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Abstract:

The ecological transition zones also known as east@re specific ecosystems but how global change
will affect their biodiversity and functioning isoprly understood. In the case of the areas at the
interface between riparian forest and salt meadihesbiodiversity conservation remains a major
issue. The aim of this work was to evaluate theatff of a salty environment émaxinus angustifolia

a non-halophyte species. For this, the photochgmi$tPSIl wasin situ explored during the summer
between 2007 and 2016. The predawn maximum quaeftioiency of PSIl (Fv/Fm) was always
greater than 0.8 which indicates an absence omahighotoinhibition induced by salinity. During
these years, the light kinetic of the actual quangield of PSII(®pg)) was studied. It appears that
this yield is generally higher in salty environmetihan in the riparian forest. Multivariate anadysi
showed that the dissipation regulated light endagyion @npg), the photochemical quenching (qP)
and the Fd/Fs ratio constitute the main explanatarjables of®ps; changesThe subsequent two-
way-ANCOVA carried out demonstrated thBgpgq was weaker in saline environments, suggesting a
better efficiency of photosystem collecting antennileanwhile, the analysis of photosynthetic
pigments did not exhibited a salt effect exceptdigmificant accumulation of chlorophyll a in 2016.
In order to address the question of the salt-rdlébicity, sodium ion contents in the leaves were
found to be identical in the two sites, suggestirgestablishment of an energy-dependent mechanism
of salt exclusion/retention in roots. The growthgs ofFF.angustifoliain saline areas highly follows
the annual water deficit changes. Between 20072846, the biomass in the salt meadow was higher

with a peak in 2011 representing 60% of the biomafssontrol individuals. But, since 2011 a
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continuous decline of growth was recorded. Watedimns seem to constitute a limiting factor even
if the photosynthetic apparatus generates the sxneabolic energy necessary to cope with theesalin
toxicity. This study thus highlighted the plastycdf the photochemistry of the PSII depending ® th
environmental conditions of the salt meadows. dbahows the vulnerability of an ecotone through
the decline in the productivity of a glycophyte hvitlimate change. This augurs for changes in the

composition of plant communities which is in fawdrstrict halophytes.

Key words: Fraxinus angustifoliasalt stress; PSIl photochemistry; salt meadoviewa

deficit; ecophysiology.

1. Introduction

Global change projections of wetland ecosystemh sigcsalt marshes include sea-level rise
and extreme climatic events (Thorne et al., 20133lt meadows spread over narrow
transitional areas between sea and terrestriat@mwients which are considered as high-risk
zones subject to climate change impacts (Thorred. e2012). In these ecosystems, several
taxonomic groups of plants coexist with salt regoients which are highly contrasted. They
are divided into euhalophytes and facultative hayogs but typically an halophyte is defined

as a plant that grows in soil conditions of morantl200 mM NaCl concentration (Flowers

and Colmer, 2008) . Besides salinity conditionstibifactors such as competition between
individuals are also to be considered in termsadfhsarshes functioning (Pennings et al.,

2005). Overall, it appears that the hydro-periaggime that depends on specific precipitation
and evaporation conditions is one of the main factegulating the creation of niches for

wetland plant species (Foti et al., 2012).

The question of the spatial distribution of spediesnveen the seashore and the boundary of
non-halophytic terrestrial vegetation has been est#id by several authors (Pennings et al.,
2005; Silvestri et al., 2005). For instance takingp account the elevation gradient, four
clusters reflecting the composition of plant comitbumwere shown(Bang et al., 2018).
However, the scarcity of studies focussing on thd# marsh-terrestrial boundaries was
underlined (Traut, 2005; Veldkornet et al., 20165eed, the border between the salt marsh
and the adjacent upland (terrestrial vegetatiogupies a narrow surface also recognized as
ecotone. These habitats are submitted to particaitéotic conditions leading to a plant
community assembly that is specific to one or boththe adjacent ecosystems. In the

Mediterranean region and in the Bouches-du-Rhomairticular, salt meadows develop at the
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confluence of rivers and the Etang de Berre. Thite case for the river Arc which exhibits a
steep fall of the presence of trees from the rgyaforest in the upland. Among the riparian
woody species only few specimensFoaxinus angustifoliavahl (narrow-leaved ash) were

observed in the salt marsh upland transition zoossiply in the area so-called ecotone.
Hence, information on species with narrow biotopkerance might best characterize the

effects of climate change (James and Zedler, 2000).

