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BIOAg Project Report 
 
Report Type:  PROGRESS 
 
Title: High-throughput screening of forage crops for environmentally sustainable 
crop production. 
 
Principal Investigator(s) and Cooperator(s):  
Sindhuja Sankaran, Department of Biological Systems Engineering, WSU; Rebecca J. McGee, 
Grain Legume Genetics Physiology Research Unit, USDA-ARS; Lynne Carpenter-Boggs, 
Professor, Department of Crop and Soil Sciences, WSU. Other partners: USDA NRCS Plant 
Materials Center; Lazy R Ranch 
 
Abstract:  
Improving the sustainability of agriculture requires a wide range of research from the basic to 
the applied, from molecular to whole organism, and from field to system level. In-field studies 
are irreplaceable for gaining knowledge of best practices, varieties, rotations, crop mixtures, 
and other factors that will make real differences in agricultural productivity and environmental 
impacts. However, field studies are also very labor intensive and expensive to run, which often 
reduces the potential alternatives that can be researched. The proposed research would 
increase the economic efficiency and research capacity in sustainable agriculture. The project 
focuses on high-throughput screening of field studies needed for sustainable intensification of 
forage and cover crop production. A major challenge in crop improvement programs is the 
high-throughput screening of dozens to hundreds of crop types/varieties that produce quality 
forage with high biomass. Another limitation in large-scale field research is the assessment of 
plant biomass fairly across a heterogeneous landscape. The proposed project will use and 
validate non-destructive assessment of plant biomass by unmanned aerial systems integrated 
with multispectral data. Three very different field studies on sustainable forage production will 
be assessed. Study A screens varieties and new lines of forage and cover crop winter peas, 
Study B assesses effects of grazing density and soil fertility treatments, and Study C compares 
seven, autumn-sown species as components of mixed cover crops. This research will thereby 
leverage materials and methods developed by the USDA-ARS Legume Breeding program, 
Organic and Alternative Agriculture program, and the Plant Materials Center. 
Project Description:  
The goal is to evaluate the potential for using unmanned aerial systems integrated with red-
green-blue (RGB) and near infrared (NIR) camera as a non-destructive sensing tool to quantify 
crop biomass to assist in forage and cover crop management research and decision making 
(selection of crop variety, fertility treatment, grazing, etc.) for sustainable production practices. 
To achieve this goal, the following specific objectives will be pursued: 
Obj. 1: Optimize non-destructive sensing protocol and development of image processing 
pipeline to extract features associated with biomass quantity and quality using remote sensing 
data. 
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Obj. 2: Develop and validate robust crop-independent models using machine learning 
approaches for estimation of biomass yield and quality.   
Obj. 3: Identify of specific spectral bands associated with forage quality traits using hand-held 
sensor. 
 
Outputs 

 Overview of Work in Progress: 
 
Data collection: 
There were three studies proposed in this work. Study A on USDA-ARS Legume Breeding program 
(Pullman, WA), Study B on Soil Health and Pasture Productivity under Mob Grazing and Fertility 
Management (Cheney, WA) and Study C on USDA NRCS Plant Materials Center (PMC, Pullman, 
WA). In regard to Study C, due to failed emergence, no plant material was available to image in 
2019. Similarly, in 2020, due to COVID-19, the plant materials were not harvested as well. 
Nevertheless, a mixed cover crop trial was leveraged.  
 
Study A: 

 
 
 
 
 

 
 
 
 
 

 
Study B: 
UAV data acquisition: 28 May 2019 
Satellite data was acquired from previous years to study the temporal changes in this study.  
Satellite data availability: 5 June 2017, 8 June 2018, 29 May 2019. 
 
Study C: 
UAV data acquisition: 20 July 2020 
 

 Methods and Results:  
 
In all three locations (Cheney, WA; Genesee, ID and Garfield, WA), aerial data were acquired 
using two Unmanned Aerial Systems (UAVs), namely AgBot (ATI Inc., USA) mounted with 
Sentera Double 4K (Sentera Inc., USA) and Phantom 4 Pro (DJI Inc., USA) with its original digital 
camera. In addition, the visible-near infrared spectra or hyperspectral data were acquired the 
plant materials from Study A (Genesee, ID) using a portable spectroradiometer (SVC HR-1024; 
350-2500 nm) using a leaf clip. In 2020, 10-band multispectral sensor was utilized instead of 5-
band multispectral sensor. All the aerial data from these locations (Study A, B) were pre-
processed using the 3D maps template in Pix4D (image stitching). From the DJI-RGB sensor, a 

Experiment 
field 

Traditional measurement UAV measurement* 

Wet harvest Dry harvest @10 m AGL @20 m AGL 

Genesee June 19, 2019 July 31, 2019 June 18, 2019 June 18, 2019 

Garfield  June 25, 2019 July 31, 2019 June 24, 2019 June 24, 2019 

Experiment 
field 

Traditional measurement UAV measurement* 

Wet harvest Dry harvest @10 m AGL @20 m AGL 

Pullman June 10, 2020 July 27, 2020 June 10, 2020 July 27, 2020 
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crop surface model (in m above ground level), were developed, using the triangulated irregular 
networks method in Quantum GIS. Currently, the data is being processing to extract image 
features.  
 
Currently data analysis pipelines are being developed in Python integrated QGIS and Matlab 
software to extract relevant information. In addition, review of literature was performed to 
learn and develop useful data processing pipelines for rapid feature extraction and analysis.  
 

 Publications, Handouts, Other Text & Web Products: 
[1] Quirós Vargas, J. J., Zhang, C., Smitchger, J. A., McGee, R. J., & Sankaran, S. (2019). 
Phenotyping of Plant Biomass and Performance Traits Using Remote Sensing Techniques in Pea 
(Pisum sativum, L.). Sensors, 19(9), 2031. 
[2] Sangjan, W., and Sankaran, S. Phenotyping architecture traits of tree species using remote 
sensing techniques. Transactions of the ASABE, November 2020, submitted. 
 

