
Thursday 26th January 2023
@InnoVeg  #INNOVEG 

INNO-VEG: Use of crop sensing in field 
vegetable and potato crops



Agenda

▪ Introduction to the INNO-VEG project

▪ Theory and practice: how to make use of crop 
sensors in field vegetable and potato crops

▪ Analysis of field scale crop reflectance data 
using ADAS Agronomics data analysis methods

▪ HMC: Yield mapping & crop sensing

▪ INNO-VEG Facts & Figures

▪ Close and lunch
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John Williams, ADAS

Lizzie Sagoo, ADAS

Susie Roques, ADAS

Jack Harris, HMC Peas

James Dowers, ADAS



Introduction to the INNO-VEG project

John Williams, ADAS
@InnoVeg  #INNOVEG 



INNO-VEG – Increasing the speed & uptake of innovation in the 
field vegetable & potato sectors
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Project objective

▪ To increase the speed and uptake of innovation in the field 

vegetable and potato sectors

▪Evaluate the suitability of using crop sensing data to carry out 

measurements in field experiments

▪Define a new approach for delivering research in the field 

vegetable and potato sectors
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INNO-VEG – Increasing the speed & uptake of innovation in the 
field vegetable & potato sectors

▪ Field experiments focus on:

• Using crop sensing data to carry out measurements in field 

experiments

• Upscaling from small plot to field scale farmer led 

experiments

• Field vegetable & potato crops
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▪ Alliums (leeks/onions)

▪ Brassicas (cauliflower/sprouts)

▪ Leafy salads (lettuce/spinach)

▪ Vining peas

▪ Root vegetables (carrots)

▪ Cucurbits (courgettes)

▪ Potatoes

Crop types



Experimental work

▪ 2019 - 47 small plot field experiments in UK, FR, BE 
& NL

• Range of crops

• Use crop sensors to measure reflectance 

• Calculate range of vegetation indices & correlate 
to crop yield
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www.inno-veg.org

http://www.inno-veg.org/
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▪ Field scale farmer led experiments

▪ Host farms apply treatments

▪ Collect crop reflectance data

▪ Use spatial statistics to analyse data

▪ ‘Framework for farmer led research’ 

Field scale field experiments (2020 & 2021)



INNO-VEG Cross border innovation network

▪ Knowledge transfer & networking

▪ Register on our website for project updates

• www.inno-veg.org

▪ Talk to us on social media ☺
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@InnoVeg   #INNOVEG

Inno-Veg

http://www.inno-veg.org/


Theory and practice: how to make use of crop 
sensors in field vegetable and potato crops

Lizzie Sagoo, ADAS

@InnoVeg

#INNOVEG



Outline

▪ What is crop sensing

▪ Why use crop sensing

▪ Vegetation indices

▪ Types of sensor

▪ INNO-VEG - lessons learnt
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Why use crop sensing?

▪ Data can be used to provide an indicator of crop growth/performance

▪ Non-destructive

▪ Relatively quick

▪ Cost effective for measuring from larger areas and for crops where yield 

mapping is not available
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What is crop sensing?

• Capturing reflected light in different wavelengths

• Using this data to provide information on crop 
growth and vigour



Sensor types

Spectral resolution

▪ Multispectral

▪ Hyperspectral

▪ RGB

Light source

▪ Passive

▪ Active

Platform
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Sensor platform

▪ Handheld sensors

▪ Tractor mounted sensors

▪ Drone mounted sensors

▪ Satellite images
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FieldSpec HandHeld 2

▪ Hand held sensor

▪ Used in small plot experiments in 2019

▪ Hyperspectral – wavelength range 325-1075 nm

▪ Records reflectance values every 1nm

▪ Passive sensor – calibrate in field using a white 
reference disc
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MicaSense Red Edge 3

▪ Drone mounted

▪ Used in 2020 & 2021 field scale experiments

▪ Multispectral – 5 bands 

• 475, 560, 668, 717, 840nm
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Other sensors used
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Vegetation Indices

▪ A vegetation index (VI) is a single number calculated 

using the reflectance at two or more bands

▪ There are lots of VIs!

