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| ntroduction

The European Corn Borer
(ECB), Ostrinia nubilalis
(Hubner), isamajor corn insect
pest. Estimates of damage in the
United States due to ECB range
between $1-$2 billion per year
from yield loss and control costs
(Russnogle). A common rule of
thumb states that one borer per
plant can cause a 5% yield loss if
the attack occurs during the
corn's critical early development
stages (see sidebar).

Control Options

While transgenic or Bt corn (see
Sidebar on page 2) isthe latest
approach to ECB control,
historically there are several
management tools that farmers
have used. Cultural practices
such as planting early, harvesting
early, or destroying stalks after
harvest have been used. Such
practices are used to kill
overwintering ECB larvae or to
try to plant or harvest the corn at
times that historically have lower
expected infestation levels. Also,
corn varieties that have been
bred for resistance to ECB may
be selected. These types of
plants rely on achemical caled

NINMRNA tn lrill FCR and ara

About the European Corn
Borer

Corn borer damage can vary
greatly from year to year. ECB
may produce up to three
generations per year in the
Central Midwest (Edwards,
Foster, and Obermeyer). Each
generation differsin its feeding
habits. First generation borers
normally feed on leavesin the
whorl area before tunneling into
the stalk. These borers damage
the plant by impeding the flow
of nutrientsto the ears. The
tunneling weakens the stalk,
increasing the potential for
lodging in the fall prior to
harvest. Tunneling also creates
avenues for the introduction of
plant pathogens, which may
produce stalk rots that have
further negative yield impacts.

Second and third generation
borers can generally be found
feeding on pollen, leaves, ears,
and ear shanks. This feeding
may cause ears to drop if the
ear shank is significantly
weakened. Later generations
also tunnel into the stalk. Later
generation larvae may
overwinter if they develop
enough to survive the winter.
Typicaly, overwintering takes
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only effective in the very early
plant growth stages (Rice and
Ostlie). These options provide
small measures of control.

Three more effective control
options used by farmers are
granular insecticides, liquid

insecticides, and transgenic corn.

Granular insecticides can be
delivered
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place in the leftover stalk of the
harvested corn plant. These
ECB will emerge the next year
if they survive.

ECB development occursin
four stages. First, eggs are laid
on the undersides of leaves near
the midrib of the corn plant.
Second, larvae emerge severd
days later. Thisisthe stage
when feeding occurs. After
tunneling into the plant, the
larvae develop into pupae, the
third stage. Fourth, adults
emerge to reproduce and begin
another cycle.

1 Jeffrey Hyde is a graduate Research Assistant
and Marshall A. Martin and Paul V. Preckel are
Professorsin the Department of Agricultural
Economics, Purdue University.

C. Richard Edwards s Professor in the
Department of Entomology, Purdue University.
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About Bt Corn

Several varieties of transgenic
corn have recently become
available. The term "transgenic”
refersto corn, or any other
organism, that contains a gene
from adifferent plant or
organism. In this case, the gene
is taken from a naturaly
occurring soil bacterium known
as Bacillus thuringiensis (Bt).
The genes produce Cry proteins,
which are the active substances
that kill ECB. Bt has been used
for many years, both in liquid
and granular forms, to control
ECB. However, with modern
biotechnology techniques, the
insecticidal trait can now be
expressed, or produced, in corn
plants. When the borer larvae
feed, the Cry protein produced
by the transgenic corn plant is
transformed into a toxin which
kills the insects within aday or
two.
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benefits and costs of spraying.
Many farmers do not scout for
ECB (Ostlie, Hutchison, and
Hellmich). Without scouting,
spraying is generdly not
economical because timing of
the spraying activity is crucial
to its success (Edwards, Foster,
and Obermeyer). Therefore,
scouting and spraying for ECB
must go hand-in-hand to be
cost effective. The combination
of the two activities will be
referred to here as an
ECB-Scout and Spray Pest
Management (ECB-SSPM)
program.

Spraying is a control option
available to all farmers,
regardless of the type of seed
planted. Therefore, although
unlikely, spraying could be used
with Bt corn if infestation is bad
enough and if the Bt corn
variety does not provide 100%
protection. This possibility is
further discussed later in this
publication. However, few
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either through aerial or ground
applications. Aeria applications
are broadcast, while ground
applications can be directed onto
the plant, where the insecticide is
most effective when it fallsinto
the whorl or leaf axils.

