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Fluorescence

Radiation absorption by certain
molecules causes temporary
changes in energy content of a
suitable electron. Electron
transition results in orbital shift
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Chlorophyll Fluorescence

In a solution of chlorophyll (in vitro) intensity of emitted
fluorescence is linearly dependent with intensity of excitation
radiation. I.e. fluorescence yield, FY is stable.
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Photosystems and Photochemical Reactions

In the photosynthetic apparatus (in vivo) chlorophyll molecules
are located in the two photosystems PSII kai PSI and
associated light harvesting complexes. In this environment, FY
is not stable. Changes in FY can be interpreted
photochemically (e.g. they provide information about the
function of photochemical reactions of photosynthesis).
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Photosystems and Photochemical Reactions

Photon absorption by the photosystems results in
photochemical electron flow. However, photochemical
quenching of energy may saturate when energy flow is high.
In this case, the contribution of non-photochemical energy
quenching processes increases.
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Chlorophyll Fluorescence and Other Quenching Processes

An excited chlorophyll molecule of the photosystem II may
loose an electron and be oxidized (gP)

o P680* (Chla*)

photochemical reactions fluorescence emission

non-photochemical processes
(heat dissipation)




Chlorophyll Fluorescence and Other Quenching Processes

An excited chlorophyll molecule of the photosystem II may
quench energy through thermal dissipation (gN or NPQ)

o P680* (Chla*)

photochemical reactions fluorescence emission

non-photochemical processes
(heat dissipation)




Chlorophyll Fluorescence and Other Quenching Processes

An excited chlorophyll molecule of the photosystem II may
guench energy through fluorescence emission

o P680* (Chla*)

photochemical reactions fluorescence emission

non-photochemical processes
(heat dissipation)




Chlorophyll Fluorescence: a signature of photosynthesis
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Chlorophyll Fluorescence: a signature of photosynthesis
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Chlorophyll Fluorescence: a signature of photosynthesis
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Chlorophyll Fluorescence: a signature of photosynthesis
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Advantages of the Chlorophyll Fluorescence Technique

« Rapid measurements

* High sensitivity

« A non-destructive and minimally-invasive technique
« Working cost is minimum

« Not special skills are required

» Large dataset

« Can be applied in both the laboratory and field




Disadvantages of the Chlorophyll Fluorescence Technique

« Requires robust experimental planning

« Dataset interpretation is often complex

« Experimental and measurement errors are common and
irreversible

« Equipment cost is high




Explanation of Presentation
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Explanation of Presentation

Visualization of the relative contribution of each energy
gquenching and relative changes in the intensity of emitted
fluorescence depending on the type and intensity of radiation
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Explanation of Presentation

Visualization of radiation (or radiations) applied on the sample




Radiation Types Used in Chlorophyll Fluorescence

Visualization of radiation (or radiations) applied on the sample

Measuring radiation (ML): This is the only type of light whom
the resulting fluorescence is recorded since it is the only
fluorescence that is filtered electronically through the
fluorometer. Usually red (650 nm) or blue (430 nm). PAR
intensity is very low: < 0.15 pmol quanta m=2 s'1),
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Radiation Types Used in Chlorophyll Fluorescence

Visualization of radiation (or radiations) applied on the sample

Saturation pulse (SP): This is the type of light with very high
intensity that is applied for a very short time (up to 1 s) in
order to fully saturate (fully reduce/close) all PSIIs. Usually red
(650 nm), blue (430 nm) or white. PAR intensity is very high:
up to 18000 pmol quanta m2 s-1,
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Radiation Types Used in Chlorophyll Fluorescence

Visualization of radiation (or radiations) applied on the sample

Actinic Light (AL): This is the photosynthetically
/photochemically active (due to intensity and duration of
illumination) that is either applied artificially or naturally
existing. Usually red (650 nm), white (380-710 nm) or any
other spectral composition within the PAR region. PAR intensity
is variable (0-2000 pmol quanta m=2 s1 or much higher).
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Radiation Types Used in Chlorophyll Fluorescence

