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Abstract 
 
Predation on eggs of the lepidopteran pests Helicoverpa zea (Boddie) and Spodoptera exigua (Hübner) in cotton was 
monitored before and during the first two seasons of the Boll Weevil Eradication Program in south Texas (2005-
2006).  Mortality of eggs was reduced after malathion sprays for boll weevil relative to both pre-spray levels in 
cotton and in comparison to an adjacent unsprayed soybean field.  The number of predation events observed was 
also reduced in comparison to pre-spray levels in cotton and post-spray levels in the soybean controls.  Despite 
reduced mortality of lepidopteran pests, outbreaks were not observed in 2005 or 2006, probably due to reduced 
spray applications in comparison to the previous boll weevil eradication attempt in south Texas. 
 

Introduction 
 
Predators typically inflict significant mortality to lepidopteran pests in cotton (Nuessly and Sterling 1994, Ruberson 
et al. 1994, Stewart et al. 2001, Pfannenstiel 2004, 2005). In many circumstances predators provide excellent control 
unless disrupted by pesticides.  However, there is significant evidence that initiation of the boll weevil eradication 
program at different locations in the southern USA has resulted in significant release of lepidopteran pests resulting 
in crop damage (Stewart et al. 1996, Summy et al. 1996).  However, there have been no rigorous tests of the impact 
of the eradication program on predator complexes or the mortality they cause lepidopteran pests.  Because of an 
ongoing long term project studying the predator complexes feeding on lepidopteran eggs in the Lower Rio Grande 
Valley (LRGV), the initiation of the Boll Weevil Eradication Program (BWEP) in 2005 allowed for an investigation 
of the impact of the program on predators and the change in their impact on eggs of two pest lepidopteran species, 
the bollworm, Helicoverpa zea (Boddie) and the beet armyworm, Spodoptera exigua (Hübner) (both Lepidoptera: 
Noctuidae).      
 
During a previous attempt at instituting the BWEP in the LRGV, outbreaks of S. exigua led to significant crop 
damage (Stewart et al 1996, Summy et al. 1996) and the end of the BWEP program after one year.  During the 
current permutation of the BWEP, two changes were instituted to try to reduce the likelihood of beet armyworm 
outbreaks.  First year sprays for boll weevils did not begin until late summer to reduce overwintering weevils 
without causing serious impact on natural enemies of lepidopteran pests.  During the second year, a pesticide free 
period during May was incorporated to allow natural enemy populations to build up, reducing the likelihood of 
outbreaks.  From the third year on, sprays will be applied whenever trap catches exceed thresholds.  It is hoped that 
boll weevil numbers will be reduced enough from previous year applications to prevent levels of spraying that 
would induce widespread outbreaks of lepidopteran pests while still reducing boll weevils. 
 
The predator complex feeding on lepidopteran eggs in cotton has been extensively studied from 2001 to the present 
in the LRGV (Pfannenstiel 2004, 2005).  Dominant predators of lepidopteran eggs in cotton include the cursorial 
spiders (dominated by the Anayphaenidae, Clubionidae and Miturgidae), the red imported fire ant [Solenopsis 
invicta (Buren)], the cotton fleahopper [Pseudomatoscelis seriatus (Reuter) (Hemiptera: Miridae)] and Geocoris 
lividipennis Stål (Hemiptera: Geocoridae).  This study will evaluate the impact of BWEP sprays on predation of 
lepidopteran eggs in LRGV cotton.  Here, I present data from the pre-program evaluation and the first two years of 
the BWEP. 
 

Materials and Methods 
 
Small cotton fields were planted using production practices typical of farmers in the lower Rio Grande Valley.  Field 
size ranged from 2 to 5 acres during this study.  Soybean fields were also planted and used as an unsprayed control 
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for the impact of pesticides because it was not possible to have unsprayed cotton during the eradication program.  
Cotton (cv. Deltapine 54-14 RR in 2004, Deltapine 494 RR in 2005, and a combination of Deltapine 494 RR and 
147 RR Flex in 2006) was always planted during the first week of March.  Soybean (cv. Vernal) was planted during 
third week of March.  Soybean was planted over drip irrigation while the cotton was drip irrigated in 2004 -2005 and 
flood irrigated in 2006. 
 
