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Abstract 

 
Woolly croton is an annual weed that serves as an overwintering host for the cotton fleahopper. It is therefore important 
to determine the distribution and density of woolly croton for the management of the insect pest. The objective of this 
study was to evaluate the feasibility of using aerial imagery captured from manned and unmanned aircraft to detect 
and map woolly croton infestations. An unmanned aircraft system (UAS) and a manned aircraft were used for image 
acquisition from a pasture infested with woolly croton. The UAS was equipped with a pair of red-green-blue (RGB) 
and near-infrared (NIR) cameras and a five-band camera, while the manned aircraft carried a different pair of RGB 
and NIR cameras. UAS images were acquired at 400 ft above ground level (AGL), while manned aircraft images were 
captured at approximately 2200 ft. The two types of multispectral images from the UAS were mosaicked, respectively. 
The two mosaicked UAS images and a single multispectral image from the manned aircraft were then classified, and 
the three classification maps were compared for the identification of woolly croton infestations. Preliminary accuracy 
assessment based on training samples used for image classification showed that high resolution aerial imagery from 
both manned and unmanned aircraft has the potential for mapping woolly croton infestations, though other 
classification techniques need to be evaluated with more thorough and robust accuracy assessment. 
 

Introduction 
 
Woolly croton (Croton capitatus Michaux), also known as hogwort or goatweed, is an annual weed growing to about 
3 ft tall. The plant is covered with dense woolly hairs on its stems and leaves, giving it a grayish appearance. It tends 
to grow in overgrazed pastures and disturbed areas across the southern United States and elsewhere. Croton typically 
begins to emerge in early summer and continues until the fall when plants begin to senesce. Multiple phenological 
stages can exist simultaneously on a single plant, including blooming, developing seeds, shattering, and senescing.  
 
Woolly croton serves as a host to the cotton fleahopper, Pseudatomoscelis seriatus (Reuter), which is an economically 
important insect pest of cotton. The cotton fleahopper became the number one cotton pest in 1999 with economic 
damage estimated to be $196 million (Williams, 2000). The fleahopper has consistently been considered one of the 
most destructive insect pests of cotton in Texas and Oklahoma (Predel et al., 2012). Woolly croton not only serves as 
a food source and reproductive host throughout the growing season, it also is the primary overwintering host for 
fleahopper eggs (Almand et al., 1976; Nyffeler et al., 1987). Diapausing eggs laid in the stems of croton in the fall 
survive the harsh winter conditions and hatch in the spring under required temperature and moisture conditions to 
become an early season cotton pest (Gaylor and Sterling 1977; Hakeem and Parajulee, 2015). Fleahoppers hatching 
from the eggs feed on developing terminals and squares, resulting in plant damage and yield loss (McLoud et al., 
2016).  
 
Given that woolly croton is the primary late-season and overwintering host of the cotton fleahopper, determination of 
the distribution and density of woolly croton may be useful for managing this insect pest. However, little work has 
been reported in the literature on the use of remote sensing for detecting and mapping woolly croton infestations. 
Woolly croton has a light grayish appearance, which is helpful for its identification. However, it is not so distinctive 
from associated plant species, especially when being viewed from a far distance or high altitude. The spatial resolution 
of traditional airborne and satellite imagery may not be fine enough, but high resolution airborne and UAS imagery 
obtained at lower altitudes may have the potential for mapping this important weed. The objective of this study was 
to evaluate the feasibility to detect and map woolly croton infestations using aerial imagery captured from manned 
and unmanned aircraft.  
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Materials and Methods 
 
Study Site 
This study was conducted in a 40-acre pasture (30°33'49"N, 96°30'51"W) near Snook, TX. The pasture and the 
surrounding areas are infested with woolly croton. 
 
Image Acquisition 
Both a manned and an unmanned aircraft were used to collect images. The manned aircraft was a Cessna 206 equipped 
with a multispectral imaging system. The imaging system consisted of two Nikon D810 digital cameras with a 7360 
× 4912 pixel array. One camera captured normal RGB color images, while the other camera was equipped with an 
830-nm long pass filter to obtain NIR images.  
 
The unmanned imaging platform was a HSE-UAV AG-V6A hexacopter (Homeland Surveillance & Electronics LLC, 
Seattle, WA) equipped with two multispectral imaging systems. One multispectral system consisted of two Nikon 
D7100 digital cameras with a pixel array of 6000 × 4000 pixels (one RGB camera and one modified NIR camera with 
an 830-nm long pass filter). The other multispectral system was a MicaSense RedEdge 3 camera (MicaSense, Inc. 
Seattle, WA). The RedEdge 3 camera had five narrow bands (each with its own global shutter imager), including Blue 
(475±10 nm), Green (560±10 nm), Red (668±5 nm), Red Edge (717±5 nm), and NIR (840±20 nm). 
 
The manned and unmanned aircraft were flown at 2200 ft and 400 ft, respectively, above ground level (AGL) for 
image acquisition. The manned aircraft was able to cover the whole study area with one single image, while the UAS 
was flown along 10 flight lines as shown in Figure 1. Mission Planner (free software available at 
http://ardupilot.org/planner/) was used to create the flight lines. Aerial images were acquired under sunny conditions 
on August 17, 2018 while croton was primarily at the blooming stage with an average height of 71 cm. Pixel size 
achieved was 2 cm, 8 cm and 16 cm for the Nikon D7100, MicaSense RedEdge 3, and Nikotn D810 images, 
respectively. 
 