Visualization of radiation (or radiations) applied on the sample

Far Red Light (FR): This is a special type of light that primarily
excites PSI. Is used for the quick and efficient de-excitation of
the electron transport chain Spectral composition is 730 nm,

intensity is around 15 W m~2,
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Explanation of Presentation

Fast and slow kinetic curves of chlorophyll fluorescence
induction.
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Measuring Radiation in PAM Fluorometry is Revolutionary

Fluorescence due to measuring radiation is separated opto-
electronically from background fluorescence thus allowing
measurements under any lighting regime
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Measuring Radiation in PAM Fluorometry is Revolutionary

Fluorescence due to measuring radiation is separated opto-
electronically from background fluorescence thus allowing
measurements under any lighting regime
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Measuring Radiation in PAM Fluorometry is Revolutionary

Fluorescence due to measuring radiation is separated opto-
electronically from background fluorescence thus allowing
measurements under any lighting regime
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Measuring Radiation in PAM Fluorometry is Revolutionary

Fluorescence due to measuring radiation is separated opto-
electronically from background fluorescence thus allowing
measurements under any lighting regime
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Measuring Radiation in PAM Fluorometry is Revolutionary
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Measuring Radiation in PAM Fluorometry is Revolutionary

Fluorescence due to measuring radiation is separated opto-
electronically from background fluorescence thus allowing
measurements under any lighting regime
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Measuring Radiation in PAM Fluorometry is Revolutionary

Fluorescence due to measuring radiation is separated opto-
electronically from background fluorescence thus allowing
measurements under any lighting regime
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Measuring Radiation in PAM Fluorometry is Revolutionary

Fluorescence due to measuring radiation is separated opto-
electronically from background fluorescence thus allowing
measurements under any lighting regime
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Measuring Radiation in PAM Fluorometry is Revolutionary

Fluorescence due to measuring radiation is separated opto-
electronically from background fluorescence thus allowing
measurements under any lighting regime
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Evolution of Chlorophyll Fluorescence Instrumentation

Early chlorophyll fluorometers were of stable amplitude
modulated fluorescence and could only measure fluorescence
yield in dark adapted samples (measuring only the maximum
photochemical efficiency of PSII)

Induction Light (650 nm)
MevyioTn €vraon 3000 wF.,
umol quanta m* s™




Evolution of Chlorophyll Fluorescence Instrumentation

Early chlorophyll fluorometers were of stable amplitude
modulated fluorescence and could only measure fluorescence
yield in dark adapted samples (measuring only th|e maximum
photochemical efficiency of PSII)
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Evolution of Chlorophyll Fluorescence Instrumentation

Early chlorophyll fluorometers were of stable amplitude
modulated fluorescence and could only measure fluorescence
yield in dark adapted samples (measuring only th|e maximum
photochemical efficiency of PSII)
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Measuring Radiation in PAM Fluorometry is Revolutionary

absolute fluorescence intensity

Fluorescence due to measuring radiation is separated opto-
electronically from background fluorescence thus allowing
measurements under any lighting regime
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Measuring Radiation in PAM Fluorometry is Revolutionary

absolute fluorescence intensity

Fluorescence due to measuring radiation is separated opto-
electronically from background fluorescence thus allowing
measurements under any lighting regime

leaf




Measuring Radiation in PAM Fluorometry is Revolutionary

absolute fluorescence intensity

Fluorescence due to measuring radiation is separated opto-
electronically from background fluorescence thus allowing
measurements under any lighting regime

leaf




Measuring Radiation in PAM Fluorometry is Revolutionary

absolute fluorescence intensity

Fluorescence due to measuring radiation is separated opto-
electronically from background fluorescence thus allowing
measurements under any lighting regime
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Explanation of Presentation

Visualization of energy state of the population of PS II and
indicative values of photochemical parameters
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Explanation of Presentation

