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ORIGINAL ARTICLE

Photoperiod buffers responses to salt and temperature during
germination of two coastal salt marsh colonizers Juncus acutus and
Juncus maritimus

F. MESLEARD1,2, N. YAVERCOVSKI1, & T. DUTOIT2

1Centre de Recherche de la Tour du Valat, Le Sambuc, Arles, France and 2Institut Méditerranéen de Biodiversité et d’Ecologie

Marine et Continentale, Université d’Avignon et des Pays du Vaucluse, UMR CNRS 7263/IRD 337 Site Agroparc, BP 1207,

84911 Avignon Cedex 9, France

Abstract
Juncus acutus and J. maritimus are two colonizers of coastal marsh rangeland with worldwide distribution. We tested the effect
of salt, temperature, and photoperiod on the germination capacity of seeds of the two Juncus from the Rhône delta (south of
France). We measured the first day of germination, the mean time, speed, and rate of germination on seeds subjected to five
salinity levels, three Dark–Light temperatures and two D-L photoperiods (12–12 and 10–14). The 10–14 D-L
photoperiod, although it corresponds to one of the two main germination periods of J. acutus and J. maritimus in the northern
Mediterranean, has never been previously used to study their germination capacity. Analyses showed significant effects of
salinity and temperature on the germination parameters tested, and for these two factors we found results comparable to
those of previous studies. Salinity slowed down and reduced the germination process while spring temperatures had a positive
effect. A surprising result was obtained by changing the D-L photoperiod from 12–12 to 10–14 which then largely buffered
the negative effect of salt and high temperatures on germination. This capacity of J. acutus and J. maritimus to withstand salty
conditions during the germination phase due to the spring photoperiod could be decisive in the ability of both species to
colonize saline environments.

Keywords: Halophyte, photoperiod, recruitment, salinity, temperature

Introduction

Juncus acutus L. and J. maritimus Lamk. are two

perennial species of salt marsh ecosystems with

worldwide distribution. Their expansion, related to

grazing and water management, has been already

reported for numerous regions (Mesléard et al. 1991;

Parson & Cuthbertson 2001; Greenwood & Macfar-

lane 2006). In Mediterranean coastal zones, follow-

ing the types defined by Davis and Thompson

(2000), J. acutus and J. maritimus are common

colonizers of type 2. They are widespread in the

region and show strong colonizing aptitude at short

distances (Jones & Richards 1954; Greenwood &

Macfarlane 2006). Both species tolerate relative salty

conditions but show different distribution patterns

according to their relative salt and flooding tolerance.

J. maritimus is more tolerant of salt and flooding

(Boscaiu et al. 2011).

Seed germination is generally considered as a

stress-sensitive phase (Partridge & Wilson 1987).

Therefore, the salinity concentration during the

germination period is seen as one of the main factors

affecting sexual recruitment in salt marshes (Rozema

1975; Ungar 1991; Noe & Zedler 2000; Rubio-Casal

et al. 2003). Although the most determinant abiotic

factors affecting germination vary among species, for

numerous species the range of tolerance is often

greater for salinity than for other abiotic factors such

as temperature or photoperiod (Ekstam et al. 1999;

Noe & Zedler 2000).

Various studies dealing with the germination

needs of J. acutus and J. maritimus (Greenwood &

Macfarlane 2006; Martı́nez-Sánchez et al. 2006;

Boscaiu et al. 2007, 2011; Vicente et al. 2007)

showed that the germination capacity of the two

species strongly declined according to the increase in
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salinity. For temperature, the variation in the results

between authors makes the impact of this factor

unclear. Greenwood and Macfarlane (2006)

observed highest germination speed and rate of

J. acutus at the lowest Dark-Light temperatures

tested (108–258) while Vicente et al. (2007) showed

an increase of these two parameters up to D-L

temperatures of 20–308C.

For both species, the studies previously cited were

conducted at a 12–12 photoperiod with the

exception of Martı́nez-Sánchez et al. (2006), who

studied the germination both with 24 h dark and

12–12 photoperiod.

