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Mission Statement

Southern Insect Management Research Unit
USDA-ARS, Mid South Area
P.O. Box 346
Stoneville, MS 38776
(662) 686-5231

The mission of the Southern Insect Management Research Unit (SIMRU) is to generate new
knowledge of arthropod pest biology, ecology and management and integrate this knowledge
into contemporary farming systems that will promote economical and environmentally stable

pest management practices for the southern U.S.

The vision of SIMRU is to be a recognized center of innovation for negating agricultural pest
problem through deployed scientific knowledge of pest biology, ecology and management

options.

Disclaimer and Purpose of Report

This report summarizes progress made on research objectives for 2012 and plans for research

activities in 2013.

Many of the results are preliminary and others are being released through established channels.
Therefore, this report is not intended for publication and should not be referred to in literature

citations.

Intent of this report is to give the reader an overview of the Southern Insect Management
Research Unit (SIMRU) activities. The activities (progress and plans) address the research unit
mission.  Formal annual reports of research progress as submitted to the CRIS system are

included in the summary.



SIMRU Personnel

Randall Luttrell, Supervisory Research Leader, randy.luttrell@ars.usda.gov, 662-686-5231

e Cathy Warren, Program Support Assistant, cathy.warren@ars.usda.gov, 662-686-5231
e Sakinah Parker, Office Automation Assistant, sakinah.parker@ars.usda.gov, 662-686-5232

e Yolanda Harvey, IT Specialist, yolanda.harvey@ars.usda.gov, 662-686-3063

e Russell Owen Houston, Agriculture Researcher, owen.houston@ars.usda.gov, 662-686-5367

o Phil Powell, Agriculture Science Research Technician, phil.powell@ars.usda.gov, 662-686-5367

Kerry C. Allen, Research Entomologist, clint.allen@ars.usda.gov, 662-686-5295

e Gordon Lou Andrews 111, Biological Science Technician, lou.andrews@ars.usda.gov, 662-686-3689

Temporary Employees

e Corey Douglas, Biological Science Aid, (Resigned July 27, 2012)
e Dana May, Biological Science Aid, (Appointment Ended September 11, 2012)

Ryan Jackson, Research Entomologist, (Resigned January 18, 2013)
e Donny Adams, Entomologist, donny.adams@ars.usda.gov, 662-686-5385

e Michelle Mullen, Biological Science Technician, michelle.mullen@ars.usda.gov, 662-686-3689

e Leslie Price, Biological Science Technician, les.price@ars.usda.gov, 662-686-3754

Temporary Employees
e Dustin Pickelmann, Biological Science Aid, (Resigned October 12, 2012)

e Julian Henry, Biological Science Aid, julian.henry@ars.usda.gov, 662-686-5340

e Emily Mosow, Biological Science Aid, emily.mosow@ars.usda.gov, 662-686-5340

Randall Luttrell, Research Entomologist, randy.luttrell@ars.usda.gov, 662-686-3060

e Larry Adams, Research Entomologist, larry.adams@ars.usda.gov, 662-686-5277

e Christopher Johnson, Biological Science Technician, chris.johnson@ars.usda.gov, 662-686-5347

Temporary Employees

e lvory Harris, Biological Science Technician, (Appointment ended January 25, 2013)

e Kenya Dixon, Biological Science Technician, kenya.dixon@ars.usda.gov, 662-686-3748

Temporary Employees

e Cavishia Roberson, Biological Science Aid, (Appointment ended February 2, 2013)
e Dquan Wilson, Biological Science Aid, dquan.wilson@ars.usda.gov, 662-686-3060

Katherine Parys, Research Entomologist (Post Doc), katherine.parys@ars.usda.gov, 660-686-5275

e Gregory Chad Roberts, Biological Science Technician, gregory.roberts@ars.usda.gov, 662-686-5292
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Omaththage Perera, Research Entomologist, op.perera@ars.usda.gov, 662-686-5248

Temporary Employees

e Calvin Pierce, Biological Science Aid, calvin.pierce@ars.usda.gov, 662-686-3693

e Padmapriya Chatakondi, Biological Science Aid, padmapriya.chatakondi@ars.usda.gov, 662-686-3693

Maribel Portilla, Research Entomologist, maribel.portilla@ars.usda.gov, 662-686-5312.

e Tabatha Ramsey, Biological Science Technician, tabatha.ramsey@ars.usda.gov, 662-686-3650

e Henry Winters, Biological Science Technician, henry.winters@ars.usda.gov, 662-686-5270
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Temporary Employees

e Flenadia Moore, Biological Science Aid, (Appointment ended January 2, 2013)

e June Jones, Biological Science Aid, june.jones@ars.usda.gov, 662-686-5365

e Maria Benavides, Biological Science Aid, maria.benavides@ars.usda.gov, 662-686-5365

Gordon Snodgrass, Research Entomologist, gordon.snodgrass@ars.usda.gov, 662-686-5267

e Arnell Patterson, Biological Science Technician, arnell.patterson@ars.usda.gov, 662-686-5246

e Gerald Gipson, Biological Science Technician, gerald.gipson@ars.usda.gov, 662-686-5329

Yu Cheng Zhu, Research Entomologist, yc.zhu@ars.usda.gov, 662-686-5360

e Sandra “Sandy” West, Biological Science Technician, sandy.west@ars.usda.gov, 662-686-3638

Temporary Employees
e Ashley Mclntire, Biological Science Aid, Ashley.Mclintire@ars.usda.gov, 662-686-5244
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Overall Summary and Perspective of 2012 SIMRU Activities

The Southern Insect Management Research Unit (SIMRU) remains a cohesive team of students,
research technicians, scientists and administrative support focused on a vision of innovation to
negate agricultural pest problems. While the Unit has a number of strengths and advantages,
including Agency support and a long history of commitment to Delta agriculture, the Unit’s
greatest asset is a cooperative spirit and the linked capabilities of Unit employees. In 2012, this
included a total of 27 STEP employees, 6 LA appointments and temporary term employees, 27
permanent research technicians, biological aids and administrative support employee, and 10 Cat
3, Cat 2 and Cat 1 scientists. This report includes reference to 58 scientific publications and 61
scientific presentations resulting from SIMRU cooperative efforts internally and with valued
university collaborators. Active specific cooperative agreements in 2012 included long-term
projects with the Mississippi State University Department of Biochemistry, Molecular Biology,
Entomology and Plant Pathology, Mississippi State University’s Delta Research and Extension
Center, and Alcorn State University. A new project was initiated with Cornell University in
2012.

Unit-wide activities in 2012 included an orientation for STEP employees on May 30, STEP
employee reports of learning activities on July 31, a Unit-wide “goodbye” cookout for STEP
employees on August 2, a Thanksgiving luncheon on November 16, and a Christmas luncheon
on December 17. SIMRU also organized a series of research discussion with key clientele
groups during the spring. These included a meeting with the Mississippi Agricultural
Consultants Association on March 19, a meeting with major commodity groups (Cotton
Incorporated, National Corn Growers Association, National Cotton Council, United Soybean
Board) on April 12, and review of SIMRU research with National Program Staff on May 2.
Notes from these research discussions highlight major issues for future programming and copies
are included in the appendix of this 2012 Annual Report.

Recruitment of new scientific talent remains a top priority for SIMRU. Five ARS employees
from the Formosan Subterranean Termite Laboratory in New Orleans and entomology related
units at Weslaco, Texas were relocated to SIMRU but none actually physically moved. The Unit
completed 2012 with several vacancies including a Cat 1 scientist position, 2 Cat 2 scientist
positions and several permanent and temporary research technician positions. A highlight of
2012 was the arrival of Dr. Katherine Parys. Katherine received her Ph.D at LSU and will be
working on tarnished plant bug ecology. The Unit is actively planning for recruitment and
identification of new personnel in 2012.

Tabatha Nelson and Lou Andrews received GS promotions in 2012. Lou Andrews, Ryan
Jackson, Maribel Portilla, Gordon Snodgrass, Chad Roberts, Michelle Mullen, O.P. Perera, Chris
Johnson, and Sandy West received within-grade step increases in 2012.

Work continues on renovations to Building 1. The Unit expects to move to new renovated space
on the third floor during the spring of 2014. Renovations to Building 5 and the greenhouse were
made in 2012 with a longer range plan for further improvements and additional rough laboratory
space. SIMRUs lease on the Livingston farm property was discontinued in 2012, but a new site
(Prewitt Farm) was obtained for research in 2013.



This annual report of information is a benchmark of activities for accountability and long-range
strategic planning. It involves efforts from all SIMRU employees. | welcome feedback on the
information and suggestions to further improve the report, and more importantly the overall
effectiveness of our research.

| extend my appreciation to SIMRU employees and acknowledge their work documented in this
2012 report.

Randall G. Luttrell
Research Leader



CRIS Projects

Research Project: Insecticide Resistance Management and New Control Strategies for Pests
of Corn, Cotton, Sorghum, Soybean, and Sweet Potato

Project Scientists: Ryan Jackson (Lead Scientist), Clint Allen, R. G. Luttrell, O. P. Perera, G. L.
Snodgrass, Y. C. Zhu

Project Number: 6402-22000-063-00D Project Type: Appropriated
Start Date: Sep 01, 2010 End Date: Aug 31, 2015

Objectives: The long-term objective of this project is to develop an improved understanding of
how the changing cropping landscape impacts insecticide resistance development and
management of various insect pest species in order to increase profitability and sustainability of
mid-South row crops. Objective 1: Improve tarnished plant bug control and insecticide resistance
management by gaining new information on the pest’s ecology and biology using multi-
disciplinary approaches, e.g. molecular genetic tools, stable carbon isotope analysis, gene
expression and proteomics, and insecticide resistance assays coupled with field sampling.
Objective 2: Determine the effect of bollworm ecology (corn earworm) on resistance to
pyrethroid insecticides by developing and utilizing genetic markers linked to resistance traits,
stable carbon isotope analysis, gossypol detection in adult insects, and insecticide resistance
monitoring. Objective 3: Develop pest control strategies for the U.S. Mid-South’s Early Soybean
Production System by determining accurate treatment thresholds, understanding the impact of
changing cropping systems on farm-scale pest ecology, and developing effective insecticide
resistance management practices for the stink bug complex, three-cornered alfalfa hopper, bean
leaf beetle and soybean looper. Objective 4: Improve low input systems of pest control for sweet
potato by evaluating the efficacy and proper use of newly registered insecticides to enhance their
integration with crop rotation and other low cost control strategies.