Visualization of energy state of the population of PS II and
indicative values of photochemical parameters
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Analysis of Fast Kinetics Fluorescence Induction Curve

In a ‘dark adapted’ leaf, all PSIIs are oxidized. Photochemical
quenching is ‘potentially’ maximal while non-photochemical

processes are inactive.
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Analysis of Fast Kinetics Fluorescence Induction Curve

In this sample, application of measuring light will result is

recording of the 'basic fluorescence yield’, F,
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Analysis of Fast Kinetics Fluorescence Induction Curve

Application of a saturation pulse will start closing photosystems
resulting in a transient of the fluorescence level up to a plateau
which appears constant while reduction of photosystems and
primary electron acceptors is completed
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Analysis of Fast Kinetics Fluorescence Induction Curve

Quite suddenly the continued application of the saturation pulse
closes all photosystems resulting in an abrupt rise of
fluorescence in a maximal level which is referred as the
‘maximum fluorescence’, F,
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Analysis of Fast Kinetics Fluorescence Induction Curve

Ending of the saturation pulse results in a abrupt drop of the
fluorescence due to photochemical quenching of energy as the
electron transport chain begins to operate
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Analysis of Fast Kinetics Fluorescence Induction Curve

At the end, fluorescence emission returns to basic levels of F,
since all photosystems have been gradually fully oxidized
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Analysis of Fast Kinetics Fluorescence Induction Curve

Maximum quantum efficiency of PS II (®pciio=(F—
F,)/F.=F,/F. is @ measure of the ability of PS II to absorb light
energy and driving photochemical electron flow
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Analysis of Fast Kinetics Fluorescence Induction Curve

Do, Frepresents the most common index of damage due to
stressors related to photosynthesis and membrane intactness
as well as of the various biochemical components of
chloroplasts. Stressors include photooxidation, nutrient
deficiencies, toxicities, salinity, frost, etc.

parameter healthy plant stressed plant
F, 508 703
., 2904 2003
F 2396 1300

QR 0.825 0.649




Analysis of Fast Kinetics Fluorescence Induction Curve

Which would be the fluorescence induction curve of a sample
in which DCMU (an inhibitor of electron transport chain) had
been applied?
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Parameters of Fast Kinetics Fluorescence Induction Curve

F,, Basic fluorescence. Related to the ability of energy flow
from the light harvesting antenna to the PS II reaction center.

F., Maximum fluorescence. Is a measure of total energy
flow capacity through the PS II.

F,, Variable fluorescence. Related to the energy flow from
the PSII reaction center to the electron transport chain (total
energy minus energy loss recorded as F,).

F,/F..=(F,-F,)/F.,=®Ppsr1o Maximum photochemical
efficiency of PSII. Related to the maximum percent of
energy flow towards the electron transport chain related to the
total energy absorbed in PS II.




Practical Issues Concerning the Fast Kinetics Induction Curve

When during the 24h day/night period should we measure the
Dper, Parameter?

time of day




Practical Issues Concerning the Fast Kinetics Induction Curve

Which is the minimum darkening time to achieve a reliable

measurement of the ®,¢;;, parameter?
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Practical Issues Concerning the Fast Kinetics Induction Curve

Which is the minimum darkening time to achieve a reliable

measurement of the ®,¢;;, parameter?

0.9
0.8—\
‘ 5000 0000Q00000000000 Pesi
@)
] *.qE GN=GE+qT+qI
© <%
=Z 0.4+ N
o @
\"\O\ET
\
0.2- _ %e
——--%q4 ql
‘\“M__\‘
0.0 | L~
0] 10 pA) 30

time of pre-darkening (min)




Practical Issues Concerning the Fast Kinetics Induction Curve

How do we choose the right measuring light intensity?

very low ML optimal ML very high ML
intensity intensity intensity
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Practical Issues Concerning the Fast Kinetics Induction Curve

Since ML intensity is so important could we resetting it during
an experimental dataset acquisition?