Photoperiod is known to play a key role in the

germination process, favoring germination during

the time of the year where the environmental

conditions are most favorable to the seedlings’

development (Khan & Ungar 1997). Although

J. acutus and J. maritimus are considered capable of

germinating at all times of the year (Cunningham

et al. 2011), in the northern Mediterranean they

mostly germinate in spring (personal observations),

one of the two annual rainy periods, generally

characterized by relatively high soil moisture and

mild temperatures. The presence of soil moisture is

known to generally increase the germination speed

and rate of species as in Mediterranean-type

wetlands (Noe & Zedler 2000). In the Camargue

(Mesléard et al. 1991), and elsewhere throughout the

Mediterranean (Sánchez et al. 1998; Gómez Mer-

cado et al. 2012; Zörb et al. 2013), the two species

are recorded with soil salinity above 300mM NaCl,

whereas, according to the literature, their germina-

tion is severely limited. However, the presence of

individuals at a given salinity does not demonstrate

that the species can germinate at this salinity and

individuals may have germinated during milder

conditions. The dissimilarity of the tolerance to salt

between ecotypes must not be neglected; responses

are likely to vary under the selection pressure of the

local environment (Jefferies & Gottlieb 1982;

Mauchamp & Mesléard 2001). The works of

Greenwood and Macfarlane (2006) concern New

South Wales in Australia, those of Boscaiu et al.

(2011) concern the national park of La Albufera near

Valencia in Spain, and those of Martı́nez-Sánchez

et al. (2006) concern Arenales y Salinas de San Pedro

del Pinatar, near Murcia, also in Spain. The

germinative capacity in response to salt, temperature,

and photoperiod of J. acutus and J. maritimus may

vary between seeds from Spain, Australia, or Rhône

delta wetlands. Nevertheless, on the one hand, the

presence of J. acutus and J. maritimus at high salinities

and, on the other hand, germinations largely

occurring in spring, suggest that the spring photo-

period, in interaction or not with temperature, could

enable germination under saltier conditions than

expected according to the literature. In order to test

this hypothesis on seeds of J. acutus and J. maritimus

from the Rhône delta and to assess its potential

generalization, we addressed the following questions:

(1) Do seeds of J. acutus and J. maritimus collected

in the Rhône delta show the same type of

response to salt as those presented in the

literature for other regions?

We hypothesized that with 12–12 D-L photo-

period, the germination rate of the two species

decreases with the increase in salt concentration, in

accordance with the patterns already shown in the

literature.

(2) Does the increase of temperature increase the

germination capacity of the two species?

We hypothesized that with 12–12 photoperiod,

the alternation of D-L temperature corresponding to

the end of spring (compromise between humidity

and heat) is the most favorable to germination,

whatever the salinity tested.

(3) Does changing the photoperiod from 12–12 to

10–14 D-L increase the germination capacity of

the two species?

We hypothesized that a photoperiod matching the

end of the spring period (10–14 D-L) is more

favorable to germination than a 12–12 photoperiod,

whatever the salinity and the temperature tested.

Methods

Plant material

J. acutus and J. maritimus are both perennial,

rhizomatous wetland plants. J. acutus is a tussock

forming species which develops in various habitats

throughout the world. Its colonizing capacity is

essentially ensured by sexual reproduction (Jones &

Richards 1954). It is a strong competitor in the upper

marsh area without standing water (Auld & Medd

1987). J. maritimus shows a more temperate and

Mediterranean distribution pattern (Boscaiu et al.

2011) and is found in western and central Europe, in

southern Africa and north-western America. Its

vegetative capacity related to its creeping rhizomes

and its strong competitive ability (Greenwood &

Macfarlane 2006) makes it capable of developing

large monospecific stands (Pino et al. 2009).

We collected the seeds in summer on three marshes

with silty clay soil of fluvio-lacustrine origin at the

Tour du Valat estate (43850N, 4870E, Otero & Bailey

2003). Seeds were mixed and kept dry in the shade

until the experiment the following spring. The
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climate of Camargue is of Mediterranean type with

cold winters. The average rainfall is about 600mm,

concentrated in autumn and early spring. Strong

winds associated with high temperatures lead to a

summer evaporation/precipitation summer deficit of

700mm (Loubet 2012). Mean annual temperature

is 14.98C with minimum, maximum and mean

temperatures in January being 0.8, 13.3, and 7.058C,

respectively, and minimum, maximum, and mean

temperatures in July being 15.7, 31.9, and 25.68C,

respectively.