Pesticide treatments were conducted by the BWEP.  ULV malathion was used for all pesticide applications during 
the program and was applied either by air or by pickup truck using a mister.  Pesticide applications were initiated in 
July 2005.  Pesticides were to be applied to fields whenever trap catches were greater than 2 boll weevils per field 
per week, however actual application dates were inconsistently associated with trap catch during 2006.   
 
Evaluation of predation was conducted using sentinel lepidopteran eggs and the observation techniques of 
Pfannenstiel & Yeargan (2002) as modified by Pfannenstiel (2004) and can be summarized as follows.  Fields were 
divided into quadrants and 30 sampling stations selected in each quadrant.  In each quadrant there were 10 stations 
per row with 5 m between stations and 7 rows between sample rows.  The 10 sites per row were alternately assigned 
to either H. zea or S. exigua using different colored flags so that there were 15 sites for each egg type in each 
quadrant.   
 
H. zea and S. exigua colonies were maintained in the laboratory by modified methods of Ignoffo (1965).  Adults 
were placed in 3.8 l ice cream cartons lined with green florist paper for oviposition; a 10% sucrose solution was 
provided as a food source.  Egg sheets were collected daily; paper on which eggs had been laid was cut into small (3 
to 20 cm2 ) sections containing either 10 H. zea eggs or one S. exigua egg mass each.  Egg groups or masses were 
then placed in a refrigerator at 4�C to stop development until used or discarded after 4 d.  Groups of 10 H. zea eggs 
(as opposed to 1 egg) were used to extend the amount of time that a predator feeds, thus increasing the probability of 
observing predation events.  All eggs in each S. exigua egg mass (range 20 to ~160 eggs/mass) were counted and 
recorded before placement into the cotton field.  
 
Eggs were transported to the field in an ice chest with ice and then attached to plants at 3 PM by stapling the eggs in 
the desired location.  Afternoon was used for deployment of eggs for purely logistical purposes.  H. zea eggs 
typically take 2.5 or more days to develop in the field in Texas and would be available to predators throughout this 
time (R. S. P. personal observation).  Paper sections containing eggs were not used if any of the eggs were dislodged 
during transportation.  Egg groups were attached to the top of a cotton leaf about 55 - 70% of plant height and this 
relative location was maintained as the cotton plants grew.   
 
Egg groups were observed at three-hour intervals (6 PM, 9 PM, 12 Midnight, 3 AM, 6 AM, 9 AM, 12 Noon, and 3 
PM CDT) for the following 24 h.  This distribution of sampling times results in 4 day (9 AM, 12 Noon, 3 PM and 6 
PM) and 4 night samples (9 PM, 12 Midnight, 3 AM, and 6 AM CDT).  Sunrise occurred as the 6 AM sample was 
being finished and sunset occurred just before the 9 PM sample was initiated, allowing for equal numbers of day and 
night samples despite a photophase lasting about 14 h.   H. zea and S. exigua eggs take about 3 d to develop; due to 
their prompt refrigeration, eggs used during this study did not approach hatching at any time.  At each observation 
period, predators observed feeding on the eggs were identified or collected for subsequent identification.  All 
observations of predation could be assigned to day (9 AM, 12 Noon, 3 PM and 6 PM) or night (9 PM, 12 Midnight, 
3 AM, and 6 AM).  Eggs of each species were replaced when all eggs on the sheet had been consumed allowing 
accurate estimation of egg mortality (24 h).  This experiment was conducted on six dates in each of the years of the 
study.  Sampling was initiated in late April or early May and continued at two to four week intervals through July or 
August. On some dates both crops could not be sampled because either the soybean was still too small in the spring 
or had senesced in the late summer 
 