Approach: We plan to improve tarnished plant bug control and insecticide resistance
management by gaining new information on the pest’s ecology and biology using multi-
disciplinary approaches. Analytical techniques, such as stable carbon isotope analysis, will be
used to determine the influence of C4 host plants, such as field corn or pigweed, on populations
of tarnished plant bug adults infesting cotton fields. This information will identify sources of
tarnished plant bugs that may lead to alternative control measures prior to infestations into cotton
fields. Tarnished plant bug populations will be monitored for resistance to various classes of
insecticides commonly used by mid-South producers. This will provide real-time information to
decision makers that will allow them to adjust their control recommendations based on the type
of resistance that is found in their area of the mid-South. Detoxification enzyme activity surveys
will be conducted in an effort to correlate and quantify insecticide resistance levels in field
populations of the tarnished plant bug. Molecular genetics techniques will be conducted on
tarnished plant bug populations that could lead to assays to evaluate the extent of field resistance
in tarnished plant bug populations and provide input for insect management decisions. We also
plan to determine the effect of bollworm ecology (corn earworm) on resistance to pyrethroid
insecticides. Analytical techniques, such as stable carbon isotope analysis and a gossypol
detection technique, will be used to determine the impact of bollworm larval plant host on
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pyrethroid resistance levels measured in adults collected from pheromone traps. Molecular
genetics tools will be used to identify candidate genes and biological pathways associated with
insecticide resistance in bollworm populations. Successful identification of loci associated with
insecticide resistance and the development of genetic markers for those will provide a method to
obtain quantitative estimates of field evolved resistance by estimating the allele frequencies via
population studies. We will also develop pest control strategies for the U.S. Mid-South¢s Early
Soybean Production System by determining accurate treatment thresholds and developing
effective insecticide resistance management practices for the stink bug complex and bollworm.
Field studies will be conducted to evaluate treatment thresholds for stink bugs and bollworms in
early season soybeans. Stink bug populations will be monitored for potential resistance to
various classes of insecticides, and this effort will provide real-time information to decision
makers regarding the proper use of insecticides for control of these pests. We also plan to
improve low input systems of pest control for sweet potato by evaluating the efficacy and proper
use of newly registered insecticides to enhance their integration with crop rotation and other low
cost control strategies. Field and laboratory studies will be conducted to determine the impact of
crop rotation on populations of insect pests of sweet potatoes, as well as information of
insecticide efficacy and proper application techniques.

Summary: For tarnished plant bug (TPB), contribution of pigweed and corn to adult
populations within cotton fields can now be estimated using stable isotope analyses. Initial
estimates indicate that ~80-90% of TPB adults collected from cotton fields in the Mississippi
Delta during late June and early July completed nymphal development on a C4 host, primarily
field corn. This may provide an opportunity to manage TPB populations prior to movement into
cotton. Insecticide resistance monitoring in TPB populations indicated that control issues with
acephate and pyrethroids will continue. TPB populations continue to be susceptible to
thiamethoxam, imidacloprid, and novaluron. MS producers and consultants utilize this
information when selecting insecticides for TPB control. TPB transcriptome sequence reads and
their assemblies were made available to the public by depositing in the National Center for
Biotechnology Information database. More than 200 xenobiotic processing gene transcripts were
identified, and sequences were deposited in the database. Over 20,000 polymorphic genetic
markers in expressed gene transcripts were also identified. Analysis of 6,688 genes of TPB
using microarray revealed 6 esterase, 3 P450, and one glutathione S-transferase (GST) gene(s)
that were significantly up-regulated. Economic and ecological impacts of wide-scale adoption of
Bt cotton and insecticide use on grower profits and perceived risks of bollworm (BW) damage
are being measured. These impacts have potential influence on BW resistance evolution to
insecticides and Bt toxins. Pyrethroid susceptibility estimates in BW across the cotton belt did
not vary from those generated during the previous three years; however, pyrethroid susceptibility
estimates over the last 4 years have generally decreased compared to estimates generated during
the late 1990’s. No patterns of pyrethroid or Bt susceptibility were identified in BW collected
from different cropping landscapes. BW genomic sequences (n=392) containing xenobiotic
processing genes and insecticide targets were identified by sequencing a BCA library. Over
23,000 microsatellite markers were identified from the genome of the BW. Sequencing and
assembly of the BW transcriptome were completed, and microarrays were developed for gene
expression analysis. In soybeans, stink bug species were surveyed across the MS Delta to
document temporal and spatial dynamics of stink bug populations. Late-instar stink bug nymphs
(green, southern green, and redbanded) were approximately twice as tolerant as adults when



tested against organophosphorus or pyrethroid insecticides. Early stage nymphs should be
targeted for insecticidal control. Tracking wireworm populations in sweetpotato and corn is
providing new information on the impact of these soil-inhabiting pests on sweetpotato damage
and crop rotation influences. Preplant applications of chlothianidin, chlorpyrifos, and
imidacloprid reduced sugarcane beetle damage to sweetpotato in a large field cage study.
Chlorpyrifos applications had no effect on reniform nematode populations in a study with
insecticides applied alone and in combination with potassium N-methyldithiocarbamate.



Research Project: Control of Tarnished Plant Bugs by Biocontrol and Other Methods

Project Scientists: G. L. Snodgrass, R. G. Luttrell, M. Portilla
Project Number: 6402-22000-064-00D Project Type: Appropriated
Start Date: Jan 03, 2011 End Date: Jan 02, 2015

Objectives: Determine the effect of temperature and reproductive state on susceptibility of
tarnished plant bugs to Beauveria (B.) bassiana (ARSEF 8889). Determine the effect of exposure
to insect growth regulators (IGRs) and B. Bassiana (ARSEF 8889) on immature tarnished plant
bug survival. Determine the effect of host plant and application timing (season) on susceptibility
of tarnished plant bugs treated with ARSEF 8889 and IGRs (in situ).

Approach: The effect of temperature and reproductive state on the susceptibility of tarnished
plant bugs to Beauveria (B.) bassiana (ARSEF 8889) will be determined in replicated laboratory
tests. The two reproductive states tested will be normal reproductive adults and nymphs and
diapausing adults and nymphs that produce diapausing adults. Temperatures tested will range
from 10°C to 30°C. Insect growth regulators (IGRs) will be tested with nymphs in replicated
laboratory tests to determine which IGRs are effective and the rate at which to use them. The
most effective IGR(s) will be tested in laboratory tests in combination with ARSEF 8889 to
determine the most effective combination treatment. Results from the laboratory tests will be
tested in the field in replicated tests in cotton (for in-season plant bug control) and in the fall and
winter on wild host plants (for control of the diapausing overwintering generation). The effect of
IGRs and ARSEF 8889 treatment on beneficial arthropod populations will be evaluated in the
field tests and with additional laboratory tests.

Summary: The effectiveness of ARSEF 8889 (NI8) against reproductive and diapausing
tarnished plant bug (TPB) was evaluated in several laboratory tests at temperatures from 10° to
30° C. The fungus was found to be equally effective against reproductive and diapausing TPB
with higher infection rates at the warmer temperatures. A replicated small plot test in cotton was
conducted during July 2010. Treatments tested were NI8, NI8 + novaluron, novaluron, and an
untreated check. Results were inconclusive because of adult movement between the plots. A
large replicated test in cotton is currently being conducted in which plot size is one acre. This
should allow us to have a valid evaluation of the results. A preliminary test was conducted in
October and November 2010 in which NI8 was used alone and in combination with novaluron to
kill overwintering TPB adults and nymphs on pigweed and tall goldenrod. Beneficial arthropods
found on the wild hosts were also identified and their populations estimated before and after
treatment. The novaluron and novaluron plus NI8 treatments were very effective in reducing
numbers of nymphs on both wild hosts with infection rates as high as 41.5%. Infection rates
among adults with NI8 were as high as 77.7%. This test will be conducted in October 2011
using replicated plots. The most abundant beneficial arthropods on both wild hosts were spiders
in the families Thomisidae (crab spiders) and Salticidae (jumping spiders). Crab spiders made
up 48.5% of the total number of beneficial arthropods while jumping spiders were 22.2%. Crab
spiders and jumping spiders were evaluated in laboratory tests for susceptibility to NI8 infection.
Crab spiders were mostly immune while a low percentage of jumping spiders were infected.
Green lacewing, ladybird beetle and big-eyed adults were also tested in the laboratory for
susceptibility to NI8. Infection rates were low for these predators.



ARSEF 8889 was evaluated for tarnished plant bug (TPB) control in cotton in 2011. The test
was conducted under extreme conditions in that the temperature exceeded 90°F on every day of
the test and the TPB population in the cotton was well established and above the treatment
threshold in every plot when the test began. None of the treatments controlled the TPB
population including a standard treatment with dicrotophos or acephate (tests with a glass-vial
bioassay showed that the population was highly resistant to pyrethroid and organophosphate
insecticides). The test will be repeated in 2012 and will be changed so that the first treatment
application is made earlier when below threshold numbers are present. A second application will
be made one week after the first application. Deposition of spores on different locations in the
plants will also be determined and used to evaluate spray coverage and residual effectiveness for
TPB control. A field test using ARSEF 8889 to control TPB in corn when it tassels and in
soybeans during bloom will be conducted. Field tests in the fall to evaluate the use of ARSEF
8889 and novaluron for control of overwintering TPB on wild hosts will again be conducted In
a cooperative effort between SIMRU and the Boyce Thompson Institute, the genome of
Beauveria bassiana has been sequenced and will be published this year.



Research Project: Effect of Resistance on Insect Pest Management in Transgenic Cotton

Project Scientists: O. P. Perera (Lead Scientist), Kerry Clint Allen, Ryan Jackson, R. G. Luttrell
Project Number: 6402-22000-065-00D Project Type: Appropriated
Start Date: April 26, 2011 End Date: March 31, 2016

Objectives: Determine the impact of a changing cropping landscape on host plant ecology and
insect resistance management practices for bollworm using analytical techniques. Determine
gene flow and migration patterns by analyzing tobacco budworm and bollworm populations in
temporal and spatial scales using genetic and/or empirical/mathematical approaches. Identify
possible mechanisms of resistance to Bt toxins by profiling gene expression patterns and develop
a marker based genetic linkage map.