Like granular insecticides, liquid
insecticides can be applied as
either aerial or ground
applications or through an
irrigation system. Liquids are
generaly not as effective as
granular insecticides because
they are more difficult to place
where ECB harbor and feed
(Edwards, Foster, and
Obermeyer).

Neither liquid nor granular
applications are 100% effective
in killing ECB. Estimates of
efficacy are about 80% against
first generation borers and 67%
against second generation
(Ostlie, Hutchison, and
Hellmich). The differencein
efficacy between generationsis
due to the location of the borers
on the corn plant. Later
generations are found behind
leaves and ear sheaths aswell as
on the ear, under the husks.
Therefore, the borers are less
likely to come in contact with
the insecticide.

The decision to spray for ECB
must be based on scouting
results and economic criteria,
which include expected yield
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farmers, if any, in the Midwest
have implemented such a
program (Ostlie, Hutchison,
and Hellmich).

Bt corn isthe latest ECB
management tool (see sidebar).
Scientists have used molecular
biology and genetic engineering
to develop this tool. It should
be noted that all Bt corn is not
the same (Table 1).

Asof April 1998, the
Environmental Protection
Agency (EPA) had registered
four unique types of Bt corn.
Each typeisthe result of a
different "event." Aneventisa
successful insertion of the Bt
gene into the corn DNA. Each
event istested in the lab and
field for desired agronomic
traits. There are four events
currently on the market. Some
result in expression of the Bt
protein throughout the
above-ground portion of the
plant. Others express the
protein only in the green tissue
and pollen, causing the
protection against ECB to
diminish with the end of
photosynthesis.

The Economic Problem

Corn borer infestations do not
OCCUr every season in every
field. In arecent study in lowa
and Minnesota, Rice and Ostlie
estimated that afield islikely to
have infestation levels of at
least one ECB per
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Fuble I Four Types of Bt Corn ontiye Moyiet
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plant in only one in four to eight
years. For Indiana farmers, onein
four yearsis the basis for the
analysisin this study (Bledsoe).
Furthermore, the level of ECB
pressure during an infestation year
is variable. Pressure could arise
from any combination of first,
second, or third generation
infestations. Also, the number of
ECB per plant can vary in each
generation. One borer per plant on
averageistypicd in an infestation
year, but there may be as many as
three per plant in particularly bad
years.

Due to the inherent protection from
ECB infestations and additional
development costs, seed companies
charge more for Bt seed than for
identical or smilar varieties of
non-Bt seed. Currently, the
premium on Bt seed ranges from $6
to $12 per acre (about $18 to $36
per seed unit). Companies selling
YieldGard® (referred to here as
BtYG) are currently charging
premiums in the $8-$12 range.
Those companies selling
KnockOut® or NatureGard® seeds
(referred to here as BtKO), charge a
premium of around $6 (Bedler;
Marking). The BtKO premiumis
lower than the BtY G premium
because BtKO is expressed in less
of the plant (only pollen and green

price of $2.50 per bushdl. If ECB
cause a 6.5% yield loss with no
insecticide treatment, the farmer
loses $24.37 per acre (i.e.,
$2.50/bu x 150 bu/acre x 6.5%).
Assuming the farmer expects aloss
of $24.37 per acre every fourth
year, or an average of $6.10 per
acre per year, it follows that the
farmer should be willing to pay up
to, but no more than, a $6.10 per
acre premium ($18.30 per unit) for
Bt corn that provides 100%
protection.

The analysis presented above is an
over-smplified version of the
economic problem associated with
planting Bt corn in Indiana. The
Situation is more complex due to
severa factors, including the
effects of the planting date, timing
and intensity of ECB infestation,
and the effectiveness of a spraying
program. Each of these factors
affects the premium a farmer can
afford to pay for Bt seed.

This publication analyzes the value
of the protection offered by BtY G
and BtKO corn. The anaysis
employs a computer spreadsheet
model that provides aflexible
framework for analyzing the value
of Bt seed relative to non-Bt seed.
Important factors which must be
considered include: the impact of
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tissue) and because it becomes less
effective later in the growing
Season.

To get an idea of the economic
benefits of protection against ECB
infestation, consider the following
example. Suppose afarmer expects
150 bushels per acre and a
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planting date on yields,
probabilities of aternative levels of
infestation for each of the ECB
generations and associated yield
losses; base yields for Bt and
non-Bt varieties; corn prices; and
the efficacy of different Bt varieties
in controlling ECB.