Environmental variables tested

We estimated the average temperatures and photo-

periods on the basis of the local data collected from

1995 to 2010 in Camargue on the Tour du Valat

estate. We then discriminated three alternating D-L

temperatures (108/208, 158/258, 208/308) and two

photoperiods (12–12, 14–10), which roughly corre-

spond for five of them to mid-spring, end of spring,

beginning of summer, end of summer, and beginning

of autumn (Table I).

The salt concentration of 400mM NaCl corre-

sponds to the maximum salinity where the two

species are locally recorded. Then we chose the five

following concentrations: 0, 100, 200, 300, and

400mM NaCl, enabling us to compare our results

with previous studies (Greenwood & Macfarlane

2006; Martı́nez-Sánchez et al. 2006; Boscaiu et al.

2007, 2011; Vicente et al. 2007).

Germination tests

We compared the germination rate between satu-

rated soil (distilled water table constantly maintained

at the surface) and constantly flooded soil (5 cm

above the soil surface for the two species). For each

of the two hydrological regimes, we exposed seven

Petri dishes containing 20 seeds incubated at 10–14

D-L photoperiod at 15–258C for 15 days. We found

a respective rate of 98% and 100% for J. acutus and

J. matimus with a constant flooding regime against

90% and 82% with the saturated regime (a).

Although the Mann–Whitney test (Statistica 8.0,

2007 StatSoft, Tulsa, OK, USA) only showed a

significant difference for J. maritimus (U ¼ 2.05,

p ¼ 0.04), we selected the constant flooding regime

for the experiments.

We stuck seeds on double-face plastic films,

themselves stuck on tissues (Diatex) permeable from

0.2 to 20m particles. The whole assembly was

arranged in plastic jars containing 2 cm of sand and

flooded (5 cm).

The jars were placed in a growth chamber

(Hotcold-GL: 12K lux). We exposed jars to

combinations of salt (0, 100, 200, 300, and

400mM NaCl), D-L temperature (108–208, 158–
258, and 208–308), D-L and photoperiod (12–12

and 10–14), with seven jars (20 seeds per jar) for

each treatment.

Germination parameters

We considered four parameters:

. the first day of germination,

. the mean time of germination (Brenchley &

Probert 1998) ¼ (Sni £ di)/N, where n is the

number of germinated seeds at day i, d is the

incubation period (days), and N is the total

number of germinations at day i,
. the speed of germination (Chiapusio et al. 1997):

v ¼ (S(Nn 2 Nn21) £ 1/n) £ 100, where N is the

proportion of germination obtained after n days,
. the germination rate.

We considered the germination effective with the

emergence of the radical (Come 1970). The dishes

were randomized every week throughout the moni-

toring period. The water level was topped up with

distilled water when necessary.

Statistical analysis

We tested the role of salinity, temperature, and

photoperiod and their interactions on the four

parameters using factorial ANOVAs. When inter-

actions were not significant, single effects of factors

were retested using main effect ANOVAs. ANOVAs

were conducted by general linear model procedures

using sigma-restricted parameterization of categori-

cal predictor variables (Satisitica 8.0, StatSoft, Inc.)

Table I. Combination of alternating Dark-Light temperatures and photoperiods tested and corresponding periods in the northern

Mediterranean.

D-L temperatures

photoperiod 108/208 158/258 208/308

10–14 Mid-spring: April End of spring: May Beginning of summer: June

12–12 Beginning of autumn: October End of summer: September No correspondence in natura
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Results

Impact of salinity

J. acutus. With a 12–12 D-L photoperiod and a

10–208C temperature alternation, the increase in

salt concentration significantly increased the number

of days before the first germination (average of 7 days

at 0mM NaCl and 18.4 days at 400mM) as well as

the mean germination time and reduced the

germination speed (Figure 1, Table IIa). The

germination rate decreased from almost 100% at 0

or 100mM NaCl to about 30% at 400mM NaCl

(Figure 1, Table IIa).

