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Wageningw

® A university plus R&D organisation for innovation in the agrifood
sector.

® Working with industry, governmental authorities and other
knowledge institutes
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« 100 countries
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(portable) NMR / MRI and phenotyping

(Henk Van As, Lab. of Biophysics and Wageningen NMR Centre

® Anatomy

® Internal parameters: transport traits
(xylem and phloem; cell-to-cell), water
content in different tissues
® Dynamics:
e growth and (stress) adaptation
e source-sink manipulations: light,

tuber / fruit development, Amplitude R, T,
drought, anoxia, flooding .

® Information from different organs
(roots, stem, fruits, leaves, ..)

http://www.wageningenur.nl/en/Expertise-Services/Facilities/Wageningen-NMR-Centre/Our-facilities-1/Plants.htm
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Plant MRl and phenotyping: system |
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Most Water in the Tomato Truss Is Imported through the
Xylem, Not the Phloem: A Nuclear Magnetic Resonance
Flow Imaging Study!"/©A]
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Dedicated Plant MRI system II: effect of light,
sink-source manipulations

(tuber formation, fruits, anoxia, ...)
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Original Article

Phicem flow and sugar transport in Ricinus communis L,
| is inhibited under anoxic conditions of shoot or roots

Lr Prusova et al, Light dependent transport in potato and tomato
plants, manuscript in prep.

WUR X-ray tomography facility

® CAT-AgroFood microCT centre operational April 2013
e XRT Phoenix v[tome]x m GE

® Two X-ray sources
High Resolution (= 0.8 um)
Large Sample Size (40cm/50kg)

® Broad range of applications

e structure-function relations

e Foods, bio-based materials

® soil, roots,

e plants, seeds,

[ J

insects , ....
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Root morphology

® Non-destructive
characterisation of
root structure

® Roots can be
identified despite
denser soil
surrounding

® However, contrast
of root with water
is a challenge
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3D root binary voxel space
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3D spatial graph with thickness
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GERMINATOR: High throughput scoring
and analysis of seed germination

® Cost effective system with high accuracy

® Species independent (as long as there is enough color
contrast between seed coat and radicle)

® Flexible setup (in number of samples and environments)

® Optimized experimental design
(randomization of samples)

® Automatically visualizes and
summarize results with graphs
and statistics

" http://www.wageningenseedlab.nl/germinator
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Phenotyping seedlings - imaging
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® MARVIN - 3D based seedling sorting
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Phenotyping seedlings - data
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Plant architecture:
Biomass estimation
Length main stem
# side stems
Leaf angle/ length
Leaf shape
Internode length(s)
Individual leaf areas
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PhenoTron

= chlorophyll
fluorescence; Fo,
Fo’, Fm, Fm’, Fs -
for Fv/Fm,

= NPQ and ®PSII
(etc) imaging

= NIR imaging: day
and night plant
imaging

= narrow band imaging for chlorophyll and
anthocyanin content

= red, green and blue imaging - colour images

= photochemical reflectance index (AA535) = (R531
-R570)/(R531 + R570)

nWAEENIHEEHm

PhenoTron

= 1440 plants - every plant is fixed and
registered

= ¢. 60 minutes to image every plant
OPSII at growth irradiance

= typically 25 days per run

= about 100 GB data per run

= one PhD student has imaged about
20.000 plants

Current Opinion in Biotechnology
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High throughput screening with chiorophyll M imaging
and its use in crop improvemant
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SPICY: Smart tools for Prediction and
Improvement of Crop Yield

" Develop tools to predict phenotypic response of a
genotype under a range of environmental conditions:

® Molecular tools

® Analysis tools

® Phenotyping tools
® Applied to pepper

" http://www.spicyweb.eu
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4* IR, Colour, Range (ToF)
cameras
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SPICY: results 3|
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SPICY: towards automated phenotyping of large pepper
plants in the greenhouse
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Automated estimation of leaf area development in sweet pepper
plants from image analysis

Graham W. Horgan™®, Yu Song®, Chris A, Glasbey®, Gerie W. A, M. van dor Heijdon =2,
Germit Polder™, |, Ama Diclorman®, Marco C. A, M. 8ink"™ and Fred A. van Eeuwifk"

Gerle van der Heliden™", Yu Song", Graham Homgan®, Gemit Paider®, Anfa Disteman™,
Marco Bink™, Alain Palloix®, Fred van Eeuwlik™ and Chris Glasbey"
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PhenoBot — Greenhouse measurements

Pager Nuwber. 141082259

Phenotyping large tomato plants in the greenhouse
using a 3D lightfield camera
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TopCrop Viewer -

multispectral disease detection
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TopCrop Viewer — multispectral disease detection
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—. Spectral Imaging System for Detection of Setrptis in Greenbouses

Gesrit Podder, Edfk Peltierier’, Maroo Suddiers™
Wageninges UR, “FINELTEQ

Wagmingen UR. Rismetris, PO, Box 100, 6 TNOAC Wagemingen, Notherlands
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Automatic plant counter in open field
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Machine Vision for plant
phenotyping

Automatic plant counter

n“ ””””””””” Pieter Blok, Jochen Hemming
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CropScan

® Can N status of potato be measured accurately using

crop reflectance?

® Is there a simple translation from crop N status
to N sidedress rate?
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Hyperspectral Mapping from UAV

® Aerialtronics Altura AT8

e Programmable autonomous
flight

e 2kg payload

e 5-10 min flight time
® Pushbroom spectrograph

® Specim V10

® 450-950nm

e FWHM 9nm

e 20 lines/s

® Consumer RGB camera
® GPS/Inertia navigation System
e Accuracy: 4m / 0.25°
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A Lightweight Hyperspectral Mapping System and
Photogrummetric Processing Chain for Unmanned Aerial
Vehicles

It Semvaakaen' . Nk Antien’, Skabasd Igbal’, Gerbert Rarieh, Spps Frmie’, Py
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Examples field trails 2014

Grassland 60 fields: 12
nutrient levels (incl org)
UAV data products and 8

Winter wheat 160 fields: three
varieties, four nutrient levels
UAV data products and 10+
traits

More information: www.wageningen-ur.nl/uarsf
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