Practical Issues Concerning the Fast Kinetics Induction Curve

Is it proper to compare between samples or treatments using

the absolute fluorescence yield values (i.e. F,,F, and F_)?

ML intensity Fo Fm q)PSIIo
6 304 1624 0.813
9 458 2430 0.812

Chl concentration F i O T,

1.0x 294 1407 0.791
PR2% 317 1655 0.808




Practical Issues Concerning the Fast Kinetics Induction Curve

Is it proper to compare between samples or treatments using

the absolute fluorescence yield values (i.e. F,,F, and F_)?

Factors influencing absolute fluorescence yield values:
Geometry of the optical apparatus

1) Distance between the exit plane of the optical fiber and the
sample




Practical Issues Concerning the Fast Kinetics Induction Curve

Is it proper to compare between samples or treatments using

the absolute fluorescence yield values (i.e. F,,F, and F_)?

Factors influencing absolute fluorescence yield values:
Geometry of the optical apparatus

1) Distance between the exit plane of the optical fiber and the
sample

2) Angle between light direction and leaf plane




Practical Issues Concerning the Fast Kinetics Induction Curve

Is it proper to compare between samples or treatments using

the absolute fluorescence yield values (i.e. F_,F, and F)?

or/" Vv

Factors influencing absolute fluorescence yield values:
Fluorometer operational parameters
3) Measuring light intensity (e.g. ML between 1 and 12)
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Practical Issues Concerning the Fast Kinetics Induction Curve

Is it proper to compare between samples or treatments using

the absolute fluorescence yield values (i.e. F,,F, and F_)?

Factors influencing absolute fluorescence yield values:
Fluorometer operational parameters

3) Measuring light intensity (e.g. ML between 1 and 12)

4) Measuring light pulse frequency (e.g. 600 Hz and 20 kHz)
5) ML Burst operation (ML radiation lasts 0.2 s per 1 s period)
6) Electronic Gain (e.g. between 1 to 12)




Practical Issues Concerning the Fast Kinetics Induction Curve

Is it proper to compare between samples or treatments using

the absolute fluorescence yield values (i.e. F,,F, and F_)?

Factors influencing absolute fluorescence yield values:
Fluorometer operational parameters

3) Measuring light intensity (e.g. ML between 1 and 12)

4) Measuring light pulse frequency (e.g. 600 Hz and 20 kHz)
5) ML Burst operation (ML radiation lasts 0.2 s per 1 s period)
6) Electronic Gain (e.g. between 1 to 12)

7) Intactness of the optical fiber and the halogen lamp




Practical Issues Concerning the Fast Kinetics Induction Curve

Is it proper to compare between samples or treatments using

the absolute fluorescence yield values (i.e. F,,F, and F_)?

Factors influencing absolute fluorescence yield values:
Anatomical and Physiological parameters of the sample
8) Structure and morphology of the sample surface
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Is it proper to compare between samples or treatments using

the absolute fluorescence yield values (i.e. F,,F, and F_)?
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Anatomical and Physiological parameters of the sample
8) Structure and morphology of the sample surface

9) Presence of trichome or pigments (e.g. anthocyanins)




Practical Issues Concerning the Fast Kinetics Induction Curve

Is it proper to compare between samples or treatments using

the absolute fluorescence yield values (i.e. F,,F, and F_)?

Factors influencing absolute fluorescence yield values:
Anatomical and Physiological parameters of the sample
8) Structure and morphology of the sample surface

9) Presence of trichome or pigments (e.g. anthocyanins)

10) Sample thickness, presence of sclerenchyma, cell wall
thickness




Practical Issues Concerning the Fast Kinetics Induction Curve

Is it proper to compare between samples or treatments using

the absolute fluorescence yield values (i.e. F_,F, and F)?

or/" Vv

Factors influencing absolute fluorescence yield values:
Anatomical and Physiological parameters of the sample
8) Structure and morphology of the sample surface