F. angustifoliabelongs to the family Oleaceae and is widespegadss Southern Europe. In
Mediterranean basin the plant is often encountenediparian corridors. In Croatia for
example, narrow-leaved ash is considered as onteofmost important tree species of
lowland floodplain forests and its sensitivity todght was shown (Drvodelic et al., 2016).
But, howF. angustifoliawill cope with salinity and drought expected witintate change is
poorly explored. More generally exploring the matbkms of glycophytes adaptation to
salinity is becoming a great challenge because sihization is recognized as a global
problem resulting in soil degradation, arable lasdrface decrease and ecological
environmental disturbance (Hu et al., 2019). By parmng two Solanumspecies, one
glycophyte and the other salt-tolerant, it has b&®mwn that ethylene induction plays a key
role in salinity tolerance through an improved sabeh conductance, an efficient osmotic
adjustmentand the increase of Naccumulation in shoots (Gharbi et al., 2017).dats of
the glycophyteArabidopsis thaliana(lL.) Heynh., salt stress triggered principally etefe
proteins as those involved in ROS scavenging wisef@athe xero-halophytgygophyllum
xanthoxylumEngl. Ex Dippel, N& uptake was improved in addition with metabolicftshi
towardsde novosynthesis of glucose in order to sustain growtha{@t al., 2019). Similarly,
retention of sodium cations in roots thus preventhreir translocation to shoots is considered
as a key adaptive mechanism of glycophytes tostadss (Assaha et al., 2017; Hasegawa,
2013). Root sequestration of sodium cations nog onproves the water balance by adequate
osmotic adjustment but also preserves the photbstintmachinery from ionic toxicity. Thus,
from the xero-halophyt8litraria retusa(Forssk.) Asch., PSII photochemistry and carotgnoi
content were not affected by salinity whereas anii@ant reduction in pigment
concentrations and chlorophyll fluorescence pararsetvere observed from the glycophyte
Medicago arbored.. (Boughalleb et al., 2009). This led to suggésit the decrease of the
photosynthetic activity is likely the result of dages in the photosynthetic apparatus rather
than factors driving stomatal closure. Other awghbave also shown that the maximum

guantum efficiency of PSIl is highly reduced foreisalt-sensitive cultivars consecutively to
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salt stress application as compared to salt-tole@tivars. Similarly, the minimum
fluorescence intensity (F0), the actual quantuncieficy (PSIl) and the None-Photochemical
Quenching (NPQ) were identified as the main fluceese parameters that change depending
on the intensity of salt stress (Tsai et al., 20B®sides the ionic toxicity induced by soil
salinity, water availability also constitutes a pragonstraint for glycophytes survival in
saltmarshes. Although, chlorophyll a fluorescenas been used as a signal for monitoring
plants response to drought in several reports @#tibet al., 2017; Vaz et al., 2016; Wang et
al., 2016) few works deal with both drought andrsigl effects. Moreover, planh situ often

experience multifactorial stress conditions.

Understanding how a glycophyte may stabilize itstplynthesis activity also maintaining its
ionic homeostasis under high soil salinity can h@ipvide insight in terms of plant breeding
and ecological management. In this report we ewaltiee ecological fithess of a glycophyte
F. angustifolianative to the saltmarsh/upland transition zon® #smed ecotone upon a
highly sensitive to global climatic change variablé&Second, we hypothesized that the
predicted increase warming and summer drought idifdeanean basin would lead to more
NaCl accumulation requiring additional metabolicegy to sustain growth and defence
molecules biosynthesis. Finally we considered thatglobal change would drive profound
changes in the assemblages of plant communitieghiet ecotones of the deltaic zones of the

Mediterranean rivers.
2. Material and methods
2.1 The study site

The area that was the subject of this study istéacan the Arc delta ecotone and in the
riparian forest of the same river (Berre-I'Etangarkce). The Arc delta occupies an area of
190 ha. It is associated with hydromorphic soilgezted with a halophilic vegetation, which
extend about 700 m wide. Upstream the deltaic Zare km), the riparian forest is mainly
constituted by ash, poplar and white willow. Theteae was characterized by the occurrence
of both euhalophytes and facultative halophytesvaf as some specimens &faxinus
angustifolig namely: Sueda veraForssk. ex J.F.Gmel.Limonium narbonenseMill.,
Limonium cuspidatuniDelort) Erben,Chenopodium chenopodioid€k.) Aellen, Tamarix
gallica L., Obione portulacoideg=Atriplex portulacoides L.) anBlantago coronopuk. The

meteorological data were obtained from the neaséstion namely Marignane which is
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located at about 11 km away as the crow flies. Eivsix trees K. angustifolig of similar

height and diameter were chosen in each zone dthisgtudy.
2.2 Modulated chlorophyll fluorescence parameteositoring

