Tracking the Wheat Traits of Tomorrow

What can drones tell us?
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Increasing number of
field experiments
Increasing demand for
phenotyping

Requires cost-effective
High throughput
Phenotyping
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Regulations — CAA,
Insurance, flight clearance
Allowed up to 120m altitude,
500m from operator

Fly by GPS

Carry up to 3 sensors
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25 varieties

4 levels of N

fertiliser:
0 kg/ha
100 kg/ha

200 kg/ha
350 kg/ha

3 replicates
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50cm border excluded
from analysis

100cm grid overlaid
Crop and soil height data
extracted

Outliers excluded at the
point cloud processing
stage
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Article

High Throughput Field Phenotyping of Wheat Plant
Height and Growth Rate in Field Plot Trials Using
UAYV Based Remote Sensing

Fenner H. Holman '*, Andrew B. Riche >, Adam Michalski 2, March Castle 2,
Martin J. Wooster !> and Malcolm J. Hawkesford 2*
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Variety N Level % Area Lodged Lodging score

Maris Widgeon N3 11
Maris Widgeon N3 14
Maris Widgeon N3 14
Maris Widgeon N4 17
Maris Widgeon N4 75
Maris Widgeon N4

Paragon N4

Paragon N4

Paragon N4

Lodging score

0 No lodging
) lodged 459

10 = lodged 90° \D
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: . EXGR (Excess green — excess red)
Diversity 08/04/15 EXGR=  (2xG-R-B) - (1.4 xR-G)

o Also seen in bare earth image Same area picked up by
Variation in cano velopment shallow conductivity scan

This area of soil has
A higher clay content

Mask built

by EXGR

pixel

filtration Canopy data \D
extracted ROTHAMSTED
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2" wheat, common
variety, over sown
first wheat variety
trial.
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Vegetation classification data from
UAV imagery correlates well with
grain yield at final harvest

% Green area

Take-all infected roots

Imaged 6/7/16

y=4.3828x?-39.675x+90.215
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red simple ratio
green difference vegetation index
grocy sunpie ratio
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Renormalized Difference Vegetation Index
Soil Adjusted Vegetation Index

Optimized Soil Adjusted Vegetation Index
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Formula

SGI = avg (500:600)

\/ADI — [2EN - 22N / (KRN + R]Q)

VARI = (550 - 680) / (550 + 680 - 470)

ruVI_YuU = YUU - bBU

SRa_800 = 800 / 680

gDVI_800= 800 - 550

gSRa_800 = 800 / 550

NDVI_800 = (800 - 680) / (800 + 680)

GNDVI_800 = (800 - 550) / (800 + 550)

IPVI = 800 / (800 + 680)

MSR = [(800/ 680) - 1]/ [(sqrt(800/ 680) + 1)]
NLI = (80072 - 680) / (80072 + 680)

RDVI = (800 - 680) / sqrt(800 - 680)

SAVI = 1.5 * (800 - 680) / (800 + 680 + 0.5)

OSAVI = (800 - 680) / (800 + 680 + 0.16)
NDVI_800 = sqrt (0.5+[ (800 - 680) / (800 + 680)])
MNLI = (80072 - 680) * (1 +0.5) / (80072 + 680 +
0.5)

GARI = [800 - (550 -1.7*(470-680))] / [800 + (550 -
1.7*(470-680))]

EVI = 2.5 * (800 - 680)/ (800 + 6 * 680 - 7.5 * 470 +

1)
LAl =3.618 * EVI - 0.118
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UAV mounted sensor
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Canopy Temperature

Canopy Temperature (°C)
[ N e = I e
= W s WD O

20
08:47 0959 1111 12:23  13:35 1447

Time

—@— Garcia Rain-fed
—@— Paragon Rain-fed
-=@-- Garcia Ilrrigated

-=®-- Paragon Irrigated

—@— Air Temp fld

Canopy temperature tracked air
temperature, but was lower,
and on average about 1 degree
lower on irrigated plots
compared with rain-fed.

Ground control point —
aluminium foil and black
paint on wood
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Extract Stills Build vignette mask

/ - —_— . Apply mask

Temperature

' correction
Ground targets \

Build
Geolocated
orthomosaic

Extract temperatures
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" Future

Wor

RTK GNSS
Base station

Aims:

Automated plant counts

Automated ear counting

Anthesis detection

Insect pest/weed/disease identification

5m altitude with 45mm lens  rotnamsTeD
RESEARCH



Crop traits measurable from UAV imagery:

* Crop height

* Lodging

* Vegetation classification (measures senescence, disease, canopy development
* Crop Indices (biomass growth, LAI, N uptake, senescence)

e Canopy temperature

Measuring traits, also gaining a better understanding of spatial variability

Data processing takes time

Hi-resolution imaging will take the UAV work into new territory — work in progress

ROTHAMSTED
RESEARCH



Ackné

\\ - e ]

Rothamsted

Malcolm Hawkesford
March Castle

David Steele

Nicolas Virlet

Pouria Sadeghi-Tehran
Vanessa Mcmillan

University of Wroclaw
Adam Michalski

Kings College London:
Martin Wooster
Fenner Holman

JIC

Simon Griffiths
Clare Lister
Cathy Mumford
Simon Orford

P
st
& ®
i 2
v WY o
gt

ROTHAMSTED
RESEARCH

WROCEAW UNIVERSITY
OF ENVIRONMENTAL
AND LIFE SCIENCES

ING'S
College

Department )’Q'QECB;RQ

for Environment
Food & Rural Affairs

LONDON

-,5 Wheat
John Innes Centre \| Bt D FW
Unlocking. Nature’s Diver| { Improvement
£l ‘hi = Network