▪ VIs used in INNO-VEG

• NDVI

• MCARI2

• CI Green

• CI Red-Edge
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• NDRE

• REIP

• MTCI 



What impact does sensor type have?

▪ Sensor simulator

▪ Use of 2 hyperspectral datasets

▪ Used to simulate multispectral bands for other sensors used in the project
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Relationship between Vegetation Indices and yield – what have 
we learnt?

▪ Good relationship with marketable yields where there was a significant 
treatment effect

▪ Strength of the relationship varied between crops and across experiments

▪ Beware of other complicating factors – weeds & disease

▪ Relationship between VIs and yield tended to improve through the season

2/02/2023 Interreg 2 Seas Mers Zeeën 23



2/02/2023 24

www.inno-veg.org



Protocol provides advice on

▪ ‘Best practice’ when collecting crop sensing data

• Time of day, geolocation, when to collect the data etc

▪ Advice on commissioning a drone survey

▪ Management and interpretation of the data

▪ Information on each crop type

2/02/2023 Interreg 2 Seas Mers Zeeën 25



Questions

Lizzie.Sagoo@adas.co.uk

@LizzieSagoo

mailto:Lizzie.Sagoo@adas.co.uk


Analysis of field scale crop reflectance data using 
agronomics data analysis methods

Susie Roques, ADAS
@InnoVeg

#INNOVEG



Agronomics spatial data analysis

▪ Agronomics approach developed 

2013-2017 for cereal yield maps

▪ New statistics to model treatment 

effects, after accounting for 

underlying spatial variation

▪ Statistics and software also work for 

other spatial data, e.g. drone/satellite 

crop reflectance
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Why carry out field scale trials?
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Advantages Disadvantages

Test treatments over larger areas Max 4 treatments (ideally 2-3)

Allows treatments not practical at plot 
scale (e.g. variable rate, cultivations)

Reliance on host farmers – greater risk of 
error or trial failure

Directly applicable to farm practice Higher costs of treatment supply & yield 
compensation

Farmer engagement / involvement Less suited to assessments other than 
yield / crop sensing

Low labour costs



Choose a suitable trial field

▪ Even fields give more precise results

▪ Variation across the tramlines is acceptable

▪ Variation in line with the tramlines is a problem

30

Nutrient 
maps

Satellite data

Former field splits 
(Google Earth)

Previous yield 
maps



Trial design

▪ Avoid confounding treatments with underlying variation

▪ Best to test fewer treatments

▪ Replication improves precision / confidence
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Test treatment 
replicated in 
most even 
section of field

Two test treatments 
interspersed with 
farm standard



Treatment application

▪ Accurate application to treatment area

▪ Need area of overlap if using broadcast spreaders

▪ Mark treatment locations in field

▪ Geolocate treatment locations
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Assess the impact of treatment application

Yield map data

▪ Advantages

• Actual measure of crop yield

• Yield monitoring equipment 
now fitted as standard to most 
combines

▪ Disadvantages

• Not available for all crops

• Data ‘errors’ & noise – need to 
clean data

Crop sensing data

▪ Advantages

• High resolution data

• More ‘precise’ data

• Can be correlated to yield

▪ Disadvantages

• Proxy for yield

• Cost for acquiring data
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Case study 1: onions

▪ Two replicated N rate treatments, applied to 
pairs of 24m tramlines

▪ Trial focused in south end of field as more even
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DataFarming

Aug 2018

DataFarming

March 2019

DataFarming

June 2019



Onions – new drone imagery

▪ Multispectral images supplied for 
8th July and 12th August

• (5 wavelengths from MicaSense Red 
Edge drone mounted sensor)

▪ Low N areas visible as lower 
NDVI
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NDVI

8th July

NDVI

12th Aug



Onions – ground truthing

▪ 12 yield validation plots (3 per plot); 1 bed x 8m

▪ Sampled mean MS bands for each sample plot

▪ Calculated 7 VIs from averaged MS bands

▪ Correlated VIs with marketable yield
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1st flight (8 July) 2nd flight (12 Aug)
NDVI 0.89 0.91
MCARI2 0.75 0.82
Clgreen 0.90 0.87
Clrededge 0.87 0.84
MTCI 0.84 0.50
NDRE 0.89 0.86
REIP 0.89 0.48



Onions – data processing

Agronomics analysis requires point data

Crop grown in beds 1.5m wide with 0.5m gaps

1. Created grid of cells 1.3m wide x 1.3m long

2. Placed cells along beds, avoiding bare soil

3. Mean values for each wavelength calculated 
for each cell, then converted to points

4. Vegetation indices calculated from averaged 
data
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Onions – trial results

▪ Predicted yield map created from NDVI (second 
drone flight), according to correlation with sample 
plot yields.

