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Simultaneous in vivo measurements of prompt ﬂuorescence (PF), delayed ﬂuorescence (DF) and modulated reﬂection (MR) at 820-nm were used to assess eﬀect of short desiccation period (4.5 h) on Parmelina tiliacea lichen.
The two performance indexes (PIABS and PItotal) as a measure of an overall photosynthetic thalli performance
showed a negative eﬀect of desiccation treatment on photosynthetic activity. The maximal intensity of PF and DF
recorded during desiccation treatment decreased and at 4.5 h desiccation time Parmelina tiliacea thalli loss their
variable ﬂuorescence and DF amplitude. This loss of variable ﬂuorescence was due to an increase in inactive
reaction centers and a limitation of electron donation on the donor side of photosystem II (PSII) that caused a
down-regulation of electron transport chain at the PSII level. However, the eﬃciency with which an electron can
move from the reduced intersystem electron acceptors to the PSI end electron acceptors was less aﬀect by
desiccation treatment. In respect to MR change, re-reduction kinetics of the primary electron donors of photosystems I (P700) and plastocyanin (PC) in desiccated thalli seem to be faster, their amplitudes gradually decrease
and a disconnection between the two photosystem (PSII and PSI) were observed. These responses allow to
Parmelina tiliacea lichen a photoprotection mechanism from the excess light excitation.

1. Introduction
In photosynthesis water molecules are the electron donors for the
photosynthetic electron transport chain and water limitation aﬀect
negatively the photosynthetic activity. To cope with the scarcity of
water, poikilohydric organisms such as few angiosperm plants (resurrection plants) and a large number of mosses and lichens tolerate
complete desiccation [1–5]. Tolerant organisms to desiccation were
deﬁned by Gaﬀ [6] as organisms able to equilibrate their water content
with environmental water in the air and then are able to reach their
photosynthetic activity following re-watering. Desiccation induces a
series of changes within plant cells such as movement of chloroplasts
from a peripheral to a central location [7], loss of their thylakoidal

structure and grana stacking [8], immobilisation of the cytoplasm in a
stable multicomponent glassy matrix and partitioning of amphiphilic
compounds in and around the membranes [9]. Tuba et al. [10] and
Georgieva et al. [2] pointed out that desiccation tolerance can be
considered as a strategy of drought avoidance in poikilohydric organisms.
In lichen, desiccation-induced loss of light-dependent charge separation and provokes conformational changes of a chlorophyll protein
complex are considered as an eﬀective mechanism of photoprotection
[11]. The fact that lichens do not possess stomata as in the higher
plants, they cannot regulate their evaporation [12]. However, dry state
allows to lichen to maintain the overall photosynthetic activity [13,14].
In this work, we studied Parmelina tiliacea (Hoﬀm.) Ach. lichen (P.

Abbreviations: ABS, absorption; O-J-I-P-S-M, transient ﬂuorescence induction transient deﬁned by the names of its intermediate steps; P700, the primary electron donor of photosystems
I; PS II, photosystem II; QA and QB, primary and secondary quinone electron acceptors of photosystem II, respectively; RC, reaction center
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that is absorbed (Iabs) by the sample at 820 nm. The three signals data
acquisition were done in 7 digitalisation ranges (e.g. the ﬁrst data acquisition is every 0.01 ms in the digitalization range 1 (0.01–0.3 ms)
(see [11,14,18] for more details). The ﬁrst reliable MR time point was
recorded at 0.3 ms.
The desiccation treatment was done at room temperature of
20–22 °C. We noted here that wet lichen samples (n = 4–5) were kept
in dark for 10 min before the ﬁrst PF, DF and MR measurements
(considered at 0 h time desiccation) and then every 30 min up to 4.5 h.
In this work the DF-intensities measured between 10 and 30 µs following lights oﬀ was used.