Results 
 
Egg mortality of both H. zea and S. exigua was consistently high in cotton during the years (2002-2003) before the 
BWEP began and ranged from 25 to 90 %, respectively (Pfannenstiel 2004, 2005).  Because levels of predation were 
similar between H. zea and S. exigua species, only the data for H. zea will be presented here. Predation in cotton was 
compared to that in soybean in 2004 and was generally similar between the two crops rising from between 30 and 
40% (respectively) early in the season to near 60% towards the end (Fig. 1).  Egg mortality in cotton was slightly 
lower in 2005 and ranged from 30 to 50 % before pesticide applications began (Fig. 2).  The first estimation of 
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mortality post-malathion application was reduced to less than 10% mortality per 24 h from 30% on the previous date 
(Fig. 2).  Before this, the lowest 24 h mortality on any date from 2001 to 2004 was about 20%.  The last sample date 
in 2005 was the only date in 6 years of observation with a mortality rate less than 10 % and only the 2nd time ever 
that there was 24 h mortality less than 22 %.  The reduction in mortality in 2006 was less than observed 2005 due to 
application of malathion by edge sprays rather than full field aerial applications.  In 2006, post-spray mortality/24 h 
ranged from 30-40% before malathion applications began and around 20% after (Fig. 3). 
 
In 2004, as in the years before that (Pfannenstiel 2005), predation events were more frequently observed in cotton 
than in Soybean by a ratio ranging from 3 to 4:1.  In 2005, this pattern was apparent until sprays began in August 
when there was a significant reduction in observation of predation in cotton compared to soybean (cotton:soybean) 
from about 3:1 pre-spray to 0:5 post-spray.  Similarly, in 2006, there was a 2.5:1 ratio of observations until edge 
sprays of malathion were initiated, this pattern reversed and the ratio of observations in the two crops became about 
1:3 ×  with many more observations in soybean.  Egg mortality varied dramatically between cotton and soybean 
after sprays began in 2006 with mortality decreasing in cotton from about 40 to 20% while increasing nearly 
threefold from 28 to 80% in soybean (Fig. 3).  The large increase in mortality in soybean was due primarily to 
higher observations of nocturnal feeding by cursorial spiders and a predatory cockroach that had previously not been 
observed in south Texas cotton 
 

Discussion 
 
Malathion applications, whether by air or edge application by flatbed mister resulted in reduction in lepidopteran 
egg mortality in cotton both when compared to previous dates and when compared to an adjacent untreated soybean 
field.  During 2006, egg mortality in soybean increased significantly due to invasion by an exotic cockroach.  It is 
likely that this cockroach would have colonized cotton as well resulting in higher than normal mortality there as 
well.  The relatively high impact of edge treatments of malathion was surprising.  Mortality was reduced even into 
the middle of the field (personal observation) suggesting that these predators move around frequently within cotton 
fields resulting in their contacting pesticide residues even though they may cover only a portion of the field. 
 
In 2006, the exotic cockroach, Blattella asahinai Mizukubo (Orthoptera: Blattellidae), was discovered in the LRGV 
in soybean and cotton.  In the absence of pesticide inputs, the Asian cockroach reached very high densities in 
soybean and was the predator most frequently observed feeding on lepidopteran eggs.  It is likely that in the absence 
of malathion sprays the densities of this cockroach would have increased in cotton and caused significant mortality 
to lepidopteran eggs there.  This cockroach appears to be very susceptible to pesticides. 
 
In 2005 and 2006, sprays by the BWEP reduced mortality of lepidopteran eggs but thus far has not led to any 
outbreaks of lepidopteran pests.  Unfortunately, trap catches of boll weevils hve also remained high.  Beginning in 
2007 sprays will be conducted throughout the year to increase the impact on the boll weevil.  This program will 
continue to evaluate the impact of the BWEP on predators and their impact on eggs of lepidopteran pests. 
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Figure 1. Mortality of H. zea eggs in cotton and soybean, 2004 
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Figure 2. Mortality of H. zea eggs in cotton and soybean, 2005. 
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Figure 3. Mortality of H. zea eggs in cotton and soybean, 2006.  All sprays were only of the field borders. 
 

1140

2007 Beltwide Cotton Conferences, New Orleans, Louisiana, January 9-12, 2007



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName <FEFF0068007400740070003a002f002f007700770077002e0063006f006c006f0072002e006f00720067ffff>
  /PDFXTrapped /False

  /Description <<
    /ENU <FEFF>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




