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Singapore Polytechnic students
provide way for your plants to talk
to you Hopefully you’ll never kill
 another plant!

How might one provide plants with a
means to communicate their
needs to us? One way is to
‘teach’ plants ‘optical’ sign
language. Using genetic
engineering, transgenic plants
containing a green fluorescent
marker gene from a jellyfish have
been developed and our Biotech
students. These plants “light’ up
when subjected to dehydration
stress.



Pixel-to-pixel arithmetic image
operations



Plant Fluorescence Sensor
Aerodyne Research, Inc., Billerica, MA

-  Publication: Kebabian, P.L., Theisen, A.F., Kallelis, S. and Freedman, A. (1998),  A Passive
Two-Band Sensor for Sunlight-Excited Plant Fluorescence, Rev. Scien. Instrumen., in review.

- Applications of immediate benefit to NASA, the USDA,
and the private sector include: Vegetation characterization
and monitoring (crop condition assessment); Damage
assessment (in response to a variety of stressors); and,

Stennis Space Center
February 2000



The FLuorescence EXplorer bla (FLEX) mission proposes to launch a satellite for 
the global monitoring of steady-state chlorophyll fluorescence in terrestrial vegetation 

European Space Agency (http://www.esa.int/esaLP/SEM2VSBE8YE_index_0.html)

Remote Sensing of Vegetation Fluorescence 



Airborne Remote Sensing

Quality assessment of urban trees:
A comparative study of physiological
characterisation, airborne imaging and
on site fluorescence monitoring by
the OJIP-test

Hermans C et al. Journal of Plant Physiology
Volume 160, Issue 1, 2003, Pages 81-90



Pseudo-colour mapping of the deviation of the Performance Index
relatively to the average PI by tree species in the park Leopold, Brussels 



Using Chlorophyll Fluorescence Methods For Algae
Vitality Detection as Biological Defense System

Algae

http://daac.gsfc.nasa.gov/oceancolor/scifocus/oceanColor/warming.shtml
http://oceancolor.gsfc.nasa.gov/



Chlorophyll Fluorescence



H. JALINK et al., Sci. agric., Piracicaba, 55(Número Especial), p.88-93, agosto 1998
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(Brassica oleracea)

Wheat

W
ag

en
in

ge
n 

U
ni

ve
rs

ity
 a

nd
 R

es
ea

rc
h 

C
en

tre
 



SORTING

Wageningen University and Research Centre 

Jalink, Hendrik (NL); Schoor, Rob van der (NL); Bino, Raoul John (NL).



Determining quality of fruit and berries and apparatus for sorting 

Ripe bananas look blue in UV light, 22 Oct, 2008

(University of Innsbruck Prof. Bernhard Krautler)



Green mold infection of lemons

Color photographs

Fluorescence

Time after infection 0 h 48
h

66
h

84
h

Photon Instruemnts, Bio-Sphere2, Tuscon AZ, Nov.29, 2001















What is fluorescence ?
When light strikes chlorophyll molecules,

absorbed quantum rises an electron from a

ground state  to an excited state. Upon

chlorophyll de-excitation to ground state, a

small portion of the excitation energy is

dissipated as red fluorescence (690 nm).



• Chlorophyll fluorescence is a re-emission of light energy
absorbed by chlorophyll molecules.

UNITS:

relative (r.u.)

arbitrary (a.u.)

mv



=1=HD+ChF+Photo



Kautsky and Hirsch (1931)

The reverse relation between Pn  and ChF





Dark Adapted State.

All electron acceptors

fully oxidised  & available

to receive light energy.

Intermediate State.

Some electron acceptors

Reduced by light & no longer

available for photochemistry.

Light Saturated State.

All electron acceptors reduced

by light & no longer available

for photochemistry.

Oxidised
electron
acceptors

Reduced
electron
acceptors
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JIP TEST

Prof. Reto STRASSER

Bioenergetics Laboratory-
University of Geneva, Switzerland



The primary signal : the fluorescence curveThe primary signal : the fluorescence curve  (Strasser, 1995).
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Fluorescence Rise

Srivastava A, Strasser RJ (1999) in: Crop Improvement for Food Security
(Behl RK et al. eds.) SSARM, HISAR, pp 60-71

(1)Haldimann P, Strasser RJ (1999) Photosynthesis Research 62: 67-83
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200 µM DCMU(1)

30 min 750 Wm-2

30 min 42°CK

maximum quantum
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Technical parameters

Slope at the origin of the fluorescence rise MO = (F300µs-FO) / (FM-FO)
Relative variable fluorescence at 2 ms VJ = (F2ms/FO) / (FM-FO)

The specific fluxes (expressed per RC - reaction center)