Approach: More than 95% of the second generation bollworm within each growing season
utilizes field corn as a host. Impact of corn plants expressing multiple Bt toxins on the bollworm
populations will be studied by comparing historical pheromone trap data with current and future
population estimates influenced by increased acreages of Bt corn expressing multiple Bt toxins.
Stable carbon isotope analysis will be used to identify bollworms using corn as a host plant.
Influence of local cropping landscape on bollworm populations will be studied using sentential
plots of conventional and Bt corn and cotton and early maturing soybeans. Large field cages will
be used to evaluate the impact of pyramided-gene Bt corn hybrid/refuge system on resistance
management strategies. Expressed genes of tobacco budworm and bollworm will be identified by
transcriptome sequencing, and genetic markers developed from polymorphic nucleotide regions
will be used in ecological genetic studies of tobacco budworm and bollworm populations. Gene
expression profiles will be used to identify biological processes involved in physiological
response to ingestion of Bt toxins. Markers developed for candidate loci associated with
resistance to Bt toxins will be used to estimate allele frequencies in natural populations. Genetic
loci under selection will be identified using statistical methods. A genetic linkage map of the
bollworm developed using polymorphic markers will be used to study inheritance of loci of
interest to Bt resistance.

Summary: This is the first report for the project 6402-22000-065-00D that started in April
2011. Field and laboratory studies have been initiated, and insect samples are being collected
and held for future analyses. Twelve-month milestones will be complete upon the end of the
cropping season.

Transcriptome of tobacco budworm was assembled using over 20 million nucleotide sequence
reads. All nucleotide reads and assemblies were submitted to public databases. Glass slide
microarrays containing 44,000 features were developed using curated transcriptome sequences.
BW transcriptome sequencing using Roche 454 and Illumina platforms was completed.
Assembly and bioinformatic analyses were performed to identify expressed genes in the
transcriptome assembly. Nucleotide sequence reads were re-assembled (overlaid) using curated
reference gene sequences to identify single nucleotide polymorphisms. Nucleotide reads and
assemblies of tobacco budworm and bollworm were submitted to public databases.
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Primary cell cultures generated from susceptible YDK strain and resistant KCB and CXC strains
of tobacco budworm were treated with CrylAc and Cry2Ab toxins. Treated and control cells
were harvested and total RNA and proteins were extracted. RNA extractions are being used in
RNA-Seq based gene expression profiling experiments. Protein fractions were subjected to two-
dimensional differential gel electrophoresis to identify differentially expressed proteins. The
protein spots identified were excised from the genes and were submitted to a core facility for
mass spectrometry based determination of amino acid sequences. Laboratory screening of
bollworm larvae collected from transgenic corn plants was initiated to select a bollworm line
resistant to CrylAc. Bollworm larvae collected from various field sites were used to establish
laboratory strains to obtain genetic material for mapping studies.

Results from the initial year of this project indicated that field corn was still the primary host of
H. zea during the growing season even though greater than 50% of the corn planted in the
southern U.S. produces one or multiple Bt proteins. Bt corn hybrids that produce multiple Bt
proteins suppress H. zea larval numbers and kernel damage, but yields do not necessarily reflect
this. Laboratory colonies of H. zea were established from light trap samples taken in
concentrated areas of corn, cotton and soybean production in the Mississippi Delta and assayed
for susceptibility to CrylAc. Variable responses were obtained but no clear association with the
different crop areas was evident.

Corn fields were surveyed after harvest to assess the density and maturity of volunteer corn in
the fall as well as the abundance of corn earworm in non-Bt corn at various growth stages.
Greenhouse and field trials examining the efficacy of various crosses of Bt and non-Bt corn
varieties on bollworm were conducted during last year and are being repeated during 2012.

Helicoverpa zea colonies with increased tolerance to Cry2Ab and Cry 1Ac were established
from insects collected from field locations in the Mississippi Delta. Back-cross genetic mapping
populations were developed by mating these colonies with insects from a susceptible laboratory
colony maintained at SIMRU and DNA extractions were completed from 96 insects for use in a
marker based mapping study.

Nucleotide sequences from 14 DNA pools containing 36,500 clones of a bacterial artificial
chromosome (BAC) library were obtained using high-throughput sequencing technology. The
sequence reads were assembled to identify candidate Bt resistance genes and genetic markers
associated with them. Nucleotide sequences from bollworm BAC clones and transcriptome are
also being used to complete assembly and annotation of the bollworm genome by CSIRO,
Australia.

Laboratory colonies of Bt resistant and susceptible Old World bollworm, Helicoverpa armigera,
exposed to CrylAc were used to study the time course of midgut gene expression. RNA
extracted from midguts of treated insects was used to obtain short nucleotide reads for RNA-Seq
profiling. Validation of differential expression patterns observed in RNA-Seq experiments is in
progress.

Computer model simulations examining the risk of corn earworm resistance development on
corn expressing two Bt genes versus those expressing a single gene were carried out. At least
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350 replicate simulations with randomly drawn parameters were completed for each of four risk
assessments. When dual-gene Bt-cotton, planted with a natural refuge and single-gene corn
planted with a 50% refuge was simulated, resistance to both toxins simultaneously never
occurred within 30 years, but in 38.5% of simulations, resistance evolved to toxin present in
single-gene Bt-corn (Cry1lA). When both corn and cotton were simulated as dual-gene products,
cotton with a natural refuge and corn with a 20% refuge, 3% of simulations evolved resistance to
both toxins simultaneously within 30 years, while 10.4% of simulations evolved resistance to the
CrylA toxin.

12



2012 Research Program Accomplishments

Adams Research Program

In SIMRU and LSU AgCenter collaborated to evaluate six insecticide regimes for efficacy
against tobacco wireworm in sweetpotato. These studies were conducted in large cages at the
SIMRU location in Stoneville, MS. Beauregard sweetpotatoes were transplanted to four row
plots in the 1/8 acre field cages (14 plots per cage). Preplant and layby treatments were applied
with an ATV two row boom sprayer calibrated to deliver 12 GPA. Weekly treatments were
applied with a backpack two row boom sprayer calibrated to deliver 2.5 gallons to 1/8 acre.
Treatments were arranged in a RCB design and replicated four times. Sweetpotatoes were
harvested from the two center rows of each plot. Yield, quality and insect damage were recorded
and analyzed. (Larry Adams, R. G. Luttrell and Tara Smith)

During 2012 SIMRU submitted yield and quality results from five check lines and six numbered
research varieties, in cooperation with researchers from Louisiana State University, North
Carolina State University and Mississippi State University, to the National Sweetpotato
Collaborators Group Variety Trials for the NSCG Annual Report. (L. C. Adams, R. G. Luttrell
and Chris Johnson)

USDA, ARS, SIMRU completed the second year of a three year crop rotation project in 2012
studying the effects of wireworm populations when rotating sweetpotato with conventional corn,
treated and non-treated seed, and Bt corn, treated and non-treated seed. Developing an accurate
method to sample for wireworms in sweetpotato production is included in this project protocol.
Wireworms were found sampling corn bait traps biweekly with a 24” shake box with a wire
mesh bottom. Several growth stages of the wireworm larvae were collected throughout the
growing season although collections continued to be very sporadic, as in 2011. Results of this
study are being evaluated to consider if a third year would be productive. (L. C. Adams and R.
G. Luttrell)

During the 2012 growing season SIMRU transplanted sweetpotato demonstration plots to
illustrate the value in taking soil samples for nematode populations and applying a nematicide
and preplant incorporated insecticide to control soil insects attacking the developing sweetpotato
roots. Three Mississippi Delta locations, Sanders Farm, Mound Bayou, MS, Alcorn State
University Research Farm, Mound Bayou, MS and Livingston Farm, Elizabeth, MS were
transplanted with Beauregard 14 slips in mid May. Treatments were applied approximately two
weeks prior to transplanting and included Lorsban, K-Pam, Lorsban and K-Pam, a grower field
and an untreated control. Soil samples were taken preplant, mid season and preharvest to
determine nematode populations. All locations were harvested at ~115 days. Yield, quality and
insect damage were recorded and analyzed. (L. C. Adams, C. Johnson)
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A summary of insect pheromone trapping of the H. zea (20" year) and H. virescens (21* year)
was compiled in 2012. We continue to work with other SIMRU scientist in the Bacillus
thuringiensis resistance monitoring program. The results of the long term trapping of these pests
illustrate the decline of population dynamics since the introduction of transgenic crops in the
Mississippi Delta. (L. C. Adams, C. Johnson)

Allen Research Program

A survey of looper and stink bug species inhabiting soybeans in Mississippi and Arkansas was
continued during the 2012 growing season. Soybean fields were sampled in Holmes, Sunflower,
Tunica, Washington, and Warren Counties in MS and in Desha County in AR. Fields were
sampled with a sweep net and looper larvae obtained from sampling were placed on artificial diet
and reared to adult for species identification. Rachiplusia ou , the gray looper, was collected in
low numbers from May 16th through the end of July. The first soybean looper, Chrysodeixis
includens larva was collected on July 2nd in Holmes County, MS. Only two cabbage looper
larvae were collected and that was the first week of July in Sunflower Co., MS. The majority of
the stink bug species observed this year were green stink bug, Chinavia hilaris and brown,
Euschistus servus. The southern green stink bug, Nezara viridula, was collected in later planted
soybean during August and September in some locations. The redbanded stink bug, Piezodorus
guildinii was collected in low numbers, especially in Warren county during the end of August.
(C. Allen, L. Andrews)

The residual activity of different rates of several insecticides on soybean looper, Chrysodeixis
includens, was examined. Leaves from treated soybean plants were removed at weekly intervals
for five weeks after treatment. Leaves were placed in petri dishes with agar and 5 neonate
soybean looper larvae were placed on each leaf. Mortality was recorded 72 hours after larvae
were placed on leaves. Mortality of larvae placed on leaves treated with Intrepid
(methoxyfenozide) applied at 6 or 8 oz/A , Steward (indoxacarb) at 11.3 oz/A, and Tracer
(spinosad) at 2 oz./A remained high for up to two weeks. Mortality of larvae placed on leaves
treated with Belt (flubendiamide) at 3 0z/A remained high for three weeks. Mortality of larvae
placed on leaves treated with Prevathon (rynaxypyr) applied at 27 0z/A remained relatively high
up to 5 weeks after treatment. (C. Allen, L. Andrews, R. Jackson)