Fluorescence data were obtained using Hansateolofheter (FMS2). Leaves (3 per tree)
were dark-adapted for 30 min using the dark-adeptatlip prior to the application of a low
pulsed amber light intensity to determine the mummfluorescence @ followed by the
application of a saturating pulse for the maximunofescence measurement,lSuch that

all primary quinone electron acceptors in PSlldosed (Q fully reduced). These data allow
to calculate the maximum quantum efficiency througk ratio B/Fn where F (Fn-Fo)
corresponds to the variable fluorescence. Thig matis determined at predawn, dawn and in

diurnal period.

The diurnal course of chlorophyll parameters wasitooed on 28 august 2007 from 9:00 h
to 18:00 h by using successively the dark adaptatipp and the PAR/temperature leaf-clip
which is designed for measurements under ambigimt tionditionsThus additional variables
were recorded from light acclimated leaves: minim{ifts) maximum (F,) and the steady
state (k) values of fluorescence. Through these data at agek, and K the following
fluorescence parameters were determined: The pheraical efficiency in the light adapted
state of photosystem lbgg;) calculated as (R~ Fs)/F'm according to Genty et al. (1989), the
non-photochemical quenching coefficient of chlorgplfiuorescence (NPQ), calculated as
(Fm — Fm)/F'r, (Bilger and Bjorkman, 1990)hich expresses the dissipation of excess energy
as heat and the photochemical quenchingo@gtficient which was calculated from (&-
Fo)/(F'm- F'o) that gives an indication of the proportion of P@hlction centers that are open
(Maxwell and Johnson, 2000). An alternative nontpblbemical quenching coefficient, QNP

=(Fm-F'm/Fm-k) was also determined (Schreiber et al., 1986).

Light response kinetic measurements were carrigdabulawn by selecting four incident
photosynthetically active irradiance (PAR) interesitin order to simulate the half diurnal
light radiation change: 300, 600, 900 and 1200 pRhmitons rids™. The light saturating pulse
(8.000 pmol Photons #s™) was applied for each PAR intensity only when skeady-state
fluorescence intensity {Fwas reached. This was checked prior to the design specific
light kinetic script. In addition to the above-miened fluorescence parameters, other
parameters were calculated for each actinic ligtyplieation: the quantum efficiency of

regulatedApH and/or xanthophyll-dependent non-photochemicsipation processes in the
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antenna of PSlI&\pg= FS/F'm — Fs/Fm). The quantum efficiency of thexgidutive non-
photochemical fluorescence and energy dissipatigp<Fs/Fm) according to Hendrickson et
al. (2005). The Chlorophyll fluorescence decreadm was calculated as: Fd/Fs= Fm-Fs/Fs

(Lichtenthaler et al., 2005). Also, the rate of linear electron transport was determined:

ETR = 0.5xPARXx0.87xDpg; assuming that the photon flux are equally distedubetween

the two photosystems.
2.3 Simultaneous gas exchange and fluorescenceariagi

The leaf gas exchange and fluorescence parameggessimultaneously determined using a
gas exchange system (LI-6400XT; LI-COR Inc., LimoNE, USA) equipped with a
fluorescence chamber head. £@ssimilation rate A), internal CQ (Ci) and stomatal
conductance @ were determined. All the measurements were chioig at 25°C and the
relative humidity of the chamber was set at 70%ilevtne amount of blue light was set to
10% of the photosynthetic photon flux density fgotimized stomatal aperture. In light-
adapted leaves, the steady state fluorescence (ksldwas recorded and the maximum
fluorescenceR’m) obtained after application of a saturating whight pulse (8.00Qumol
photons m? s, 0.8 s). The actinic light was then turned off dadred illumination was
applied (2umol photons nf s) to measure the light-adapted minimum fluorescefc@).
Using these paramete®ps;, gP and the ratio F'v/[F'm = (F'm-F'0)/F'm which aesponds
to the efficiency of the energy harvesting by thedzed PSII reaction centers in light

condition were determined.