 Outreach & Education Activities: 
Technical and Outreach Talks: 
 Sankaran, S. 2020. Artificial intelligence-based selection of forage/cover crop varieties to 

promote environmental sustainability. AI for Earth Digital Summit, Microsoft’s AI for Earth 
Program, 17-19 November, 2020. [Flask Talk, Virtual] [Participants: 50] 

 Sankaran, S. 2020. Sensing technologies guided phenotyping to support crop improvement 
programs. 2020 AgroBIT Evolution, 10 November, 2020. [Virtual] [Participants: 3000] 

 Sankaran, S. 2020. Phenomics tools to support crop improvement programs in the digital 
agriculture era. 2020 WSU Digital Agriculture Summit, 6-7 October 2020. [Virtual] 
[Participants: 112] 

 Sankaran, S. 2020. Use of proximal and remote sensing data in crop phenotyping to support 
breeding programs. Online International Training on Agriculture 4.0 Precision and Automated 
Ag Technologies, 1 October, 2020. [Virtual] [Participants: 778] 

 Sangjan, W., McGee, R., J., Zhang, C., and Sankaran, S. 2020. Biomass estimation using remote 
sensing techniques in forage and pasture crops. Paper No. 2000758, 2020 ASABE AIM 
(Virtual), 12-15 July 2020. 

 Sankaran, S. 2020. Artificial intelligence-based selection of forage/cover crop varieties to 
promote environmental sustainability. AI for Earth Digital Summit, Microsoft’s AI for Earth 
Program, 25-26 June, 2020. [Flask Talk, Virtual] [Participants: 78] 

 Sankaran, S. 2020. Sensor applications in phenomics for impact in crop improvement 
programs. Online International Training on Present and Futuristic Trends in Agricultural 
Mechanization, Center of Excellence for Digital Farming Solutions for Enhancing Productivity 
by Robots, Drones and AGVs. Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani, India, 
23 June, 2020. [Webinar] [Participants: 192] 

 Zhang, C., Marzougui, A., McGee, R., Chen, W., Vandemark, G., and Sankaran, S. 2019. 
Applications of phenomics technologies in pulse breeding, Emerging Opportunities for Pulse 
Production: Genetics, Genomics, Phenomics, and Integrated Pest Management, Pullman, WA, 
24-25 June 2019. [Participants: 50+] 

 Sankaran, S. 2019. Phenomics data management in Washington State. Tech Talk, Google X, 
Mountain View, CA, 14 March 2019. [Invited Talk] [Participants: 10] 

 Zhang, C., Marzougui, A., McGee, R., Chen, W., Vandemark, G., and Sankaran, S. 2019. 
Applications of phenomics technologies in pulse breeding. CPAAS Agricultural Technology Day 
- Automation in Specialty Crops, Prosser, WA, 22 August 2019 (Poster). [Participants: 75-90] 
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 Zhang, C., Marzougui, A., McGee, R., Chen, W., Vandemark, G., and Sankaran, S. 2019. 
Applications of phenomics technologies in pulse breeding, Fairfield Field Day, Othello, WA, 28 
June 2019. [Participants: 25] 

 
Impacts  

 Short-Term: One graduate student is being trained.  
 Intermediate-Term: Currently, none to report. 
 Long-Term: Currently, none to report. 

 
Additional funding applied for/secured: 

 Facebook Computer Vision for Global Challenges [Satellite imagery for crop assessment: a step 
towards food security] – Applied‒ Not funded 

 CGIAR Inspire [Farm connectivity for data-driven agriculture] – Applied‒ Not funded 
 Microsoft AI for Earth Grant [Artificial intelligence-based selection of forage/cover crop varieties 

to promote environmental sustainability] - $15,000 computational credits – Funded  
 
Graduate students funded: 
  Worasit Sangjan 
  Pavithra Srinallapathur (left in Spring 2020 due to personal reasons) 
 
Recommendations for future research: 
 Further progress in this project is needed for recommendations.  
 


	Title: High-throughput screening of forage crops for environmentally sustainable crop production.
	Principal Investigator(s) and Cooperator(s):
	Sindhuja Sankaran, Department of Biological Systems Engineering, WSU; Rebecca J. McGee, Grain Legume Genetics Physiology Research Unit, USDA-ARS; Lynne Carpenter-Boggs, Professor, Department of Crop and Soil Sciences, WSU. Other partners: USDA NRCS Pl...
	Abstract:
	Improving the sustainability of agriculture requires a wide range of research from the basic to the applied, from molecular to whole organism, and from field to system level. In-field studies are irreplaceable for gaining knowledge of best practices, ...
	Project Description:
	The goal is to evaluate the potential for using unmanned aerial systems integrated with red-green-blue (RGB) and near infrared (NIR) camera as a non-destructive sensing tool to quantify crop biomass to assist in forage and cover crop management resear...
	Obj. 1: Optimize non-destructive sensing protocol and development of image processing pipeline to extract features associated with biomass quantity and quality using remote sensing data.
	Obj. 2: Develop and validate robust crop-independent models using machine learning approaches for estimation of biomass yield and quality.
	Obj. 3: Identify of specific spectral bands associated with forage quality traits using hand-held sensor.
	Outputs
	Impacts
	Additional funding applied for/secured:
	Graduate students funded:
	Recommendations for future research:


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU (Journal Graphics - 2011 - Modified for InDesign)
  >>
  /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 true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 13.500000
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [3168.000 2592.000]
>> setpagedevice


