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Professional Instruments for Plant Science
and Algae Biotechnology

Cultivation facilities & Indoor and outdoor phenotyping facilities
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High-throughput Phenotyping

Non-invasive rapid measurements
Investigation of various plant traits of
interest over time

Through digital color images to determine
plant growth dynamics and overall plant
performance
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[ PlantScreen™ Robotic XYZ system ] NN
SN

Multi-sensory platform towards the plants at  Digital data are acquired
defined intervals from top view
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[ PlantScreen™ Robotic XYZ system ]

<

“PhenoCrane” (sensor-to-plant) high-throughput phenotyping

systems
8



Professional Instruments for Plant Science
and Algae Biotechnology

il "!l\"*

PlantScreen™ SC system
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Compact design systems with different imaging sensors
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PlantScreen™ Compact Imaging section
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[ PlantScreen™ Compact system ]

Flourescence
Imaging

Thermal

Adaptation / Cultivation _ Imaging
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Watering and I |
| Weighing I | r L
p

Hyperspectral RGB Imaging
Imaging ) )

Small and mid-size scale plants up to 40 cm in height
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Growing Buffer g
in Greenhouse
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Watering & Weighing Unit

Adaptation Tunnel

[ PlantScreen™ Modular system J

HC Unit RGB Unit IR Unit

N 72
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Phenotyping in i
Controlled Conditions '

Larger scale plants up to 1.2 m
Monitor the entire life cycle
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PlantScreen™ Root system ]

e

Scale plants up to 50 cm in height
in the rhizotron system
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[ PlantScreen™ Field system ]
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PlantScreen™ imaging sensors

Morphological and Developmental Analysis

Top view Side view

Analyzed parameters

TOP VIEW

e Area [pixel count/mm? ]

* Perimeter [pixel count/mm]

e Roundness

e Compactness

e Eccentricity

* Rotational Mass Symmetry

e Slenderness of leaves

e Color index

e Leaf tracking and leaf analysis
SIDE VIEW

e Growth height [pixel count/mm]
e Growth width [pixel count/mm]
e Area [pixel count/mm? ]

* Perimeter [pixel count/mm]

e Compactness

e Number of leaves

e Leaf movement

COMBINED TOP & SIDE VIEW
® Biomass assessment

¢ Leaf movement

e Relative growth rate

RGB Imaging

|

Leaf
_/ Area(px) 1511,00 68400 89000 29500 88500 147800 539,00 63400 169900
/.-' i Perimeter 20289 13495 15027 7301 13423 20592 9550 184,27 21510
Compactness 0% 0,81 0,90 094 092 077 095 0,61 084
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PlantScreen™ imaging sensors

Photosynthetic performance

i1

. e Measured parameters
FO, FM, FV, FO’, FM", FV", FT
i e Calculated parameters
0625 FV/FM, FV'/FM’, OPSII, NPQ, gN, gP,
Rfd, ETR
Masked Image
Control

4 Chlorophyll fluorescence
\ Imaging

‘;f.'

Drought

(. NADPH
L Light H* e Light
: gl YRR eyt U e
¥ Nt ag(‘) e oI HEES
, Thylakoid H,0 — 2 0, + 2H+  H° . -
lumen o . :
1% day of 5th day of 12 day of

phenotyping phenotyping phenotyping



q)§$£$3a5 PlantScreen™ imaging sensors
INSTRUMENTS g g
Regulation of stomatal aperture

Original Image Masked Image Analyzed parameters
| | 2 e Leaf temperature
e Canopy temperature

Thermal Imaging

26

24

2523

2361
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PlantScreen™ imaging sensors

Reflective indices, pigments, leaf water content

.Spatia.l .Spectr.al Analyzed pa rameters

dimension dimension * Normalized Difference Vegetation Index (NDVI)

* Photochemical Reflectance Index (PRI)

e Optimized Soil-Adjusted Vegetation Index (OSAVI)
e Modified Chlorophyll Absorption in Reflectance
Index (MCARI1)

¢ Nitrogen status

e \Water content

Time (hours) 0 0.5 1

Spectral wavelength (2)