2.4 Predawn leaf water potential determination

Water potential ) was measured using a pressure chamber of Scleolgype (Scholander
et al., 1965), from mature fully expanded leaves rahdomly selected plants. The

measurements were carried out from five treesipeas05:00 h then finished before sunrise.
2.5 Soil and leaf sodium ions concentration

Five trees and five soil samples were considereceéeh condition: salt meadow and the
control. Plant samples was composed by a poolvefléaves per tree. Soil and leaf samples
were ash transformed in rauffle furnace. The extracted solutions were arely®or N&

concentrations by using an lon Chromatograph (Didvedel DX 120, USA). The column
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used was a CS16 with hydroxymethanesulfonic addn®1) as eluent which a flow rate set

at 1ml/min. Electrical conductivity was the modecafions detection.

2.6 Photosynthetic pigments analysis

Leaves (a pool of five leaves per tree from fiveet in each site) were collected at predawn
then wrapped in aluminum foil to avoid for degraoiatof pigments by light and finally
stored at — 20°C until analysis in the laboratd@plorophylls and total carotenoids were
extracted with acetone (80%) and filtered througtiipdre membrane (0.2 um pore size).
Quantification was performed with a spectrophot@ngBioMatd"'3) by measuring their
absorbance at 663, 646 and 470 nm (Lichtenthatbiéellburn, 1983).

2.7 Dendrochronology

The sampling process took place during the spridgj72 We selected six dominant and

mature ashes separated by at least 8 m from ehehintthe salt meadow; six other dominant
ashes were selected as control trees. One corgggeat 1.3 m height was collected with a
Swedish increment borer. In the laboratory, coresewprepared according to standard
dendrochronological procedures (Fritts 1976). Adtes were air-dried, glued onto groove
boards, sanded with progressively finer grade sapelpto produce smoothed surfaces on
which the tree-ring boundaries were clearly visidnhel visually crossdated under a binocular
to ensure that each ring was dated to the coredehdar year. Then, ring-width series were
measured to the nearest 1/100 mm using a LINTAB&sméng table (Rinntech®) and the

TSAP-Win software (Rinn 2003). All ring-width sesievere crossdated graphically and
crossdating was checked using the COFECHA softWidmmes, 1983) by assessing the

consistency of the different ring-width series agtnees.

2.8 Statistical analysis

A Student test was performed to compare the tvas $dr each interval of time regarding to

the diurnal measurements of fluorescence parameters

For the predawn physiological indicators/fr, pigment content andf) a twoway ANOVA
was designed to assess the relationship betweemvthendependent variables (Site x Year)

on each dependent variable followed by Tukey’'s HE@nestly Significant Differences)

7



225
226
227
228
229
230
231
232

233

234

235

236
237
238
239
240
241
242

243

244
245
246
247
248
249

250

251
252
253
254

tests. The PSII photochemistry parameters obtdnoed light kinetics were first treated by a
multivariate analysis in order to determine the maxplicative fluorescence parameters of
the actual quantum vyield kinetics. This was perfdnusing R statistical software (R
development Core Team, 2009) and the package “MawédR” Thus, covariance analyses
(ANCOVA), with light intensities fixed as covariateere used to examine the effect of site
and year on the pertinent explicative fluorescemagables. Curves fitting and statistical
analyses were performed using Statgraphics Centul¥ software and R statistical

software.

3. Results
3.1 Annual changes in climatic conditions of thedgtsite

The study area was located near the village of Braat 11 km of the nearest meteorogical
station which is that of Marignane (France). Asvghan table 1, during this last decade,
summer air temperature varied from 23 to 25°C. &lveais no significant difference between
the years (one-way-ANOVA;=2.12,P=0.065). However, the cumulated precipitation \érie
considerably (10-139 mm) resulting in similar chesign soil water deficit. For instance the
highest water deficit was recorded in 2016 (-659)muhile the lowest one was observed in
2011 (-4.18 mm).

3.2 Interannual radial growth

Analyzes of the cores collected from the individulaicated at the two study sites allowed us
to address their radial growth over the last tearyeThe results clearly show thiat
angustifolia grows better in salt meadows than the control @tig. 1). A peak of radial
growth was recorded in 2014, where growth in tHansarea was twice that of the riparian
bank. However, since 2011, this growth has beelingalto equal the radial growth of

individuals in the control habitat.
3.3 Leaf water and sodium ion status

F. angustifoliaenvironmental conditions in both salt meadow apdrian forest bank were
first characterized at the beginning of august 2(E0il water availability was characterized
by the measurement of leaf water potential in th&eace of any transpiration flux as well as

leaves and soil sodium chloride contents. Predaatempotential was higher in control stand
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compared to salt marsh individuals. Leave$ dtntent were similar while soil Naontent in
salt meadow site was about 13-fold that of therigmaforest bank (Table 2).

