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Abstract

In the Western U.S., Lygus spp. (Hemiptera: Miridae) can cause major losses
to cotton, vegetables, seed crops, and a variety of other crops. However, the
economic impact of this pest remains largely undocumented in most crops. Two
major data sources were used to quantify the economic impact of Lygus in low-
desert upland cotton production in Arizona: a statewide Pesticide Use Reporting
(“1080”) database and an annual “Cotton Insect Losses” (CIL) survey of cotton
Pest Control Advisors (PCAs). Both data sources include information on the
target pest for insecticide applications, making it possible to single out Lygus
control efforts. PUR data, based on information submitted by applicators to the
Arizona Department of Agriculture, provides quantitative information on a high
proportion of Lygus applications in cotton, but is incomplete, since not all types
of applications require reporting. These data are complemented by information
from the CIL survey to provide a more complete picture, based on direct responses
from PCAs about their pest management practices. While the 1080 database is
very useful in documenting a high proportion of Lygus insecticide use in cotton,
by definition, these data on their own cannot provide good estimates of statewide
behaviors with respect to Lygus management. In contrast, this is exactly what the
Cotton Insect Losses survey is designed to do.

As indicated by 1080 data and CIL data from 2001 to 2005, Lygus is the most
important pest in Arizona cotton most years, based on application*acres of all
foliar insecticides. Other key pests by this measure are sweetpotato whitefly,
Bemisia tabaci Genn., and to a lesser extent pink bollworm, Pectinophora
gossypiella (Saunders). Whitefly is the most important Lygus co-target, when
applications are aimed at controlling more than one pest. The most commonly
used foliar materials against Lygus in Arizona cotton are acephate, endosulfan
and oxamyl, and they are typically used at about 90% of maximum label rates.
About 80% of Lygus applications occur between mid-July and late-August.

Average spray intensity (based on average sprays per acre) was calculated
independently using the CIL and 1080 data sets and compared. For every year
except for 2004, the CIL data estimates a somewhat higher insecticide use against
Lygus . Several reasons for this discrepancy were identified, including less than
100% pesticide use reporting on 1080s; differences in the insecticides included in
the estimates (top three active ingredients only for 1080 estimate, all insecticides
for CIL estimate); and differences between how the two datasets apportion a
single spray event among multiple pest targets.

The intensity of Lygus management varies by county, based on 1080 data and
county-level information on cotton acreages. Pinal county, which has the most
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cotton acres, shows the highest sprays / acre of the top three active ingredients
to control Lygus . Analysis of 2005 1080 data at the section level indicates a
relationship between the proportion of sections where cotton is grown in a
Township - Range and spray intensity for Lygus control. Growers in Township
- Ranges with a low proportion of cotton sections (10—15%,) tend to make more
sprays per field to control Lygus . However, Township — Ranges with the lowest
and highest proportions of cotton sections (<10% and >90%) tend to show trends
of lower spray requirements for Lygus control. These data suggest the possibility
that landscape factors can influence Lygus populations at the local level, although
more research in this area is needed.

Lygus is perhaps the most significant economic pest of Arizona cotton. Cotton
Insect Losses survey data indicate that a high proportion of cotton insect pest
management efforts are directed toward Lygus control. Up to 40% of foliar
insecticide sprays target Lygus, for about one third of the foliar insecticide budget
for growers most years. Despite these control efforts and associated costs, Lygus
are consistently listed in the CIL by survey respondents as the most damaging
insect pest of cotton, accounting for more than 50% of insect-related yield loss
most years.

These two different and complementary data sets provide important baseline
information on the current status and economic impact of Lygus in Arizona
cotton, which will be useful for measuring changes in Lygus impact and control
practices over time. A number of factors could potentially impact these practices
in the future including (1) the introduction of new selective chemistry for Lygus
control; (2) the introduction of transgenic control options for Lygus ; and (3)
landscape-level changes that can have area-wide impact on Lygus management
in cotton and other crops. These data underscore the need for continued research
to develop effective, selective tools for improved Lygus management in cotton,
and to integrate these into effective IPM programs. Data documenting a pest’s
economic impact provides a rationale for funding to support critical IPM research
and education. There is a need to similarly document the economics of Lygus
management in other crops including vegetables, seed crops, and alfalfa, and the
impact of landscape-level factors on Lygus management in a variety of crops.