Frure I Doters of Bey Crap Production Dverts cpad Decirons

“Wnter  bday 9 Iiay 51 June 7

fug 6 Sept 2 Fall

T 1 T 1
Seed Marmal Lot First

Spray? Spray?

Choice?  Flanfnp  Flanfnp  Generalion Generalion  Generobon

Hate: Cridralderision points are printed m bold, while random events are inimlies.

1 1 1
Second Thzd Hamrest

Spray?

The Mode€

TimelLine

The time horizon for the analysis
isasingle crop year, beginning
with the seed-buying decision
and ending with harvest.
Between these two events,
severa things occur. First, the
planting date is important
because expected yields are
greatly reduced for late planted
corn and because first generation
ECB often strike before late-
planted corn is sufficiently
developed to serve as a host.
The representative date
associated with "normal”
planting is May 9 and with "late"
planting is May 31. These dates
reflect the averages of actual
planting dates realized from
1985 to 1996 (USDA); redlized
actual planting date means that
approximately half of the Indiana
corn crop

6 of 18

has been planted by that date.
For 10 of those 12 years, the
realized actua planting date for
the year was near the May 9
date. For the other two years, it
occurred much later, around
May 31.

Second, the potential occurrence
of afirst generation ECB
infestation isimportant. In the
model, thisis assumed to occur
on June 7. Infestation dates were
calculated from ECB peak flight
data provided by Purdue
University's Department of
Entomology. The extent of the
infestation may be zero, one,
two, or three borers per plant in
any of the three generations. In
an ECB-SSPM framework, once
the extent of the infestation has
been realized, the decision of
whether or not to spray is made
based on expected yield, the
expected price of corn, and the
efficacy and cost of spraying.
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{Total Probability of Tero BCE =75 %)

Hormal Planting
[(Protability = 83%)
Ho of ECE  Probahiliy® Ho of ECE  Probahility

Late Planting
[Protability = 17%)

First I 3.9 I Q3.7
Feneration 1 9.7 1 0.8
i 5.2 i 0.4
3 13 3 0.1
Second 0 Q0.6 0 83,9
Creneration 1 5.6 1 0.7
] 30 i 3.3
3 0.g 3 L3
T hircd I 03.7a 1 Q.6
reneration 1 0.8 1 3.6
- 0.4 - 3.0
3 0.1 3 0.2

" See Hyde, Bartin, Precke], and Edwards, B ralyzing the Eisks ooz ooiated with Bt
Corn' fora more detailed desoription of hom these probabilities mere caloulaed.

In hte plnied corn, first pepertion indeswtion coours wenr shorthy afier emergence,
zothat BDE wwmlhr cann ot establish themeelues inthe plant

*In normal famtedcorn, third peremtion i nfesation coours when the corn i well
dmreloped and turning brown, making it unattrctive

About the Likelihood of Key
Events

The following assumptions about
the probabilities of planting dates

and ECB infestations were used
in thisanayss.

- The probability of planting at
the normal timeis0.83, or five
out of six years. The probability
of alate planting year is 0.17
(USDA).

- The probability of infestation is
25% (Bledsoe).

- If infestation occurs in ayear
when corn is planted at the
normal time, then the likelihood
of first generation infestation is
0.6. The likelihood of second
generation is 0.35. And the
likelihood of third generationis
0.05, or onein 20 years
(Bledsoe).

L T I N - R T

planting. Suppose, for example,
that the field was planted late,
that the current date is August
1, and that a second generation
infestation is about a week
away. The farmer wantsto
know the probability of second
generation infestation in that
field. The likelihood of no
significant ECB infestation is
83.9%, or about eight out of 10
years (Table 2, "Late Planting"
column, " Second Generation"
row). The likelihood of an
infestation of one borer per
plant is about onein 10 years.
For two borers per plant, the
likelihood isonein 20 years.
And for three borers per plant,
the likelihood is about one in 80
years.

Scouting
The computer model requires

key revenue and cost
components as well as assumed
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S IrneEsldlon OCCUrs I a yed
when corn is planted late, then
the likelihood of first generation
infestation is 0.05. The
likelihood of second generation
infestation is 0.6. And the
likelihood of athird generation
infestation is 0.35 (Bledsoe).

- If infestation occursin any
year, regardless of planting date,
then the likelihood of there being
one ECB per plant is 0.6, or six
out of ten. The likelihood of two
ECB per plant is0.32, or onein
three. The likelihood of three
ECB per plant is 0.08 (Bledsoe).