J. maritimus. With a 12–12 D-L photoperiod and

10–208C temperature alternation, the increase of

salt also increased the number of days before

germination (average of 9.9 days at 0mM NaCl

and 27.7 days at 400mM NaCl) as well as the mean

time of germination (Figure 2, Table IIb). The speed

of germination showed a significant but slight

decrease between 0 and 300mM NaCl and a strong

decrease between 300 and 400mM NaCl (Figure 2,

Table IIb). The germination rate decreased

slowly from 55% to 26% between 0 and 300mM

NaCl, it reached only 4.3% at 400mM NaCl

(Figure 2, Table IIb).

Impact of temperature

J. acutus. The increase in temperature significantly

modified the values of the four parameters tested

(Table IIa). Interactions between temperature and

salinity were significant for the first day of germina-

tion, the speed, and the germination rate, but not for

the mean time of germination (Table IIa). Never-

theless, retesting of the effect of salinity and

temperature on the mean time of germination by

main effect ANOVA confirmed the significance for

the two variables (Table IIIa). At the 12–12

photoperiod, the D-L temperatures 15–25 and

20–30 both reduced the number of days before the

first germination at 0mM NaCl (Figure 1, Table

IIIa). We found the same significant effect for 100,
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Figure 1. Juncus acutus: First day of germination, mean time germination, speed of germination, and germination rate, and their standard

errors according to salinity, Dark-Light temperature alternation and Dark-Light photoperiod. Seeds were subjected to four salinities 0, 100,

200, 300, and 400mMNaCl, three D-L temperatures 10–208C , 15–258C , 20–308C and two D-L photoperiods (12–12h,

10–14h), with 7 jars £ 20 seeds for each treatment.
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200, and 300mM NaCl but not for the highest

salinity tested at the 20–308C alternation, due to the

high variation between replicates. The germination

speed increased with the increase in temperatures

(Figure 1, Table IIa). This increase was perceptible

up to 300mM NaCl at the 20–308C alternation and

only up to 200mM NaCl for the 158–258 alterna-
tion. The germination rate was close to 100% at 0

and 100mM NaCl at the three D-L temperatures

tested (Figure 1, Table IIIa). These rates were still

higher than 50% at 300mM NaCl and higher than

32% and 20% at 400mM NaCl for the temperature

alternations 10–20 and 15–258C, respectively. The

increase in temperatures to 20–308C alternation

amplified the diminution of the germination rate

caused by the increase in salinity (Figure 1, Table

IIIa) and the germination rate was only 15% and

2.9% at 300 and 400mM NaCl, respectively, for the

20–308C alternation.

Juncus maritimus. The increase in temperature

significantly altered the four parameters tested

(Table IIb). Interactions between temperature and

salinity were significant for the speed and mean time

of germination, but not for the first day of

germination and the germination rate. Nevertheless,

retesting of the effect of salinity and temperature by

the main effect ANOVA confirmed a significant

effect of the two variables on the first day of

germination and the germination rate (Table IIIb).

At the 12–12 photoperiod, the increase in D-L

temperatures reduced the mean time of germination

and increased the speed of germination but mainly

for the lowest salinities (Figure 2). At 0mM NaCl,

this increase of D-L temperatures from 10–20 to

15–258C significantly increased the germination rate

from 55% to 78% but not from 10–20 to 20–308C.

The mean time of germination strongly increased

at the highest salinity for the temperature alterna-

tions 10–20 and 20–308C (Figure 2). The decrease

in the speed of germination with the increase in salt

concentration was better contained at the D-L

temperature of 10–208C than at the two other

alternations of temperature (Figure 2).

Impact of the photoperiod

Juncus acutus. The general model showed a strong

impact of photoperiod on the four parameters tested

(Table IIa). The interaction photoperiod £ salinity

Table II. Effects of salinity, Dark-Light temperature alternation, and D-L photoperiod alternation, and their interactions on the first day of

germination, the speed of germination, the mean time germination, and the germination rate, for (a) Juncus acutus and (b) Juncus maritimus.