9) Presence of trichome or pigments (e.g. anthocyanins)

10) Sample thickness, presence of sclerenchyma, cell wall
thickness

11) Concentration of chlorophylls




Analysis of Slow Kinetics Fluorescence Induction Curve

In a ‘dark adapted’ leaf, all PSIIs are oxidized. Photochemical
quenching is ‘potentially’ maximal while non-photochemical
processes are inactive.
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Analysis of Slow Kinetics Fluorescence Induction Curve

In this sample, application of measuring light will result is
recording of the 'basic fluorescence yield’, F,
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Analysis of Slow Kinetics Fluorescence Induction Curve

Application of a saturation pulse allows the recording of the
maximum fluorescence yield ‘in the dark’, F,

Through the F, and F,, parameters we may calculate the
maximum quantum vyield of PS II (®,¢;;,) equal to F /F,=(F—
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Analysis of Slow Kinetics Fluorescence Induction Curve

Fluorescence decay back to F, is fast since there is no actinic light
present
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Analysis of Slow Kinetics Fluorescence Induction Curve
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Analysis of Slow Kinetics Fluorescence Induction Curve

Switching on actinic light causes a transient of fluorescence which
decays fast as electron transport chain begins to quench energy
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Analysis of Slow Kinetics Fluorescence Induction Curve

However, basic level of fluorescence is not attained but,
depending on actinic light levels, a level of fluorescence F,, higher
than F, is observed since actinic light causes a relative reduction

of reaction centers
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Analysis of Slow Kinetics Fluorescence Induction Curve

Under these conditions, the application of a saturation pulse
causes a transient to a maximum fluorescence level ‘in the light’,
the F " parameter. F," levels are always lower than F_, since some
PSII reaction center reduction lowers the energy capacity.
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Analysis of Slow Kinetics Fluorescence Induction Curve

Parameters of F, and F.," allow the calculation of the operational
quantum yield efficiency of PSII (®Ppsyp)
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Analysis of Slow Kinetics Fluorescence Induction Curve

Switching actinic light off and application of a far red illumination
lowers fluorescence yield to a F,’ level which is the ‘in the light’
analogous of F, but considerably lower.

O
eSS

()
i fluorescence emission

photochemical reactions

heat dissipation

F F

®psII 0.478

::::::::::::::::::I:f:::::: (o] 0.628
ML ’

E\E i — g Aanz

off o o o8 /
O
<7




Analysis of Slow Kinetics Fluorescence Induction Curve

The decay of the F_’ levels is due to rearrangement of antenna
components and engagement of heat-dissipation (non-
photochemical quenching) mechanisms.
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Analysis of Slow Kinetics Fluorescence Induction Curve

This is why we must use the F,’ level of fluorescence, rather than
F,, to calculate gP and gN quenching coefficients.
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Analysis of Slow Kinetics Fluorescence Induction Curve

If direct measurement of F', is not possible we can use an
approximation where F,” = F,/[(F,/F.,)+(F,/F )]
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Analysis of Slow Kinetics Fluorescence Induction Curve

In the dark, antenna components rearrangement and
disengagement of non-photochemical processes completes,
the basic fluorescence levels are restored back to F,
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Analysis of Slow Kinetics Fluorescence Induction Curve

The gP and gN quenching coefficients allow a comprehensive
examination of the photochemical processes
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Analysis of Slow Kinetics Fluorescence Induction Curve

The gP parameter equals (F ,-F.)/(F .-F,) = AF / F,
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Analysis of Slow Kinetics Fluorescence Induction Curve

The gN parameter equals (F,-F,)/(F,—F,). An almost equal
expression is 1-(F -F,)/(F,,-F,) = 1-(F/F,)
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Analysis of Slow Kinetics Fluorescence Induction Curve

Another non-photochemical quenching parameter is the NPQ.
This parameter is similar but not identical with the gN
parameter but does not require knowledge of F,

