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Drone imaging in winter
wheat DUS trials

PREBEN KLARSKOV HANSEN

InnoVar will
Use winter wheat as a test crop to devise and demonstrate improved and 
more efficient methods of
•Integrating new science into DUS and VCU testing processes

• Genome Wide Association Studies
• Sensor based phenotyping
• Machine learning technology

•Combining DUS and VCU characters, and
•Incorporating variety information into descision-making on-farm

• Varieties categorised into ‘fit-for-purpose-groups’ of High Performance Low Risk
(HPLR - novel branding developed by InnoVar)
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Drone and sensor technology

DJI Matrice 210 RTK V.2

Micasense RE 
dual sensor
10 wavelengths

Adjustment for incoming light 
and GPS
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Callobre
Plant: 

growth habit

3 - semi erect

26APR22
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Stellarka
Plant: 

growth habit

9 - prostrate

26APR22
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Growth habit 

Drone measurements

vs

visual assessments

300 varieties, 2 reps
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Basilio
Flag leaf: 

glaucosity of blade

1 - absent or very weak

08JUN22

Waximum
Flag leaf: 

glaucosity of blade

9 - very strong

08JUN22
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Glaucosity of blade 

Drone measurements

vs

visual assessments

300 varieties, 2 reps

Materials and methods
• 2 years
• 300 winter wheat genotypes
• 2 replicates
• Plot size brutto 1,5*2m
• Manual plant length measurements

• 24AUG21 + 28JUL22
• 5 subsamples / plot
• Stretched plants

• Drone images
• 24JUL21 + 26JUL22
• 2330 subsamples/plot (2,7 cm/pixel)
• Digital elevation model from Agisoft Metashape v 1.8.1
• Height above sea level of Crop surface = Clip 1*1,7 m (99% fraqtile)
• Height above sea level of Soil surface = Clip 1,6*2,5 m (1% fractile)
• Canopy height (plant length)= Crop surface – Soil surface
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Digital Elevation Model
Fixed altitude (20 m above ground)
Controlled by onboard GPS
Flight plan with 80% overlap between images

Plant length
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Manual measurements, mean of 5 subsamples per plot, cm

2021

2022

Lodging

2021: 1,01x-6,4, R2=0,85

2022: 0.94x-1.1, R2=0,81
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Conclusions
Different vegetation indices can explain varietal differences in DUS characteristics

◦ Soil Cover Index [SCI; (R-G)/(R+G)], shows correlation with visual assessments of growth habit
◦ Blue Green Pigment Index [BGI; B/G)] shows correlation with visual assessments of glaucosity of blade

Plant length estimated from drone images showed a correlation with manual measurements
◦ R2=0.85 in 2021 and
◦ R2=0.81 in 2022
after exclusion of plots with lodging

A general under-estimation of 4-6 cm of plant length is found in the drone based plant length 
measurements

Further studies, including machine learning, will be conducted in InnoVar to increase accuracy 

[Annex II follows]
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UAV-Based Field Phenotyping in the 
United Kingdom Agricultural DUS 

testing
UPOV TWA 52 (May 2023)

UAV Image Capture

b. Flight Plan d. Detail imagec. 2D orthomosaic

a. Low-cost UAV
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3D field-level representation

Plot based heatmaps showing crop height differences
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Vicia faba L.
Variety based UAV plant height comparisons

109 varieties; 2 replicates

Lodged plots

Vicia faba L. (Field Bean)
Correlation between UAV plant heights and manually measured plant lengths (cm)

Manual measurements (20 individual measurements) – 12th July 2022
Flight data – 15th June 2022
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Vicia faba L. (Field Bean)
Correlation between UAV plant heights and manually measured plant lengths (cm)

Avena sativa L. (Oats)
Correlation between UAV plant heights and manually measured plant lengths (cm)

73 varieties; 2 replicates
Manual measurements (3 individual measurements) – 30th June 2022
Flight data – 6th July 2022
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Avena sativa L. (Oats)
Correlation between UAV plant heights and manually measured plant lengths (cm)

Conclusions
• Both cases showed good correlation but must determine suitable

thresholding of data points appropriate to the species measured.

• Timing and number of flights needs to be considered to factor in
lodging of plots and/or “shrinkage” to plants.

• Data storage and costs involved can be high.

• Potential for additional assessments.

• Maybe not appropriate for all species (Oilseed rape, Barley)
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[End of Annex II and of document]
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