Similar cycles of redlized
infestation levels, followed by
decisions to spray or not, occur
for second and third generations
aswell. Assumed dates for
second and third generations are
August 6 and September 2,
respectively, again based on
Purdue University peak flight
data. A timeline helps
summarize the key crop
production events and ECB
control decisions (Figure 1).

Probability

The probability distributions
used in the computer model
(Table 2) were generated using
several assumptions (see
sidebar). Note that from this
point on the term "no
infestation" does not mean the
total absence of ECB in afield.
It smply means that their impact
isnegligible.

The probabilitiesin Table 2
reflect the likelihood of
infestation levels of zero to three
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levels ot spraying eftectiveness
(Table 3). "Scouting costs' are
the difference between the cost
of a scouting program which
includes ECB scouting and one
that isidentical in every way
except that it does not include
ECB scouting. Costs of
scouting for other pests are
assumed to be unchanged
whether ECB scouting is
performed or not. The ECB
scouting cost in the computer
model is $3.00 per acre.
Scouting is assumed to be
100% effective in determining
the presence and level of
infestation.

Yield Losses

Estimates of yield |osses across
ECB generations are al'so
critical (Table 4). Loss
estimates reflect both
physiological and mechanical
damage. Physiological losses
occur when ECB destroy the
stalk and ear shanks, impeding
the flow of nutrients to the ears.
ECB may cause yield loss by
other indirect means, referred to
as mechanical losses. Weakened
stalks from ECB tunneling may
result in lodging in strong
winds, or the combine may
break the stalk before the ears
are removed. It isalso possible
that significantly weakened ear
shanks will cause earsto drop
during harvest. For more
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ECB per plant for agiven
calendar date associated with a

particular ECB generation, given

either normal or late
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Tuble 3 Assumed perAcke Cost anid Fewnue Parameters

Parameher Walue
Soouting Costs 2000
Labor and Machinery Costs $400%
Tnesecticide Cost Flo00a+
Zom Prce 504
Base Tield 133 tlacte
First Crememtion Spmying Efficacy B0
Secomd Cenertion Sprying Efficany G0%
TTded Genewion Spmying Efhmey 0% -
TieldiFard Bt Fffectreness (411 Gens) 100% =
First Genemtion Fvent 176 Bt Efectireness 100% °
Secomd Crememtion Event 176 Bt Efectireness T5% 2
Thitd Cremertion Ewent 176 Bt Efectrensss G0 2

*Larson. This is the marginal oot of soouting for ECE.

b Doster.

*Based on published trde, srcbension, and journal articles Se= Ostlie,

Hutchison, and Hellmich for ermmple.

“.&wmg_elndiana Y¥ield, 19%2-26, Indiana bgricultu ml Statistics

*Equals zerowhen soouting arspryring is not peformed.

detail on these |oss estimates, see
the Note in Table 4.

Thelossesin Table 4 arefor
non-Bt corn relative to the base
yield with no infestation. The
losses can be found by
multiplying relevant yield loss
estimates rather than adding
them. For example, the yield
adjustment if the corn is planted
a the norma time and thereis
one ECB per plant in first
generation, one in the second,
and nonein the third is 9.6%, or
(1-(1-.058) (1-.04)) x 100.

The loss estimates are multiplied
because earlier generations
decrease the yield potential faced

machinery, and insecticide costs
required in an ECB-SSPM
program. In a non-ECB-SSPM
framework, no costs related to
scouting and spraying (labor,
machinery, and insecticide) are
incurred. The differencesin
calculated contribution margins
can be compared directly to the
actual premiums charged for Bt
seed. If the actual premium is
less than the expected extra
value afforded by the protection
from ECB, the profit maximizing
farmer should adopt the Bt seed
technology. If the premiumis
greater than the value of
protection, the farmer should not
adopt the Bt technol ogy.
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by later generations. In the above
example, the one first generation
borer decreases yield potential by
5.8%. Therefore, the yield
potential faced by the one second
generation borer is 94.2%. The
second generation ECB lowers
that yield by 4%. So the total
effect isthat yield potentia is
now only 90.4%, or 100 - 9.6%.

