecticides. Therate of return waslessin the upper South than thelower
South. The additiond crop revenues and insecticide savings outweighed the higher seed and
technology cogts in the lower south. For Bt corn, Marra et d. (1998) determined that better
control of ECB boosted yields by 4 to 8 percent depending on location and year. Alternatively, Bt
corn use only resulted in modest savings from reduced insecticide gpplications. However, returns
from increased corn yieds were greater than the seed premiums and technology fees. This
trandated into net gains of about $3-$16 per acre (Marra et al., 1998).

Falck-Zepedaand Traxler (1998) estimated the distribution of benefits from the adoption
of Bt cotton. The net surplusfor farmers adopting Bt cotton ranged from -$13 per acre to $65 per
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acre. Somefarmersfaced a 300- percent seed price premium. They found higher adoption ratesin
the Southeadt, dthough it varied by State. Insect loss expectations are generaly higher in the
Southeast.

For farmers to obtain economic benefits from adopting herbicide-tolerant and insect-
resistant crops, it would take acertain infestation level to bresk-even. The expected benefitsfrom
adopting these varieties greetly depend oninfestation levelsand the associated yid d advantagesand
pesticide use. Therefore, farmersin regions that have an increased probability of pest infestations
would benefit from reduced pesticide gpplications and higher expected yields. Their willingnessto
pay for Bt seed would be higher.

Empirical Results

This section presents the empiricad evauation of the effect of adopting geneticaly
engineered soybean and cotton with pest management traits on yields, variable farm profits, and
pesticide use using nationwide field- and farm-level survey data® After briefly showing survey
results on the reasons, stated by farmers, for adopting these crops, we present the methodol ogy
used and the econometric model developed to examine the impact of adoption.® The method is
then used to conduct separate analysesfor herbicide-tolerant soybeans, herbicide-tolerant cotton,
and insect-resstant cotton (Bt cotton).

Reasons for Adoption According to Farmers

The mgority of farmers surveyed (ranging from 54 to 76 percent of adopters, Table 2)
have indicated that the main reason they adopted genetically engineered crops with pest
management traitswasto “ increase yiel ds through improved pest control.” The second top reason,
stated by 19-42 percent of adopters, was “to decrease pesticide costs.” All other reasons
combined ranged between 3 and 15 percent of adopters.

These results confirm other adoption studies pioneered by Griliches who showed that
expected profitability postively influences the adoption of agriculturd innovations. Hence, factors
expected to increase profitability by increasing revenues per acre (price of the crop timesyield) or
reducing costs are generaly expected to positively influence adoption. Given that an objective of
pest management in agriculture is to reduce crop yidd losses, there is a high incentive for
innovations that reduce these losses. However, yieds aso depend on locationa factors, such as
soil fertility, rainfdl, and temperature. The physicd environment of the farm (e.g., weather, soil
type) may affect profitability directly through increassed fertility, and indirectly through itsinfluence
on pests. For these reasons, empirica studies often include dummy variables for states or regions
aslocationd proxies, or separate analyses are conducted for some regions.”
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TABLE 2 Man Stated Reason to Adopt Herbicide- Tolerant Soybeans/Cotton and Bt Cotton by
U.S. Farmers, 1997

Percent of Acreage among Adopters
Herbicide- Herbicide- Bt Cotton

tolerant tolerant
Stated Reason to Adopt soybeans cotton
1. Increase yields through improved pest control 65.2 76.3 54.4
2. Decrease pesticide input costs 19.6 18.9 42.2
3. Increased planting flexibility ® 6.4 1.8 2.2
4. Adopt more environmentaly friendly practices 2.0 0.9 0.0
5. For some other reason(s). 6.8 2.3 12

%For example, easier to rotate crops, reduce carryover, use reduced tillage or natill systems, etc.

The Model to Measure the I mpacts of Adoption

Themodd takesinto condderation that farmers adoption and pesticide use decisons may
be smultaneous, due to unmeasured variables correlated with both adoption and pesticide demand,
such asthe size of the pest population, pest res stance, farm location, and grower perceptions about
pest control methods (Burrows). In addition, the model corrects for salf-sdectivity to prevent
biasing theresults (Greene). Sdlf-sdlection arises becausefarmersare not assigned randomly tothe
two groups (adopters and nonadopters), but they make the adoption choices themsdves.
Therefore, adopters and nonadopters may be systematicaly different and these differences may
manifest themselves in farm performance and could be confounded with differences due purdly to
adoption. Findly, the model ensures that the pesticide demand functions are consstent with
farmers optimization behavior, since the demand for pesticidd inputs is a derived demand.

