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Maricopa, Arizona



Intro
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Thoughts……..
• UAV data are Remote Sensing data

− The discipline of Remote Sensing is rich with parallels
• QGIS and ArcGIS enable:

− Polygons (one per plot) to be easily generated at start of season, stored in a single set of 
“shape” files (*.shp files)

− A shape file includes a spreadsheet-like ‘attribute table’ with one row per polygon = one 
row per plot

− GIS software enables near-instant generation of plot level means, stdevs, etc.
 New data become new columns=traits in the attribute table

− Field Book-like plot attributes- field address, genotype, experiment, row, column, rep, etc. 
are all in the attribute table

− Copy/paste, or export/import into your statistical software and get your predictions.
− These become data you can react to within hours and days of acquisition.
− Time series translate into rates readily.



Thoughts……..2
• Establish georeferenced Ground Control Points (GCPs), with X,Y, and Z values 

at season’s start. 
• Use your GCPs to ensure your orthomosaics are “georectified”, i.e. perfectly 

placed on the earth
− Scott Chapman can provide work flows

• Go with both RGB (for visual guide for georectification and overall inspection), 
and Multi-spec
− Work to show RGB is sufficient is relevant to LDC country situations



Frontiers 
paper



Copter work flow

For 0.4 ha with 5 band 
camera, ~ 1800 images 
(3GB)

Photo credits: M Newcomb



Original imagery

Post flight 
processing

Pix4D, Agisoft, etc.

Geo-rectified Orthomosaic:   Whether from RBG, multi-spectral, or thermal, each of the 
orthomoasic’s pixels each contain 1 or more channels (layers) of data



rayCloud with one GCP selected and cameras visible



GCPs: Visible in images; 
RTK precision located



GCPs



Ortho as raster layer in QGIS with overlay of one polygon per plot (in a 
shape file)

Post flight 
processing

Into GIS software 
(click and drag)



Above with aggregate information across layers for a single plot

Post flight 
processing

Attribute table (living field book-
imagine it pivoted 90 degrees); 
one row per plot

GIS Zonal statistics (stats by polygon=plot)



Repeatability

Plot means (n=504) Genotype means (n=252)

• 504 plots measured in 15 minutes x 2 flights



Entry variation

Detects entry variation
Data properties are as expected for Normal residual 
distributions 



252 wheat accessions x 2 reps

504 plot level spectral signatures
(NDVI: only two bands: red and 
NIR); analyses in Genstat shows 
high generalized heritability.

SNP genotype data (Italy)

GWAS analysis of combined phenotypes and genotypes reveal 
chromosomal segments associated with NDVI (“high rises” >3.0 on Y 
axis)

Genetic Experimental work flow



QTL co-located with three previously located by other methods

Co-located qtl: 𝞼𝞼2
g



2 seasons of wheat IRT data point to same 3 QTL?

thermoMap



2 seasons of wheat IRT data point to same 3 QTL?



Recent tests at Maricopa in cooperation 
with St Louis University with ICI, FLIR and 
Thermomap gave promising results 
showing moderately high general h2 (>.6)



Early evidence of Canopy temperature qtl for Sorghum Bioenergy 
Associate Panel (BAP) using Ebee/Thermomap

GWAS by Geoff Morris and Zhenbin Hu
Based on 9 million SNPS



Rice
Segregation for greenness in a well characterized 
population of 210 rice Recombinant Inbred Lines



Segregation 
for greenness 
in a well 
characterized 
rice RIL



Orthomosaic of GLI in a 
population of 220 rice RILS 
in 2 replications



QGIS

Field map and attribute table in excel



Sequenced parents of rice hybrid parent genomes

Fig. S1. Some features of ZS97, MH63 and their hybrid SY63. 



Entry variance is positive

Heritability: 0.7475
LSD @ 0.01 alpha =0.015; 

Fixed term Wald statistic F pr

entry 2567.92 <0.001



QTL in rice for “Green 
Leaf Index” 

GLI = (2 x G - R - B) / 
(2 x G+R+B)



Field Scanalyzer (click picture to see the 
movie)

Video credits: K Khanal

https://youtu.be/1XFGr6LePVg
https://youtu.be/1XFGr6LePVg


Camera box



the fluorescence camera in the 
gantry camera box as it is set up 
now requires dark adaptation; 
the red flash duration is one 
second in total; F0 is measured 
20 ms after the red flash first 
starts, and Fm is expected after 
0.8-0.9 s. We've been running 
the instrument at 70% 
saturation, which is adjustable in 
the script



Photo credits: M Newcomb



During two sorghum field trials in 2018, experiments were 
conducted comparing measurements on plots treated with 
photosystem II inhibitor herbicide (Velpar) and untreated 
plots. Quantum efficiency of the PSII system was estimated as 
Fv/Fm (normalized ratio of variable fluorescence to max 
fluorescence). 



Photo credits: M Newcomb



PSII- 𝞼𝞼2
g



LSD between RILs for one night: 
0.006

RILS provided by W Rooney (Texas A&M)

Fv/Fm for 160 RILs (Tx7000 x SC56) + 8 Checks x 2 Reps x 2 nights



PSII in a Soghum RIL pop: Generalized Heritability >0.68



Leaf rolling under drought: 
durum wheat: Fraunhofer-
developed Laser Scanners

Photo credits: M Newcomb



Leaf rolling: potential for quantification from 
sensor-derived data products – 3D laser point clouds



TERRAREF data to be public and will/does 
include:
• Resequencing of over 300 of the BAP accessions

• 9 million snps

• GBS data for the sorghum RIL
• UAV orthomosaics (thermal and multispectral) for wheat and 

sorghum crops (3 of wheat, 5 of sorghum)
• Gantry data for all instruments
• The Gantry data are ‘reference’ data, meant to enable optimal design 

of smaller systems such as those that would fit on a drone



Thanks!
Rick Ward

rickw@email.arizona.edu
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