Methods

Our analysis throughout this paper is based on two data sources: Pesticide Use Reporting (PUR) data originally
collected by the Arizona Department of Agriculture (hereafter referred to as “1080 data”), and a “Cotton Insect
Losses” (CIL) survey of PCAs, Extension personnel and other end-users of pesticides. The 1080 database and CIL
survey provide two different but complementary data sources for measuring pest management practices. Drawing on
these two data sources, we provide an analysis of insecticide use for Lygus control in cotton and the economic impact
of this pest.

Pesticide Use Reporting Database (“1080 data”)

These analyses were made possible by the existence of a statewide Pesticide Use Reporting database, available as a
result of state reporting requirements. The Arizona Department of Agriculture (ADA) requires applicators to report all
pesticides that are applied for hire (i.e., custom), applied by air, that are under Section 18 and 24¢ exemptions, or that
are listed on Arizona’s Department of Environmental Quality’s Groundwater Protection List, as well as all restricted
use and certain odoriferous pesticides. These data are submitted (on form L1080) and entered into a pesticide use
reporting (PUR) database by the Arizona office of the National Agricultural Statistics Service (AZ-NASS), processed,
and then sent to the Arizona Pest Management Center (APMC) of the University of Arizona for post-processing and
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use in research and education. We have verified and refined the resulting “1080 data” for 2001 to 2005. Variables
incorporated into the 1080 database include location of application (township, range and section), target crop, product
applied, rates, and target pest(s) for an application. The geographic component makes it possible to integrate 1080
data with GIS cotton field maps to generate statistics on landscape impacts on spray intensity. Although certain kinds
of applications may not be included in the data (e.g., non-custom, ground applications), our initial estimate for Lygus
was that at least 70-90% of statewide applications in cotton are represented. (Percentages for other pests varies greatly,
e.g., such as herbicide use for weed control). This estimate, based on timing of Lygus applications, compounds used,
and relationships to the CIL survey data, has been confirmed through this analysis (see Discussion). While the 1080
database is very useful in documenting a high proportion of Lygus insecticide use in cotton, by definition, these data on
their own do not directly estimate statewide behaviors with respect to Lygus management. In contrast, this is exactly
what the Cotton Insect Losses survey is designed to do.

Cotton Insect Losses Survey

The Crop Insect Losses and Impact Assessment Working Group (CILIAWG), a collaboration of Extension scientists
funded by the Western IPM Center, strives to develop “real world” data on insecticide use patterns, costs, target pests,
and yield/quality losses due to key insect pests for a variety of crops in Arizona and adjacent low desert regions of
California. This is done through a series of interactive, face-to-face stakeholder workshops involving Pest Control
Advisors (PCAs), growers, industry representatives and Extension professionals. We enlist the participation of
representative PCAs from throughout the appropriate growing regions, and follow-up with mail surveys to those who
cannot attend, to develop the most sound data possible. Currently, the group develops data on cotton, head lettuce and
melons, and is developing a pilot instrument for alfalfa. These data allow us to build relevant databases for measuring
user behaviors and adoption of new IPM technologies and are our most objective tools for assessing change in our
systems. Our CIL questionnaire has been adapted from the National Cotton Council Annual Beltwide Cotton Insect
Losses Survey (established in 1979) and expanded to include additional questions on insecticide use patterns and
target pests (Ellsworth & Jones 2000, 2001a).

Value and Constraints of the Analysis

While the 1080 database and the CIL survey provide rich information for understanding user Lygus management
practices and the economic impact of this pest, there are some important data constraints that affect our analysis. First,
we have limited our analysis to foliar insecticide sprays and do not include seed treatments, soil-applied materials,
biotechnologies or associated user fees.

Both the 1080 database and the CIL survey provide information about the target pest for an application, but these
data are recorded in significantly different ways that make direct comparisons difficult. The L1080 form completed
by users allows them to list multiple pest targets for a single application. Up to four pest targets per application are
entered into the 1080 database, but there is no way to determine or apportion the spray intention appropriately among
the listed pests. For example, a single application of endosulfan may, in the mind of the user, be primarily applied to
control Lygus, but he or she may also list sweetpotato whitefly and aphids as co-target pests. Should this application
be counted as one application against Lygus, one against whitefly, and one against aphids, or should it be counted as
33.3% of an application against each pest? How applications are “apportioned” among co-target pests will affect the
analysis. We have chosen in our approach to count each application against each pest as a full application, meaning that
any application that included Lygus as a target pest was counted as one application against Lygus, and one application
against each additional co-target pest, meaning that the applications shown against the various pest are not additive.