Tarnished plant bug adults were collected adjacent to cotton at two locations in Leland, MS
during July 2011 and examined for the presence of pollen. Pollen grains are unique and can be
used to identify plant species with which an insect has had previous contact. Plant bugs were
collected at night from a white sheet with a blacklight attached. Insects were collected directly
into a 1.5 ml tube and stored in a freezer until processing was finished during 2012. A method
called "acetolysis" was used which utilizes sulfuric acid to dissolve insect cuticle and causes
little harm to the exterior surface of most pollen grains. Slides were made of the resultant pollen
residue and examined under a microscope. The number of pollen grains was counted and the
pollen types were identified utilizing the USDA-ARS Areawide Pest Management Research Unit
Pollen Reference Collection. Thirty-eight tarnished plant bugs were examined and at least one
pollen grain was recovered from all specimens. Overall, 1183 grains from 29 families, 33
genera, and 24 plant species was identified. The diversity of pollen grains identified are
evidence of the multitude of host plants that may be utilized by tarnished plant bug adults within
an area. (C. Allen, G. Jones)
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Reproduction and survival of tarnished plant bugs in soybean was examined in small field plots
in Stoneville. Four different planting dates of a maturity group 1V and V soybean variety was
sampled with a drop cloth. On each date, tarnished plant bug nymphs were collected from drop
cloth samples with an aspirator and brought back to the lab to determine the instar of
development. Tarnished plant bug populations during 2012 were low in soybean plots compared
with 2011. The highest populations of tarnished plant bug nymphs were collected during the last
week of May on the earliest planting date. Densities approached 3 tarnished plant bug nymphs
per 5 row feet on the maturity group V variety during the estimated R2 stage of development.
Low numbers were recorded for all planting dates during the R2 and R3 growth stages through
the first week of August. Although numbers of tarnished plant bug nymphs aren't nearly as high
on soybean as those encountered on wild hosts or other crop hosts, the vast acreage of soybean
grown in the state may be an important source of tarnished plant bug adults during some periods
of the growing season (C. Allen, L. Andrews)

Jackson Research Program

The influence of field corn and pigweed on populations of tarnished plant bug adults infesting
cotton in the MS Delta was studied using stable isotope analyses. Cotton fields adjacent to field
corn and those greater than 1 mile from field corn were identified in four MS Delta counties.
Tarnished plant bug adults were collected on a weekly basis from these cotton fields throughout
the growing season and subjected to stable carbon and nitrogen isotope analyses for natal host
determination. The proportion of tarnished plant bug adults collected from cotton that developed
as nymphs on plants that utilized the C, photosynthetic pathway, primarily maize and pigweed,
peaked anywhere from 79-92% during 2008-2009. Distance of cotton fields from maize did not
influence the peak proportion of tarnished plant bug adults collected with a C,4 signature from
cotton fields, the peak timing, or the peak duration. The timing of these C, peaks occurred from
28 June to 8 July, and the duration was between 13 and 19 days. Stable nitrogen isotope analyses
of tarnished plant bug adults indicated that maize was the major contributor of C,4 individuals
infesting cotton compared to pigweed. Nevertheless, pigweed produced a significant proportion
of tarnished plant bug adults infesting cotton, and improved control of these weed species could
potentially reduce tarnished plant bug infestations in cotton. Because maize makes up a
significant portion of the cropping acreage in the MS Delta, this information can be used to
estimate the timing of mass movements of tarnished plant bugs into cotton fields, thus allowing
for more efficient use of insecticides for tarnished plant bug control within cotton. It may also
allow for future targeting of tarnished plant bug populations in field corn prior to movement to
cotton. (R. Jackson, C. Allen, G. Snodgrass, and L. Price).

Pyrethroid insecticides are used to control bollworms many crops; thus, selection for pyrethroid
resistance within the landscape is potentially great even though there may not be much selection
pressure in any single environment. A regional project was established to measure pyrethroid
susceptibility in bollworm from May to September during 2008-2012 in nine states stretching
from Virginia to Texas. Male moths collected from pheromone traps were tested for
susceptibility to cypermethrin, a pyrethroid insecticide used historically in adult vial tests.
Average survival at a discriminating dose of 5 pg/vial of cypermethrin during 2012 was similar
to survival levels from the previous several years. Average survival exceeded 20% only in
Louisiana and Virginia. Consistent with previous years, survival was highest in most states
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during July. A comparison of survival during July of 2008-2012 with survival using the same
methodology from July 1998-2000 showed that survival has increased from an average of 8% to
19%. The greatest increases in resistance were found in Louisiana and Virginia. Preliminary
carbon isotope analysis indicated that most of mid-summer moths developed as larvae on
grasses, most likely corn. Currently, no evidence exists that supports claims of more pyrethroid
resistant moths being generated in cotton (or other broadleaves) than susceptible moths. Future
work will evaluate the utility of a larval vial test that will reduce the length of time necessary to
determine the susceptibility of a bollworm population within a given field. (R. Jackson, F.
Musser, M. Mullen, and L. Price).

Second generation Bt cottons that produce two Bt proteins often sustain economic damage from
bollworms. Thus, supplemental insecticide applications for bollworm control in Bt cotton are
commonly made. Ten field studies were conducted across the Mississippi Delta to evaluate the
need for supplemental bollworm control in Bollgard Il and WideStrike cottons, as well as to
determine whether non-Bt cotton varieties would be competitive from a yield standpoint. Each
variety was scouted independently, and insecticide applications of lambda-cyhalothrin (Karate Z)
or chlorantraniliprole (Prevathon) were made when a larval threshold of 4 larvae per 100 plants
was met. Bollworm larval threshold was met in the non-Bt cotton variety at all field sites in
2012, but thresholds were not met at all sites for Bt varieties.. Studies with significant heliothine
pressure demonstrated a yield benefit from spraying both non-Bt and Bt cottons with either
insecticide. Non-Bt cottons treated with insecticides produced similar yields to Bt cottons with
or without supplemental insecticide applications. These preliminary data suggest that non-Bt
cottons can be produced competitively compared to Bt cottons in the mid-South and also confirm
the benefit of supplemental insecticide applications to Bt cotton under significant infestation
from bollworm. (R. Jackson, D. Adams, C. Allen, and R. Luttrell).

Luttrell Research Program

The second year of a large-field cage study was conducted to compare within season crop injury,
end-of-season yield and survival of fruiting forms on different conventional (ARK48, MD25,
DP121, DP174) and Bt (DP0912, PHY375, DP1048) cottons managed under no insecticide,
Karate and Prevathon treated systems. Extreme densities of bollworm and tobacco budworm
were created in the 1/8 acre cages by releasing 200 bollworm and 200 tobacco budworm moths
at 1 bloom and 1% bloom + 4 weeks. Results were similar to 2011 studies and field studies.
Unsprayed conventional cotton did not produce economic yield, no yield in some instances. No
differences were observed among varieties when managed under a Prevathon treated system.
Yields of most varieties treated with Karate were statistically similar to those treated with
Prevathon, except for PHY375. (R. G. Luttrell, Chad Roberts, Clint Allen, Ryan Jackson)

A preliminary field study was conducted in 2012 to measure impact of spraying tassel-stage corn
and blooming early-maturity-group soybean with Beauveria bassiana (10° spores per acre) on
tarnished plant bug, Lygus lineolaris (Palisot de Beauvois) populations before they colonize
cotton. Observations included bioassays of leaves for residual activity of B. bassiana against
tarnished plant bugs, routine sampling of tarnished plant bug nymphs and adults in all three
crops, routine within-season plant maps of cotton fruit retention and fruit damage, mechanical
harvest of the center two rows in cotton plots, and end-of-season box mapping of plants from
each cotton plot to determine yield and fruit survival by main-stem and branch node location.
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Infection of tarnished plant bugs held on cotton leaves from the B. bassiana and novaluron plus
B. bassiana was evident but less than 10%. This residual infectivity was low compared to
infection measured on leaves from an adjacent large-plot study of cotton sprayed with B.
bassiana at a rate of 10 spores per acre (more than 25% infection). Analyses of tarnished plant
bug densities and within-season fruit retention indicated infestation (peak densities of 5232/acre
in some plots) and damage (61 to 86% retention of 1% position fruit) in cotton, but distinctive
differences among treatments were not evident. Yield and end-of-season box maps were
generally correlated with the small differences observed among treatments. Yield of cotton
bordering soybean was slightly higher than that of cotton bordering corn, suggesting that
soybean may have served as a trap crop. Trends in overall colonization of cotton by tarnished
plant bugs across the area suggest that larger plots are needed to measure impacts on tarnished
plant bug populations. (R. G. Luttrell, Kenya Dixon, Chad Roberts, Owen Houston, Maribel
Portilla, Gordon Snodgrass, Ryan Jackson)

Studies in 2011 to develop a residual bioassay of Beauveria bassiana treated leaves and relate
residual infectivity to spore counts on glass slides was continued in 2012. Leaves from treated
field plots of cotton, corn and soybean were exposed to 1-day-old adults from SIMRUs
laboratory colony in plastic cups for 24 h. After the 24 h exposure periods, insects were
transferred to individual 1 oz cups containing a meridic diet developed by Portilla et al. for
assaying tarnished plant bugs. Observations were made at routine intervals for 3-4 weeks
following transfer to the diet. Maximum infection was typically noted by 10 days post-exposure
to the treated leaves. Infection from field plots was low when the application rate was 10° spores
per acre (~10%), but significantly higher (25%-+) at higher dosages (10*2 spores per acre). The
process of counting spores was delayed for logistical constraints. Spores appear to remain on the
slides for several months if kept in a dry environment out of direct sunlight. (R. G. Luttrell,
Kenya Dixon, Maribel Portilla)