Modified from Nature Photonics 3, 627 - 629 (2009)

High water

content

HyperspeCtraI Imaging 850 900 2500 3000 5000 8000 12000
| | | | | | |

At & antent

. 2 . - ! ° content

(%]
- — i
Wavelength [nm] Time (hours) 2 4 6
18

False color images of water index at 1400 nm



PlantScreen™ imaging sensors
Structural plant phenotyping

Analyzed parameters
¢ Plant architecture assessment
® Biomass assessment
e Leaves count
¢ Individual leaf area
¢ Leaves angle measurement

3D Imaging

Apply 3D model
Registered with other
imaging sensors such as
chlorophyll fluorescence
and hyperspectral imaging

Leave segmentation

19



Case studies

Main environmental

stress Screen for
Heat tolerant &
Drought robust
Salinity varieties in
Heavy metals Crops
Cold

Flooding
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Characterization of adaptive responses to single and combined stresses in
Desirée

Accelerated Development of Multiple-stress tolerant potato

s i
Coordinated by
Dr. Markus Teige
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Characterization of adaptive responses to single and combined stresses in Desirée

Overview of experimental design

5|3 Age of plants (days)

Control

Drought

Heat + Drought

- r Days of stress

-
~J
co
(=
I~
[
[¥5]

21 Time points for tissue sampling

Timeline of applied treatments

Cultivation

150 in-vitro plantlets of
Solanum tuberosum cv Desirée  *  Control: 60% field capacity
available from HZPC * Drought: 30% FC for 1 week
(Marijke Woudsma) « Heat at 30/28 °C: 60% FC for 2 weeks
» Heat + Drought: 60% FC for 1 week, then 30% FC for 1 week
« Waterlogging watered up to 130% FC for 2 weeks
» Heat + Drought + Waterlogging: 60% FC for 1 week, then 30% FC for 1 week, then
130% FC for 1 week

(Unpublished) 22



PHOTON Characterization of adaptive responses to single and combined stresses in Desirée

SYSTEMS
INSTRUMENTS

W Overview of experimental design

Dynamic morpho-physiological analysis of Desirée stress responses

Phenotyping protocol

o parametres l l l l

(Unpublished)

Enviro Data

Temperature
Humidity
Light intensity
Light spectra

Transcriptomics

—)

Tissue sampling for further
Omics data analysis

23



Developing heat-and drought-stress tolerant potatoes




Characterization of adaptive responses to single and combined stresses in Desirée

mt Plant growth
Top view RGB images

-o-Control Drought -e-Heat -e-Heat + Drought -e-Waterlogging -e-Heat + Drought + Waterlogging

0.025 +

0.02 +

0.015

0.01

Plant Volume (m3)

©
o
o
a1

8 9 1011121314 151617 18 19 20 21
Days of stress

o

= 4+
N
w —+
N
U+
o +
N

Day 1 Day 7 Day 14 Day 21
(Unpublished)
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EYH.C?TT&TS Characterization of adaptive responses to single and combined stresses in Desirée

INSTRUMENTS

mt Photosynthetic efficiency
False color ®pg, images

075 Operating efficiency of photosystem I
on light-adapted plants

-o-Control Drought -e-Heat -e-Heat + Drought -e-Waterlogging -e-Heat + Drought + Waterlogging

0.7
0.625

0.65

0.6

0.55

0.5

(DPSII

0.45

0.4
0.375

0.35 +

0.3

01 2 3 456 7 8 91011121314151617 18 19 20 21

Days of stress
0.25

(Unpublished)  pay 1 26



Characterization of adaptive responses to single and combined stresses in Desirée

SSS NP

4000 +

3500 +

Cumulative water (g)

500 —+

(Unpublished)

3000 +

2500 +

2000 +

1500 +

1000 +

Water consumption along plant development

-o—-Control

Stomatal regulation

Difference between canopy average and air temperature
measured in the thermal IR imaging

Drought -e-Heat -e-Heat + Drought -e-Waterlogging -e-Heat + Drought + Waterlogging

2.5 T

2

1.5 -

1 .