O
eSS

=

photochemical reactions & fluorescence emission

/

heat dissipation
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Analysis of Slow Kinetics Fluorescence Induction Curve

There is NPQ = (F.,-F.,)/F .. However, this calculation of the
NPQ parameter presupposes that any combination of
determinations of fluorescence yields is characterized by
similar fluorescence parameters ‘in the dark’
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Analysis of Slow Kinetics Fluorescence Induction Curve

Maximum quantum yield of PS II photochemistry, ®p¢;;,=F,/F,
is @ measure of the maximum percent of absorbed energy that
can be used in photochemistry




Analysis of Slow Kinetics Fluorescence Induction Curve

Operational quantum efficiency of PS II photochemistry,
O =AF/F ., is related to the photochemical work under a
specific intensity of actinic light



Parameters of Slow Kinetics Fluorescence Induction Curve

F',, Basic fluorescence ‘in the light’. Measures the
operational efficiency of energy flow from antenna to the PSII
reaction center.

F ., Maximum fluorescence ‘in the light'. Is a measure of
total energy flow through the PS II.

F',, Variable fluorescence ‘in the light'. Is related to
operational energy flow from PSII reaction center to the
electron transport chain for a given light intensity.

(AF)/F _,=®,g;;, PSII operational quantum efficiency.
Measures the percent of energy that flows towards the electron
transport chain to the total energy absorbed by PSII for a
given light intensity.




Mapauerpor TG kaunuAng Bpadeiac KivnTiIKAG pOopICHOU

qP=(F . -F.)/(F ,-F,), Photochemical quenching
coefficient. Measures the percent of open PSII centers. The
complementary measure, 1-gP, equals the percent of closed
reaction centers and is also referred as the energy pressure or
excitation pressure onto PS II.

qN=(F_-F )/ (F.-F,), Non-photochemical quenching
coefficient. Measures the percent of PSII energy quenched by
non-photochemical processes for a given light intensity.

NPQ=(F,.-F.,)/F ., Non-photochemical quenching
parameter (Stern-Volmer parameter). This is an
alternative expression for measuring the percent of PSII
energy quenched by non-photochemical processes for a given
light intensity.




Mapauerpor TG kaunuAng Bpadeiac KivnTiIKAG pOopICHOU

ETR=® ;; X Q X f; X f,: Apparent electron transport
rate in the photochemical chain. Measures the rate of
linear electron flow by using the quantum efficiency of PSII
photochemistry and absorptance of incident radiation.




MpakTika {nTnEAara oOxXeTIKa PJE TNV KAUMNUAN Taxeiag KIVNTIKIG

Eival anoAuTwc 1000UVAPEC 01 QUO EKPPACEIC TNG HUN-
PWTOXNMIKNG anoofeonc Tou pBopicpou (gN kal NPQ);




MpakTika {nTnEAara oOxXeTIKa PJE TNV KAUMNUAN Taxeiag KIVNTIKIG

Eival anoAuTwc 1000UVAPEC 01 QUO EKPPACEIC TNG HUN-

PWTOXNMIKNG anocgBeong Tou gBopiouou (gN kai NPQ);

H oxeon peta&u gN kar NPQ €ival BeTikn aAAG OX! YPAUHIKN: Ol
OUO NAapAapeTpol OV €ival anoAuTd 1000UVANEC




MpakTika {nTnEAara oOxXeTIKa PJE TNV KAUMNUAN Taxeiag KIVNTIKIG

MnopoUpE va XpNoIUonoIoUUE TNV napdpeTpo ETR wc pyeTpo TnC

(PWTOOUVOETIKNG TAXUTNTAC;
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MpakTika {nTnUAara CXETIKA UE TNV KAUMNUAN Taxeiag KIVNTIKIG

MnopoUpE va XpNoIUonoIoUUE TNV napdpeTpo ETR wc pyeTpo TnC

(PWTOOUVOETIKNG TAXUTNTAC;