3.4 The diurnal variation of chlorophyll fluoresea@nparameters

From 9:00 h to 18:00 h several chlorophyll fluoesste data were recorded (Fig. 2). The
maximum quantum efficiency of PSII (Fv/Fm) was diigantly higher for samples of salt
meadow site compared to those of the riparian fooesy from 9:00 h to 13:00 h. For
instance, at 13:00 h the ratios Fv/Fm were 0.739 @614, respectively (Fig. 2A). When
leaves were light acclimated, the actual efficieaEfSll photochemistryd{ps)) decreases by
late morning to 16:00 h then rises until 6:00 hipnboth cases (Fig. 2B). However at 9:00h
®pg;; of F. angustifolialocated in salty soils was about 2-fold that oh@csalty grown
specimens. The exitonic energy used for the redliaf the plastoquinone pool, determined
by the photochemical quenching coefficient (gP)ileix&d similar patterns for both sites but
with a significant difference obtained also only%®0 h am (Fig. 2C). Alternatively, the
excess of absorbed excitation energy may be dissipghrough non-photochemichal
processes referred as NPQ. No significant diffezemas found between the two sites in the
morning (Fig. 2D).

Hence, it seems th& angustifoliaquantum yield in salty soil condition is higheaththe

control during the morning and this may be expldity both photochemical quenching
mechanisms and PSIl antenna efficiency. This le€utther investigation regarding to the
predawn maximum quantum efficiency and the plaspoese to light kinetic taking into

account the interannual variability.

3.5 Predawn Fv/Fm and steady-state light respomsdlorophyll fluorescence parameters in

field conditions
3.5.1 Predawn Fv/Fm

The analysis of the maximum quantum efficiencyiedrout between 2007 and 2016 showed
that the factors site and year interact togethes(31; p<0.001). Hence, the predawn ratios
Fv/Fm of the sites were compared year by year. Assalt (Fig. 3)F. angustifoliaexhibited

significant differences between sites in 2009 abt62 For the former date, a lower ratio was

obtained in salt meadow compare to the controll@&nd 0.886, respectively. For the latter,

9



286
287
288
289

290

291

292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318

an opposite response was shown because salt mdadém was about 0.05 units higher
than the data recorded from control samples. Thdagwn ratio was also tested site by site for
all the years which revealed that the ratio Fv/lemds to be lower in control with greater

variability throughout the years (Fig. 4).

3.5.2 Dawn light kinetic fluorescence parameterasneements

Solar course during half a day was mimed by thelempntation of a script where the
intensity of the light increases from 300 to 1260k photon.rif.s* in 4 steps. Fluorescence
data were recorded during 6 years then first exadithrough the quantum yield kinetic.
Two-way ANCOVA with light intensity as covariate wa&arried out. A significant effect of
the factors year (F=61.52<0.001) and site (F=9.38<0.001) was shown and no interaction
was found between them. Thus, the site effect erddpendent variabfeps) was tested year
by year. As a result, the photochemical quantuntdytkecreases exponentially with light
intensity (Fig. 5) with significant differences ba&ten the two sites except in 2014.The
photosynthetic performance of individuals in saleadows was higher than that of the
controls. It is thus possible to summarize the fimming of the photosynthetic machinery in 2
types of response. The first one is characterizedhige variations in the actual quantum
yield at low light intensities as in 2007, 2008 a2@16. The second type of response is
manifested by an increasing difference as lighensities increase. This is the case in 2015
and 2009 where the quantum yields were about Degdears that soil salinity contributes to
increaseF. angustifoliaPSIlI quantum yield through physiological mecharssimat change
depending to the year. This arises the questiomhefidentification of the fluorescence
parameters that explain these variations of theceffe quantum yield. A multivariate
analysis was performed in order to prioritize thifescence parameters involved. The factor
map of the variables denotes a total variance o896 (Fig.6). Interestingly®dps) is
strongly correlated to axis 1 (correlation coeéfiti. 0.99) followed bydnpq (correlation
coefficient: 0.96) and gP (correlation coefficier@:87). As for axis 2, the main explanatory
variable is Fd/Fs (correlation coefficient: 0.8f).summary the variations dfps; are mainly
explained by non-photochemical quenching mechanfsitesved by the ratio Fd/Fs. For the
former, the two-way ANCOVA performed showed a sfigaint site (F=11.69p<0.001) and
year (F=50.35, p<0.001) effects, no interaction veasd between the two factors. In these
conditions,®npq Was compared between sites, year by year. Thétsesiowed tha®neg in
the salty areas was lower than that of the coetxoépt in 2014, 2015 (Fig. 7).