Contribution Margins

The computer model calculates
the differencesin average
contribution margins for the
different types of seed. The per
acre contribution margin in this
anaysisis defined as revenue
(price times yield per acre) less
per acre seed, scouting, labor,

http://imww.agcom.purdue.edu/AgCom/Pubg/| D/| D-219/1 D-219.htm

Seed Choices

Three seed choices were
analyzed: non-Bt (regular corn),
BtYG (YieldGard®), and BtKO
(KnockOut® or NatureGard®).
For purposes of comparison, the
three seed corn varieties are
assumed to be identical except
for their different Bt
characterigtics. That is, each has
the same base yield, 132 bushels
per acre (average Indianayields,
1992-96), in the absence of ECB
pressure. For each of these three
seed choices, the farmer could
implement an ECB-SSPM
program. Anaysis of the
economic value of such a
program under each seed choice
is presented below.

Tuble 4. Peveentipe Yidd Loges Due to FUR Dfesoion Lewls By Ceneradion

Normal Planted Losses Late Plavted Iosses
() (5]
Ho of ECE  Phys* hfecht Toal Phys* hdecht Thil
First 1 3.5 0.3 5.8 5.5 0.3 5.8
Cremeration z 8.2 0.4 8.4 8.2 0.4 8.0
3 10.0 05 105 100 0.5 105
S eoomd 1 3.9 1.1 4.0 i 0.3 6.9
Crameration i 4.3 17 6.0 0.9 0.4 103
3 5.3 21 7.4 121 05 1&4
T tivd 1 .0 0.9 .9 1.9 0.7 3.2
Crameration 2 3.0 13 4.3 3.8 L0 4.8
3 3.7 1.7 5.4 4.4 1.2 5.8

b Jlech, - Bachanical 1oeees {Lynchy

*Phars - pharsiolopioal losses (Edumrds, Foster, and Obermerer).

Hote: L osses mere caloulated by mapping a timeline with plant sromsh and expected
infestation duter, If excpected infartati on dates 211 betoseen stagpes of plant sromh, then the
1owses betmesn the two sromth stages were assumed tochan e Tineardy For ermmple, if
planted Tate, the m odel assumes that the corn reaches the Blister smpe on Sup, 26 and the
dough stage on Sept 10 Third genemtion ECE hit on Sept 2, about halfomy betmeen the
tmo gromth stages 5ol osees with thind senemtion ECE in late planted corn ane caloulated
as Vedough loeses pflus Weblister losses, The sin prondh stapes wed in the mode] are sarhr
whorl, Tae whol, pre-tassel, pdlen shedding, Hiser, and dough.

Analyses of third generation
impacts are not reported because
the probability of athird
generation infestation is so small
that its impact is negligible, on
average.

note that these figures are based
on average costs and benefits.
There are some yearsin which
scouting and spraying would be
economical in non-Bt corn.
However, the likelihood of that
situation is so small that, more
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Results

Cost Effectiveness of

ECB-SSPM

A base case was developed to
serve as a benchmark for
anayzing the changesin
expected values of each seed,
under ECB-SSPM and no

ECB-SSPM assumptions, given

changes in other factors. (See

Tables 2 through 4 for the base
case levels of probabilities, cost

and revenue components, and
yield losses.) Recall that an

ECB-SSPM program includes

scouting and spraying.

ECB-SSPM practices are not
economical based on the

computer model and
assumptions. With non-Bt corn,

implementing an ECB-SSPM
program results in an average
loss of $2.49 per acre. (Three
dollars per acreisthe ECB
scouting cost. However,

spraying adds $0.51 per acrein

increased expected revenue,

resulting in a net loss of $2.49

per acre.) It isimportant to
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often than not, scouting costs are
much greater than the economic
benefits from spraying.

With Bt corn (either BtYG or
BtKO) spraying is not cost
effective for any generation or
infestation level, even if there are
no scouting costs. Therefore,
ECB-SSPM programs would
result in a $3.00 per acre loss of
net revenue because of scouting
costs. Spraying is never chosen
because the costs of materials,
labor, and machinery operating
expenses are greater than the
value of saved yiddsin every
case.

Given that ECB-SSPM practices
result in lower contribution
margins for each seed type
analyzed, the best choice for the
average farmer is not to scout or
spray for ECB. Only if the
marginal cost of scouting for
ECB islessthan $0.51 per acre
would an ECB-SSPM program
be economica for farmers
growing non-Bt corn. Thus,
$0.51

Tuble 5. ECR Infestaion Probalaling Dissdiution by Ceneradion aud Flaning Do
(Total Protability of Infectation = 40 %)

Normal Flanting Late Planting
(Probability = 23%) (Probability = 17%)
Nooof ECE Probability  No of ECE  Frobability

First 1] 7L 1] 7.7
Creteration 1 16.2 1 14

Z 2.7 Z 07

3 L 3 0t
Senomd 1 ad.2 1 ]
Greneration 1 9.5 1 163

2 5.1 2 a7

3 13 3 o
Third a 7.7 a a4
Creneration 1 14 1 0.5

Z 0.7 Z 5.1

3 0. 3 13
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per acre represents a breakeven
cost of scouting to make an
SSPM program economical in
non-Bt corn.