• Average yield at standard N: 71.2 t.ha

• Yield benefit of standard N rate over low rate: 
12.9 t/ha ± 1.4 (95% confidence interval)

▪ Vegetation indices also analysed directly

• All VIs from both flights significantly higher for 
standard N rate than low rate
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Case study 2: Vining peas

▪ HMC Peas are a co-operative of 43 vining pea 
growers in the UK

▪ Grow green peas for processing

▪ Growers want to maximise yields through good 
crop nutrition

▪ Research question: can the growers increase yields 
with starter fertiliser

▪ Set up field scale trials to test products in 2020 & 
2021
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Vining peas 2020 trial

• HMC trial site - five unreplicated treatments

• Plots one tramline (36m) wide

• Two drone flights with multispectral camera

• Seven vegetation indices

• NDVI, MCARI2, MTCI, CI Green, CI Red Edge, NDRE & REIP

• 20 yield validation plots

• Plus yield map data from farm

2 February 

2023

Small plot harvest Commercial harvest



Vining peas 2020: underlying variation
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GoogleEarth

2009

DataFarming

Jan ’17

DataFarming

Dec ’18

NDVI 1st May NDVI 2nd June NDVI 25th June
• Previous crops show poor patch 

in NW corner

• Treatments 1 and 2 stood out 

as worse in 2020



Vining peas 2020 – ground truthing

▪ 20 yield validation plots (4 per treatment); 2m x 4m

▪ Sampled mean MS bands for each sample plot

▪ Calculated VIs from averaged MS bands

▪ Correlated VIs with sample plot marketable yields
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1st flight (9 June) 2nd flight (25 June)
NDVI 0.86 0.70
MCARI2 0.83 0.77
Clgreen 0.85 0.71
Clrededge 0.85 0.71
MTCI 0.81 0.67
NDRE 0.87 0.70
REIP 0.85 0.62



Vining peas 2020 – data processing

Drone image converted to point data as for onions

Grid cells 3.5m wide x 3m long

Four rows of cell in each half tramline, avoiding 
wheelings, drill misses and treatment boundaries
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Vining peas – trial results

▪ Predicted yield maps created from NDRE and NDVI (first drone flight), 
according to correlations with sample plot yields.

▪ Results very similar to actual yield map, but far more precise
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Yield from yield map Predicted from 09-06 NDRE Predicted from 09-06 NDVI

Treatment Mean Modelled difference 
from trt 3, with 95% 
confidence interval

Mean Modelled difference 
from trt 3, with 95% 
confidence interval

Mean Modelled difference 
from trt 3, with 95% 
confidence interval

1 -3.29 ± 1.44 -3.30 ± 0.32 -2.82 ± 0.31
2 -1.25 ± 1.35 -1.84 ± 0.31 -1.70 ± 0.30

3 9.76 8.79 8.49

4 0.41 ± 1.31 0.36 ± 0.32 0.40 ± 0.31

5 0.03 ± 1.39 0.16 ± 0.33 0.34 ± 0.32



Vining peas – real vs predicted yield maps

▪ Real yield map noisy and may overestimate field average, as 
data cleaning removes wheelings, poor patches, etc.

▪ NDVI prediction underestimates high yields due to saturation.