10
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3.6 Gas exchange and fluorescence measurements

Simultaneous measurements of gas exchanges amdsib@énmce data were carried out in 2009
with a Licor 6400 equipped with the fluorescencamber. The responses f angustifolia

to salt meadow environmental conditions were exanhithrough the measurements of leaf
net photosynthesis (A), leaf internal €@oncentration (Ci), PSIl antenna efficiency
(Fv'/Fm’), the photochemical quenching qP and tbharqum yield of PSII. As shown in table
3 salt meadow plants exhibited a slight increasta®iet photosynthesis (3.17 pmol. GO
2s%) compared to the controls (2.93 pmol. G0°.s%). Similar result was also obtained for
leaf internal CQ content. However, no differences were found fa tjuantum yield and

related fluorescence data.

3.7 Photosynthetic pigments analysis

The concentrations of chlorophylls and total caroids contents were measured from the
two sites throughout six years. Based on the dhtaireed for chlorophyll a there was an
interaction between the factors site and year @#3;2<0.05). Sites were thus compared year
by year but no significant difference was foundeptan 2016 where chlorophyll a contents
from salt meadow samples were 3-fold higher compmatke controls (Fig. 8A). For the other
pigments no interaction was ascertained betweetwibidéactors and significant changes were
obtained only over the years. Hence, the highestects of chlorophyll b were recorded in
2008 whereas the lowest values were obtained in7 2(flg. 8B).Total carotenoids
concentration (Fig. 8C) in 2008 was about 75 u@§@QW which represents the highest values
recorded during the years investigated while theeki data were obtained in 2015 (27 pg/g
of DW).

4. Discussion

In this report we showed for the first time a lalegm survey of thén situ adaptation of a
glycophyte to salt march conditions based on clployd fluorescence signals. The model
used wad-. angustifoliawhich occurs naturally in several Mediterranealtagiezones unlike

to most of riparian forest species.

11



349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382

During the last decade, the tree-rings of individgaowing in the salt marsh showed clearly
two effects: on one hand, the biomass is greatar that of the individuals in the control area
(Fig. 1) and on the other hand, this biomass vamrding to the fluctuations of water
deficit (Table 1). In particular, from the peak 2011 the biomass has steadily decreased to
reach that of the control individuals in 2017. Aylier biomass could be the result of intense
photosynthetic activity at the level of both ligiiid enzymatic reactions but also the fact of a
greater availability of nutrients. Indeed, river uttts are recognized as areas with high
concentrations of mineral elements because oftip@itance of alluvial deposits. This is true
for halophytes but glycophytes have to cope witlngg 13-fold higher as found in this
study (Table 2) suggesting the need of additionetlolic energy. Thus, the light-dependent
reactions of photosynthesis were followed througtvesal parameters based on the
fluorescence of chlorophyll a. Measurements of ieximum quantum efficiency before
sunrise did not show any particular stress sineevélues obtained were all greater than 0.75
(Bjorkman and Demmig, 1987). This also indicatesldtck of chronic photoinhibition or salt
induced toxicity to PSIl (Yan et al., 2015). Howevdor the year 2016, which was
characterized by the greatest water deficit (P=b@),nthe ratio Fv/Fm measured in the saline
zone was significantly higher than of the controhe. Similarly, the levels of chlorophyll a
were three times higher compared to individualghi@ control zone (Fig.7A). This is an
unexpected result because the ratio Fv/Fm trendedoease with stress intensity as well as
chlorophyll a contents (Manaa et al., 2019; Masoedal., 2019). Nevertheless, the increase
of chlorophyll a content under salinity was obsdrfimm individuals ofPhragmites karka
(Retz.) Trin ex Sternd (Shoukat et al., 2019) ashsthe increase of chlorophyll content has
been considered to be a marker of resistance ioitgalAcosta-Motos et al., 2017).This
would mean that the increase in the Fv/Fm ratiogesponds to an adaptive responsé-of
angustifoliato both drought and salinity. Indeed chlorophylisgpresent as a dimer in the
reaction center of the photosystems, an increags aoncentration could result in an increase
in the number of photosystems and consequently teerb@hotosynthetic capacity of
individuals to mitigate the environmental consttsin