AT (°C)

0.5 A

0
(

-0.5 A

m__

9 1011 121314151617 18 19 20 21

Days of stress

Days of stress

Stomata

27



EYHSTT&TS Characterization of adaptive responses to single and combined stresses in Desirée
INSTRUMENTS

mt Yield

Root biomass and tubers per plant

0.6 ~

0.5 A

Harvest Index
© o
w N

o
N
I

0.1 A

-
(Unpublished)

C

0 . R 5 =

Control Drought Heat Heat + waterlogging Heat +
Drought Drought +
Waterlogging
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Investigating the combined drought and heat stress effect on physiological
traits in spring wheat by using dynamic image-based phenotyping

/v AARHUS Abdelhakim L. et al. (2021),

Agronomy

et U R v

UNIVERSITET

ICLIMATE

AARHUS UNIVERSITY INTERDISCIPLINARY CENTRE
FOR CLIMATE CHANGE

1777

AR
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AARHUS
/ ¥ UNIVERSITET

&0 iCLIMATE

Investigating the combined drought and heat stress effect on physiological

CQ ;;: AARHUS UNIVERSITY INTERDISCIPLINARY CENTRE
I

{f FOR CLIMATE CHANGE

0.95 -

085 1 TN L0
E\T’LHH‘W{’%HJ{HHHHH e

0.75

F,/F,

0.55 -

0.45 -

0.35 -

0.25

0.65 -

traits in spring wheat by using dynamic image-based phenotyping

Heat screening experiment 200 Nordic wheat genotypes at 40°C using maximum

quantum efficiency of PSII (Fv/Fm)

" Heat tolerant

LMé62 (Lantmdannen - Swedish)
GNS5 (Graminor - Norwegian)
NS3 (Nordic seeds - Danish)
LM20 (Lantmd&nnen - Swedish)

it

KUT0 (882 - Romanian)
SF1 (Sejet - Danish)
SF29 (Sejet - Danish)

LM19 (Lantmdannen - Swedish)

"Heat sensitive

20 40 60

Sensitive indicator of plant photosynthetic performance under heat stress

80

100 120 140
Wheat genotypes

160

180

200

30




P Investigating the combined drought and heat stress effect on physiological
1 traits in spring wheat by using dynamic image-based phenotyping
/v ’GQRZ'E%SS'TET Experimental design

Measure : Measure

Days of the

treatments  (Day 1) I (Day 2-16) (Day 17-19) (Day 1) I (Day 2-12) (Day 13-15)
Induce the stress Induce the stress
Days of the
experiment  (Day 27) (Day 45)
RGB $ide view images
Control 8 \
™ e
- x %@ N
‘u,; \N \/D\\\\M % w\!\wr/

Day 1 Day8 Day 15 Recovery Day 1 Day8 qu 15 Recovery

Abdelhakim L. et al. (2021),

Agronomy
31



Plant growth dynamics

Soil Relative Water Content

AARHUS
/ ¥ UNIVERSITET

Control - Drought

Combined

- - LM19 (HS) N
20 + = sF1 (Hs) Heat Sensitive

[ —+-LM62 (HT
10 7 :ng ((HT)) Heat Tolerant

0 T T R S S T S S S TS T S

0 4 8 12 16 20 O 4 8 12 16 20 O 4 8 12 16 20 0 4 8 12 16 20
Days after inducing stress Days after inducing stress Days after inducing stress Days after inducing stress

The water consumption of genotypes under drought stress varied under combined stress reflecting different
regulations and susceptibility to stresses

32



Plant growth dynamics

Relative Growth Rate

AARHUS
/ ¥ UNIVERSITET

g Control Drought Heat Combined
' -G LM19 (HS)| |

-3 SF1  (HS)
0.3 + -4 |M62 (HT)| T T ik

—~-NS3 (HD)| |

0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 200 4 8 12 16 20
Days after inducing stress Days after inducing stress Days after inducing stress Days after inducing stress

Genotypes that consumed more water were more susceptible to stress severity and enhanced
adaptive stress was observed in heat sensitive genotype (LM19) under combined stress