In contrast the CIL survey asks respondents to apportion a single application (including mixtures) targeting multiple
pests based on their intentions. For example, one flight over a field of chlorpyrifos + acephate (e.g., Lorsban® +
Orthene®) may reflect a PCA’s desire to control two different pests, each with one of these compounds (in this case,
Lorsban against pink bollworm and Orthene against Lygus). As such, it is no different than flying twice over the field
or 2 sprays, 1 against pink bollworm and 1 against Lygus. Or a single application of one insecticide, for example,
endosulfan, may be counted 0.75 against Lygus and 0.25 against aphids. So insecticide use against specific pests is
measured more directly based on user intentions, making these applications additive, unlike the 1080 data. These
differences make it challenging to make direct comparisons between the datasets.
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Another limitation of the 1080 data is that field-level data are not recorded in the database. The best resolution possible
is section-level analysis. It is impossible to directly calculate number of sprays per field, for example. In order to
determine the relative importance of pests (Figure 1) we used (application*acres) as a proxy for sprays per field. This
would be the total number of acres treated with a given compound (or set of compounds) accumulated for a section
over an entire season. When tallied over an area of known cotton density (i.e., statewide or by county), one can infer
the number of sprays that were made per acre against a specific pest target or with an individual compound, etc.

Results and Discussion

Top Pests in Cotton

Lygus, sweetpotato whitefly Bemisia tabaci Genn., and pink bollworm Pectinophora gossypiella (Saunders)
consistently represent the top three insect pests of Arizona cotton, based on application*acres, according to both
1080 data (Figure 1) and Cotton Insect Loss surveys (Figure 2). These are the pests that drive the system in terms of
pesticide applications.
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Figure 1. According to 1080 data, Lygus is the most important pest in Arizona
cotton, in terms of insecticide application*acres. Sweetpotato whitefly, Bemisia
tabaci Genn., ranks as a close second, and pink bollworm, Pectinophora
gossypiella (Saunders), third. Targeted applications for other pests (not shown)

drop off dramatically.
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Figure 2. Generally, Lygus accounts for more insecticide use than any other
insect pest of Arizona cotton, according to CIL survey data (2001-2005). A similar
acreage is sprayed for whitefly. Targeted applications for other pests (not shown)
drop off dramatically.

While information from the two data sources is fairly consistent, there are some differences. CIL data generally
indicates higher application*acres compared to 1080 data for both Lygus and whitefly, while PBW levels remain
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relatively consistent with PUR data. Application*acres for Lygus based on 1080 data range from about 72% (2005) to
100% (2004) of CIL estimates. This is fairly consistent with our preliminary estimate of the percentage of foliar Lygus
applications represented in the 1080 database. As stated earlier, CIL data represent statewide estimates by end-users
of all foliar applications, whereas some foliar applications are excluded from the 1080 data (i.e., where reporting is
not required).

Pink bollworm sprays tend to be more targeted, i.e., lepidopteran-active insecticides with little to no collateral effects
on whitefly or Lygus. So the CIL data for this pest is easier to estimate by users. Whereas some Lygus insecticides are
also specifically targeted at whiteflies (especially endosulfan, a very popular a.i.) such that CIL users have to “estimate”
the fraction of the spray dedicated to whitefly control versus Lygus control. Also, pink bollworm sprays generally
occur later in the season, and therefore are almost exclusively aerial (custom), while Lygus and/or whitefly insecticides
might have some early season, grower applied sprays (not reported in 1080s). Also, Lygus and whitefly spraying is
likely more coincident in time and also complicates the CIL survey user’s estimate of the relative apportioning of a
spray to these two targets.

For applications that target Lygus along with additional pests, whitefly is the most important co-target (Figure 3).
Pink bollworm and heliothines were the second and third most common co-targets, respectively, but accounted for a
much smaller proportion of applications. This system is essentially driven by two insect pests. Widespread adoption
of Bt cotton has greatly reduced the need for foliar applications against pink bollworm areawide (Carriere et al. 2003),
because Bt cotton is fully effective against pink bollworm and therefore requires no oversprays for this pest (Ellsworth
etal. 2002). Timing is also a factor. Lygus and whitefly are more coincident in the field, and proportionally more sprays
are made later in the season with pink bollworm, when Lygus sprays are greatly diminishing.
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Figure 3. Based on 1080 data, whitefly stands out as the most important co-target
pest when users spray for Lygus. Pink bollworm and heliothines (bollworm/
budworm) are a distant second and third, respectively, due to about 80%
deployment of Bt cotton statewide over this period.