Given the absence of chronic photoinhibition, fesmence measurements were conducted in
order to understand the dynamics of photosynthdgjht reactions. Initially, the
measurements made between 9:00 h and 18:00 hycéanived that the actual photochemical
yield (®pg)) of individuals in salty environment was highearnhthose in the control area (Fig.
2B). Subsequently, kinetics measurements wereechout by simulation of light intensity

variations for half a day. During the six yearsnoéasurement the kinetic curves show that
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®pg; In saline medium is always higher than the conaxtept during 2014. The water
conditions alone do not explain this differencewssn the years because the water deficits
between the years 2014 and 2015 were roughly time $438 and 139). It seems that other
environmental factors contributed to buffépg, variations in 2014. Nevertheless, the
adaptive capacity of an invasive plant in salt-noees] Spartina patengAiton) Muhl. was
related to maintaining a high level dfps; despite the increase in salinity (Duarte et al.,
2015). We can therefore consider that maintainihggh level of®pg, of F. angustifoliain a

salty environment is an adaptive trait.

In order to highlight the mechanisms involved ire tregulation ofd®pg;, a multivariate
analysis was conducted. PCA analysis revealedthieamain explanatory variables were the
fraction of absorbed energy that is dissipatedntiadly by the ApH- and the xanthophyll
cycle-dependent quenching in PS®neg), P and Fd/Fs ratio. The one-way ANCOVA
performed ondnpg confirms significant differences between salty aodtrol environments
(Fig. 6) with the exception of the years 2014 afd% In particular, the high yields dfpg

in saline environments may be explained by a beffeiency in the conversion of the light
energy absorbed into reducing power sidggqis low. However, in another survey it has
been reported that lodnpg values indicate a lower photoprotection capacitthe salt marsh
environmental condition (Arena et al., 2013). Phdtdbition mitigation was checked through
the analysis of carotenoid contents but this didshow any site effect suggesting the need of
further studies on individual xanthophylls charaeegion. Because no difference was found
in leaves Nacontent it is likely that ash individuals in the adew have evolved specific
mechanisms of salt retention/exclusion at the lee¢l. Indeed, several reports have shown
that glycophytes may adapt to salt stress by ségpumeg sodium ions in their root
compartment (Assaha et al., 2017; Chen et al., R0%@ong the mechanisms involved, the
apoplastic barrier through the casparian strip senplay a critical role in controlling Na
uptake and transport into the shoots. This is sap@dy the identification of suberin-forming
key genes aSbKCS1XChen et al., 2018).

Given the exclusion of salt from foliar cytoplasitrgppears that the major adaptive constraint
of ash is water availability since the water deffoillows the growth pattern. Precisely, the
greater the water deficit is the more saline cotreéion increases thus making the water less
accessible to glycophytes. The concomitant flu@ese and gas exchange measurements
carried out in 2009 showed that the net assimitatib CQ, was the same regardless of the

difference of salinity between the two sites. likely that the higher values dfpg), obtained
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417 in saline areas corresponds to a supplementaryggendéemand to sustain growth and
418 adaptation to water/salt stress. When considetiwegradial growth ofF. angustifoliathat
419 declines since 2011, both ATP and the anabolic zpea NADPH from photosynthesis
420 light-dependent reactions and the carbon assirdilatee rather allocated to defencse
421 processes. The tradeoffs between lignin biosynthaed defense still remain challenging
422  although jasmonic acid and phytochrome B signalpaghway was identified as a hub that
423  coordinate plants growth and defense (Xie et 811,82 Interestingly, differential analysis of
424  genes expressed in response to salt streBsaiinus velutinashowed that the up-regulated
425 genes mainly concerned those of the biosynthetivway of alkaloids which are also known
426  as defense components (Yan et al., 2019).