Tiliacea) in desiccated state. This lichen is a symbiotic association between the fungus Parmelina (heterotrophic mycobiont) and Trebouxia
jamesii algae a photosynthetic partner (autotrophic photobiont). The
thalus of this lichen in dry state has been characterised by a total inactivation of photosynthetic activity and loosed its ﬂuorescence intensity on a dark-to-light transition [14]. However, fully functional
photosynthetic photosystem II (PSII) units can be reactivated after a
20–30 s lag-time after addition of a drop of water [14].
The analysis of changes in photosynthesis and photoprotection
mechanisms occurred in dry state of P. Tiliacea was investigated by
simultaneous three signals: prompt ﬂuorescence (PF), delayed ﬂuorescence (DF) and modulated reﬂection 820-nm (MR) measurements. This
multiparametric analysis has developed for studying the energetic behaviour of the photosynthetic apparatus [15–25]. These signals would
be recorded as a non-intrusive method to measure photosynthetic
electron transport chain and for the monitoring the physiological state
of a photosynthetic sample. PF signal was discovered ﬁrst by Kautsky
and Hirsch [26] and following a dark-to-light transition. PF transient
indicates three diﬀerent reduction processes of the electron transport
chain and depends on the redox state of the PSII reaction centers (RC)
[27–30]. Also and during light-to-dark transition, DF which is discovered ﬁrst by Strehler and Arnold [31] is detected and reﬂects the
recombination, in the dark, between the reduced primary electron acceptor QA– and the oxidized donor (P680+) of PSII. The third signal, the
modulated reﬂection 820-nm reﬂects changes in the redox states of the
primary electron donors of photosystem I (PSI) and plastocyanin (PC)
with a small contribution of ferredoxin [32].
In previous contributions, P. tiliacea Thalli were studied to determine responses of the photosynthetic apparatus to rehydrated state.
It was observed that following addition of water, the variable ﬂuorescence increased and the photosynthetic PSII units reformed on a short
time [14]. Furthermore, P. tiliacea PSII in dry state has been shown to
be tolerant to liquid nitrogen temperatures [33] and the oxygen evolving complex had remained intact at 50 °C treatment for 24 h [14]
compared to wet state. However, the mechanisms occurred in desiccation tolerance of lichens to tolerate these strong stresses are still to
be understood. In the present work, which is a continuation of previous
works [14,22,23,33], we studied thalli of P. tiliacea during their short
desiccation (up to 4.5 h) when the reaction center are reversibly active
by measuring simultaneously kinetics of PF, DF and MR.

2.3. Performance indexes parameters (PIABS and PItotal)
From the PF transient (OJIP curve), several biophysical expressions
and ﬂuorescence parameters were calculated by JIP-test [28,30,34–37].
In this study, the performance index PIABS on an absorption basis (it
indicates the overall photosynthetic activity of PSII) PItotal (it expresses
the overall photosynthetic activity from PSII to PSI) are ﬂuorescence
parameters that indicate a quantitative information about the physiological state of plants. The PIABS has been created out of three independent expressions: the concentration of reaction centers per
chlorophyll, an expression related to primary photochemistry φPo/(1φPo) and an expression related to electron transport ψo/(1-ψo). The
expression of PIABS is:

PI=[γo /(1 − γo)].[φPo /(1 − φPo)].[ψo /(1 − ψo)]
φPo corresponds to the maximum quantum yield of primary photochemistry [38,39]. The expression γo/(1–γo) is proportional to the
parameters estimated by JIP-test as equal to the ratio of reaction centers
and the absorbance (RC/ABS). ψo (=1–VJ) is the fraction of electrons
transported beyond QA- per exciton trapped by the reaction centers
(RC) of PSII. It corresponds to the probability that the energy of a
trapped exciton is used for electron transport beyond QA.
The peformance index (PItotal) is the product of the performance
index PIABS and the probability that an electron can move from the
reduced intersystem electron acceptors to the PSI end-electron-acceptors [35]. PItotal is deﬁned as:

PItotal = PIABS .δRo /(1 − δRo) = [γo /(1 − γo)].[φPo /(1 − φPo)].[ψo /(1 − ψo)]
.[δRo /(1 − δRo)]

2. Materials and methods

δRo is deﬁned as the eﬃciency with which an electron can move
from the reduced intersystem electron acceptors to the PSI end electron
acceptors. Vt is the relative variable ﬂuorescence and is considered as a
measure of the fraction of the primary quinone electron acceptor of PS
II in its reduced state [QA- /QA (total)]. In Table 1, formulae of all
ﬂuorescence parameters used in this study.

2.1. Plant materials
Thalli of Parmelina tiliacea (Hoﬀm.) Ach. were collected from the
south sides of oak trunks, around the laboratory in Lullier-Jussy,
Geneva (Switzerland). Before measurements, the collected lichen thalli
were air-dried at room temperature for 48 h under low light conditions
(~12 µmol photons m-2 s-1).