Because ECB-SSPM programs
are not considered best practices
based on the data used in this
analysis, the proper base to use
to compare Bt seed valuesis
non-Bt seed without an
ECB-SSPM program. When
compared to this base, BtYG
and BtKO seeds are worth $4.99
and $4.49 per acre more,
respectively. It may seem
surprising that the values of
BtY G and BtKO are only $0.50
apart. However, the low
probabilities of second and third
generation infestations drive this
result (see Table 2), because
both BtY G and BtKO provide
100% protection against first
generation ECB infestations.

Sensgitivity to Likelihood of
I nfestation

The probability of ECB
infestations across the state of
Indiana has been assumed to be
25%. However, there are some
areas of the state, particularly the
Northern portion, in which the
probability of infestation of at
least one borer per plant in any
generation may be as high as
40% (Bledsoe). Therefore, the
sensitivity of Bt seed valuesto
the probability of infestation
(probabilitiesin Table 5) is
anayzed.

The probability of infestation has
a strong impact on the value of
Bt to farmers.

http://imww.agcom.purdue.edu/AgCom/Pubg/| D/| D-219/1 D-219.htm

By increasing the probability of
infestation from 25 to 40%, the
economic value of BtYG
increases from $4.99 to $8.35
per acre, while for BtKO it
increases from $4.49 to $7.52
per acre. Both of the new Bt
values are now within the ranges
of the premiums currently
charged by the various seed
companies for Bt seed.

The increase in infestation
probability has little impact on a
scouting and spraying program.
The breakeven scouting cost
increases from $0.51 per acrein
theinitial base case to $0.84 per
acre when the likelihood of ECB
infestation is 40%. Hence,
scouting and spraying for ECB
do not pay, but adopting Bt corn
does. Although it may seem that
Bt values are affected much
more than the value of spraying,
the two are actualy very similar
in percentage terms. The values
all increase by about 65%.

Bt Effectiveness

Thetrue level of protection
against ECB isyet unknown for
BtY G and BtKO seeds.
However, it iswell accepted that
the Bt in BtYG is highly active
during the growing season,
throughout the corn plant. The
Bt in BtKO is considered to be
highly active against first
generation ECB, with protection
declining as the corn develops
(Ostlie, Hutchison, and
Hellmich). Second
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and third generation protection is still
being evaluated. Given this uncertainty,
it isimportant to analyze a range of
potential levelsto determine the value
of protection over that range (Table 6).

The results of thisanalysis, in
percentage terms, are the same
regardless of whether the probability of
infestation is 25 or 40%. As the ECB
protection in BtY G decreases from the
base assumption of 100% to 90%, the
value of the protection decreases by
10%. This decrease pushes its value
below the current premium range with
a40% probability of infestation.

For BtKO, protection differs with
respect to each ECB generation.
Therefore, each must be analyzed
individually, with the efficacy level of
the other generation held at its base
case level (100% for first generation
and 75% for second). When first
generation protection is 90% and the
probability of infestation is 40%, its
valueis $7.00. This comparesto a
value of $7.52 when the effective
protection level is 100%. When the
seed offers 60% protection against
second generation borers, the value of
BtKO is $7.11. At 85% protection, the
value of BtKO is $7.80.

Asfield tests clarify the ECB
protection issue, the value can be more
precisely defined. However, the ranges
analyzed here are large enough to
provide an indication of the value of
ECB protection with Bt seed.
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Yield Drag

It has been suggested in several trade
publications (e.g., Bechman, Soybean
Digest) that the insertion of the Bt
gene may reduce the yield potential of
the transgenic corn plant relative to the
non-Bt plant. Thisis called yield drag.
However, to date field tests for yield
drag have been inconclusive.
Nonetheless, the potential presence of
yield drag has important consequences
for the value of ECB infestation
protection.