H napaperpoc ETR divel eva NETPO TOU puBPOU ENITEAEONC TWV
PWTEIVOV AVTIOPACEWYV Kal uno npolnobeoeic oxeTi(eTal KAAQ HE
TN PWTOOUVOETIKN TaxuTNTA

YnoAoyiletal wGg ETR=®,; X Q % f; x f, onou:
Q: evraon npooninTtoucag akTivoBoAiac (PAR)
f1 OUVTEAEOTNG KATAVONNG PWTOVIAKNG EVEPYEIAG OTO
PS II (Tunika iooc¢ pe 0,5)
f,: OUVTEAEOTNG aNoppoPNTIKOTNTAG PUAAOU (TunIKa
xpnoiyonoigital n Tiun 0,84)




MpakTika {nTnUAara CXETIKA UE TNV KAUMNUAN Taxeiag KIVNTIKIG

MnopoUpE va XpNoIUonoIoUUE TNV napdpeTpo ETR wc pyeTpo TnC

(PWTOOUVOETIKNG TAXUTNTAC;

NMpoinoB®sosic yia Tnv Xpnon tou ETR:
1) O ouvteAeaTnc f, €ival yvwoTog n unoAoyileTal uecw opaipag
oAoKANpwong
2) O ouvTteAeoTnc f, €ival napopolog PeTa&u delyuaTwy Ta onoia
ouykpivovTal w¢ npocg 1o ETR
NMpoiUnoBEoeic yia TNV XpRnon Tou ETR w¢ HETPO TNC
PWTOOUVOETIKNG TAXUTNTAG:
3) H oupBoAn Twv evaAAakTIKwV 0dwV KaTavaiAwong Tng
EVEPYEIAC TWV PWTEIVWV avTIOpACEWV €ival oTabepn
« Q¢ evaAAakTikeG 0doi opifovTal N pwTOoAVANVOn Kai n
avTidpaon Mehler
* YNO ouvBNKeC KAaTanovnong kai 181aiTepa o€ UWPNAEC
EVTAOEIC aKTIVOBOAIAg n cupPBoAn Twv napanavw odwv
anoofeong TNG EVEPYEIAC HEYAAWVEI




MpakTika {nTnEAara oOxXeTIKa PJE TNV KAUMNUAN Taxeiag KIVNTIKIG

Nwc yvwpifoupe OTI eva dsiyua exel ¢pBaoel o oTabepn

KaTtaoTaon yia 0edoPevn EvTAcn NPOooninTouoac akTivoBoAiag
WOTE VA NPOPBOUNE O PHETPNON TNE PWTOXNMIKNG IKAVOTNTAC;

H anoktnon TnG otabepnc kataotaonc oxeTi(eTal UE TNV
OAOKANPWON TNC ‘enaywync TG ¢wToouvOeonc’ n onoia PeE TN
O€Ipa TNC NeEpIAaPBavel otabeponoinon TwV PWTEIVWV
avTidpdoewy, dpacTnplonoinon Tou KukAou Calvin-Benson kai Tng
OTOMATIKNG aywyIhoTNTAG

[MANPOMOPIEC YIa TOV XpOVO anokKTnong TnG otabepnc KaTaoTaong
NPOOPEPEI N ASYOUEVN KAMMNUAN ENAYWYNC




MpakTika {nTnEAara oOxXeTIKa PJE TNV KAUMNUAN Taxeiag KIVNTIKIG

Nwc yvwpifoupe OTI eva dsiyua exel ¢pBaoel o oTabepn

KaTtaoTaon yia 0edoPevn EvTAcn NPOooninTouoac akTivoBoAiag
WOTE VA NPOPBOUNE O PHETPNON TNE PWTOXNMIKNG IKAVOTNTAC;
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MpakTika {nTnEAara oOxXeTIKa PJE TNV KAUMNUAN Taxeiag KIVNTIKIG