3. Results
3.1. Prompt ﬂuorescence and performance index

2.2. Simultaneous measurements of the kinetics of prompt ﬂuorescence
(PF), delayed ﬂuorescence (DF) and modulated 820 nm reﬂection (MR)

Fig. 1 showed that at 0 h short desiccation treatment and following a
dark-to-light transition, thalli of P. tiliacea exhibit a polyphasic fast PF
rise and a slow PF rise (PMS). The fast PF rise reveals three diﬀerent
reduction processes of the electron transport chain (O-J, J-I and I-P
phases). The O-J phase is called the photochemical phase and is light
dependent [40,41]. The J-I phase reﬂects the reduction of the plastoquinone-pool (PQ) and I-P phase is related to electron ﬂow through PSI
[32]. When P-level is reached (~ 0.2–0.3 s) in thalli of P. tiliacea, the
ﬂuorescence intensity decreases to a dip (S-level) and starts to increase
to M peak (~ 2 s). The ﬂuorescence decrease after the P-level was
suggested to be due to a fast oxidation of PC and P700 and then a fast
activation of the ferredoxin-NADP+-reductase (FNR) compared to in
angiosperm plants [42,43]. On the other hand, the S-M phase increase

The measurements of PF, DF and MR on fragments of 4 mm x 4 mm
of a single thallus were recorded by using the Multifunctional Plant
Eﬃciency Analyser M-PEA (Hansatech Instruments Ltd, UK). Three
emitters are present in the M-PEA sensor unit: (a) 627 ± 10 nm, for the
actinic light LED; (b) 820 ± 25 nm, for the modulated light LED, and (c)
735 ± 15 nm, for the far-red light LED. The light of the actinic light LED
is focused on the sample surface to provide homogeneous illumination
with an intensity of 5000 μmol photons m−2 s−1. During the measuring
cycle, the PF is measured when the actinic light is on (in the light) and
DF is recorded when the light is oﬀ (in the dark). The calculated ratio
MR/MRo (MRo is the value at the onset of the actinic light) is complementary to the fraction (Iabs/Iinc)820 nm of incident light ﬂux (Iinc)
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note here that the desiccation treatment P. Tiliacea thalli showed a less
eﬀect on the parameter δRo/(1-δRo) compared to the three other parameters. Additionally, this result indicates that the maximum quantum
yield of primary photochemistry (φPo), the probability that a trapped
exciton moves an electron into the electron transport chain beyond QA
(ψo) and the ratio of reaction centers and the absorbance (RC/ABS)
were sensitive to desiccation situation.

Table 1
The description of ﬂuorescence parameters (see Strasser et al. [24]).
Fo
FM
FK
FJ
FI
FV
PIABS = [γo/(1-γo)].[φPo/
(1-φPo)].[ψo/(1-ψo)]
PItotal = PIABS. δRo/(1-δRo)
φPo = 1-(Fo/FM) = FV/FM
γo = ChlRC / Chltotal
ψo = 1-VJ
δRo = (1-VI)/(1-VJ)

RC/ABS
VJ = (FJ - Fo)/(FM - Fo)
VI = (FI - Fo)/(FM - Fo)
Vt = (Ft - Fo)/(FM - Fo)

Initial Chl a ﬂuorescence
Maximum Chl a ﬂuorescence
Fluorescence intensity at ~0.3 ms
Fluorescence intensity at ~2-3 ms
Fluorescence intensity at 30 ms
FV, maximum variable Chl ﬂuorescence
Performance index (potential) for energy
conservation from exciton to the reduction of
intersystem electron acceptors
Performance index for energy conservation from
exciton to the reduction of PSI end acceptors
Maximum quantum yield of primary photochemistry
Ratio of reaction centre Chls and the total Chl of PSII
Eﬃciency with which a trapped exciton can move an
electron into the electron transport chain
Eﬃciency with which an electron can move from the
reduced intersystem electron acceptors to the PSI end
electron acceptors
Reaction centers per absorption ﬂux
Relative variable Chl a ﬂuorescence at the J-step
Relative variable Chl a ﬂuorescence at the I-step
Relative variable Chl a ﬂuorescence at time t