33



Photosystem

Operating efficiency of Photosystem ||

/ 7 ﬁﬁmﬁsswg Reflects efficiency of the conversion of absorbed light into photochemistry

P
S
I

0.65

Control . Drought Heat Combined
0.60 —+ -

- ’
g0.55 +
L I

o~
wo0.50 + +
- LM19 (HS)
0.45 + -=SF1 (HS) T T T
—-LM62 (HT)
——NS3 (HT)
040 ——t——tp——
0 4 8 12 16 200 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
Days after inducing stress Days after inducing stress Days after inducing stress Days after inducing stress

Such enhanced adaptive stress under combined stress reflected in protected photosynthetic apparatus



Transpiration efficiency

o s Canopy temperature

UNIVERSITET
Difference between leaf and air cuvette temperature (AT)

4
Control -6 LM19 (HS) Drought Heat Combined
. -3 SF1 (HS)|T at +
5 1 —-LM62 (HT) 1 i
—-NS3 (HT)
0 : | | ?'

0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20 O 4 8 12 16 20

Days after inducing stress Days after inducing stress Days after inducing stress Days after inducing stress

Heat tolerant (LM62) leaf cooling efficiency was less under combined stress as observed in high AT
highlighting the importance of investigating the potential of genotypes under the combination of stresses

35



: Other applications of plant screen technology
with different stresses and crops

1" frontiers
in Plant Science

the plant journal SKEABN ...

reports

i@ |
0
f2gs

The Plam Journal (2021) 107, 544-563 doi: 10 11114pj. 15310
. . . Glucose uptake to guard cells via STP transporters
Genetic mapping of the early responses to salt stress in : .
Understanding the Biostimulant : . . provides carbon sources for stomatal opening and
. ; . Arabidopsis thaliana

Action of Vegetal-Derived Protein plant growth

Hydrolysates by High-Throughput Mariam Awlia' (*) Nouf Alsharee'* (), Noha Saber' (%, Arthur Korte’ (%), Helena Oakey" ([, Klara Panzarova® ([, sabrina Flitsch™'®, Arianna Nigre™™, Franco Conci?, Jiff Fajkus’, Matthias Thalmann®3(,
Plant Phenotyping and Martin Trtilek® (), Sonia Negrao™ (), Mark Tester’ (*) and Magdalena M. Julkowska'* Martin Trtflel®, Kidra Panzarové® & Diana Santelia®"

Metabolomics: A Case Study on

Tomato

Kenny Paul'®, Mirella Sorrentino™, Luigi Lucini?, Youssef Rouphael?,

OPEN ACCESS Mariateresa Cardarelli*, Paolo Bonini®, Héléne Reynauds, Renaud Canaguier?,
Martin Trtilek’, Kldra Panzarova™ and Giuseppe Colla®%*
. Y- . Y-
} frontiers OGN AL AESEARCH he f;oll;l‘:ﬁ{ gmence he f;oll;l‘:ﬁ{ gmence
in Plant Science doi 10.33 01
-] -]

Seed Priming With Protein

Hydrolysates Improves Arabidopsis Integration of Phenomics and Integration of Phenomics and

Metabolomics Datasets Reveals Metabolomics Datasets Reveals

Gr?w:th and Stress Tolerance to Different Mode of Action of Different Mode of Action of
Abiotic Stresses Biostimulants Based on Protein Biostimulants Based on Protein

Mirella Sorrentino’r, Nuria De Diego™, Lydia Ugenas, Lukas Spichal*, Luigi Lucini, Hydrolysates in Lactuca sativa L. and Hydrolysates in Lactuca sativa L. and

Bogofia Miras-Moreno?, Lailei Zhang?, Youssaf Rouphal, Giuseppe Calla®t and i Solanum lycopersicum L. Under i Solanum lycopersicum L. Under

OPEN ACCESS Salinity OPEN ACCESS Salinity
. ::.:mr:a %TE?:;Z ;]:"anla Ganug’®, Youssef Rouphael?, Giuseppe Colla®, Luigi Lucini** . ::.:mr:a %TE?:;Z ;]:"anla Ganug’®, Youssef Rouphael?, Giuseppe Colla®, Luigi Lucini**
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