▪ NDRE prediction appears closest to real yield map.
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Real yield map NDVI prediction NDRE prediction

NDVI prediction

NDRE prediction

Yield map



Vining peas 2021 trial

• HMC trial site – 3 treatments x 2 replicates

• Plots one tramline (36m) wide

• Ideal trial design

• Two drone flights 

• 18 yield validation plots

• Plus yield map data from farm

2 February 

2023



Agronomics analysis – NDVI data

2 February 

2023

• Weaker correlations between yield and 

vegetation indices than in 2020

• Polysulphate significantly increased 

most vegetation indices 

Total fresh weight 
biomass (t/ha)

Marketable pea yield 
(t/ha)

Scan 1

10/06/21

Scan 2

19/06/21

Scan 1

10/06/21

Scan 2

19/06/21
NDVI 0.55 0.63 0.17 0.25
MCARI2 0.30 0.25 0.18 0.11
MTCI 0.35 0.35 0.06 0.24
CI Green 0.44 0.62 0.09 0.27
CI RedEdge 0.40 0.41 0.08 0.25
NDRE 0.43 0.42 0.09 0.26
REIP 0.41 0.38 0.08 0.25



Agronomics analysis – yield map data 

▪ HMC supplied yield map with 62,000 points (high due 

to small harvest width)

▪ Cleaned data by removing headlands, harvest runs on 

wheelings etc

▪ Predicted yield lower, because validation plot yields 

were low

Yield from yield map Predicted from 19/06 NDVI
Treatment Mean Modelled difference 

from trt 1, with 95% 
confidence interval

Mean Modelled difference 
from trt 1, with 95% 
confidence interval

1 Untreated 10.19 6.00
2 Start-up Maxx -0.09 ± 0.61 0.01 ± 0.16
3 Polysulphate 0.49 ± 0.64 0.17 ± 0.16



Vining peas 2020 vs 2021
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2020 2021

Trial design 5 treatments x 1 rep 3 treatments x 2 reps

LSD: yield map 1.4 t/ha 0.6 t/ha

LSD: predicted yield map 0.31 t/ha 0.16 t/ha

LSD: NDVI 0.013 0.009



02 February 

2023
51

Agronomics vs conventional statistics



Conclusions

▪ Crop reflectance data can correlate well with 

marketable yield 

▪ Field scale experiments can be assessed 

accurately and efficiently using remote sensing 

data and Agronomics statistics

▪ Trials should be laid out with reference to 

underlying soil variation

▪ Treatments should be replicated where possible

▪ Guidance published in ‘Framework for farmer led 

research’ 
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Questions

Susie.Roques@adas.co.uk

mailto:Susie.Roques@adas.co.uk


HMC YIELD MAPPING AND CROP SENSING



CONTENTS

• Jack Harris – Introduction to HMC

• Yield Mapping and Autosteer

• Crop Sensing technology

• On Farm Trials

• Yield Predictions



Introduction to HMC



Introduction to HMC



Introduction to HMC



Yield Mapping & Autosteer
• Yield Mapping involves weigh cells taking a reading every few seconds with a GPS position being 

logged against it 

• It allows us to see how many peas we are getting in a specific area

• Data is given back by each viner and is cleaned and merged to make maps which show good and 
poor areas of the field

• Autosteer uses the same GPS technology and will steer the viner in a dead straight line with 1cm 
accuracy

• Each viner shares data with the others

• HMC were the first pea group to adopt Autosteer and Yield Mapping in the UK



Yield Mapping & Autosteer



Yield Mapping & Autosteer



Crop Sensing Technology
• Yield is the base of the data as we can use it to corroborate other data we have

• We started 6 years ago with drone technology using RGB cameras to fly fields and compare 
against yield data

• After a year of doing this, we moved to a tractor mounted sensor called the Fritzmeir Isaria
which utilises 4 different wavelengths and is an active sensor (not passive like RGB). This means 
the data isn’t affected by changes in light or conditions of the crop. 

• Using the Isaria we were able to start making predictions for yield. At that time satellite data 
was hit and miss and the data wasn’t readily available to use and process.

• About 2 years ago we made the switch to satellite data to allow us to collect more field data and 
for a reduced cost. We use NDRE index in satellite data as the work ADAS have done with us 
suggests a good correlation to yield using that index.