The adoption of a new technology is essentidly a choice between two dterndives, the
traditiona technology and the new one. As such, choice models developed in consumer theory
have been used to motivate adoption decison models. In this context, growers are assumed to
make their decisons by choosng the dternative that maximizes their perceived uility. Assuming
that the stochadtic disturbances are independently and identicaly distributed with a norma
digtribution, a probit transformation can be used to mode the farmer's decison to adopt
(Fernandez-Corngjo, 1996, 1998). Thus, the adoption probability equationisP(l=1) = F(ax Z)
where I, denotes the adoption of geneticaly engineered crops (k=1) and (to control for in the
second stage) weed (insect) management practices that might aso affect the use of herbicide
(insecticides) (k=2). F indicates the cumulative normd distribution and Z is the vector of
explanatory variables (factorsor attributes), including farm size, farmer's educeation and experience,
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crop price, weed infestation level S/target pests, sourcesof pest information, useof irrigation, use of
conventiond tillage, seed price, and contractua arrangements for the production/marketing of the
product. In addition, following Fernandez-Corngjo et al., Z aso includesaproxy for risk (debt to
assetsratio).

To acocount for amultaneity and self-sdectivity we expand a method developed by
Fernandez- Corngjo (1996, 1998) who adapted Heckman's (1976) two-step procedure. First, we
estimate the parameters & of the adoption decision equations, i.e., the probit equations for the
adoption of a geneticaly engineered crop aswell as other pest management practices that might
affect the use of pedticides on that crop (Greene). We dso estimate the inverse Millsratio €y for
each observation. Moreover, to account for smultaneity, as k is endogenous, the predicted
probabilities (from the probit mode) are used as instrumenta variablesfor |  in the second stage.

To examinetheimpact of using herbicide-tolerant and insect- ressant cropsonyields, farm
profits, and pesticide use, we conduct separate analysesfor two herbicide-tolerant crops (soybean,
and cotton) and an insect-resistant crop (Bt cotton). For each case, we specify three herbicide
(insecticide) demand functions consdering themain herbicide (insecticide) “families” together with
the supply function and the variable profit function as asmultaneous system.? Using anormalized
quadratic restricted profit function (Diewert and Ostensoe; Fernandez-Corngjo, 1996, 1998),
consdering land as a fixed input and a single output (the crop being studied, soybean or cotton),
using the price of labor as the numeraire, gopending the inverse Mills ratio terms as additiond
regressors to the supply, demand, and profit equations, and appending disturbance terms, the per
acre supply function (), thethree per-acre herbicide (insecticide) demand functions, vector X with
components for the main herbicide (insecticide) CIfamilies’] considered, and the per acre profit
function (p) become:

Dp = A+AP+S; AW +SCR+05G,P*+S G, PW +SFy PR
+05S5 9 G;W W, SS;ExW R+ 05Sj Cik R R+ gor | 1+ Gz | 246

2 Y= A+ GyP+ SGi W+ SEExR+ gyl 1+052l 248

3 Xi= Ait G P+ Sj Gy W+ SSEi R+ Quul 1+ Gz | 2484

4) X= At Gp P+ Sj Gy W+ SSEx R+ Qo1 | 14 021 248

5) Xs= Ast GgP+ S;Gg W+ SEsRc+ a1l 1+ 02| 24€3

where P and W are the output and input prices, A, C, E, F and G are parameters. The vector R
includes pest infestation levels, and the predicted probabilities of adoption, obtained from the probit

equation system for the adoption of genetically engineered cropsaswell asfor the adoption of pest
management practices that might affect the use of herbicides (insecticides).
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Data and Estimation

The modd is edimated using data obtained from the nationwide Agriculturd Resource
Management Study (ARMS) surveys devel oped by the Economic Research Service (ERS) and the
Nationa Agriculturd Statistics Service (NASS) of USDA and conducted in 1996-97. TheARMS
surveysweredesignedto link theresources used in agricultura production to technologiesand farm
financiad/economic conditionsfor selected field crops. In particular, the ARM S survey datacan be
used to link the adoption of geneticaly engineered cropswith yields, other management techniques,
chemicd use, and profits.

The data were obtained using a three-phase process (screening, obtaining production
practicesand cost data, and obtaining financia information) (Kott and Fetter). The 1997 soybean
survey covered 19 states, which account for 93 percent of the U.S. soybean production. Thethird
phase included 17 dates, Arkansas, lllinois, Indiana, lowa, Kansas, Kentucky, Louisana,
Mississippi, Michigan, Minnesota, Missouri, Nebraska, North Carolina, Ohio, South Dakota,
Tennessee, and Wisconsin. After excluding observations with missing values, 1444 observetions
from 17 dates were available for anayss.