Absorption, per RC ABS/RC = (MO/VJ) / ((1-FO/FM))
Trapping at time zero, per RC TRo/RC = MO/VJ
Dissipation at time zero, per RC DIo/RC = (ABS/RC) - (TRo/ABS)
Electron transport at time zero, per RC ETo/RC = (MO/VJ) (1-VJ)

The phenomenological fluxes (expressed per CS – cross section of the leaf tissue)

Absorption, per CS ABS/CS = (TRO/ABS) / (ABS/CS)
Trapping at time zero, per CS TRo/CS = (TRo/ABS) (ABS/CS)
Dissipation at time zero, per CS DIo/CS = (ABS/CS) - (TRo/CS)
Electron transport at time zero, per CS ETo/CS = (MO/VJ) (1-VJ)

The yields (or fluxes ratios)

Maximum quantum yield of primary photochemistry

Probability that a traped exciton moves an electron further than
QA

-

Probability that an absorbed photon moves an electron further
than QA

-

Vitality Indexes

Density RCs per chlorophyll

Conformation term for primary photochemistry

Conformation term for the thermal reactions (non light
depending reactions)

Performance Index

Driving  force on a chlorophyll basis

ϕPo = TRo/ABS = (FM-FO) / FM

Ψo = ETo/TRo =  1 - VJ

ϕEo= ϕPo Ψo = (TRo/ABS) (ETo/TRo)
= ETo/ABS = (1-FO/FM) (1-VJ)

RC/ABS

(ϕPo/(1 - ϕPo)) = TRo/DIo = FO/FM

(Ψo /(1 - Ψo)) = ETo/(dQA
-/dt0)

PIABS = [RC/ABS] [ϕPo /(1 - ϕPo] [Ψo /(1 - Ψo]
∆FABS = log [PIABS]

Derived JIP-test parameters table
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Fluorescence JIP-Test parameters map
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SPIRODELA OLIGORRHIZA



• THE USE OF PSII ACTIVITY OF SPIRODELA OLIGORRHIZA PLANTS AS AN
INDICATORE FOR WATER TOXCITY

    Z. Romanowska-Duda, M. Hazem Kalaji, Reto J. Strasser

      Photosynthesis: Fundamental Aspects to Global Perspectives, 2005, International Society
of Photosynthesis

• The effect of different toxic extracts on several sites of the
PSII of Spirodela oligorrhiza water plants was studied.
Plants were grown for 6 days in a medium with two
microcystins extracted from blue-green algae (MC-RR=MC-
LR and MC-RR<MC-LR) of the following concentrations: 0,
5,10, 25, 50, and 100 μg/l.

• Each microcystin is designated a name depending on the
variable amino acids which complete their structure. The
most common and toxic microcystin-LR contains the amino
acids Leucine (L) and Arginine (R) in variable positions.



Spirodela oligorrhiza without (0) and
with toxin MC-LR (T)

Spirodela oligorrhiza with toxins:
MC-RR and  MC-LR

Toxins



0,64
0,66
0,68

0,7
0,72
0,74
0,76
0,78

0,8
0,82
0,84

0 1 5 10 25 50 100 1 5 10 25 50 100

Control RR=LR RR<LR

Conce ntration o f toxins (ug/l)

Fv
/F

m



Control 5μg L-1 25 μg L-1 100 μg L-1



• JIP-Test technique as biosensor for early detection of heavy
metals effects on water plants (Spirodela oligorrhiza)
Hazem M. Kalaji, Z. Romanowska-Duda, Reto J. Strasser

    BIOLOGICAL LETT. 2005, 42(2): 191

   Spirodela oligorrhiza plants were grown under
optimal conditions on a growth medium with or
without the addition of heavy metals (Cu,Pb)
ions during 24 hours to growth medium in the
range from 0 to 10 ppm



Heavy metals

Spirodela oligorrhiza with different
concentrations of  Cd

Spirodela oligorrhiza with different
concentrations of  Cu
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Stress Identifying
IF:

Tf(max) 280 - 294
Area > 37968.00
PHI(Po) 0.79 - 0.77
Kn < 0.58 
Kp < 2.13
ABS/RC > 2.48
TRo/RC 1.81 - 1.95
ETo/RC > 1.13
DIo/RC < 0.53
PI >20.47

Heavy metals

IF:

Tf(max) 290 - 299
Area  37968.00
PHI(Po) 0.79 - 0.77
Kn 0.58 – 0.66
Kp < 2.13
ABS/RC < 2.48
TRo/RC 1.81 - 1.95
ETo/RC 1.13- 1.25
DIo/RC < 0.53
PI 20 - 30

Toxic



Instruments Development
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