To determine what the loss in value of
Bt seed isfor agiven base yidld, yield
drag level, and corn price, apply the
following formula: (83% x Base Yield
x Corn Price x Yield Drag level) +
(17% x (Base Yield x 60%) x Corn
Pricex Yield Drag Leve)

This formula reflects the probability of
normal planting of 83%, the
probability of late planting of 17%, and
the yield adjustment factor of 60% for
late planting. Suppose afarmer expects
132 bushels per acreyield at a corn
price of $2.50 and Bt seed exhibits a
1% yield drag. Then theloss in value
of the Bt corn is (83% x 132 bu/acre x
$2.50/bu x 1%) + (17% x (132 bu/acre
X 60%) x $2.50/bu x 1%), which
equals $3.08. Thus, if the premium for
aBt variety were $6.00, then ayield
drag level of only 2% (or 2.6 bushels
per acrein this example) would
completely offset the added benefit of
the Bt trait.
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Tuble o, Impnedt of Bt Dficaey on Bt Wdues

Bt Walue (25 %) Bt Walue (40 %)

Efficucy Fange? Range Hange
BT Q0-100% 44z 4o 151 $eis
First Crememtiom B#0 Q0- 100F F418 40 Fro0 7Sk
Secomd Cremertion BLAO 60-55% 425 Fda6 Fr.11  F7.E0

*Probability of i nfertation is 25%.

b Probability of i nfertation is $0%.

*This is the percent of ECE killed bor the Bt tonting in the corn Due to lack of publizhed data on
afficacyr mnpes, thess corera significant mnge spanning the baee cupe larels

Hote: "BEtWalue" iz the walue tothe farmer afforded by the et protection from Bt oorn relative 4
non-Et wmristies,

s Tuble 7. Braulewn Scouting Coste for Dgerent
DeCI sion TOOI S Rewnue anud Tnfestadion Lewds
The results of thisanaysis P yohability of Trfactation
indicate that "typical" Indiana Revenne  20% ¥e WE N
; 50 4013 .16 0.0 .26

farmers (those operating under $a00 $0.28 36 043 $0TT
the base case levels of corn 250 052 foe6  gos0  §l4l
y|e|ds and Output prices) may $400 f0.83 106 $1.23 a7

. . $450 $1.17 Flad  $181  fIa0
not benefit by adopting Bt 500 $151 F197 o34 $alar
technology under "average" 550 $lB6 3T §eRT  §5.10°
; ; ; Fs00 .20 Rl $2.41* FE06+
infestation levels. Thls does not 5 il M e
mean that Bt corn is &700 $201*  §REdt  B465t gRimt
economically a poor choice for $150  $Rdbt  $4360 45280 99400
a/ery farmer By the same :siziizt::::;tna;nciiifgfgﬁi:: isecon omical at the
argument, Under some H-:m.- Eewenue iz measyred as expeched prioe time—s::‘x_p-h:'hed
conditions, it may be economical it s e g e
for some farmers to implement 2R psr el

an ECB-SSPM program. Tables
7,8, and 9 provide guidelines to ;ﬁ;f& Tk r;’fg s b s
decide if either spraying or Bt

technologies are economical Frobability of Infestation

. ' . Revenue  20% 5% 30 % 40 5%
gl\_/en afarmer s_expect_ed Yl eld, $250 Fi06 $2.78 $430 )
price, and ECB infestation level. 300 $527_ 453 fma0  §rae

$250 .15 J5.20 P4 Fagst
F400 474 $5.04 F7.34  Flolx+

Whlle |t |S eC0n0mlca| tO $45|:| $5.33 $5_3|:| $3.35‘ $11_33¢
implement an ECB-SSPM 500 $59:r 755 $RITY  fligst
550 $6.52 331+ Flo.09* 1391+
program at the $3.00 per acre §oun w1l go0er §lLoot §is.iet
scouting cost for some farmers 550 $TT0 oGt $llozt  gledar
Wlth both hlgh expectaj per acre Fron .o F1057+  Fliadr F1TTI
revenues and hlgh | nfegatl on * Indicates that BV iz econ omical at the assumed

minimum premium lewre] of §55.00 per acre

expectations (Table 7), for most
farmers, ECB-SSPM does not

pay when scouting costs are the refuge is to lengthen the useful
&2 NN nAr Anra Tahla 7 chanie life ahan of the Rt technnlomy hv
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WPYO.UVU T AUIT. 1T AUIT [ JIUVWO
breakeven scouting costs for
each revenue-probability
combination.

