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Abstract

A four-year (2015-2018) survey study was conducted in the Texas High Plains to investigate the seasonal moth flight
activity patterns of Helicoverpa spp. and to possibly detect the presence of the ‘Old World” bollworm (OWB, H.
armigera), if it has already been introduced into the Texas bollworm population. The primary objectives of the study
were to: 1) Investigate the effectiveness of species-specific pheromone lures obtained from two vendors, and 2)
Determine the efficiency of two different trap designs in capturing Helicoverpa spp. moths. Surveys were conducted
approximately at weekly intervals from mid- to late July to mid-November each year. Our hypothesis was that OWB
invasion had not occurred in Texas. In the absence of H. armigera, it was therefore, impossible to determine which
lure type and/or lure vendor had the best pheromone lure formulation for attracting H. armigera. Among the five
selected experimental treatments, the Texas Traps baited with Trécé™ H. armigera lure captured the highest number
of Helicoverpa spp. moths during all four years of the study. The H. armigera baited traps with the USDA Cooperative
Agricultural Pest Survey (CAPS) lures captured significantly fewer moths compared to that in 2015. The Trécé™ (H.
zea and H. armigera) lure baited traps captured numerous H. zea specimens. Improvement in the CAPS lure since
2016 has discriminated Helicoverpa moth species significantly and the moth capture by CAPS lure has been greatly
reduced, indicating the greater sensitivity of the USDA lure in possible monitoring of OWB moths. However, the
2018 CAPS lure failed to discriminate H. zea moths compared to that in both 2016 or 2017 CAPS lure formulations.
On the other hand, Trécé™ H. armigera lure is totally ineffective in discriminating the Helicoverpa moth species.
Sample dissections of 2016 resulted in no positive identification of OWB samples from Texas populations. Similarly,
the molecular examination of 2017 samples resulted in no positive identification of OWB while the 2018 samples are
being processed. Based on current data, we do not believe that OWB has been introduced to Texas at this time.

Introduction

The Old World bollworm (OWB), Helicoverpa armigera, is a polyphagous pest, feeding on a wide range of crop and
non-crop plant hosts. Its global distribution spans Europe, Asia, Africa, Oceania, and South America. During 2014,
H. armigera was detected in Puerto Rico and Costa Rica, and then on 17 June 2015, one male moth was collected in
a pheromone trap in Bradenton, FL. It was anticipated that this pest would invade the southern U.S. in the very near
term while some entomologists speculated that the invasion might have already been occurred. Ecological niche
modeling indicates that most regions of the U.S. possess suitable habitats for the permanent establishment of
reproductive OWB populations. Therefore, the current OWB issue in Texas is a rigorous anticipatory survey.

This study was conducted to investigate the seasonal moth flight activity patterns of Helicoverpa spp. captured on two
different trap designs (Fig. 1) and pheromone lures, obtained from two sources, specifically designed to trap H. zea or
H. armigera. It should be noted that H. zea moths commonly respond to H. armigera pheromone baited traps and the
two species are difficult to distinguish from each other without genetic testing or dissecting the adult males.

The study objectives were to: 1) Investigate the effectiveness of H. armigera and H. zea pheromone lures obtained
from two sources [Trécé™, Inc. (both species); USDA CAPS (H. armigera lures only)], 2) Determine the efficiency
of two different trap designs (‘Texas Trap’ vs. green ‘Bucket Trap’) in capturing Helicoverpa spp. moths, and 3)
Perform dissections of seasonal male adult sub-samples of Helicoverpa spp. captured on H. armigera pheromone
baited traps in order to possibly detect Old World bollworm sightings in Texas bollworm moth populations.

Materials and Methods

Survey area for the study included four trapping sites situated in a west-to-east orientation along Texas FM1294 in
northern Lubbock County, TX. Five selected experimental treatments included: 1) ‘Texas Trap’ baited with Trécé¢™
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H. zea lure, 2) ‘Texas Trap’ with Trécé™ H. armigera lure, 3) ‘Bucket Trap’ (green) with Trécé™ H. zea lure, 4)
‘Bucket Trap’ (green) with Trécé™ H. armigera lure, and 5) ‘Bucket Trap’ (green) with USDA CAPS H. armigera
pheromone lure. Each treatment was represented at each trapping site, including five treatments and four sites
deployed in a randomized block design. Trapping periods for all four study years included typically deploying the
traps during mid- to late July with monitoring extending until mid-November annually. Traps were inspected weekly
and re-baited at two-week intervals. All captured moths were counted, placed into Zip-Loc™ bags, and then samples
were placed into a freezer for species identification dissections and/or sent to USDA Lab in Fort Collins, CO for
molecular identification.