Crop Sensing Technology



2020 Trials

• Amalfi

• Drilled 30th March 

• Harvested 28th June

• Rainfall during grow period 70mm





1. Untreated 

2. Liquid Fert

3. Poly Sulphate 

4. Poly Sulphate and Start Up 

5. Start Up

2020 Trials



1. Untreated 

2. Liquid Fert

3. Poly Sulphate 

4. Poly Sulphate and Start Up 

5. Start Up

11th May



1. Untreated 

2. Liquid Fert

3. Poly Sulphate 

4. Poly Sulphate and Start Up 

5. Start Up

21st May



1. Untreated 

2. Liquid Fert

3. Poly Sulphate 

4. Poly Sulphate and Start Up 

5. Start Up

28th May



1. Untreated 

2. Liquid Fert

3. Poly Sulphate 

4. Poly Sulphate and Start Up 

5. Start Up

31st May



1. Untreated 

2. Liquid Fert

3. Poly Sulphate 

4. Poly Sulphate and Start Up 

5. Start Up

21st June



1. Untreated 

2. Liquid Fert

3. Poly Sulphate 

4. Poly Sulphate and Start Up 

5. Start Up

20th June



1. Untreated 

2. Liquid Fert

3. Poly Sulphate 

4. Poly Sulphate and Start Up 

5. Start Up

25th June



1. Untreated 9.56T/ha

2. Liquid Fert 10.12T/ha

3. Poly Sulphate 9.56T/ha

4. Poly Sulphate and Start Up 8.75T/ha

5. Start Up 6.45T/ha

Yield



• Field Choice needs to be better 

• Scan and look at Satellite History 

• Repeat Plots if possible 

• We are on right track to yield prediction and data collected by Innoveg

helping 

• Scanned with Soil Optix after harvest to show field zones and correlation to 

yield 

Lessons Learnt 



Soil Scans 

Soil Texture 



Soil Scans 

P Index 2-3



Soil Scans 

K Index 3-4



Soil Scans 

Mg Index 2-4



Soil Scans 

p.H



Soil Scans 

SAND %



Soil Scans 

SILT %



Soil Scans 

CLAY %



Soil Scans 

OM %



Soil Scans 

WATER AVILABLE INDEX

1-100 

Combination of Sand, Silt and Clay to give water holding value. 

Higher the number the higher the ability to hold water.





1. Untreated 

2. StartUp Maxx

3. Poly Sulphate 

4. Untreated

5. Poly Sulphate 

6. StarUp Maxx

2021 Trials



2021 Trials

2nd June



2021 Trials

5th June



2021 Trials

12th June



2021 Trials

5th July



2021 Trials
Yield Fresh

1. Untreated = 10.1 T/ha

2. StartUp Maxx = 9.5 T/ha

3. Poly Sulphate = 8.8 T/ha

4. Untreated = 8.9 T/ha

5. Poly Sulphate = 9.2 T/ha

6. StarUp Maxx = 9.5T/ha



2021 Trials Soil Optix Scan

Texture



2021 Trials Soil Optix Scan

P



2021 Trials Soil Optix Scan

K



2021 Trials Soil Optix Scan

Mg



2021 Trials Soil Optix Scan

pH



2021 Trials Soil Optix Scan

Sand %



2021 Trials Soil Optix Scan

Silt %



2021 Trials Soil Optix Scan

Clay %



2021 Trials Soil Optix Scan

OM %



2021 Trials Soil Optix Scan

Water Available 

Index



4.46%

Yield Predictions



19.95%

Yield Predictions



2.01%

Yield Predictions



www.hmcpeas.co.uk

Thank You

http://www.hmcpeas.co.uk/


@InnoVeg

#INNOVEG

INNO-VEG, our project's story
Main achievements of the project



1
project



4
partners





11
types of sensors



13
crops



29
media highlights



38
presentations at 
external events



40
pages of 

guidelines



80
trials



348
social media posts



2 622
attendees at 

INNO-VEG events



46 803
people reached via 

communication actions



250 000
data points processed
through agronomics



@InnoVeg  #INNOVEG #ATW20

What next?



What next?

▪Project website (www.inno-veg.org) 

• Guides

• Videos

▪ Innovation network

▪Agronomics for field vegetables
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Thank you for joining us

Any Questions?

www.inno-veg.org
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