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Phenome = Genome X Environment

Genomics is accelerating gene discovery 
but how do we capitalise on these data 
sets to establish gene function and 
development of new genotypes for 
agriculture?

High throughput and high resolution 
analysis capacity now the factor limiting 
discovery of new traits and varieties

What is Plant PHENOMICS- PHENOTYPING?



Disadvantages: 

- Slow and expensive

- Variation between observers 

- Sometimes destructive

Manual phenotyping



Å Most image analysis systems for automatic 
phenotypingbring the plants to the camera.

Phenotyping of AnthuriumAutomated RGB image analysis

Automatedsystems: Phenotyping by Image Analysis



Recentphenotyping: Theconvergenceof BIOLOGY x ENGINEERING x COMPUTER SCIENCE 

Tuinstraet al., 2017



Infrared imaging
ÅCanopy / leaf temperature
ÅWater use / salt tolerance

Capitalising on new imaging technologies

Visible(RGB)imaging
ÅPlant area, biomass, structure
ÅSenescence, relative chlorophyll 
content, pathogenic lesions

SWIRimaging
ÅTissue water content
ÅSoil water content

Chlorophyll Fluorescence 
imaging
ÅPhysiological state of 
photosynthetic machinery

Hyperspectral imaging
ÅCellular localisation of metabolites (sugars, protein, aromatics)
ÅCarbohydrates, pigments and proteins

Plant FunctionPlant Morphology
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INTERNATIONAL COOPERATION

HOW WE CAN CONTRIBUTE TO PLANT 
PHENOMICS

Basedon our extensiveexperiencewith non-invasivemethods
in researchand evaluation of genetic resources, our future
activities in plant phenotypingcouldbe focusedmostly on:

o Linkingthe resultson plant stresstolerancemechanismsto
practicalapplicationsin phenotyping.

o Improvement of methods of automated high-throughput
plant phenotyping, especially those aimed at
photosynthetic and leaf parameters.

o Focusingon most promising germplasmsin crops (modern
varieties vs. landracesand wild ancestors), vegetablesand
indigenousplants of food andmedicinaluse.

Slovak PlantPhenomicsGroup
Interdisciplinary research towards crop improvement



LAB

HTPP

FIELD
+ classicalplant growth analysis

OUR ́PHENÓMULTI-APPROACH from laboratory through HTPP to the field



SLOVAK PLANTSCREENTM PHENOTYPING UNIT

×Cooperitingpart of EuropeanPlantPhenotypingNetworkEPPN



PLANTSCREENTM phenotypingplatform in Slovak Universityof Agriculture

o PlantScreenTM conveyormodular system
o Capacityfor 108 pots, 6 lines, 18 transportablediscs

per line (max plant height1200 mm)
o Totalareaof cultivation24 m2

o Precisionregulationof environmentalconditions
(PPFD, Temp, RelativeHumidity)

o Automaticweighingand watering
×Fiveoptical sensors:

1) Chlorophylla fluorescence(PAM system)
2) RGB top view
3) RGB sideview (differing sideangles)
4) VNIR hyperspectralimaging
5) SWIR hyperspectralimaging



PLANTSCREENTM PHENOTYPING FACILITY



PLANTSCREENTM phenotypingfacility in Slovak Universityof Agriculture

Regulationof environmentalconditions:
o Artificial light intensity up to 780 m˃ol m-2 s-1 (electronicaland me-

chanicalcontrol)
o 40collimatorswith cool white LED
o Temperature: from 17to 35 oC
o Relativehumidity: 30 to 60%(4× ultrasonichumidifiers)
o Softwarecontrol with PSIEnvironmentalcontrol

LED LightControl PSI EnvironmentalControlSoftware LED LightCollimators

UltrasonicHumidifier QuantumsenzorRH / Temp senzor CO2 senzor



Transport discwith
FRID code

Discinsert

Pot with BAR code

Bluesoilcover

Conveyorbelts FRID reader OpticalsensorRotationtable with stoppersin RGB unite

PLANTSCREENTM phenotypingplatform in Slovak Universityof Agriculture

Conveyorbelts and puller
Beltsin cultava-
tion area ManualstationFLIER HMI control panel



(A) LIGHT AND DARK ADAPTATION TUNNEL

Characterization:
o Localizedbefore fluorescenceimagingunite
o Fordarkand light adaptationof plants
o Artificial light intensityup to 1500 ˃ mol m-2 s-1

o Coolwhite LED
o RedLED
o InfraredLED

Light and dark adaptation tunnel is usedfor plant acclimation prior physiological phenotyping. 
Multichannel LEDs with programmable interface for defining desired light regime and spectral quality.
Precise setting of light intensity in smooth steps, with the maxima of 1.500 ˃Ƴƻƭm-2 s-1.