The 1997 cotton data include cotton-producing farms from 12 states accounting for 96
percent of the U.S. upland cotton production. The dates included are Alabama, Arizona,
Arkansas, Cdifornia, Georgia, Louisana, Mississippi, Missouri, North Caroling, South Caroling,
Tennessee, and Texas. After excluding observations with missing vaues, 696 observations were
avalable for andyss

For the empirical evauation, the probit equations are estimated together as a bivariate
probit moded (Greene) because the errors of the estimating equations are likely to be correlated.
Moreover, the disturbances of the equationsfor the second stage (equations 1-5) aredso likdly to
be corrdated. Thus, to gain estimation efficiency, the per acre supply and the three demand
equations are estimated together with the per acre profit function in an iterated seemingly unrdlated
regresson (ITSUR) framework (ZdIner).

Theimpact of adoption of geneticaly engineered crops on pesticide useis calculated from
equations (3)-(5). For example, for the case of Bt cotton, from equation (4) theimpact of usng Bt
cotton on pyrethroid insecticideuseis. OX,/[JR, = E»4. Thedadticity of pyrethroid insecticide use
with respect to the probability of adoption of Bt cotton is Exy* (Ra/X5).

Because of the complexity of the survey design (the sampleisnot asmplerandom sample)
aweighted least squares (WL S) technique is used to estimate the parameters. A delete-a-group
jackknife method is used to cdculate variances and standard errors. The method conssts of
partitioning the sample data into r groups of observations (r=15 in this survey); thus forming 15
replicates and deleting one group of observations in each replicate. A set of sampling weightsis
caculated by the Nationa Agricultura Statistics Service (NASS) of the USDA for each replicate.
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Results for Herbicide-Tolerant Soybean

Soybean production in the U.S. uses alarge amount of herbicides, and 97 percent of the
66.2 million acres devoted to soybean production in the 19 mgjor states were treated with more
than 78 million pounds of herbicidesin 1997 (USDA, 1998). AsshowninTable3, pendimethdin
was the top herbicide, as farmers applied more than 17 million pounds of this chemica in 1997.
Glyphosate, whose use grew substantialy compared with 1996, was second (15 million pounds),
followed by trifurain (12 million pounds) and metolachlor (9 million pounds).

TABLE 3 Mgor Herbicides Used on Soybeans, 1997¢

Herbicide Area Appli- Rate per Totd
active ingredient applied aions crop year applied
Percent Number Lbgacre Million [bs
Acetamides
Metolachlor 7 1.1 1.87 8.91
Alachlor 3 1.0 2.36 4.50
Glyphosate 28 13 0.81 14.92
Other herbicides
Pendimethdin 25 1.1 0.95 17.53
Trifurdin 21 1.0 0.88 12.27
Bentazon 11 1.0 0.65 4.74
Clomazone 5 1.0 0.71 2.32
2,4-D 8 1.0 0.39 2.11
Adcifluorfen 12 1.0 0.21 1.69
Metribuzin 10 1.0 0.25 1.69
Imazethepyr 38 1.0 0.05 1.24
Sethoxydim 7 1.0 0.21 1.03

#lanted acres was 66.2 million acres for the 19 states surveyed.

Source: USDA, 1998.

The results of the adoption impact model estimated usngtheI TSUR areshownin Table4
ineadticity form. The use of other herbicides (which are gpplied in larger amounts than any other
herbicide “family,” Table 3) is negatively and sgnificantly rdaed to the adoption of herbicide-
tolerant soybeans. The dadticity of demand of other herbicides with respect to the probability of
adoption of herbicide-tolerant soybeans (caculated a the mean) is-0.14. On the other hand, use
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of glyphosateis pogtively and sgnificantly related to the adoption of herbicide-tolerant soybeans.
The dadticity of demand of glyphosate with respect to the probability of adoption of herbicide-
tolerant soybeansis0.43. Whiletheeagticity for glyphosateis comparatively high, the effect isnot
very large as glyphosate starts from alow base. As expected, the use of acetamide herbicidesis
a0 negatively related to the probability of adoption of herbicide-tolerant soybean, but the results
are not sgnificant.