Insecticide Use Patterns for Lygus Control

Based on the 1080 database, acephate, endosulfan and oxamyl are the most commonly used active ingredients for
Lygus control in Arizona cotton (Figure 4). These materials ranked highest for single-product applications targeting
Lygus. These materials are typically used on average at about 90% of full label rates when applied alone and at
somewhat lower rates in mixtures (Figure 5). When mixtures were used, chlorpyrifos outpaced oxamyl as the third
most common important active ingredient. Chlorpyrifos is probably chosen in mixtures, because it also provides
Lepidopteran control presumably. When mixed in a Lygus application, it is likely used against various lepidopteran
pests on non-bt cotton (e.g., pink bollworm, armyworm complex, bollworm/budworm complex) and even on bt cotton
(for armyworm control). Data indicate that chlorpyrifos is never used alone for Lygus control, which reflects user’s
attitudes about its efficacy for this purpose. Thiamethoxam was introduced in 2001 and most of the applications cited
here are as a result of the initial pulse in usage during 2001-2002, as practitioners tried to use it for Lygus and whitefly
control. Usage against Lygus has since declined dramatically, dropping to zero acres in 2005.
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Figure 4. Acephate, endosulfan and oxamyl are the active ingredients of choice for
Lygus control in Arizona cotton, ranking highest in single-product applications,
based on a 5-year average from 2001-2005 (1080 data). In mixtures used in Lygus
applications, chlorpyrifos is also important, likely to assist in worm control.
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Figure 5. The primary three Lygus Als (acephate, endosulfan and oxamyl) are
used at over 90% of full label rates on average in Arizona cotton when used alone,
and at somewhat lower rates when used in mixtures.

Currently, Lygus control in Arizona cotton is dependent on older, non-selective chemistry, the use of which negatively
impacts the control of other pests, such as whitefly. Endosulfan was first labeled in the U.S. in 1954, acephate in 1973
and oxamyl in 1974. While whitefly control in Arizona has advanced with the availability of selective chemistry that is
“softer” on beneficials, and pink bollworm applications have been reduced with the introduction of Bt cotton, control

options for Lygus have remained limited for decades.

Applications targeting Lygus in cotton are made from mid-June to late-September, with 80% of applications occurring
between mid-July and late-August, based on 1080 data (Figure 6). Very few applications are apparently made prior
to the initiation of flowering (typically early to mid-June in central AZ, where about 75% of the state’s cotton is
grown). The primary window of Lygus applications coincides with peak flowering through cut-out in most locations

throughout the state.
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Timing of Applications
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Figure 6. Most Lygus applications occur between mid-July and end-of-August,
with 9 Aug representing the median spray date over a 5-yr period.

It is interesting to compare Lygus spray intensity as derived by the two data sets (Figure 7). We did this based on
sprays per acre by year. For every year except for 2004, the CIL data estimates a somewhat higher insecticide use
against Lygus. Note that the CIL data include all insecticides applied that at least partially target Lygus (Lygus is not
always the primary target), while the 1080 data are based on only the top three active ingredients (acephate, endosulfan
and oxamyl). Given that these three materials constitute a very high portion of all Lygus sprays (see Figure 4), this
discrepancy alone does not account for the difference in these data sets. More important is the point made earlier,
that the 1080 data often account for less than 100% of all foliar applications, due to current reporting requirements.
Variation in spray intensity from year to year reflects differences in spray intensity due primarily to fluctuations in
insect pressure.
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Figure 7. The number of sprays per field used to control Lygus is higher based on
CIL data than on PUR data.

Another factor to explain the difference is the way that CIL data are reported versus 1080 data, with respect to
apportioning sprays among target pests (as explained in the methods section). Also, a certain amount of survey bias
may occur with the CIL data—due to the fact that data are not collected from a random sample of PCAs. While we
attempt to solicit input from representative PCAs throughout the different cotton growing regions of the state, those
that participate in a given year may not fully reflect the behaviors of all PCAs in their regions.