3.2. Delayed ﬂuorescence and related parameters
To further understand the eﬀect of short desiccation on P. Tiliacea
thalli, the recorded DF curves were studied. Fig. 3 showed the DF induction curve recorded in desiccated samples during the dark period
after interruptions of the actinic light (at 10–30 ms dark interval). This
DF curve measured at 10–30 µs delay-time includes a rise to a peak I1
(at 7 ms), a decrease intensity to I2 (at about 100 ms), and ﬁnally I4
peak at 0.5-5 s according to nomenclature of Goltsev and Yordanov
[47]. In this study, I3 was not mentioned because this peak appears in
the DF curve at lower actinic light ~1200 μmol photons m−2 s−1 [15]
and in our experiments we used a high actinic light of 5000 μmol
photons m−2 s−1. I1 peak appears between the J-step to the I-step of the
PF curve, I2 appeared in the scale of the I–P phase and I4 appeared at
0.5–0.7 s during the decline of the P-S-M phase. I1 peak has been reported to be associated to the transmembrane electrical gradient and of
the accumulation of RCs with semi-reduced QB (Z+P680QAQB-) and I2
was related to an increase of Z+P680QA-QB- states during PQ pool reduction [48]. I4 was introduced by Oukarroum et al. [14,22] in P. Tiliacea thalli and was suggested to be caused by an increase of a cyclic
electron transport ﬂow from the PQ-pool to PSI. It is of our interest to
note that an antiparallel relation between J-I-P-S from PF curve and DF
curve was observed. In this work we observed that during desiccation
treatment in thalli of P. tiliacea, DF intensity decreases and up to 4.5 h
desiccation, P. Tiliacea thalli did not show any change in DF (straight
line) such as observed on variable PF.
In Fig. 4, the I1, I2 and I4 peaks, measured from DF10-30μs curves
during desiccation treatment were analysed. Upon desiccation treatment to 1.5 h, the DF10-30μs curves increased in amplitude for I1, I2 and
I4 and then started to decrease. The eﬀect was more pronounced in I1
amplitude.
It has been reported that the PF parameter FK/FJ ratio correlate
strongly with the DF parameter I2/I1 ratio when pea plants were exposed to high temperature [22] and analysed by simultaneous measurements of PF and DF. The parameter FK/FJ was introduced by Srivastava and Strasser [49] to indicate the limitation of electron donation
on the donor side of PSII. Interestingly in this study also, a strong linear
correlation (R2 = 0.97) between the FK/FJ and I2/I1 ratios was observed (Fig. 5). Here, during desiccation treatment at room temperature
of P. tiliacea thalli, this parameter (I2/I1 ratio) increased as well as the
parameter FK/FJ. However, I2/I1 ratio can be also considered as a
quantitative measure for the inactivation of the PSII donor side.

Fig. 1. Prompt ﬂuorescence transients of desiccated P. tiliacea thalli kept in dark at room
temperature. The transients were recorded during desiccation treatment by red actinic
light of 5000 μmol photons m-2 s−1 and plotted on a logarithmic time scale. The steps O
(at 20 μs), J (at 2–3 ms), I (at 30 ms), P (at ~ 300 ms), the dip (S-level) and the M peak
(~2 s) are marked.

is associated to an increase in the state transition [44–46]. In thalli of P.
tiliacea, desiccation treatment induced a progressive decline in the
variable PF intensity. The shape of PF recorded during desiccation
treatment was changed and a decrease of ﬂuorescence yield compared
to PF measured at 0 h was observed. At 4.5 h desiccation, P. Tiliacea
thalli did not show any increase in their variable ﬂuorescence intensity
(straight line).
To probe the eﬀect of short desiccation on thalli of P. tiliacea, two
parameters quantifying the photosynthetic state were calculated by the
JIP-test. The eﬀect of desiccation treatment on the performance indexes
(PIABS and PItotal) is shown in Fig. 2. Desiccated P. Tiliacea thalli showed
a reduction in relative PIABS and PItotal of 86%, 84% at 4 h treatment
time respectively. The rate of decrease in the PIABS and PItotal started to
fall at 2.5-3 h desiccation treatment time. Looking in details the change
in the independent expression of PIABS and PItotal during desiccation
treatment, we observed that the parameters γo/(1-γo), φPo/(1-φPo), and
δRo/(1-δRo) decreased while the parameter ψo/(1-ψo) increased. We