TABLE 4 The Impact of Adoption of Herbicide-Tolerant and Insect-Resistant Crops

Eladticity with respect to probability of adoption of
Herbicide-tolerant  Herbicide-tolerant Bt cotton,

soybean, 1997 cotton, 1997 1997
Eladticity of (Southeast)
Yidds +0.03 +0.17 +0.21
Profits 0n +0.18 +0.22
Pedticide use
Herbicides
Acetamide herbicides 0
Triazine herbicides 0n
Other synthetic herbicides -0.14 0*
Glyphosate +0.43 0n
Insecticides
Organophosphate insecticides 0*
Pyrethroid insecticides 0
Other insecticides -0.21
4ndgnificant underlying coefficients.

Table 4 dso shows that the effect of adoption of herbicide-tolerant soybeanson yiddsis
positiveand sgnificant, but small. Thedadticity of yiddswith repect to the probability of adoption
of herbicide-tolerant soybeansis0.03. Regarding variablefarm profits, the adoption of herbicide-
tolerant soybeans does not have a satigticaly sgnificant effect on variable profits®

Results for Herbicide-Tolerant Cotton

Cotton production relies heavily upon herbicides to control weeds, often requiring
goplications of two or more herbicidesat planting and postemergence herbicideslater inthe season
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(Culpepper and Y ork, 1998). Closeto 28 million pounds of herbicideswere gpplied to 97 percent
of the 13 million acres devoted to upland cotton production in the 12 mgjor statesin 1997 (USDA,
1998). Asshownintable5, trifurdin was the top herbicide gpplied in 1997 (5.5 million pounds)
followed closdy by MSMA (4.9 million pounds) and fluometuron (4.9 million pounds).

TABLE 5 Mgor Herbicides Used on Cotton, 1997¢

Herbicide Area Appli- Rate per Total
active ingredient Applied caions Crop year applied
Percent Number Lbs/acre Million Ibs

Acetamides

Metolachlor 5 1.1 1.17 0.74
Triazines

Cyanazine 18 13 0.95 2.20
Prometryn 19 1.2 0.66 1.67
Glyphosate 14 1.3 0.81 1.54
Other herbicides

Trifurdin 55 1.1 0.76 5.46
MSMA 29 14 1.30 4.90
Fuometuron 44 1.3 0.84 4.85
Pendimethdin 28 1.1 0.69 2.49
Norflurazon 13 1.0 0.63 1.04
Diuron 12 1.1 0.55 0.88

*Flanted acres was 13.1 million acres for the 12 states surveyed.

Source: USDA, 1998.

The reaults of the adoption impact modd using the ITSUR esimation framework are
summarized in agticity form in Table 4. The effect of adoption of herbicide-tolerant cotton on
yieldsis postive and Sgnificant. The adticity of yiddswith repect to the probability of adoption
of herbicide-tolerant cotton (calculated at the mean) is+0.17. The adoption of herbicide tolerant
cotton dso hasapogtive and datisticaly significant effect on varigblefarm profits. Thedadticity of
variable profits with respect to the probability of adoption of herbicide-tolerant cotton is +0.18.
However, herbicide use is not significantly related to the adoption of herbicide-tolerant cotton.
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Results for Bt Cotton

Cotton production in the U.S. uses a large amount of insecticides and seventy-seven
percent of the 13 million acres devoted to upland cotton production in the 12 mgor states were
treated with 18 million pounds of insecticides in 1997 (USDA, 1998). As shown in Table 6,
malathion wasthe top insecticide, asfarmers applied morethan 7 million poundsof thischemicd in
1997. Aldicarbwassecond (2.4 million pounds), followed by methyl parathion (2 million pounds),
and acephate (0.9 million pounds).

TABLE 6 Mgjor Insecticides Used on Cotton, 1997°

Insecticide Area Appli- Rate per Totd
active ingredient applied cations crop year applied
Percent Number Lbg/acre 1,000 Lbs
Organophosphates
Madathion 11 59 4.97 7,246
Methyl parathion 13 2.7 1.22 1,996
Acephate 10 17 0.72 898
Phorate 7 1.0 0.73 667
Profenofos 4 16 0.98 558
Dicrotophos 8 1.7 0.35 377
Synthetic pyrethroid compounds
Cypermethrin 8 1.7 0.14 137
Cyfluthrin 13 1.7 0.05 92
Other insecticides
Aldicarb 27 1.0 0.68 2,428
Chlorpyrifos 4 19 1.45 805
Oxamyl 15 1.6 0.33 648
Endosulfan 2 2.3 0.88 267
Dicofol 2 1.0 1.13 255

*lanted acres was 13.1 million acres for 12 states surveyed.

Source: USDA, 1998.

The results of the adoption impact modd using the ITSUR estimation framework are
summarized in dadticity form in table 4. We focus on the Southeast region because satesin the
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Southeast show much higher rates of adoption of Bt cotton than other regions (Falck-Zepedaand
Traxler) and infestation levels of pests nontargeted by Bt appear to be more important than Bt
target pestsin the rest of the cotton-producing states.