Species/variables First day of germination Speed of germination Mean time of germination Germination rate

(a) Juncus acutus

Salinity F(4, 180) ¼ 99.508

p , 0.0001

F(4, 180) ¼ 346.56

p , 0.0001

F(4, 180) ¼ 116.27

p , 0.0001

F(4, 180) ¼ 385.32

p , 0.0001

Temperature F(2, 180) ¼ 54.406

p , 0.0001

F(2, 180) ¼ 279.15

p , 0.0001

F(2, 180) ¼ 89.902

p , 0.0001

F(2, 180) ¼ 119.61

p , 0.0001

Photoperiod F(1, 180) ¼ 73.103

p , 0.00001

F(1, 180) ¼ 252.63

p , 0.0001

F(1, 180) ¼ 140.84

p , 0.0001

F(1, 180) ¼ 333.20

p , 0.0001

Salinity £ temperature F(8, 180) ¼ 2.3882

p , 0.05

F(8, 180) ¼ 37.347

p , 0.0001

F(8, 180) ¼ 0.71939

n.s.

F(8, 180) ¼ 27.437

p , 0.0001

Salinity £ photoperiod F(4, 180) ¼ 7.2

p , 0.0001

F(4, 180) ¼ 20.163

p , 0.00001

F(4, 180) þ 5.6820

p , 0.001

F(4, 180) ¼ 73.137

p , 0.0001

Temperature £ photopériod F(2, 180) ¼ 1.4687

n.s.

F(2, 180) ¼ 29.086

p , 0.00001

F(2, 180) ¼ 1.2699

n.s.

F(2, 180) ¼ 4.1703

p , 0.05

Temp £ sal £ phot F(8, 180) ¼ 3.6605

p , 0.001

F(8, 180) ¼ 9.6944

p , 0.00001

F(8, 180) ¼ 1.83

n.s.

F(8, 180) ¼ 10.957

p , 0.00001

(b) Juncus maritimus

Salinity F(4, 180) ¼ 57.588

p , 0.000001

F(4, 180) ¼ 103.05

p , 0.000001

F(4, 180) ¼ 50.003

p , 0.000001

F(4, 180) ¼ 59.430

p , 0.000001

Temperature F(2, 180) ¼ 44.182

p , 0.000001

F(2, 180) ¼ 77.366

p , 0.000001

F(2, 180) ¼ 40.888

p , 0.000001

F(2, 180) ¼ 56.128

p , 0.000001

Photoperiod F(1, 180) ¼ 147.74

p , 0.000001

F(1, 180) ¼ 1115.6

p , 0.000001

F(1, 180) ¼ 314.32

p , 0.000001

F(1, 180) ¼ 1266.2

p , 0.000001

Salinity £ temperature F(8, 180) ¼ 1.2855

n.s.

F(8, 180) ¼ 5.2021

p , 0.00001

F(8, 180) ¼ 2.2771

p , 0.05

F(8, 180) ¼ 1.0374

n.s.

Salinity £ photoperiod F(4, 180) ¼ 22.723

p , 0.000001

F(4, 180) ¼ 0.49885

n.s.

F(4, 180) ¼ 12.472

p , 0.000001

F(4, 180) ¼ 38.842

p , 0.000001

Temperature £ photoperiod F(2, 180) ¼ 0.65289

n.s.

F(2, 180) ¼ 17.947

p , 0.000001

F(2, 180) ¼ 1.5515

n.s.

F(2, 180) ¼ 6.0912

p , 0.01

Temp £ sal £ phot F(8, 180) ¼ 1.2053

n.s.

F(8, 180) ¼ 1.5138

n.s.

F(8, 180) ¼ 2.7056

p , 0.01

F(8, 180) ¼ 4.0454

p , 0.001

Note: F and p values were calculated by multi-factorial ANOVAs in a general linear model procedure.