3.3. Modulated 820 nm reﬂection
Kinetic changes at 820 nm in desiccated P. Tiliacea thalli induced by
red actinic light (5000) that reﬂect the redox states of P700 and PC was
presented in Fig. 6. In respect to the 820 nm measurements at 0 h, a
decrease of the 820 nm signal until about 20 ms (to the I-level in PF
induction) was linked to an oxidation of PC and P700 (accumulation of
P700+ and PC+), and the increase signal (in parallel to I-P phase in the
PF induction) reﬂects a re-reduction when electrons arrive from PSII
[32]. Another oxidation-re-reduction of PC and P700 was detected in
MR signal that correspond to the P-S-M transition from the PF induction. During desiccation treatment, re-reduction kinetics of P700+ and
PC+ seem to be faster and their amplitudes gradually decrease. Furthermore, the second re-reduction kinetics of P700+ and PC+ (paralleled to S-M phase from the PF transition) were partially lost up to 2 h
304
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Fig. 2. Performance index PIABS on an absorption basis (it indicates the overall photosynthetic activity of PSII), PItotal (it expresses the overall photosynthetic activity from PSII to PSI) and
their independent expression (γo/(1-γo), φPo/(1-φPo), ψo/(1-ψo) and δRo/(1-δRo) calculated by the JIP-test from the fast rise prompt ﬂuorescence transients and plotted vs. desiccation
treatment (for their deﬁnition, see Material and Methods section).

Fig. 3. Delayed ﬂuorescence induction of desiccated P. tiliacea thalli kept in dark at room temperature. The curves were recorded during the dark period after interruptions of the red
actinic light of 5000 μmol photons m-2 s−1 This delayed ﬂuorescence curve measured at 10–30 µs delay-time and plotted on a logarithmic time scale.

oxidized secondary electron donor, Z+ of PSII [16,20]. MR at 820 nm
indicates the redox states of P700 and PC [32]. In this study, desiccation
treatment caused a down-regulation at the PSII activity in P. tiliacea
thalli; revealed by loss of variable ﬂuorescence and strong decrease in
DF intensity. Furthermore and using JIP-test approach, the PIABS and
PItotal ﬂuorescence parameters as a measure of an overall photosynthetic thalli performance showed a negative eﬀect of desiccation
treatment on photosynthetic activity (Fig. 2B). The concentration of
reaction centers per chlorophyll (estimated as RC/ABS by JIP-test), the
yield of primary photochemistry φPo/(1-φPo) and the yield of the
electron transport ψo/(1-ψo) are the expressions that form the PIABS.
These three expressions decreased during desiccation time mainly
below 2 h desiccation treatment. This means that changes in antenna
properties, trapping electron eﬃciency or electron transport beyond QA
were negatively aﬀected in desiccated thalli. In the other words, a decline in PIABS was related to a down-regulation of electron transport

desiccation treatment and subsequently totally lost. As observed in PF
and DF, at 4.5 h desiccation treatment, any 820 nm change was not
detected.
4. Discussion
In this study, simultaneous measurements of PF (OJIP transition),
DF and MR were used to carry out P. tiliacea thalli response to short
desiccation period at room temperature and in dark. It is noteworthy to
highlight that PF is emitted during dark to light transition while DF is
detected during light-to-dark transition (Glotsev et al. [16] and references therein). PF is mainly emitted from PSII and PSI contributes very
little to the PF transient in I-P phase [25,28]. PF depends on the redox
state of the PSII reaction centers (RC) [21,28,30], however, from microseconds to milliseconds, DF has been thought to depend on the recombination between the reduced electron acceptor QA– and the
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chain. These results are consistent with the ﬁndings observed by
Strasser et al. [18] and Georgieva et al. [2–4] in drying resurrection
plant Haberlea rhodopensis and Goltsev et al. [17] in detached bean
leaves (Phaseolus vulgaris cv. Cheren Starozagorski) during drying (decrease of the relative water content). PItotal, another sensitive ﬂuorescence parameter, is created out of two independent expressions: the
performance index PIABS and the yield of the eﬃciency with which an
electron can move from the reduced intersystem electron acceptors to
the PSI end electron acceptors. The strong decrease of PItotal in desiccated thalli was mainly due to the decline of PIABS. In fact, the eﬃciency
with which an electron can move from the reduced intersystem electron
acceptors to the PSI end electron acceptors (δRo) was less aﬀected in
desiccated P. tiliacea thalli (Fig. 2A) and as observed in drying resurrection plant Haberlea rhodopensis [18]. However, this δRo parameter
seems to be sensitive to drying treatment in detached bean leaves [17].
This result, point out the variability sensitivity in plant species to desiccation-induced change of electron transport chain between tolerant
and non tolerant organisms. In previous studies, P. tiliacea thalli have
the capacity to recover all photosynthetic capacity after re-watering
[14,21]. Here, the question arise: how P. tiliacea thalli (and in poikilohydric organisms in general) maintain their physiological processes in
a reversible state?. It is known that in plant cells, photosynthesis is
regarded as one of the most important metabolic processes [38] and
counteract a stressed state such as a limitation of water, cells maintain
an equilibrium balance between energy production and consumption.
To tolerate desiccation state, P. tiliacea thalli reduced light energy excitation expressed by a loss of variable ﬂuorescence PF and DF amplitude (Figs. 1 and 3). This loss of variable ﬂuorescence might be due to
an increase in inactive reaction centers (silent RCs) which dissipate
excitation energy to heat energy but still capable of reversible photochemical activity [14]. This mechanism of energy dissipation in desiccated plants has been reported to prevent light damage (photo-oxidative damage) [50]. In the other words, a photoprotection strategy has
been established. Furthermore, in Fig. 1, desiccation treatment was
accompanied by a decrease in Fo, this decline in Fo could be modiﬁed by
the excitation quenching processes within chlorophyll antennae. It
means that during desiccation situation, any processes are developed
that lead highly eﬀective ﬂuorescence quenching. A plausible explanation is that in desiccated state, the chlorophyll molecules became
in close contact with external quenchers that are capable eﬃciently to