It is important to be aware of the differences in how these two data sets are generated when reflecting on the data. While
the 1080 data provide basically a series of “snapshots” of individual behaviors—a subset of all behaviors, since some
uses do not require reporting—the CIL data provide a broader overview of all behaviors statewide, to the extent that
we are successful in getting representative samples. Despite the differences reflected in these two data sources, they
each shed a different kind of light, yet similar in overall theme, on Lygus management practices in Arizona cotton.
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Geographic variation in sprays of primary Lygus control materials throughout the state can also be examined (e.g., by
county; Figure 8). For example, 1080 data for 2005 show the highest sprays per field were concentrated in Pinal County,
the most cotton-intensive area of the state. Differences in spray intensity can be partially explained by geographic
distinctions, such as differences in elevation. For example, Graham and Cochise counties, at a higher elevation, have
lower Lygus pressure and so fewer sprays are necessary.
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Figure 8. Lygus spray intensity (of primary Lygus materials acephate, endosulfan
and oxamyl), varies by county. On average, statewide, 1.35 sprays per acre were
applied to control Lygus in 2005, according to 1080 data.

We wondered if these patterns of spray intensity might also reflect differences in Lygus pressure that are influenced
by landscape-level effects. In particular, we decided to examine the relationship between the relative intensity of
cotton culture within a Township-Range (T-R) and application*acres for Lygus control. While there are many ways
to do this, we decided to focus on a single year (2005) in Pinal County, where our most intense cotton production is
concentrated (Figure 9). Lygus spray intensity is lowest in those T-Rs with very few (one or two) sections containing
cotton fields; after that, it quickly escalates, dips a bit at around 40% cotton sections per T-R, and stays relatively high
at higher cotton proportions. The tail dips slightly at around 95% cotton sections per T-R. This preliminary analysis at
least suggests the possibility of a landscape-level effect. It suggests that there may be one (or two) optimal proportions
of cotton with respect to Lygus management. One could speculate that at very low cotton proportion, the cotton fields
are either less apparent to Lygus or protected by abundant alternate hosts occupying the balance of the T-R. Perhaps,
too, at very high cotton proportions, there is some “safety in numbers” and the risks to cotton are spread among many,
many other cotton fields. This latter conclusion is supported by other studies that found that cotton could serve as a
sink for other cotton fields within 750 meters (Carriere et al. 2006). While this is only a preliminary analysis, we
should note here that we examined 2005 data for other counties and also combined five years of data (2001-2005) and
found similar (though sometimes less dramatic) patterns. In any case, these data suggest a non-linear relationship that
warrants further investigation. These data encourage us in the idea that there are landscape factors that we might learn
about and exploit for ranch-level management of Lygus.
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Landscape Effects

2500, ©ON Spray Intensity

Applicatio*Acres
= b N
()] (=4 N (=]
o (= o (=4
e e . °e . °

o ‘.‘\"“‘:\“"\“‘\‘
0 0.2 04 06 08 1
Proportion Sections

with Cotton

Figure 9. The Lygus spray intensity (for acephate, enosulfan and oxamyl) per

section against Lygus versus the proportion of sections in a Township-Range that
contain cotton fields, based on examination of section-level 1080 data, for Pinal

County in 2005.

Lygus: A Key Economic Pest of Arizona Cotton

A high proportion of cotton insect pest management efforts are directed toward Lygus control. Cotton Insect Losses
survey data suggest that up to 40% of foliar insecticide sprays in cotton target Lygus (Figure 10), and that Lygus
control accounts for about one third of the foliar insecticide budget for growers most years (Figure 11), making Lygus
perhaps the most significant economic pest of Arizona cotton. Despite these control efforts and associated costs, Lygus
are consistently listed in the CIL survey as the most damaging insect pest of cotton, accounting for more than 50% of

insect-related yield loss most years (Figure 12).
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Figure 10. Number of foliar sprays per acre to control Lygus versus all insect

pests combined. The increase in total foliar sprays in 2005, a difficult insect year,
reflects an association between broad-spectrum applications for Lygus control

and an increased need for whitefly sprays.
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Insecticide Costs
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Figure 11. Dollars spent for Lygus control (foliar insecticides + application

costs) account for about one third of the foliar insecticide budget for growers
most years.
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Figure 12. Despite control efforts, Lygus often account for more than 50% of all
insect yield-related loss in Arizona cotton, making this our most damaging pest.