Photoperiod buffers responses 5

D
ow

nl
oa

de
d 

by
 [

Fo
nd

at
io

n 
L

a 
T

ou
r 

du
 V

al
at

],
 [

Fr
an

ço
is

 M
es

lé
ar

d]
 a

t 0
0:

27
 1

9 
Fe

br
ua

ry
 2

01
5 



£ temperature was significant for the first day of

germination, the speed of germination, and

the germination rate but not for the mean time of

germination. Nevertheless, retesting of the effect of

salinity, temperature, and photoperiod on the mean

time of germination by the main effects ANOVA

confirmed a significant effect of the three variables

(Table IIIa).

The increase in light duration (10–14 D-L

photoperiod) reduce the duration before the first

germination by 1, 2.5, 3.2, 6.6, and 1.3 days and the

mean time of germination by 1, 2.5, 2.9, 4.8, and

12-12 D-L
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Figure 2. Juncus maritimus: First day of germination, mean time germination, speed of germination, and germination rate, and their standard

errors according to salinity, Dark-Light temperature alternation, and Dark-Light photoperiod. Seeds were subjected to four salinities 0, 100,

200, 300 and 400mMNaCl, three D-L temperatures 10–208C , 15–258C , 20–308C and two D-L photoperiods (12–12h,

10–14h), with 7 jars £ 20 seeds for each treatment.

Table III. Effects of salinity, Dark-Light temperature alternation, D-L photoperiod alternation (a) on the first day of germination and the

mean time germination for Juncus acutus, (b) on the first day of germination, the speed of germination, the mean time germination, and the

germination rate for Juncus maritimus.

Species/variables First day of germination Speed of germination Mean time of germination Germination rate

(a) Juncus acutus

Salinity F(4, 180) ¼ 99.508

p , 0.000001

F(4, 180) ¼ 116.27

p , 0.01

Temperature F(2, 180) ¼ 54.406

p , 0.000001

F(2, 180) ¼ 89.902

p , 0.01

Photoperiod F(1, 180) ¼ 73.103

p , 0.000001

F(1, 180) ¼ 140.84

p , 0.01

(b) Juncus maritimus

Salinity F(4, 180) ¼ 57.588

p , 0.000001

F(4, 180) ¼ 103.05

p , 0.01

F(4, 180) ¼ 50.003

p , 0.000001

F(4, 180) ¼ 59.430

p , 0.000001

Temperature F(2, 180) ¼ 44.182

p , 0.000001

F(2, 180) ¼ 77.366

p , 0.01

F(2, 180) ¼ 40.888

p , 0.000001

F(2, 180) ¼ 56.128

p , 0.000001

Photoperiod F(1, 180) ¼ 147.74

p , 0.000001

F(1, 180) ¼ 1115.6

p , 0.01

F(1, 180) ¼ 314.32

p , 0.000001

F(1, 180) ¼ 1266.2

p , 0.000001

Note: F and p values were calculated by main effects ANOVAs in a general linear model procedure.
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1.3 days, at 0, 100, 200, 300, and 400mM NaCl

(Figure 1). It increased the speed of germination at 0,

100, and 200mM NaCl (Figure 1) and maintained

the germination rate above 95% up to 300mMNaCl

and still above 70% at 400mM NaCl (Figure 1).

We found the alternation of temperature 15–

258C to be the best temperature conditions for

germination at the D-L photoperiod 10–14. With

this alternation of temperature, the increase in the

light duration increased the speed of germination,

but mainly at 100, 200, and 300mM NaCl

(Figure 1), and maintained the germination rate

close to 100% up to 300mM NaCl. At 400mM

NaCl, we found it still at 94% against 21% at the

12–12 photoperiod (Figure 1). At the 20–308C
alternation, the increase in light duration also

increased the speed of germination at the five salt

concentrations tested. But in this case, the germina-

tion rate was maintained close to 100% only up to

200mM NaCl and it decreased to 66% and 25% at

300 and 400mM NaCl, respectively.