Fig. 4. Change of I1, I2 and I3 peaks measured from DF10-30μs. (A) I1, I2 and I3 peaks were
plotted vs. desiccation time treatment.

Fig. 5. Relation between FK/FJ and I2/I1 parameters. FK and FJ are intermediates step in
PF transient recorded at 0.3 and 2–3 ms respectively. I1 and I2 are peaks values in the
delayed ﬂuorescence induction measured at 7 and 100 ms respectively.

Fig. 6. Kinetics of modulated reﬂection at 820 nm (MR) induced by red actinic light of 5000 μmol photons m-2 s-1 in desiccated thalli of P. tiliacea at room temperature.
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quench the excitation energy.
As mentioned before, the eﬃciency with which an electron can
move from the reduced intersystem electron acceptors to the PSI end
electron acceptors was less aﬀect by desiccation treatment in P. tiliacea
thalli (Fig. 2A). This ﬁnding can be interpreted as a limitation of linear
electron transport to PSI. Moreover and in respect to redox change of
P700 and PC, we observe in Fig. 6 the amplitude of re-reduction phase
from MR/MRo decrease (connected to I-P phase from PF) which reveals
a disconnection between the two photosystem (PSII and PSI) or in other
words a decline rate of electron transport from reduced plastoquinone
pool to P700+. This result was also mentioned in desiccated resurrection plant Haberlea rhodopensis [18] and in a chlorolichen, Ramalina
yasudae [51]. Further, the second re-reduction phase (corresponding to
S-M phase from PF) decreased also during short desiccation in dark. At
0 h desiccation time, this second re-reduction was suggested to be
connected to an activation of cyclic electron transport (CET) [14.23].
Therefore, we can suppose that desiccation induces a limitation in CET.
The DF-signal recorded between 10 and 30 µs of darkness (this delay
time was used in this study) probes the recombination between QA- and
P680+ [52,53] and depends on their concentration [16]. Also,
Schansker et al. [54] demonstrated that the DF-signal in the tens of µs
time is determined by reduction of the photosynthetic electron transport. Here, we can contribute the decrease in DF intensity at least to an
increase in inactive RCs (formation the so called heat sinks or silent
reaction centers). Fig. 5 showed an increase in the parameter FK/FJ
which indicates a limitation of electron donation on the donor side of
PSII. This decrease in eﬃciency of ﬂuorescence emission might be due
to an inhibition of stable charge separation in RCs. The linear correlation observed between the independents parameters FK/FJ (calculated
from PF) and I2/I1 ratio (calculated from DF) indicated that the limitation of electron donation on the donor side of PSII was responsible in
the increase of inactive RCs. We noted here that I1/I2 ratio was considered as a sensitive DF parameter to predict relative water content in
detached leaves of bean plants [17]. It is important to note also that in
detached bean plants the I1/I2 ratio in desiccated state decrease while in
this study the I1/I2 ratio increase. However the shape and DF amplitude
measured in detached leaves of bean plants (Fig. 1B in [17]) were
diﬀerent compared to P. tiliacea thalli response.
In conclusion, desiccated state led to loss of variable ﬂuorescence
and DF amplitude, limitation in CET and electron donation on the
donor side of PSII and a disconnection between PSII and PSI. These
strategies allow to P. tiliacea a photoprotection mechanism from photooxidative damage. However, in order to clarify in details the whole
response of P. tiliacea to desiccation and maintain a reversible photochemical activity, it is interesting to study the response of isolated
Trebouxia jamesii algae (the photosynthetic partner of P. tiliacea) to the
same short desiccation treatment.
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