 
 

Figure 1. Flight parameters for taking images using a pair of Nikon D7100 RGB/NIR cameras and a MicaSense 
RedEdge 3 camera on a UAS.  
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Image Mosaicking 
Pix4Dmapper (Pix4D SA, Lausanne, Switzerland) was used to process the UAS images from the two imaging systems 
into 2D orthomosaics and 3D digital surface models (DSMs). The two orthomosaics from the Nikon D7100 RGB and 
NIR images and the five band orthomosaics from the MicaSense images were stacked into a RGB/NIR composite 
image and a five-band composite image, respectively, using Erdas Imagine (Intergraph Corporation, Madison, AL). 
The Nikon D810 RGB and NIR images were aligned, stacked and rectified to the same UTM coordinate system as 
the two UAS composite images. As the pixel size of the D810 composite image was 16 cm, the two UAS composite 
images were resampled and degraded to 16 cm for analysis and comparison. 
 
Image Classification 
The study area had diverse cover types including woolly croton at different stages, trees with different canopy tints, 
mixed vegetation (grass, shrubs, and mixed herbaceous species), and non-vegetation (bare soil, roads, waterbodies 
and residential areas). A total of 22 subclasses were identified and the corresponding training areas were digitized 
from the Nikon D7100 composite image for each subclass. The three 16-cm composite images, one for each imaging 
system, were first classified into 22 classes based on the training samples extracted from each image using maximum 
likelihood classification. The 22 subclasses were then grouped into four major classes (croton, trees, mixed vegetation 
and non-vegetation). For preliminary accuracy assessment, the training samples extracted for image classification 
were used to determine the error matrix for each classification. Overall accuracy, producer’s accuracy, user’s accuracy, 
and kappa coefficient were calculated. 
 

Results and Discussion 
 
Figure 2 shows the RGB mosaic from the images acquired by the UAS-mounted Nikon D7100 camera for the pasture. 
The cover types that could be visually distinguished from the image included trees, roads and waterbodies. The grasses 
growing around the two ponds and the green herbaceous plants between the two ponds had a distinct green color, 
while the rest of the pasture had a grayish to lime greenish tone. Woolly croton has a grayish color as can be seen on 
the ground, but it is difficult to distinguish it from other mixed herbaceous plants by visualizing the images.  
 

 
 
Figure 2. RGB mosaic from images acquired by a UAS-mounted Nikon D7100 camera for a woolly croton-infested 

pasture near Snook, TX.  
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Figure 3 shows the classification maps for the mosaicked image shown in Figure 2 based on the maximum likelihood 
classifier. Preliminary accuracy assessment based on the training samples showed that overall accuracy was 91.4%, 
83.5% and 95.9%, respectively, for the Nikon D7100, MicaSense RedEdge 3 and Nikon D810 images. The estimated 
croton coverage was 25%, 18% and 30% from the three respective images. It should be noted that the accuracy values 
were only based on the training samples and a more thorough accuracy assessment scheme based on a random 
stratified pattern is needed. 

 

 
 

Figure 3. A classification map of the mosaicked image shown in Figure 2 for a woolly croton-infested pasture near 
Snook, TX. 

 
Summary 

 
Preliminary results from this pilot study indicate that woolly croton can be detected and mapped from aerial 
multispectral imagery. High resolution imagery from UAS may help distinguish croton from other associated plant 
species, but it takes more time to use UAS for image acquisition and processing. Imagery from manned aircraft is 
more practical for mapping croton infestations over large geographical areas. Nevertheless, UAS imagery will be 
useful for training sample identification and for accuracy assessment. Further research is needed to evaluate different 
imaging systems and aircraft platforms as well as different image classification methods for croton identification. 
 

Acknowledgements 
 
The authors wish to thank Fred Gomez and Lee Denham of USDA-ARS at College Station, TX for taking the aerial 
imagery for this study. Mention of trade names or commercial products in this article is solely for the purpose of 
providing specific information and does not imply recommendation or endorsement by the U.S. Department of 
Agriculture. USDA is an equal opportunity provider and employer. 
 
  

2532019 Beltwide Cotton Conferences, New Orleans, LA, January 8-10, 2019



References 
 
Almand, L.K., W.L. Sterling, and C.L. Green. 1976. Seasonal abundance and dispersal of the cotton fleahopper as 
related to host plant phenology. Bulletin 1170. Texas Agricultural Experiment Station, College Station, TX. 
 
Gaylor, M.J., and W.L. Sterling. 1977. Photoperiodic induction and seasonal incidence of embryonic diapause in the 
cotton fleahopper, Pseudatomoscelis seriatus. Annals of the Entomological Society of America 70(6): 893-897. 
 
Hakeem, A., and M.N. Parajulee. 2015. Moisture conditions for laboratory rearing of cotton fleahoppers from 
overwintered eggs laid on woolly croton plants. Southwestern Entomologist 40(3):455-42.                 
 
McLoud, L.A., S. Hague, A. Knutson, C.W. Smith, and M. Brewer. 2016. Cotton square morphology offers new 
insights into host plant resistance to cotton fleahopper (Hemiptera: Miridae) in upland cotton. Journal of Economic 
Entomology, 109(1):392-398. doi:10.1093/jee/tov275. 
 
Nyffeler, M., D.A. Dean, and W.L. Sterling. 1987. Predation by green lynx spider, Peucetia viridans (Araneae: 
Oxyopidae), inhabiting cotton and woolly croton plants in east Texas. Environmental Entomology 16(2): 355-359. 
 
Predel, R., W.K. Russell, D.H. Russell, C.P.-C. Suh, R.J. Nachman. 2012. Neuropeptides of the cotton fleahopper, 
Pseudatomoscelis seriatus (Reuter). Peptides 34:39-43. 
 
Williams, M.R. 2000. Cotton insect loss estimates. Proceedings of Beltwide Cotton Conferences, National Cotton 
Council of America, Memphis, TN. 

2542019 Beltwide Cotton Conferences, New Orleans, LA, January 8-10, 2019


	Summary


<<

  /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