Helicoverpa zea moths were captured from light traps in areas predominated by cotton, soybean
or corn production in the Mississippi Delta. Gravid females were taken to the laboratory to
establish colonies for CrylAc susceptibility measurements in subsequent generations of the
progeny. Data were recorded in trap capture numbers, survivorship and reproduction, and
susceptibility to a range of CrylAc concentrations in a diet-overlay assay. Differences in
susceptibility from colonies established at the different crop sites and at different times in the
year appear to be small, but data analyses are incomplete. Overall densities of H. zea captured
early in the season were extremely low in comparison to previous year studies. (R. G. Luttrell,
Chad Roberts, Kenya Dixon)

Helicoverpa zea, Heliothis virescens, and Spodoptera frugiperda larvae from SIMRU colonies
were fed cotton leaves from conventional (ARK48, DP121, MD 25, DP 174DP0912, PHY375)
and Bt cottons (DP0912, PHY375, DP1048, PHY499) for 7 days. Observations of larval
survival and development (instar) were made daily for a week at which time larvae were
transferred to a meridic diet for subsequent observations at pupation. Observations were also
made on subsequent generation survival, reproduction and susceptibility. As expected, mortality
of larvae after 7 days on the different cottons varied with variety. Those fed on Bt cottons had
high mortality with LT50’s of 2-3 days. Those fed conventional cotton suffered mortality, but in
most cases the majority of larvae successfully survived to the pupal stage. LT50s on
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conventional cotton were greater than 7 days. Subsequent observations on reproduction and 2™
generation susceptibility to Bt toxins were hindered by low sample size. (R. G. Luttrell, Chad
Roberts, Kenya Dixon)

Perera Research Program

The time course of gene expression in Bt resistant and susceptible lines of Helicoverpa armigera
challenged with CrylAc was porfile. OP Perera, Karl Gordon, and Tom Walsh)

Genomic DNA was extracted from Helicoverpa zea obtained by mating field collected CrylAc
and Cry2Ab tolerant insects with laboratory strains. DNA samples will be sent to Cornell
University to genotype the insects and to develop a genetic map. (OP Perera)

Bacterial artificial chromosome containing chitin synthase A and B (CS-A and CS-B) genes of
H. zea was identified and the nucleotide sequence was obtained. This 145,000 nucleotide
genomic region revealed the genomic organization of the CS-A and B genes. A manuscript
comparing the genomic organization of H. zea CS genes with H. armigera is in final phase of
writing. (OP Perera, and P. D. Shirk)

Expression of over 30 odorant binding proteins in Lygus lineolaris was profiled using
microarrays and real time PCR. This collaborative project with Joe Hull, USDA-ARS,
Maricopa and Gordon Snodgrass has already resulted in one publication and a second
publication is in the final phase of editing. (OP Perera, G. L. Snodgrass, J. Hull)

Collaboration with Lukas Mueller of Boyce Thompson Institute, Ithaca, NY was initiated in
2012 to sequence, assemble, and annotate the genome of of L. lineolaris. Genomic DNA and
BAC clones were used to prepare Illumina sequencing libraries and 2 flowcells of sequence data
used to obtain a partial genome of L. lineolaris. (OP Perera, and L. Mueller)

Portilla Research Program

The potential of Beauveria bassiana strain NI8 and the growth regulator novaluron (Diamond ®)
for tarnished plant bug control was evaluated. A diet was used that is suitable for bioassays of
TPB from second instar to adult that required continuous observation over a period of several
weeks. Fourth instar (97.5 + SE 0.02), fifth instar (95.0 + SE 0.03) and adults (95 + SE 0.03) of
TPB were more susceptible (infection %) than second (52.5 + SE 0.07) and third instar (85.0+
SE 0.05) to B. bassiana; while, second instar (100%), third instar (100%) and forth instar (97.5 +
SE 0.02) nymphs had higher growth inhibition (mortality %) than fifth instars (92.5 = SE 0.04)
after ten days of exposure to novaluron. No effects in longevity (days) were observed in adults
(21.57 £ SE 0.9) treated with novaluron when compared with control insects exposed to water
alone (20.47 + SE 1.2), but both had highly significant greater longevity than adults exposed to
B. bassiana (5.2 + SE 0.2). Adults of TPB were maintained for over a month without changing
the diet. The non-autoclaved diet is semi-liquid before it cools which facilitates the mechanics of
diet packaging similar to food packaging or lepidopteran diet preparation. The solid artificial diet
for Lygus bugs provides improved research capacity for studying the ecology and susceptibility
of the insect to a number of different control agents including beneficial organisms, insect

18



pathogens, and insecticidal toxins being developed for transgenic technologies. (M. Portilla, G.
Snodgrass, R. Luttrell, and Tabatha Nelson)

Two isolates of Beauveria bassiana including the commercial strain GHA and the Mississippi
Delta native NI8 strain were evaluated in the field for pathogenicity and infectivity against
tarnished plant bug (TPB), Lygus lineolaris (Palisot de Beauvois). Thirty 2-d old TPB adults
from a laboratory colony were placed in cages located on top and bottom parts of cotton plants in
the field prior to spraying with B. bassiana. A total of 240 cage were used in the 40 plots (20
plots per concentration) (0.068 acre each) sprayed with four concentrations (spores / acre) and a
control with each B. bassiana strain (4 plots / concentration, 6 cages / plot, 2 cages/ cotton plant).
Concentrations sprayed (spores / acre) were 4.0x10™, 4.0x10", 4.0x10%, 4.0x10" of B. bassiana
strain NI8 and 4.1x10%, 4.1x10", 4.1x10%, 4.1x10" of B. bassiana commercial strain GHA.
All sprays included 1.5 ml of Tween-80 per gallon of spray. Sprayed insects were collected from
the cages and placed individually on Lygus solid diet and observed for ten days under laboratory
conditions. Mortality and sporulation from Lygus collected on top and bottom parts of the plants
were recorded daily.  Differences of mortality and sporulation on day 3, 5 and 10 were
significant among concentrations for both isolates and locations. Based on the LC50 (lethal
concentration) and LS50 (lethal sporulation) estimates determined by probit analysis of the
concentration-mortality (top and bottom) and concentration-sporulation (top and bottom)
relationships 10 days after spray, B. bassiana native strain N18 with a LCsq of 6.5x10% and LSs
of 1.7x10" (spores / acre) was more infectious to TPB than the commercial strain GHA with a
LCso of 4.74x10™ and LSso of 2.27x10% (spores / acre). Overall, these results indicated that B.
bassiana strain NI8 was superior to the commercially-available isolate suggesting that a 50%
reduction of adult populations of L. lineolaris may occur 10 days after spray using a spray. Nine
strains of Beauveria bassiana were re-isolated for four generations to determine specificity for L.
lineolaris. Virulence of eight strains of B. bassiana was compared vs. our control NI8. No
Improvement in specificity and virulence has shown NI8 neither the other strains. Each
generation of B. bassiana powder was produced from a single spores isolated from laboratory
infected Lygus adults. Variation of LCs throughout generation for each B. bassiana strain was
analyzed. (M. Portilla, G. Snodgrass, R. Luttrell, and Tabatha Nelson)

Laboratory studies are in progress to determined resistance of L. lineolaris to the
entomopathogenic fungus B. bassiana. Progeny from infected survival adults have been treated
for 9 generation and non resistance has been found. Although, a small percentage of adults of
generations seven and nine took longer to die, differences in adult survival among generation
were not observed based on the LIFETEST Log-rank statistic procedure of SAS. (M. Portilla,
G. Snodgrass,R. Luttrell and Tabatha Nelson)

Field studies were conducted to determine the effect of solar radiation on the effectiveness of B.
bassiana infection in L. lineolaris. The field results were compared with laboratory results. Four
concentrations of two strains of B. bassiana (NI8 and GHA) were used. (M. Portilla, G.
Snodgrass, R. Luttrell, and Tabatha Nelson)
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Foliar distribution of B. bassiana spores on cotton plants at different developmental stages was
evaluated. Four concentrations of B. bassiana were used and four applications from June to Sep
were carried out. Foliar distributions were compared at four different heights of the cotton plants.
(M. Portilla, G. Snodgrass, R. Luttrell, and Tabatha Nelson)

Preliminary studies to determine regulation of L. lineolaris population using B. bassiana were
carried out. Over 30 thousand adults of laboratory L. lineolaris colony were used for this
experiment. (M. Portilla, G. Snodgrass, R. Luttrell, and Tabatha Nelson)

Preliminary laboratory studies of B. bassiana susceptibility among different field populations of
L. lineolaris. (M. Portilla, G. Snodgrass, R. Luttrell, and Tabatha Nelson)

The total number of trays prepared by Insect Rearing in 2012 was approximately 786. This was
divided between the colonies of zea, vir and faw. The insects produced nearly 20,000 eggs from
this production and over three million pupae. Several scientists requested special mixed dry diet
and cupped diet. Upon request scientists were provided eggs and pupae to complete projects.
Insect Rearing shipped eggs, larvae and pupae to teachers and scientists across the U. S.
(Essanya Winder, Henry Winters, Maribel Portilla and R. G. Luttrell)

Snodgrass Research Program

Resistance to acephate (Orthene) was determined with a glass-vial bioassay in tarnished plant
bug populations from 21 locations in the Delta of AR (4), LA (2) and MS (15) in June 2012.
Resistance ratios of 3.0 or larger (which means the population would not be controlled in cotton
with acephate) were found in 14 populations. Tolerance to acephate (resistance ratios of 2.25 to
2.90) was found in 6 of the populations. These results showed that resistance to acephate (which
is incompletely dominant in inheritance) has remained stable since it was first found in 2005.
The same 21 populations were also tested for pyrethroid resistance with a discriminating-dose
bioassay. The average percentage mortality found for the 21 populations was 65.1%. Mortality
above 70% indicates a susceptible population, so the populations found in the Delta in 2012 were
on average resistant. (Snodgrass and Jackson)

Resistance to the neonicotinoid insecticide thiamethoxam (Centric) was monitored with a glass-
vial bioassay at 21 locations in the Delta of AR (4), LA (2), and MS (15) in 2012. The resistance
found was low and little change in resistance was found from 2011 through 2012. (Snodgrass
and Jackson)