(B) FLUORESCENCE IMAGING UNIT

TECHNICAL SPECIFICATION
o Image Sensor: ѹέ format, mono, 7.4 ×5.9 array
o EffectivePixelssize: 720 × 560, 8.6 ×8.3 ˃ Ƴpixels
o Framerate: 50 fps
o Dimensions(w ×h ×d): 70 × 150 × 60 mm
o LensMount: CS-Mount
o Lenstype: LensagonCY0314
o FC panel area(h × w): 800 × 800 mm

Lightsourcespanel:
1) Pulse-modulatedshort duration flashes(620 

nm)
2) Actinic light: two types: Coolwhite (maximal

intensity500 ˃ Ƴƻƭm-2 s-1); Red-orangelight (620 
nm) (maximalintensity300 ˃ Ƴƻƭm-2 s-1)

3) Saturatinglight pulse: Coolwhite, maximal
intensity3000 ˃ Ƴƻƭm-2 s-1

4) Additional light: FAR (735 nm)



Experimentalprotocol setupand measuredparameters

Fluorescence parameter Definition 

CΣ CȰ Steady state fluorescence emission from dark- or light-

adapted leaf, respectively 

F0, F0Ȱ Minimal chlorophyll fluorescence intensity measured in 

the dark- or light-adapted state, respectively 

Fm, FmȰ Maximal chlorophyll fluorescence intensity measured in 

the dark- or light-adapted state, respectively 

Fv, FvȰ Variable chlorophyll fluorescence (Fm-F0) measured in 

the dark- or light-adapted state, respectively 

FqȰ 5ƛŦŦŜǊŜƴŎŜ ƛƴ ŦƭǳƻǊŜǎŎŜƴŎŜ ōŜǘǿŜŜƴ CƳ  ŀƴŘ C 

Fv/Fm Maximum quantum yield of PSII photochemistry 

measured in the dark-adapted state 

Fp Peak fluorescence during the initial phase of the Kautsky 

effect 

Rfd Fluorescence decline ratio in steady-state (Fp ҍ C ύκC 

ʊPSII PS II operating efficiency; effective quantum yield of 

photochemical energy conversion in PSII (Fq κCm ύ 

NPQ Non-photochemical quenching (Fm/Fm ύ ς 1 

qL CǊŀŎǘƛƻƴ ƻŦ t{LL ŎŜƴǘŜǊǎ ǘƘŀǘ ŀǊŜ ΨƻǇŜƴΩ ōŀǎŜŘ ƻƴ ǘƘŜ ƭŀƪŜ 

model of PSII (Fq κCv ύόC0 κC ύ 

ETR Electron transport rate 

 

Experimentalprotocol setup:
A. Fv/Fm determination
B. Kautskytransition
C. Lightcurve
D. Induction+ relaxation

Measuredparameters:
o Dark: Fo, Fm

o Actiniclight: Fp, Fs, Fm´, Fo´
o Relax: Fs

D, Fo
D, Fm

D



RGB TECHNICAL SPECIFICATION
o Sensor: /ah{ όa¢фtлом{¢/ύΣ ѹέ format (Aptina)
o Cameratype: UI-5480SE-C/M
o Spatialresolution (h × w): 2560 × 1920
o Pixel resolution: 5 MPx
o Effectivepixel size: 2.2 ˃ Ƴper pixel
o Depthof image: 12 bit
o Scanarea(w × h): 710 ×550 and 1030 × 1500 mm 

(top and sideview)

(C) RGB IMAGING UNIT



(1) Raw-dataparameters:

(2) Parametersof plant circularity:

Roundness Isotropy

Eccentricity

(3) Parametersof plant symetry:

(4) Parametersof center distance:

Plantarea Plantperimeter

Compactness

RMS

SOL

Calculatedplant structuraland geometricalparametersfrom RGB imaging

List of analyzedparameters:
TOP VIEW
o Area(pixel count / mm2)
o Perimeter (pixel count / mm)
o Roundness
o Compactness
o Eccentricity
o Rotation masssymmetry(RMS)
o Slendernessof leaves
o Colorindex
o Leaftrackingand leaf analysis

SIDE VIEW
o Growth height (pixel count / mm)
o Growth width (pixel count / mm)
o Area(pixel count / mm2)
o Perimeter (pixel count / mm)
o Compactbess
o Numberof leaves
o Leafmovement

COMBINATIONTOP AND SIDEVIEW
o Biomassassessment
o Leafmovement
o Relativegrowth rate