The base case suggests that Bt
corn is not economical.
However, both BtY G and BtKO
are profitable under conditions
of higher than average expected
revenues and higher likelihoods
of ECB infestation (Tables 8 and
9). Almost al farmers would
benefit from BtY G, at an $8.00
per acre premium level, when the
likelihood of ECB infestation is
40% or greater (Table 8). For
BtKO, the threshold premium
level, $6.00 per acre in this case,
is reached sooner with lower
expected revenues and lower
likelihood of ECB infestation
(Table9).

Refuge
Consderations

Scientists agree that ECB
populations may develop
resistance to Bt corn over time.
However, planting arefuge can
help slow that process. A refuge
is an area of non-Bt corn planted
in proximity to a Bt field. The
refuge will alow non-resistant
borers to survive and mate with
resistant borers, thus keeping the
non-resistant genes prevalent in
the ECB gene pool. The goal of

http://imww.agcom.purdue.edu/AgCom/Pubg/| D/| D-219/1 D-219.htm
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dowing the resistance devel opment
process.

There are severa important issuesin
the refuge debate. Scientists must
come to a consensus on how
resistance management should differ
among Bt seed types. There are
issues concerning the fraction of
acreage that must be planted to
refuge and where the refuge should
be planted relative
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Tuble & Fatimoded Wlue of FnookUur® or Moo izers
Cown for Difevent Rewne cnd Mrfestotion Lewds

Frotability of Tnfestation
Eevenne 0% % 30 40%
50 $2.67 $3.40 $4.12 $5.70

F200 F3.20 P408 T4.06 56,840
350 $274  B4TT F5.70 $r g
400 LT P45 FEEle e
450 $481  B613* Frddr Floiat
Fa00 534 EGEl* RI6* F1l40¢
550 $5.87 FTaer gt Fliogr
500 Padl*r  FRITT oorr  F1768*
Fas0 a4 Famst Fl0T4* Fldmne
Fron Fragr 053+ F1157F F15096¢

* Indicates that BAEO iz economical at the azrumed
minimum premium lews] of $6.00 per acre.

to the Bt corn (i.e., how far away
from Bt corn, planted as a separate
block or interspersed with the Bt
corn). Ostlie, Hutchison, and
Hellmich recommend that 20 to 30%
of corn acreage be planted to non-Bt
corn as arefuge for non-resistant
ECB when spraying is not performed
on the refuge. If spraying is planned
for the non-Bt refuge area, then a
40% refuge is recommended.

The refuge requirement should not
change the decision to adopt Bt
corn. The refuge will smply
decrease the number of acres planted
to Bt corn. If planting Bt cornis
profitable for the expected yield and
infestation levels on that field
(Tables 8 and 9), then that field
should be planted to Bt corn with an
appropriate refuge planted to non-Bt
corn.

Planting a refuge involves a tradeoff
of current profits for future profits.
Planting 100% of corn acres to Bt
varieties may maximize farm profits
in the first year, but a significant
number of non-resistant ECB may
die. If enough die, then Bt corn will
be ineffective against the remaining
resistant borers, and an important
pest management tool will have been
lost. The refuge is designed to
lengthen the useful life of Bt corn as

A ArAan nrAatanti Al tAaAl ThAa rvrAanAe
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studied. However, it isthe
responsbility of al farmers
planting Bt corn to plant refuge
so that this important
management tool can be
maintained as long as possible
for al farmers.

M anagement
| mplications

For the average Indiana farmer,
the results of the study reported
in this publication suggest that
current premiums charged for
Bt seed are higher than the
expected value of the protection
offered by the seed. Based on
historical Indiana data and the
assumption that ECB
infestations occur one in four
years, the value of BtYG seed is
about $5.00 per acre greater
than the value of non-Bt seed.
The value of BtKO seed is
about $4.50 per acre greater. If
ECB infestations occur more
often and/or expected yields or
prices are higher than the values
assumed in this publication,
then the expected value of Bt
corn will cover the premiums
currently being charged for Bt
seed.

Even though the expected
financial benefit may be dightly
below the actua premium in
most cases, Bt corn still may
not be a bad investment for
farmers. Each farmer must
decide the value of the Bt seed
in terms of risk management
and peace of mind. Bt seed can
be viewed much like insurance.
It offers financial protection
from yield lossesin infestation
years. In non-infestation years,
the premium paid for Bt seed
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amount and design of refuge to plant
to maximize farm profits over timeis
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increases per acre costs while
providing no financial benefits

being

(assuming equal yield potential
between Bt and non-Bt seeds).
Each farmer must decide if the
actual yield above the expected
extravalue of the Bt cornis
worth the peace of mind of
knowing that yields are
protected in case of infestation.
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