Beauveria bassiana (NI8 strain) and novaluron (Diamond) alone and in combination were
evaluated along with a standard insecticide treatment (acephate or sulfoxaflur) for tarnished plant
bug control in large (ca. 1 acre) replicated plots of cotton at Stoneville, MS in June-July 2012.
The plots were sampled with a sweep net for tarnished plant bugs and beneficial arthropods, and
drop cloth samples were used to estimate numbers of tarnished plant bug nymphs. Samples were
taken on 20 and 27 June, and on 3, 9, 18, and 30 July. Treatments were applied with a high-
clearance sprayer using 11.4gal/acre on 21 and 29 June, and on 12 and 24 July. Treatments were
novaluron (9 oz/acre), Beauveria bassiana (NI8, > 8 trillion spores/acre applied in water with
0.05% Silwet L-77 surfactant), a combination treatment of novaluron with NI8 applied
separately at the previously stated rates, a standard insecticide (acephate at 1lb/acre or
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sulfoxaflur at 2.5 oz/acre), and an untreated check. The treatments reduced overall numbers of
adults compared to the check by 15, 16, 37.1, and 42% in the novaluron, NI8, NI8 + novaluron,
and standard insecticide treatments, respectively. The treatment threshold for plant bugs is 15
adults and nymphs per 100 sweeps. This threshold was exceeded 7 times between 20 June and 9
July. All but one time (novaluron on 9 July) the threshold was exceeded in the check or NI8
treatments. Compared to the check, the NI8, novaluron, standard insecticide, and NI8 +
novaluron treatments reduced mean numbers of nymphs found in the drop-cloth samples by
22.5, 35.4, 39.0, and 63.0%, respectively. In the NI8 + novaluron treatment, the mean number of
nymphs exceeded the treatment threshold (3 nymphs/6 row ft) on two dates. This was the fewest
number of times the threshold was exceeded among all treatments. The test results showed that
the use of NI8 in combination with novaluron was as good as using a standard insecticide
treatment in reducing numbers of plant bugs in cotton. However, the high rate of NI8 used is
cost prohibitive for use in normal cotton production. In addition, there are several other
insecticides that could be used with novaluron that are cheaper. One advantage in using NI8
with novaluron is that the treatment caused a much smaller reduction in numbers of beneficial
arthropods in the test than the use of a standard insecticide. The NI8 + novaluron treatment also
had the highest yield of cotton in the test. (Snodgrass, Jackson, Luttrell, and Portilla)

Zhu Research Program

Population variation and seasonal changes of susceptibility to different insecticides was
investigated in field populations of the tarnished plant bug. Multiple field populations were
collected from May to November in 2011 and from May to September in 2012, and were
subjected to dose response assays and survival rate assays using standardized spray method. Six
insecticides were tested, including acephate, imidacloprid, dicrotophos, thiamethoxam,
permethrin, and sulfoxaflor  (representing four insecticide classes: pyrethroids,
organophosphates, neonicotinoids, and sulfoximine). Toxicity baseline (LCso) was established
with a laboratory susceptible strain. Survival rates to discriminating dose in field populations
ranged from 10-99%. Data comparison to laboratory susceptible strain indicated that many field
populations have developed 5-8-fold resistance ratios during growing season (May to
September). Pooled population data showed a near linear increase in survival rates from 30% in
May to 60% in September. Higher survival rates were detected in populations collected from
Northeast Arkansas and Northwest Mississippi. (Zhu, West, Luttrell)

Insecticide resistance was monited in different crop systems. Fifteen locations were selected to
represent cotton, cotton/corn/soybean rotating, and non-cotton crop systems in MS, AR, and LA
(covering 200 miles in E-W and N-S directions). TBPs were collected each month from May to
September. Besides the routine collections from these 15 fixed locations, TPBs were also
collected from 15 other locations in AR and MS, and subjected to survival rate bioassay with
dicrotophos and thiamethoxam. Results indicated that tarnished plant bug populations from
cotton areas had 1.5-fold higher survival rate to dicrotophos and 1.7-fold higher survival rate to
thiamethoxam than the bugs from non-cotton areas. The populations from mixture or crop
rotating areas showed intermediate survival rate. (Zhu, West, Luttrell)
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Selection of resistant tarnished plant bug was selected for resistance mechanisms to major
insecticides (classes). High concentrations (~LC95) of commonly used insecticides, dicrotophos,
thiamethoxam, permethrin, and sulfoxaflor, were used to select field-collected TPBs. Two ml of
insecticide solution (4x higher than normal bioassay) was used to ensure through coverage.
Survival rates could reach 26.4%, 16.3%, 58.5% after dicrotophos, thiamethoxam, and
permethrin treatment, respectively. Higher survival rates were closely associated with spray
intensity in cotton growing areas. No survivor was obtained from sulfoxaflor selections. (Zhu,
West)

Major toxicity route of acephate and thiamethoxam were examined is tarnished plant bug.
Insecticides at LCss were sprayed individually and in different combination to bug, green bean,
and rearing cup. Results indicated that spraying on bugs and/or on rearing cup produced
significantly higher mortality in TPBs than spraying on green bean only. To examine residual
toxicity of Centric deposited on cotton leaves, a serial of concentrations (37.5-9600 mg/L) of
thiamethoxam were sprayed on excised cotton leaves. Results indicated that 5815 mg/L of
thiamethoxam is required to generate 95% mortality. (Zhu, Luttrell)

Insecticide resistance mechanisms were studied using biochemical and molecular approaches.
Enzyme Activity /Inhibition Assays were conducted to compare esterase, glutathione S-
transferase, and P450 oxidase activities between susceptible and resistant strains of the tarnished
plant bug. Microarray and real-time PCR were applied to examine global and major
detoxification gene expressions between susceptible and resistant TPB. Results indicated that
major detoxification enzyme activities were associated with resistance levels. Additional
acephate selection could elevate both resistance levels and enzyme activities. Bioassay data and
gene expression data indicated that many TPB populations have developed certain levels of
multiple/cross resistance to commonly used insecticides. (Zhu, Luttrell)
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2013 Research Plans

Adams Research Plans

Develop methods to determine spring populations of wireworms, rootworms, white grubs and
sugarcane beetles in sweetpotato fields. (L. C. Adams and R. G. Luttrell)

Participate in the 2013 NSCG Sweetpotato variety trials. (L. C. Adams and C. Johnson)

Monitor and report populations of H. zea and H. virescens in the Mississippi Delta through
pheromone trapping. (L. C. Adams and C. Johnson)

Continue collaborative research with Alcorn State University scientists studying sweetpotato
insect identification, sampling and damage in the Mississippi Delta. (L. C. Adams, R. G.
Luttrell and Tahir Rashid)

Evaluate treatments for sugarcane beetle control in cooperation with LSU research scientist in
large field cages. (L. C. Adams, R. G. Luttrell and Tara Smith)

Second year of demonstration plots to illustrate the value in taking soil samples for nematode
populations and applying a preplant nematocide and an incorporated insecticide to control soil
insects attacking the developing sweetpotato roots in three Mississippi Delta locations, Sanders
Farm, Mound Bayou, MS, Alcorn State University Research Farm, Mound Bayou, MS and
SIMRU research farm, Leland, MS.

(L. C. Adams, R. G. Luttrell and C. Johnson)

Allen Research Plans

The spatial and temporal distribution of various stink bug species in the MS Delta will be
examined. (C. Allen, L. Andrews).

An evaluation of the reproduction and survival of tarnished plant bug in soybean will be
continued. (C. Allen, L. Andrews, G. Snodgrass)

The species composition of bollworm and tobacco budworms in early and late planted soybeans
in the MS Delta will be examined (C. Allen, L. Andrews, D. Adams)

An evaluation of sprayed and unsprayed plots for lepidoptern pests in early and late planted

soybean and the subsequent impact on yield within production fields will be conducted (C.
Allen, D. Adams, L. Andrews, R. Luttrell)
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Jackson Research Plans

Research will continue to determine the natal hosts of tarnished plant bug adults that immigrate
into cotton throughout the growing season, and efforts will expand to the hills region of MS. (L.
Price).

Bollworm populations will continue to be tested for susceptibility to various Bt
toxins/technologies. We will attempt to identify a relationship between laboratory assay results
and field performance of these populations on Bt technologies. (M. Mullen).

Sentinel plots will again be placed throughout the MS Delta to evaluate the benefit of
pyramided-gene, Bt cotton varieties for bollworm control. Economic returns based on
differences between insecticide-treated and non-treated plots of the same variety will be the basis
of comparison among Bt technologies. These Bt varieties will also be compared to non-Bt
varieties at these sites. Additional plots will be located within the MS Delta to evaluate the need
for overspraying soybeans for bollworm control, as well as the economic benefit of such
applications. (D. Adams, C. Allen, and R. Luttrell).

Luttrell Research Plans

Field studies on grower farmers will continue in 2013 to compare insect control, insecticide
applications, yield and net profits on conventional and Bt cottons sprayed with pyrethroid or
diamide insecticides and compared to unsprayed controls. (Donny Adams, Clint Allen, R. G.
Luttrell)

Bollworm moths will again be captured from light traps in areas of predominant corn, cotton and
soybean production. Reproductive rates will be determined and 1% generation progeny will be
exposed to CrylAc in diet overlay assays. (R. G. Luttrell, Kenya Dixon)

A third year of comparing Beauveria bassiana spray deposits on glass slides to assays of residual
activity of the fungus against tarnished plant bug on cotton leaves will be conducted. Plans are
to compare the assay of residual deposits to mortality of tarnished plant bugs caged in the
sprayed plots prior to application. (R. G. Luttrell, Kenya Dixon, Maribel Portilla, Gordon
Snodgrass)

A resistance monitoring program will be established to measure susceptibilities of heliothines
and tarnished plant bugs to Bt toxins and major insect ides. (R. G. Luttrell, Michelle Mullen,
Kenya Dixon, Gordon Snodgrass, Clint Allen).