For the Southeast region, the effect of adoption of Bt cotton on yields is postive and
dggnificant. The eadticity of yields with respect to the probability of adoption of Bt cotton
(cdculated a the mean) is +0.21. In addition, the adoption of Bt cotton has a positive and
datidicaly sgnificant effect on variablefarm profits. Thedadticity of variable profitswith respect to
the probability of adoption of Bt cotton is +0.22. Use of other insecticides is sgnificant and
negatively related to the adoption of Bt cotton. The dadticity of demand of other insecticides with
respect to the probability of adoption of Bt cotton is -0.21. The use of organophosphate and
pyrethroid insecticides are not Sgnificantly associated with the adoption of Bt cotton.

Concluding Comments

This paper summarizes previouswork and presents new empirica results on theimpact of
adopting geneticaly engineered crops with input traits for pest management. In particular, it
providesrecent estimates on the effect of adopting herbicide-tolerant crops (soybean, and cotton),
as wdll as an insect-resstant crop (Bt cotton) on yields, farm profits, and pesticide use, using an
econometric model that corrects for self-sdection and amultanaty, and usng nationwide survey
datafor 1997. Theresultspresented should beregarded aspreliminary, astheresearchisongoing.

Preliminary econometric results controlling for factors other than adoption of geneticaly
engineered seeds show that impacts of adoption on yidds, profits, and pesticide use vary with the
crop and technology examined. Increasesin adoption of herbicide-tolerant cotton were associated
with sgnificant increases in yidds and variable profits, but were not associated with sgnificant
changesin herbicideuse. On the other hand, increasesin adoption of herbicide-tolerant soybeans
were associated with smdl increases in yields and variable profits, and sgnificant decreases in
herbicide use. Increases in adoption of Bt cotton resstant to insects in the Southeast was
associated with sgnificant increasesin yidds and profits and asignificant decrease insecticide use.

Endnotes
The authors are economists with the Economic Research Service, U.S. Department of
Agriculture. 1800 M Street, NW. Washington, DC 20036-5831. Theviewsexpressed arethose
of theauthorsand do not necessarily correspond to theviewsor policiesof the U.S. Department of

Agriculture.

?Imidazolinone (IMI) tolerant corn wasfirst introduced in 1992, Over 85 seed companies
offer 225 corn hybrids containing theimidazolinone res stant gene patented by American Cyanamid
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IMI corn alowsthe use of imidazolinone herbicides, which are used for post-emergence control of
grasses and broadleaf weeds (American Cyanamid, Zinkand).

*There could aso be risks to nontarget insect species if Bt crops deplete populations of
prey species, but thisisaso aproblem with many traditiona pest management systems. Overdl, the
extent of environmenta risks to Bt is ill not completely known.

*However, in January 1998, the EPA announced that it could not grant arequest to extend
tolerancesfor bromoxynil to continueits usein cotton crops. The EPA could not ensure that there
was areasonable certainty of no harm under the FQPA dueto concerns about devel opmental risks
to infants and children and studies showing that bromoxynil caused cancer in laboratory animas.

®In this paper we define variable profits as revenues minusthe coststhat arelikely to vary
with the adoption decision, including pesticide costs, seed costs, and the technology fee.

®Additional information of the survey results is presented in McBride and Brooks.

' Adoption may also vary among crops and regions because of differencesin theavailability
(or cogt) of the innovation.

#Theherbicide* families’ considered are: (i) acetamides (acetochlor, dachlor, metolachlor,
and propachlor); (ii) Glyphosate; (iii) triazines (atrazine, cyanazine, metribuzin, prometryn), and (iv)
other synthetic herbicides (such as 2,4-D, acifluorfen, bentazon, clomazone, pendimethdin, and
trifurdin). The insecticide families included are: organophosphates (e.g., mdathion, methyl
parathion, acephate, phorate); (ii) synthetic pyrethroids (e.g., cypermethrin, cyfluthrin); and (iii)
other synthetic insecticides (such as ddicarb, chloropyrifos, oxamyl, and endosulfan).

°For the case of corn, reported in Fernandez-Cornejo and Klotz Ingram, the dasticity of
herbicide demand with respect to the probability of adoption herbicide-tolerant hybrids (cal culated
a themean) is-0.13 for the case of acetamide herbicides, which are gpplied in larger amountsthan
any other herbicidefamily”. The effect of adoption of herbicide-tolerant corn onyield issmdl and
the effect on profitsis not datidicaly sgnificant.
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