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« Technologies to characterize plant
performance and dynamics

’,  High throughput techniques to
measure plant at desired scenarios
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What is needed:

S -V
« Technologies to characterize plant

performance and dynamics

 High throughput techniques to

measure plant at desired scenarios

Objective:

«  Develop an imaging sensor that
monitors the health and dynamic
response of whole plants
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pectral properties of chlorophyll
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Plant recognition using color

Easy for computer to Difficult for computer to
recognize the plant recognize the plant
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Difficult for computer to Easy for computer to recognize
recognize the plant the plant on fluorescence
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Integration
time of 0.1 s
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MIPS™ robot arm with colour and CF camera

Robot arm for scanning plants
-~ INg P

___— MIPS™ camera with laser for CF image

Light source for colour image

_— Table with
plants
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utgrowtnh of Phytopnthora on potatc

MIPS multiple imaging plant stress

Basic
fluorescence

Mean FO: 4553

A

Mean Fmax: 3197

Mean PA: 63.5 [%]

Water control
i

Photosynthetic
activity

x’athogen

Plant Research International B.V.
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PA area of mask: 39,9 [%]

Maximal
fluorescence

Calculated
infected area
(gray color)




Outarowth of Phvtophthora on potato leaf
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Herbicide formulation
testing on PA
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2 droplets of herbicide
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With additive better
uptake of herbicide

\ = Control
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= MIPS system is too slow for high throughput and screening:
about 20 sec

= MIPS can not measure at elevated light levels
= Needed: a fast methodology that is able to saturate the

photosynthesis within a sec

WAGENINGENNEGEEH

Yuiily




) lnduceg 101Ee5CelCE Al ‘I erfor
CCD-camera — 14 bit

LED’s 5000 Watt

1000 pumol/m?s at 40x40 cm?
Background light
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Methodolog
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of the LED Induced Fluorescence Transient Imager

CF induction (Kautsky) curve of a corn leaf
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Asymptote

“Linear” on log-scale: apgroximate by
exponential curve

I I I I
10 100 1004 10000
Msec

Sinsawat, 1999 PhD thesis ETH
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od pulse of 15 ms
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od pulse of 15 ms
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od pulse of 15 ms
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od pulse of 15 ms
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inhibited photosvnthesis

Partly inhibited phot




iIme response of fully inhibited photosvynthesis
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Creating images of PA and t by fitting each pixel
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Image of the time constant, t
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Robotized LED imager for phenotyping at different scenarios
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LED imager on robot arm
Climate room

Fully programmable

30 images within one second

Calculation of PA- and T- image
Growth of projected leaf area
Can run for weeks




Measurement in the dark qlq!q

Control

| Drought

Saintpaulia (African violet)
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Control

| Drought

90 umol/m?3s

Saintpaulia (African violet)
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Healthy

Stressed
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t=15 min. t=30 min. t=60 min.

At t=1 min. a leaf is detached
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Stressed Control
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Summary

m Stress of whole plants can be visualized on PA and t

m Changes in PA- and t-image can depend on the type of
stress

= Only stress that influences the photosynthetic apparatus like
diseases, herbicides, light stress and drought

= Non-invasive, quantitative, accurate and objective
= Plants can be monitored continuously at different scenarios
= Within a time frame of 300 ms: high throughput
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= New camera system for fluorescence and reflection imaging
= Camera with 8 position filter wheel
= White LED's for reflection imaging

= Pulsed high intensity red LED’s for imaging Kautsky curve

m LED's for fluorescence imaging of chlorophyll and
anthocyanins content
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Time for discussion

Dr. Henk Jalink

Wageningen UR

Greenhouse Horticulture

Visiting address: Building 107, Droevendaalsesteeg 1, 6708 PB Wageningen
Mail address: P.O. Box 644, NL 6700 AP Wageningen, The Netherlands
Phone: +31 (0) 317 48 08 44

Fax: +31 (0) 317 41 80 %4

Mailto: henk.jalink@wur.nl

http://www.greenhousehorticulture.wur.nl
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