Perera Research Plans

Eight genomic DNA libraries have been prepared using genomic DNA of a single male from a

highly inbred line of L. lineolaris. Libraries will be pooled to increase the sequence diversity and
specific DNA size fractions will be used to obtain paired end reads. In addition, mate-pair reads
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from a large insert (~40 Kbp) DNA library are also planned to improve assembly of the genome.
(OP Perera)

Continue studies on the genetic variation of detoxification genes to identify loci associated with
insecticide resistance in Lygus and bollworm. Single nucleotide polymorphisms identified from
the transcriptomes will be used in the population genomics studies. (OP Perera)

Complete studies on the transcriptomes of tobacco budworm, bollworm, and tarnished plant bug
and prepare manuscripts. (OP Perera)

Continue genetic marker development for bollworm to develop linkage maps. (OP Perera)

Portilla Research Plans

Life table will be constructed L. lineolaris using different natural host. We will start with lab
cotton plants. (Maribel Portilla, Gordon Snodgrass, Tabatha Nelson, R.G. Luttrell)

Larger field cotton areas and other host plants of L. lineolaris will be increased for study in 2013
to determine infection on present population of L. lineolaris. A spray rate of 4.0x10" spores per
acre of B. bassiana will be applied with mechanical sprayers. Cages with laboratory insects and
field populations of insects will be used to evaluate infection at application. (Maribel Portilla,
Tabatha Nelson, Gordon Snodgrass, R.G. Luttrell)

Snodgrass Research Plans

Different colonies of the tarnished plant bug will continue to be monitored in the laboratory.
One colony is a highly inbred colony with the red-eye mutation. Two colonies with normal eyes
are infected with different strains of bacteria, and the last colony is a susceptible strain from
Crossett, AR. These colonies are used in cooperative research with O. P. Perera. (Snodgrass
and Perera)

Work with Gerald Gipson will continue to produce enough conidia of the NI8 strain of
Beauveria bassiana for use in different tests during the year. (Snodgrass and Gipson)

Test plant bugs from 20-25 locations in the Delta will be tested for resistance to thiamethoxam
(Centric) using a glass-vial bioassay. Any resistant populations will be further evaluated in field
and laboratory tests (Snodgrass)

Assistance will be provided to Dr. Parys on host plants and other basic biology of the tarnished
plant bug in the Mississippi Delta. (Snodgrass and Parys)

Zhu Research Plans

Resistant colonies of TPB will be developed for a conventional and a novel insecticide and
analyze cross resistance correlation and association with crop system will be analyzed. (Zhu)
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Resistance mechanisms to imidacloprid, dicrotophos, thiamethoxam, permethrin in tarnished
plant bug will be characterized using enzyme assay and gene expression analysis (real-time PCR
and microarray. (Zhu)

Collaboration with LSU to study Bt resistance and Bt performance in sugarcane borer will
continue. (Zhu)

Work with Jeff Gore to examine P450 activity in resistant cotton aphid will be continued. (Zhu
and Gore)

Insecticide deposition/residues (through contract or collaboration) will be analyzed and
correlated with residual toxicity to TPB. (Zhu)
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2012 Specific Cooperative Agreement Research Accomplishments

Project Title: Low input systems of pest control for sweetpotato in the Mississippi Delta

Alcorn State University Agreement No.: 58-6402-1-614
Project Investigator: Tahir Rashid ARS Investigator: R. G. Luttrell
Project State Date: 8/1/2011 Project End Date: 8/31/2014

2012 Accomplishments:

Effect of Prohexadione-Ca on yield and insect damage to sweetpotatoes

Four sweetpotato varieties, Beauregard, Covington, O’Henry, and Puerto Rican were planted in
split plot, randomized complete block design with 4 replications in ASU Extension/Research
Demonstration Farm and Technology Transfer Center, Mound Bayou, MS. Prohexadione-Ca
treatments (0 and 810 mg L™ a.i.) were the main plots and cultivars were the subplots. Each plot
consisted of 2 rows. Sweetpotato was transplanted to conventionally prepared raised beds at a
rate of 10 plants per row, with 1.5 ft between plants within the row and 3.5 ft between rows. The
control and treated plots were separated by 10 ft buffer. The experiment consisted of two
regimens, irrigated and non-irrigated with 32 plots in each regimen. Drip irrigation was used in
both fields as needed until the plants were established and then biweekly to irrigated field only.
Preplant application of glyphosate (24 oz/acre) was made to burn down all weeds. Post-
transplant weed control was accomplished by hoeing and gas powered push tiller. Prohexadione-
Ca treatments were applied with a 5 gal backpack sprayer at 810 mg L™ (140 g a.i. ha™) mixed
with 1 mL L™ of crop oil concentrate and ImL L™ urea ammonium nitrate. Plants were sprayed
until run off. Control plots were sprayed with water mixed with 1 mL L™ of crop oil concentrate
and ImL L™ urea ammonium nitrate. Treatments were applied twice during the season, 2 weeks
and 6 weeks after transplanting.

Effect on plant parasitic nematodes: Soil samples were taken from 4 random places in each plot
to detect any difference in relative abundance of plant parasitic nematodes among treatments.

Data Collection: Vine length of sweetpotato plants were measured after 90 days of transplanting
by randomly selecting 4 plants in each plot. Sweetpotato roots were harvested, washed and
graded into jumbo, US#1 ans US#2. All roots were weighed and examined for any insect damage
by counting the feeding scars on each root. Insect damaged roots were weighed for comparison.

Sampling of sweetpotato weevil in southern Mississippi by pheromone traps

Sweetpotato weevil pheromone traps were placed in Copiah County (Crystal Spring area) near
ornamental sweetpotato research plots. Traps were also placed around sweetpotato research field
in Claiborne County (Alcorn State main campus area). Eight traps were installed at each
location. A trap was fitted on a 4-ft cane just above the plant canopy and loaded with 120 ug of
sweetpotato weevil lure. The pheromone was replaced every 4 weeks. Traps were checked every
2 weeks.

Adult wireworm collection in new 4-wing bucket traps.
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In our previous study wireworm adults especially Conoderus vespertinus have been significantly
attracted to purple sticky traps. A new trap was designed with 4-wing purple sheets to collect live
adult beetles through a funnel into the collection arena. Eight traps were installed around a
sweetpotato research field in ASU Ext/Res Demo Farm and Tech Transfer Center, Mound
Bayou, MS. Traps were checked twice a week for live C. vespertinus adults.

2013 Research Plans:

Evaluation of Prohexadione-Ca on sweetpotato yield and insect damage will continue during
2013. No sweetpotato weevil was detected in pheromone traps during 2012. Trapping will
continue in sweetpotatoes in Claiborne County, Mississippi with same lure concentration. We
were unable to establish a laboratory colony of C. vespertinus due to low catch of adult beetles in
4-wing bucket traps. The 4-wing traps will be reinstalled during 2013. Soil bait traps will be
installed to collect wireworm larvae. Toxicity bioassays will be conducted against collected
wireworms with biological extracted compounds.
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Project Title: Bt risk assessment for Lepidopterous pests of cotton

Mississippi State University Agreement No.: 58-6402-8-274
Project State Date: 3/3/2008 Project End Date: 3/2/2013
Project Investigator: Fred Musser ARS Investigator: Clint Allen

2012 Accomplishments:

The bollworm (corn earworm) is a major pest target of Bt toxins in corn and cotton. In both
crops, the insect is targeted with similar Bt toxins, so successive generations of this pest are
potentially exposed to the same selection pressure. We are assessing this risk in several ways.

A major thrust of field research during the last 2 years has been to examine the role of volunteer
corn on the evolution of resistance of the bollworm. A graduate student (Arun Babu) is
undertaking several studies to examine this aspect of Bt resistance risk. We conducted a survey
of corn fields after harvest to assess the density and maturity of volunteer corn in the fall as well
as the abundance of corn earworm in non-Bt corn at various growth stages. We have also
conducted greenhouse and field trials examining the efficacy of various crosses of Bt and non-Bt
corn varieties on bollworm under stressed and non-stressed environments. A second graduate
student (Ben Von Kanel) is evaluating the change in performance on cotton of bollworms that
developed on Bt corn varieties compared to non-Bt corn varieties. He is also conducting
bioassays of various crosses of these bollworm populations to try to determine the genetic basis
of differences in performance.

A second method for assessing the risk of resistance development in corn earworm is through
computer modeling. Kristine Edwards and Michael Caprio have continued to use and modify a
computer model to address the risk of resistance that comes from changes in our agricultural
landscape and the Bt technologies available to farmers. In addition to the modeling, they are
working with a subcontractor to move the population genetics program from a Java/Linux
platform to a Windows platform. The new application reduces the need for re-compiling and will
make the program available to a broader PC community without the need for increased support
or maintenance. The goal is to develop a program that is intuitive to the user and accurately
models the parameters provided.

Host plant usage and pyrethroid insecticide resistance levels in bollworm continue to be
monitored across the cotton belt. Cooperators in 9 states have trapped moths each year since
2007 and tested them for pyrethroid resistance. The moths are then frozen and sent to Ryan
Jackson (USDA-ARS in Stoneville, MS) for carbon isotope analysis which indicates the type of
host plant on which the larva fed. Data show high levels of pyrethroid resistance in Louisiana
and more recently in Virginia. Resistance in other states has been generally low. Corn earworm
larval hosts are almost all grasses during mid-summer, with more developing on broadleaves
during spring and autumn periods. This trend is consistent in all states being monitored. There
has been no indication that pyrethroid-resistant moths are more or less likely to develop on
grasses than pyrethroid-susceptible moths.
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One of the benefits of Bt crops is reduced insecticide usage. However, the emergence of
tarnished plant bug (TPB) as a major cotton pest in the mid-south has reduced this benefit in
cotton. We have initiated some work with TPB to improve our understanding of TPB ecology
and physiology. Specifically we have examined the prevelance of microsporidia and viruses in
wild populations. Further, we have compared development of TPB populations from different
regions within MS on cotton and other crop hosts. We are also examining how TPB alter
expression of several polygalacturonases depending on host plant, which could be very important
for this highly polyphagous pest. This work will continue in 2013.

