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Natural Phenomena 

• Bioindicator 
• Biomarker 
• Stress fingerprint 
• WHY ?  
• Sensitive 
• Reliable 
• Non-invasive 
• Fast  and low cost 
• Applicable in all living organisms with 

chlorophyll 
 













Photosynthesis 



  











Under physiological temperatures at least 

95% of the fluorescence emission is 

derived from chlorophyll associated with 

photosystem II. 

 

Fluorescence is re-emitted red / far red light 
(mostly from PSII). Changes in efficiency of 
fluorescence emission inversely relate to changes 
in the efficiency of PSII photochemistry. 

 
=1=HD+ChF+Photo 

(IR radiation) 



http://bioenergy.asu.edu/photosyn/education/experiments/protein_exp/rcreq4.htm 



Fluorescence and Photosynthesis 
(Kautsky-Effect) 
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What is fluorescence ? When light strikes chlorophyll molecules, 

absorbed quantum raises an electron 

from a ground state to an excited state. 

Upon chlorophyll de-excitation to a 

ground state, a small portion of the 

excitation energy is dissipated as red 

fluorescence (690 nm). 
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Chlorophyll fluorescence is a re-emission of 
light energy absorbed by chlorophyll 
molecules. 

UNITS: 

relative (r.u.) 

arbitrary (a.u.) 

mv 

  

 



André Moersch, http://www2.fz-juelich.de/icg/icg-3/Mitarbeiter/Moersch 
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Photosynthesis 

Fluorescence  
 + 

Heat 

100% 



22 
Electrocardiograph 

Stethoscope 

Pulse = 60-80/minute 

Fluorometer 

Maximal quantum yield  
Fv/Fm = 0.83-0.85 r.u. 

Ch F curve 
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Fluorometer  (Stress meter) 

Continuous Excitation 
Fluorescence 
Measurement System 

Pulse Modulated 
Fluorescence 

Measurement System 



Which technique to be used ?? 

• After light adaptation 

• After dark adaptation 
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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 



After dark adaptation  
Fo   - fluorescence level when plastoquinone electron      
          acceptor pool (Qa) is fully oxidised. 
 
Fm  - fluorescence level when Qa is transiently fully  
          reduced.  
 
Fv    - variable fluorescence (Fm-Fo).  

   
Fv/Fm - maximum quantum efficiency of Photosystem II.  

   
Tfm  - time at which Fm occurs.  

   
Area - area over the curve between Fo and Fm, relates to the pool 

      size of PSII electron transport acceptors.  
   

OJIP analysis (Strasser R.J., Srivasatava A. and Govindjee,1995  
         Polyphasic chlorophyll a fluorescence transient in plants and  
         cyanobacteria, Photochemistry and Photobiology, 61, 32-34.).  





Kautsky/animace.gif
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(O-J) phase 
corresponds to a 
complete reduction of 
the primary electron 
acceptor QA of PSII, 

the release of 
fluorescence 
quenching during the 
(J-I) phase is 
controlled by the PSII 
donor side (water 
splitting activity).  

(I-P) corresponds to 
the release of 
fluorescence 
quenching by the 
oxidised 
plastoquinone pool 



                 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 

0,1         1          10        100      1000 ms light 

O 

J 

I 

P 
C

hl
 F

lu
or

es
ce

nc
e 

in
 re

l. 
u.

 

K 



                 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 

0,1         1          10        100      1000 ms light 

O 

J 

I 

P 
C

hl
 F

lu
or

es
ce

nc
e 

in
 re

l. 
u.

 200 mM DCMU(1) 

K 



                 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 

0,1         1          10        100      1000 ms light 

O 

J 

I 

P 
C

hl
 F

lu
or

es
ce

nc
e 

in
 re

l. 
u.

 200 mM DCMU(1) 

30 min 750 Wm-2 K 



                 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 

0,1         1          10        100      1000 ms light 

O 

J 

I 

P 
C

hl
 F

lu
or

es
ce

nc
e 

in
 re

l. 
u.

 200 mM DCMU(1) 

30 min 750 Wm-2 

30 min 42°C 
K 



                 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 

0,1         1          10        100      1000 ms light 

O 

J 

I 

P 
C

hl
 F

lu
or

es
ce

nc
e 

in
 re

l. 
u.

 200 mM DCMU(1) 

30 min 750 Wm-2 

30 min 42°C 
K 

maximum quantum 
conversion: Fv / Fm or Fv / F0 

Fv 

F0 

Fm 
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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 
 

jPo  = TRo/ABS = (FM-FO) / FM 

 

Yo = ETo/TRo =  1 - VJ 

 
jEo= jPo Yo = (TRo/ABS) (ETo/TRo)  

 = ETo/ABS = (1-FO/FM) (1-VJ)  

RC/ABS   

(jPo/(1 - jPo))  = TRo/DIo = FO/FM 

(Yo /(1 - Yo))  = ETo/(dQA
-/dt0) 

 

PIABS = [RC/ABS] [jPo /(1 - jPo] [Yo /(1 - Yo] 

DFABS  = log [PIABS] 

Derived JIP-test parameters table 



Siper-plot 
representation. Variations 
of the normalised JIP-
test parameters by the 
respective control. More 
precisely, the nutritional 
stress linked to a lack of 
B and Mg is regarded as a 
deviation of the 
reference state and 
considered as non stress 
(for which the control 
values turn on a circle 
with a radius of 100%).

Boron deficiency first 
appears on the youngest 
leaves whereas magnesium 
deficiency can be 
detected on the oldest 
leaves.

These graphics present the constellation of selected JIP-test   

parameters which quantify the behaviour of plants exposed to

different stress treatment.
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Pipe line model Leaf model 
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Measured Parameters 





Red chlorophyl fluorescence kinetic and quenching 
factors 
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measuring light 
(weak red light pulses) 

F0 = ‚dead‘ fluorescence 
Fp = kinetic peak 
Fs = steady state  

Fm = maximum (dark adapted) 
Fm‘ = maximum (with actinic light) 

Fm‘X = maximum (X min after actinic light) 

Fm 

saturating pulse 
(1 s, 3000 mmol m-2 s-1) 

F0‘ 

Fs 

Fp 

actinic light 
(continuous, non-saturating) 

Fm‘ 
Fm‘1 Fm‘5 Fm‘20 Fm‘90 



Photochemical activity of PS II 
from Lichtenthaler and Buschmann 2004 
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optimal quantum conversion:  Fv / Fm or Fv / Fo   (Kitajima and Butler 1975) 

 effective quantum efficiency:  DF / Fm‘                (Genty et al. 1989) 
 
         photochemical quench:  qP = DF / Fv‘             (Bilger and Schreiber 1986) 
  non-photochemical quench:  qN = NF / Fv             (Bilger and Schreiber 1986)  
                                                NPQ = NF / Fm            (Bilger and Björkman 1990) 

Fv 
DF 



RFd-measurement  
from Lichtenthaler 1988 
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Parameters obtained: 
 
• RFd = Fd / Fs 

• Fv / Fm 

• Fv / Fo 

measuring 
light 







Kamery fluorescencji 

(systemy obrazowania 
fluorescencji chlorofilu) 

http://www.psi.cz/ 



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

http://www.psi.cz/ 



Satlantic_Fruit FL Isolcell  











Leopold Park, Brussels - Belgium  



Algae 

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

 

MODIS - NASA 

http://daac.gsfc.nasa.gov/oceancolor/scifocus/oceanColor/warming.shtml
http://oceancolor.gsfc.nasa.gov/
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Stress-´Detection Lenses 