Importance of these Data

The 1080 database and CIL survey provide valuable baseline data for measuring changes in insecticide use patterns
and the economics of Lygus control over time. A number of factors could potentially impact these practices in the
future including (1) the introduction of new selective chemistry for Lygus control; (2) the introduction of transgenic
control options for Lygus; and (3) landscape-level changes that can have area-wide impact on Lygus management in
cotton and other crops. As noted earlier, Lygus management currently relies on very old, non-selective chemistries
(acephate, endosulfan and oxamyl). This is about to change with the introduction of Carbine (flonicamid) in 2007 and
BAS320 (metaflumazone) due in 2008, and perhaps additional selective chemistries to follow. Continued collection
and refinement of CIL and 1080 data will be useful in documenting changes in insecticide use patterns that result from
these introductions. While we are not aware of any impending introductions of transgenics to control Lygus, we cannot
discount the possibility. Given the major impact of technologies such as Bt cotton on pink bollworm management in
the mid-1990’s and the resulting dramatic changes in insecticide use patterns (Ellsworth & Jones 2001b), we might
expect changes on a similar scale should transgenic Lygus management become a reality. Finally, changes in the
spatial mix and proportion of different crops in the landscape could influence Lygus and Lygus management. For
example, the introduction of new crops such as guayule, which was recently expanded to several thousand acres in
Arizona, can have an unknown impact on Lygus. Also, large-scale changes in cropping intensity or distribution, such
as might occur if wide-scale ethanol production is introduced, may impact Lygus populations. Regardless of what
future changes may occur, these data will provide us a valuable quantitative tool for measuring the impact of these
changes on Lygus management and economics.

These data underscore the need for continued research to develop effective, selective tools for improved Lygus
management in cotton, and to integrate these into effective IPM programs. There is a need to similarly document
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the economics of Lygus management in other crops including vegetables, seed crops, and alfalfa, and the impact of
landscape-level factors on Lygus management in a variety of crops.

Acknowledgements
We would like to acknowledge the following individuals and organizations that made this research possible:

e  The USDA Integrated Research, Education, and Extension Competitive Grants Program, which has provided
a Risk Avoidance and Mitigation Program (RAMP) grant, “Developing and implementing field and landscape
level reduced-risk management strategies for Lygus in Western cropping systems.”

e The Arizona Department of Agriculture and the Arizona office of the National Agricultural Statistics Service
for partnering with us and providing five years of PUR data.

e Dr. Yves Carriere and Christa Ellers-Kirk with the University of Arizona, who, in partnership with Arizona
Cotton Growers Association, provided cotton field maps.

e The Crop Insect Losses and Impact Assessment Working Group, a regional effort funded by the Western IPM
Center and University of Arizona Cooperative Extension.

e  The Arizona Pest Management Center, the organizing entity for IPM programs at the University of Arizona.

References

Carriére, Y., C. Ellers-Kirk, M. Sisterson, L. Antilla, M. Whitlow, T. J. Dennehy and B. E. Tabashnik. 2003. Long-
term regional suppression of pink bollworm by Bacillus thuringiensis cotton. Proceedings of the National Academy of
Sciences. USA 100: 1519-1523.

Carriére Y., P. C. Ellsworth, P. Dutilleul, C. Ellers-Kirk, and L. Antilla. 2006. A GIS-based approach for areca-wide pest
management: The scales of Lygus movements to cotton from alfalfa, weeds and cotton. Entomologia Experimentalis
et applicata 118: 203-210.

Ellsworth, P.C. and J.S. Jones. 2000, 2001a. Arizona Cotton Insect Losses. Publ. No. AZ1183. University of Arizona,
College of Agriculture and Life Sciences, Cooperative Extension, Tucson, Arizona. URL: http://cals.arizona.edu/
crops/cotton/insects/cil/cil. html

Ellsworth, P.C. and Jones, J.S., “Cotton IPM in Arizona: A decade of research, implementation and education,”
(Memphis, TN: National Cotton Council, 2001), 1088-96.

Ellsworth, P.C., Moser, H., Henneberry, T.J., Majeau, G., and Subramani, J., “Transgenic comparisons of pink

bollworm efficacy and response to heat stress,” (Tucson: University of Arizona, College of Agriculture and Life
Sciences, 2002), 147-57.

Arizona Cotton Report (P-151) July 2007 165