2013 Research Plans:

Finalize research, project will end March 2013.
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Project Title: Bt risk assessment for lepidopterous pests of cotton

Mississippi State University Agreement No.: 58-6402-8-313
Project State Date: 7/1/2008 Project End Date: 7/1/2013
Project Investigator: Jeffery Gore ARS Investigator: Ryan Jackson

2012 Accomplishments:

Bollworm larvae were collected from Non-Bt and VT3P field corn in 2011 and 2012. Pupal
duration and pupal weights were determined for the parental generation. Backcrosses and
reciprocal crosses were made and the offspring neonates were subjected to dose mortality
bioassays on lyophilized Bollgard Il cotton tissue. Male bollworm larvae collected from VT3P
field corn had a longer pupal duration compared to males collected from Non-Bt field corn.
Female pupal duration was not significantly different for individuals collected from non-Bt field
corn and VT3P field corn. Populations collected from VT3P field corn had higher pupal weights
than larvae collected from Non-Bt field corn. In 2011, progeny from females reared on VT3P
field corn had a higher LC50 compared to progeny resulting from females reared on Non-Bt field
corn regardless of paternal host. In 2012, progeny from all reciprocal crosses and the backcross
larvae of non-Bt had similar LC50 values. The progeny from the VT3P backcross had a higher
LC50 value than all other crosses. Based on these results, bollworms collected from VT3P field
corn are healthier and more robust than those collected on non-Bt field corn. These results
suggest that there are multiple minor genes that influence bollworm survival on Bollgard 11
cotton. Those genes may be associated with resistance traits, but are most likely influencing
overall fitness of larvae that develop on VT3P field corn. Results of these experiments will be
important for developing resistance management plans in areas where dual-Bt toxin corn hybrids
and dual-Bt toxin cottons are grown in close proximity. (B. Von Kanel, J. Gore, D. Cook, R.
Jackson, A. Catchot, and F. Musser: Agreement No. 58-6402-8-313)

An experiment was conducted in 2012 to evaluate the impact of insecticide applications on dual
toxin Bt cottons. Non-Bt, Widestrike, and Bollgard Il cotton varieties were planted in a split-plot
design with 4 replications. Each variety had a sprayed and unsprayed treatment. The sprayed
plots were treated, as needed, with Prevathon, Belt, or Tracer to control lepidopteran insect pests.
Overall, lepidopteran densities were relatively high in this trial. Overall, insecticide applications
on significantly reduced the numbers of damaged squares and bolls on non-Bt cotton, but not on
Widestrike or Bollgard 11 cotton. Insecticide applications targeting lepidopteran pests
significantly increased yields of non-Bt and Widestrike cottons. In contrast, no significant
differences were observed on Bollgard 1l cottons. These results demonstrate that dual-gene Bt
cottons are not immune to injury from bollworm. As a result, management of bollworms in dual-
gene Bt cottons with foliar insecticides may be an important component for resistance
management (J. Gore and D. Cook: Agreement No. 58-6402-8-313)

An experiment was conducted in 2012 to determine the impact of sequential low rate
applications of Prevathon on bollworm injury and yield in Bollgard Il cotton. The rates of
Prevathon used included 1.5, 3.0, and 6.0 fl 0z/A. These treatments were co-applied with a
tarnished plant bug application when tarnished plant bugs reached the current economic
threshold of 3 per 5 row ft. Each rate was sprayed with either every tarnished plant bug
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application or every other application and compared to Prevathon and Belt sprayed at their
normal use rates (27 fl oz/A for Prevathon and 3 fl oz/A for Belt). A total of six applications
were made for tarnished plant bugs in this trial. Therefore, treatments 1-3 were sprayed six times
and treatments 4-6 were sprayed three times. Treatments 7 and 8 were sprayed one time when
bollworm densities reached threshold. All of the insecticide treatments reduced square and boll
injury from bollworm in Bollgard Il cotton compared to the unsprayed plots. Applications of 3.0
fl oz/A of Prevathon sprayed six times and 6.0 fl oz/A Prevathon sprayed three and six times
provided similar levels of control to that observed with Prevathon sprayed at threshold with 27 fl
oz/A. All insecticide treatments resulted in higher yields than untreated Bollgard Il. These
results suggest that low rates of Prevathon can be sprayed sequentially beginning prior to
flowering and reduce the impact of bollworms in Bollgard Il cotton. This approach can reduce
input costs for growers and may serve as an effective resistance management tool in dual-gene
cottons. Low rates of 3-6 fl. 0z/A applied throughout the season may result in a third toxin being
present in dual-gene cottons throughout the season and further reduce the selection pressure on
the Bt genes. These preliminary results will need to be repeated and refined before specific
recommendations can be made (J. Gore, A. Adams, and D. Cook: Agreement No. 58-6402-8-
313)

A colony of bollworms was collected from Bollgard 1l cotton and given to SIMRU for further
testing (J. Gore and D. Cook: Agreement No. 58-6402-8-313)

Insecticide resistance in all insect pests of cotton threatens the economic viability of dual gene Bt
cottons. Increased costs of foliar insecticides associated with resistant insects compounded with
technology fees of dual-gene cottons results in a significant economic cost for growers. Surveys
of cotton aphid susceptibility to neonicotinoid insecticides were conducted from 2008 to 2012.
Cotton aphids were collected from commercial cotton fields across Mississippi, Louisiana,
Arkansas, and Tennessee. Additional populations were tested from Texas and North Carolina.
Aphids were collected from fields where control failures with foliar neonicotinoids were
reported. Additional collections were made from cotton fields in these states where no foliar
applications of neonicotinoid insecticides had been made. Leaf dip bioassays were used to
measure their susceptibility to neonicotinoids. Cotton aphids collected from fields where control
failures had occurred showed significant levels of resistance each year. Mean LC50 values
averaged across all collections increased from 12.75 ppm in 2010 to 60.06 in 2011 and 27.0 in
2012. All of the populations tested in 2012 showed moderate to high levels of resistance to
thiamethoxam regardless collection site (sprayed or unsprayed field) (J. Gore and D. Cook:
Agreement No. 58-6402-8-313)

2013 Research Plans:

Experiments evaluating the impact of bollworms on yields of Bollgard 1l and Widestrike cotton
will be continued in 2013. (J. Gore and D. Cook: Agreement No. 58-6402-8-313)

Collections of bollworms from Bt crops will be continued in 2012. (J. Gore and D. Cook:
Agreement No. 58-6402-8-313)
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The graduate student project evaluating the impact of Bt corn hybrids on bollworm, Helicoverpa
zea (Boddie), population dynamics, fitness, and subsequent damage in cotton will be continued
in 2013. (J. Gore, D. Cook, A. Catchot, and B. Von Kanel: Agreement No. 58-6402-8-313)

Experiments investigating supplemental insecticide applications in dual-gene cotton genotypes
will be continued and expanded in 2013. (J. Gore and D. Cook: Agreement No. 58-6402-8-
313)

Experiments investigating corn earworm survival on silks from dual-gene corn hybrids will be
continued in 2013. This experiment will be expanded to determine the role of cannibalism on the
ability of individual larvae to complete development on dual-gene corn hybrids. (J. Gore and D.
Cook: Agreement No. 58-6402-8-313)
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Project Title: Economic analysis of Bt corn technologies and associated refuge systems

Mississippi State University Agreement No.: 58-6402-0-459
Project State Date: 4/1/2010 Project End Date: 4/1/2013
Project Investigator: Steve Martin ARS Investigator: Ryan Jackson

2012 Accomplishments: Field studies were conducted in 2010 and 2011 with corn hybrids
possessing various Bt traits across the Mid-South to estimate the impact of single- and
pyramided-gene Bt corn hybrids on bollworm populations, as well as to make an economic
assessment of single- and pyramided-gene Bt corn/refuge systems. Single-gene Bt hybrids had
little impact on bollworm populations infesting field plots, whereas pyramided-gene hybrids
significantly reduced larval numbers, larval size, and the numbers of damaged kernels. Yields of
corn hybrids varied over the two-year period and did not correlate well with larval survival and
kernel damage estimates. Data are currently being compiled to conduct an economic analysis
comparing the single-gene, 50% corn refuge system with the pyramided-gene, 20% corn refuge
system.

2013 Research Plans: NONE
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Project Title: Assembly and Annotation of Lygus Lineolaris (Tarnished Plant Bug) Genome

Cornell University Agreement No.: 58-6402-2-719
Project State Date: 6/1/2012 Project End Date: 12/31/2014
Project Investigator: Lukas Mueller ARS Investigator: OP Perera

2012 Accomplishments:

The size of the Lygus lineolaris genome, estimated using flow-cytometry, was determined to be
approximately 900 million base pairs (MBp). Based on this data, it was estimated that over 150
billion nucleotides of sequence data is required for initial assembly of the genome. High-
throughput sequencing of 16 pools containing approximately 2300 Lygus lineolaris recombinant
bacterial artificial chromosome (BAC) clones each was carried out to obtain over 1.5 billion
Illumina HiSeq2000 reads. A preliminary assembly of the genomic sequence data yielded over
400,000 contiguous genomic DNA sequence fragments (contigs), indicating that additional
sequence data needs to be generated to increase the coverage and average length of the genomic
DNA contigs.

In order to reduce the level of nucleotide polymorphisms that adversely affect genome
assemblies, a single-pair mated line of insects was generated by mating of sibs of a highly inbred
laboratory colony of Lygus lineolaris for 5 successive generations. Genomic DNA was extracted
from individual insects to prepare small insert genomic DNA libraries containing 300-600 Bp
inserts.

2013 Research Plans:

Small insert genomic DNA libraries will be size fractionated to select 250 and 400 Bp insert
sizes for obtaining overlapping and non overlapping, respectively, paired-end sequence reads. In
addition, randomly sheared genomic DNA will be used to construct large insert (approximately
40 KBp insert size) mate-pair sequencing libraries for improving the quality of the genome
sequence with reference-guided assembly techniques. Assembled genomic DNA sequence data
will be annotated using automated and manual annotation pipelines. In addition, assembled
DNA sequence data will be used to as a reference to identify polymorphic genetic markers for
use in genetic mapping and population genetic studies.
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Appendix D

SIMRU’s 2012 STEP Employees

3" row (L to R) Thomas Sherman, Julian Beamon, Julian Henry, Dustin Picklemann, Frank
Chandler, and John Austin Coleman

2" row (L to R) Andrea McNeal, Jesse King, Bailey Tubertini, Christopher Morris, Emily Mosow,
Russel Godbold, David Liang, and Maria Benavides

1* row (L to R) June Jones, Laura Sipes, Cavishia Roberson, Rebecca Worsham, Jana Slay,
Jordan Tullos, and Padmapriya Chatakondi

Not pictured: Flenadia Moore, Dquan Wilson, Sydney Holleman, Darshanisha Warren, Ari Esters,
and Taylor Dobbins
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