Results and Discussion

The Trécé™ H. armigera and Trécé™ H. zea lure baited Texas traps yielded 2015 seasonal weekly mean captures of
119 and 83 bollworm moths per trap, respectively; while during 2016, similar seasonal weekly moth capture averages
of 116 and 84 were observed (Fig. 1). Moth captures in 2017 were higher than that in the previous two years. The
2018 moth captures were similar to 2015-2016. Overall, it should be noted that among the five study treatments, the
Texas Traps baited with Trécé™ H. armigera lure captured the highest number of Helicoverpa spp. moths during
three of the four years of the study. Because H. zea cross-responds to H. armigera lure and the Trécé™ H. armigera
lure is not sufficiently sensitive to species specificity, it appears that the Trécé™ lure that is designed for H. armigera
is as much or more attractive to H. zea. Therefore, the Trécé™ H. armigera lure is not a viable monitoring tool in
OWRB survey.
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Figure 1. Texas Traps [also referred to as Texas Pheromone Trap, TP Trap or Hartstack Trap (Hartstack et al.
1979)]: Weekly Helicoverpa spp. male moth captures during 2015-2018 on ‘Texas Traps’ baited with H. zea or H.
armigera Trécé™ pheromone lures.

Green bucket traps baited with the Trécé™ H. armigera and H. zea lures yielded lower numbers of bollworm moths
than the Texas Traps, yet overall peak trap response periods were observed on both trap designs similarly (Fig. 2).
The Trécé™ H. armigera and Trécé™ H. zea lure baited bucket traps yielded 2015 seasonal weekly moth captures of
44 and 36 bollworm moths per trap, respectively, reflecting the same general moth activity trend as observed from the
Texas traps (Figs. 2 and 3). During 2016, a slightly different numerical trend was observed in which the Trécé™ H.
zea lure baited traps captured a seasonal mean of 57 moths per trap, whereas the Trécé™ H. armigera lure captured
slightly lower moth numbers (although not statistically different) at 54 moths per trap (Fig. 2). Trap captures in 2017
were significantly higher than that in 2016. In 2018, Trécé™ H. zea lure and H. armigera lure baited traps captured
99 and 79 moths, respectively.

USDA CAPS baited green bucket traps did not reflect the same moth trap response activity patterns of the other four
treatments which utilized lures obtained from Trécé™, Inc. Moth numbers were much lower and only the early season
peak trap responses were slightly reflected by USDA CAPS lure as compared to the other pheromone lure treatments.
While H. armigera lure is expected to cross-capture H. zea, USDA CAPS lures were designed to be more sensitive
toward H. armigera compared to commercially available H. armigera lure. At the present time, H. armigera does not
appear to be in the Texas High Plains bollworm population; therefore, it is difficult to determine which lure type and/or
lure vendor has the best pheromone lure formulation for attracting H. armigera. Nevertheless, USDA CAPS lure of
2015-2017 seems to discriminate H. zea moths significantly as shown by drastically lower moth captures in CAPS
lure baited traps versus Trécé™ OWRB lure. Interestingly, the 2018 formulation of CAPS lure attracted considerably
higher abundance of moths compared to the formulations for 2015-2017; the 2018 CAPS lure captures were only
slightly lower than (TP traps) or similar (Bucket trap) to the Trécé™ H. armigera lure (data not shown).
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Figure 2. Green ‘Bucket Traps’: Weekly Helicoverpa spp. male moth captures during 2015-2018. Traps were baited
with H. zea or H. armigera Trécé™ pheromone lures, and H. armigera USDA CAPS lure.

A total of 1,500 moths from Trécé™ and USDA CAPS H. armigera lure baited traps in the Texas High Plains were
dissected in 2016. These dissections resulted in no positive identification of OWB in the Texas High Plains moth
populations. All dissected male moths appeared to be H. zea specimens. Thirty-eight samples including 347 specimens
from 2017 survey and 52 samples (7 — 1,187 moths per sample) were sent to USDA Center for Plant Health Science
and Technology, Fort Collins, CO for molecular diagnosis of OWB specimens and their molecular examination also
resulted in no positive identification for OWB in 2017 while the 2018 samples are currently being processed.

Acknowledgments

Research funding for this study came from Cotton Incorporated State Support Committee and Plains Cotton
Growers, Inc. USDA CAPS lures were provided by USDA APHIS PPQ. Molecular identification of collected

specimens was conducted by Dr. Todd Gilligan at USDA Center for Plant Health Science and Technology, Fort
Collins, CO.

References

Hartstack, A.W., J.A. Witz, and D.R. Buck. 1979. Moth traps for the tobacco budworm. J. Econ. Entomol. 72: 519-
522.

U.S. Department of Agriculture, Animal Plant Health Inspection Service, Plant Protection and Quarantine. 2014. New
Pest Response Guidelines: Helicoverpa armigera (Hiibner) (Old World Bollworm). Washington, D.C.: Government
Printing Office. http://www.aphis.usda.gov/import export/plants/manuals/online _manuals.shtml



http://www.aphis.usda.gov/import_export/plants/manuals/online_manuals.shtml


<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /UseDeviceIndependentColor

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 300

  /ColorSettingsFile ()

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>



    /DAN <>

    /DEU <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

  >>

  /DetectBlends true

  /DetectCurves 0

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 300

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /Magnification /FitPage

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (U.S. Web Coated \050SWOP\051 v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputIntentProfile ()

  /PDFXRegistryName ()

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /PageLayout /SinglePage

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