Nwc yvwpifoupe OTI eva dsiyua exel ¢pBaoel o oTabepn

KaTtaoTaon yia 0edoPevn EvTAcn NPOooninTouoac akTivoBoAiag
WOTE VA NPOPBOUNE O PHETPNON TNE PWTOXNMIKNG IKAVOTNTAC;
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MpakTika {nTnEAara oOxXeTIKa PJE TNV KAUMNUAN Taxeiag KIVNTIKIG

Nwc yvwpifoupe OTI eva dsiyua exel ¢pBaoel o oTabepn

KaTtaoTaon yia 0edoPevn EvTAcn NPOooninTouoac akTivoBoAiag
WOTE VA NPOPBOUNE O PHETPNON TNE PWTOXNMIKNG IKAVOTNTAC;
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MpakTtika {nTnuara: KaunuAsg '@wrog’

T1 €ival ol KAUNUAEC pWTOC KAl MOIEC NANPOPOPIEC HAC

napexouv; MNMwc kataypdPeTal Jia KAUNUAn ¢wToC;
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MpakTika ¢nTnuara: KaunuAec 'owrog’

[oiec ival o1 dlapopEC aVANEDTA O TAXEIEC KAMMUAEC PpWTOC
(rapid light curves) kalr kaunNUAeC PpwTOC NEPIBAAAOVTOC
(ambient light curves);
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MpakTika {nTnuara: KivnTikKi) OTO OKOTAOo!

Ti eival n KivnTikn @Bopicpou oto okoTadl (dark relaxation

Kinetics);
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MpakTika {nTnuara: KivnTikKi) OTO OKOTAOo!

T1 nAnpoopiec pac divel Kal Nwc EPUNVEVUETAl N HOopPN TNG

KIVNTIKNG ¢pBOpIGUOU O0TO OKOTADI;
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lMpakTika {nTnuara: KivnTiki) 0TO0 OKOTAodl

TI nAnpogopiec Nac divel KAl NWC EPUNVEUETAl N HopPpn TNG
KIVNTIKNG ¢pBOpIGUOU O0TO OKOTADI;

H peAern TnC KivnTikNG oTto okoTddl (dark relaxation kinetics)
NPOOMEPEl OTOIXEIQ YIA TNV OXETIKN CUVEIOCPOPA TWV PACIKWYV
UN PWTOXNHIKWV-PWTONPOOTATEUTIKWV UNXAVIOHWV

(unxaviopwv anooBeonc TNS nAeovalouoac eVEPYEIAC
dIEYEPONC HECW HN akTivoBoAouoac anodieyepaonc, gN) dnA.
TOU KUKAOU TwVv EavOopuAAmwv (qE) kal TNG KaTaoTaong
HeETanTwong (qT). Eniong divel yia eKTigNon TNG EKTAong TNG
eAEYXOMEVNG KAl U eAeyxopevncg (Aoyw BAaBwV Twv
PWTOOUOTNHATWYV) (PWTOAVACTOARG TNGC PWTOOUVOEONG
(qI)




MpakTika {nTnuara: KivnTikKi) OTO OKOTAOo!

> € MOIEC OUVIOTWOEC aVvAaAUETAl N UN-PWTOXNUIKN anooBeon Kal

NwWC Ol CUVIOTWOEC AQUTEC NPEPOUV OTO OKOTAOI;
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MpakTika {nTnuara: KivnTikKi) OTO OKOTAOo!

> € MOIEC OUVIOTWOEC aVvAaAUETAl N UN-PWTOXNUIKN anooBeon Kal

NwWC Ol CUVIOTWOEC AQUTEC NPEPOUV OTO OKOTAOI;
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MapaAAayeg TnG TeEXVIKNG TNG POOPICHOULETPIac XAwpoPUAAnG

ANEIKOVIOTIKN POOPICUONETPIA
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EEwTepikn ouykévTpwon CO, (pmol mol™)




MapaAAayeg TnG TeEXVIKNG TNG POOPICHOULETPIac XAwpoPUAAnG

ANEIKOVIOTIKN POOPICUONETPIA
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