Coloursegmentationanalysis

Greenarea(% of pixelswith 60°<HUE<120°)
Darkgreenarea(% of pixelswith 80°<HUE<120°)
Chloroticarea(% of pixelswith HUE <60°)
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(D) VNIR AND SWIR HYPERSPECTRAL IMAGING UNIT

TECHNICAL SPECIFICATION VNIR
o Spectralrange: 340 - 900 nm
o Band size: 400nm
o Entranceslit width: 25 um
o Dispersionper pixel: 0.2 nm/pixel
o Wavelengthresolution: FWHM 0.8 nm
o Detector: Silicon
o Spatialresolution: 480 pixels
o Spectralresolution: 640 pixels
o Image frequency: 12 - 60 fps
o Dynamicrange: 68 db

TECHNICAL SPECIFICATION SWIR
o Spectralrange: 900 ς1700 nm
o Band size: 600nm
o Entranceslit width: 25 um
o Dispersionper pixel: 0.95 nm/pixel
o Wavelengthresolution: 1.2 nm
o Detector: InGaAs
o Spatialresolution: 480 pixels
o Spectralresolution: 640 pixels
o Image frequency: 50 fps
o Bit depth: 16 bit



(E) WEIGHING AND WATERING SYSTEM

o High-precision(±2.0 g) irrigation for programmabledeliveryof 
water (and nutrient)

o Wateringto exactvolumeand predefinedweight of pot

The automated watering and weighing, together with estimated 
shoot FW and DW, allows the estimation of daily water consumption 
(or evapotranspiration, ET) and water use efficiency (WUE) of plant. 
Consider two consecutive days i and i+1.

ET=[(W(i,after)-FWi)-(W(i+1,before)-FWi+1)]/T
WUE=(DWi+1-DWi)/ET

where W(i, after) is the total pot weight after water application for Day 
i; W(i+1, before)is the total pot weight before water application for Day 
i+1; FWi and FWi+1 is shoot fresh weight estimated at the point of 
imaging for Day i and i+1, respectively; and DWi and DWi+1 is shoot 
dry weight estimated at the point of imaging for Day i and i+1, 
respectively. T is the time interval and is equal to 1 day (daily pot 
weighing following the same schedule every day).



(F) SOFTWARE CONTROL OF PLANTSCREENTM



Droughttoleranceof lettuce plants

Anthocyaninereflectanceindex
(ARI)
Lettuce genotypes at 59 DAS,
well watered (WW) and water
stressed(WS)

Modified reflectance index
(ARI)

Maximalquantum PSIIefficiency(Fv/ Fm)
Lettucegenotypesat 59 DAS,well watered (WW) and water
stressed(WS)

Nonphotochemicaquenching(NPQ)
Lettucegenotypesat 59 DAS,well watered (WW) and water
stressed(WS)



Biologicalmaterial:
12 leaflygenotypesof lettuce (Lactucasativa var. capitata L.)

Group1: light greenleavesςDubagold, Zlatava, Zoltán
Group2: darkgreenleavesςKiribati, Biondonna, Aleppo
Group3: red leavesςOakly, Dubared, Rosaura,

Spectation, Carmesi, Roden

Experimentalprotocol

Phenotyping of lettuce genotypesand their drought tolerance



Phenotyping of lettuce genotypesand their drought toleranceςRGB imaging



Phenotyping of lettuce genotypesand their drought toleranceςPSII performance



Phenotyping of lettuce genotypesand their drought toleranceςVNIR imaging



Wheatexperiment



Dr. LorenzoFerroni, Dept. LifeScienceand Biotech, UnivFerrara

TRIticumPhotosynthesisUnderDrought and fluctuating Irradiance: Useof Mutant phenotypingto approachcropphotosyntheticregulation

Genotype Latinname Locusand chromosome

N67 TriticumaestivumL. WT

ANBW4A TriticumaestivumL. cn-Ald, 7AL

ANBW4B TriticumaestivumL. cn-Blb, 7BL

ANK32A TriticumaestivumL. cn-Ala, 7AL

LD222 TriticumdurumL. WT

ANDW8A TriticumdurumL. Unknow

ANDW7A TriticumdurumL. cn-Ald, 7AL

ANDW7B TriticumdurumL. cn-Blb, 7BL

Setup

Biologicalmaterials

SPAD values(Minolta-502)

HTPP ςPlantScreenTM
Inf volume: 27 rounds(FC+4xRGB+2xHC) = 17010 images; 2.78 TB



Dr. LorenzoFerroni, Dept. LifeScienceand Biotech, UnivFerrara

TRIticumPhotosynthesisUnderDrought and fluctuating Irradiance: Useof Mutant phenotypingto approachcropphotosyntheticregulation