427 5. Conclusion

428 In conclusion, this work, carried out for 6 yeaedvieen 2007 and 2016, highlighted some of
429 the adaptive mechanisms of a glycophyte in saltdowa environmental condition. Since
430 2011, a decline has been observed in the produofi@sh biomass in saline environments.
431  This decline seems mainly related to recurrent magdcit. In the perspective of the climate
432  change announced in the Mediterranean region, oukel @xpect an extinction of ash in salt
433 meadows.F. angustifolia resistance was shown by the establishment of dicieet
434  photochemical yield both by a reduction of the fi@at of the absorbed radiation which is
435 dissipated as heat and also by increasing the ntmatien of chlorophyll a. However, non-
436  native salt marsh species with a high tolerancatimity and drought will be least affected by
437 the sea-level increase and drought associatebbalgthange. Further studies are needed to
438  establish the metabolic network involved in thei@ strategies of glycophytes in saline
439  environments.
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Fig. 1: Annual radial growth dfraxinus angustifolifrom trees of salt meadow ecotone and
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451  Fig. 2 : Diurnal course of summer fluorescence mesasents fronkraxinus angustifoliain

452  salt meadow and riparian forest sites: The ratid-fv(A), the actual quenching yield (B), the
453  photochemical quenching qP (C), and the Non-Phetmatal Quenching NPQ (D). A student
454  test was applied to compare the sites at eachvaitef time.*- P<0.05, **- P<0.01, ***-

455  P<0.001.n=6, means + SE
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477  Fig. 4: Predawn Fv/Fm ratio &raxinus angustifoligfrom salt meadow and the control

478  riparian forest between 2007 and 2016. The testpeeermed site by site (one-way-
479  ANOVA, **- p<0.001, ns- not significanh=18, means + SD).
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509  Fig. 8: Interannual variations of photosynthetigrpents fronfraxinus angustifolian salt
510 meadow (SM) and riparian forest (C) stanals5 means = SE). A; Chlorophyll a content.
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511  Sites are compared year-by-year, one-way ANOVAP%0.05. B; Chlorophyll b content (no
512  site effectf>0.05). C; Carotenoids content (no site efféei).05).
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Potential

Sampling date Air temperature Precipitations eyapotranspiration ~ Water deficit

(°C) (P ; mm) (mm)
(PET ; mm)
Summer 2007 23.53+1.10 36.8 635.7 -598.9
Summer 2008 23.87+2.28 27.6 649.1 -621.5
Summer 2009 24.88+1.79 109.8 691.3 -581.5
Summer 2011 22.86+1.81 191.2 609.6 -418.4
Summer 2014 23.5340.99 138.5 646.0 -507.5
Summer 2015 25.14+1.66 139.0 675.8 -536.8
Summer 2016 24.42+1.80 10.0 669.8 -659.8

513

514 Table 1: Annual variations and climatic variablédMarignane (France) station close to the
515 study area. Climatic data for 3 months in summdoreeeach sampling date. Average air
516 temperature (x SD) of decadal data in each year 9h Cumulative values (P and PET) are
517 calculated from daily data for each summer (n = 9@ter deficit: P-PET. Air temperature
518 test: One-way-ANOVAF=2.12,P=0.065).
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519

520
521

522

Predawn leaf water Leaf cation N& Soil Na content (g/l

potential (MPa) content (g/g of ash) of soil solution)
Salt meadow -4.61 (0.24) 0.74 (0.23) 20.74 (8.50)
Riparian forest -4.13 (0.21) 0.76 (0.23) 1.639.0

Table 2: Predawn leaf water potential, leaf antiidal contents from Salt meadow and
riparian forest ofFraxinus angustifolian august 2007.
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523

524

525
526

527

528

Mevy et al.

Net
hotosynthesis Ci mol CQ
Site P Y Dpg) Fv'/Fm’ qP fu
(A; pmol CQ. mol™)
m?2.s?
Control 2.93 0.24 0.44 0.54 261.70
(0.53) (0.01) (0.01) (0.03) (25.82)
Salt meadow 3.17 0.24 0.42 0.55 273.98
(0.84) (0.03) (0.01) (0.06) (26.58)

Table 3: Gas exchange and fluorescence measureframtieaves ofraxinus angustifolia

in salt meadow and riparian forest stands1@, means +SD).
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Highlights

Adaptation of a glycophyte as Fraxinus angustifolia to salt meadow is determined by:

An increase of the actual quantum yield of PSII photochemistry

Anincrease of chlorophyll a contents

A lower fraction of absorbed energy that is dissipated thermally by the ApH- and the
xanthophyl| cycle-dependent quenching in PSII (®npg)

A higher photochemical quenching (gP) and the ratio Fd/Fs

Fraxinus angustifolia in salt meadow is more sensitive to global climate change. Since 2011 a
decrease of the tree-rings growth was shown suggesting changes in the specific composition
in these areas.
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