Juncus maritimus. With regard to J. acutus, the

general model showed a strong impact of photo-

period on the four parameters tested (Table III). The

interaction photoperiod £ salinity £ temperature

was, in this case, significant for the mean time of

germination and the germination rate only (Table

IIb). Nevertheless, the retesting of the effect of

salinity, temperature, and photoperiod on the first

day of germination and the speed of germination by

the main effect ANOVA confirmed a significant

effect of the three variables (Table IIIb).

At the alternation of temperature 10–208C, the

increase in day duration (D-L photoperiod 10–14)

reduced the mean time of germination and increased

the germination rate to 90% or more at the four salt

concentrations tested (compared to about 50% at

100 and 200mMNaCl, and 27.5% and 4.3% at 300

and 400mM NaCl, respectively, Figure 2).

With a 10–14 D-L photoperiod, the alternation

of temperature 15–258C, as for J. acutus, appeared

to be the best conditions for the germination. This

photoperiod ensured the maintenance of a high

germination rate of J. maritimus at the three D-L

temperatures tested up to 300mM NaCl. In this

case, the increase in the photoperiod reduced the

mean germination time and the germination rate

which reached more than 96% at all the salinity rates

tested (Figure 2).

At the alternation of temperature 20–308C, the

increase in photoperiod also reduced the mean

germination time (Figure 2) and increased the

germination rate. However, it reached only 87%,

73%, 83%, 76%, and 60% at 0, 100, 200, 300, and

400mM NaCl, respectively.

Discussion

The capacity to germinate seeds of J. acutus and

J. maritimus collected in the Rhône delta was

comparable to those obtained elsewhere by other

authors for equivalent conditions (Boscaiu et al.

2001; Martı́nez-Sánchez et al. 2006; Vicente et al.

2007; Boscaiu et al. 2011).

The increase in salt concentration impacted the

germination capacity of the two Juncus species. Salt

led to an increase in the time before the germination

and of the mean time of germination and a slowing

down of the germination speed. This slowing down

of the germination speed is likely to greatly limit the

species recruitment and ability to compete in quickly

changing environments, such as in coastal salt

marshes (Bazzaz 1996).

Their germination rates, although they were

slightly or much higher than those obtained in

previous studies (Woodell 1985; Vicente et al. 2007;

Boscaiu et al. 2011), followed the same pattern with

the increase of salinity.

The increase in temperatures altered the

responses of the two species. As hypothesized, we

found the D-L temperature alternations 15–258C

and to a lesser extent 10–208C, which corresponds to

the northern Mediterranean spring or beginning of

autumn, and potential relatively humid periods,

more favorable to germination than the 20–308C

(summer) D-L alternation. Martı́nez-Sánchez et al.

(2006) reported the same negative effect of 20–308C

compared to 15–258C temperatures alternation on

the speed and on the germination rate of J. acutus.

The role of the photoperiod in the germination

process has already been demonstrated for many

species (e.g. Mott & McComb 1975; Baskin &

Baskin 1998; Noe & Zedler 2000;Munir et al. 2001).

Here, the response of J. acutus and J. maritimus to

salinity and to temperature differed strongly accord-

ing to the two photoperiods tested. The increase in

light duration from 12 to 14 h buffered the negative

impact of salt on the germination process, whichever

of the three alternations of temperature tested. The

interactions between photoperiod and temperature

and their impact on seed germination have long been

discussed (Stearns & Olson 1958). Up to 300 mM

NaCl, J. acutus like J. maritimus exposed to a 10–14

D-L photoperiod did not show a decrease in their

germination rate for the alternation of temperature

10–20 or 15–258C. A 10–14 D-L photoperiod with

an alternation of temperatures 10–20 or 15–258C
between day and night corresponds to conditions

met the most years in spring, a compromise between

cool temperatures and relatively high maintenance of

soil moisture.

Vegetation species in the Mediterranean need to

develop strategies in response to the irregular annual
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drought period which can start early in spring or later

at the beginning of summer. The capacity to quickly

germinate in spring, regardless of salinity, will give

additional development time to seedlings, known

to be a vulnerable phase (Engelbrecht et al. 2005),

before having to face with high temperatures and

drought. This ability is clearly a strong competitive

advantage compared to plants which need to wait for

“windows of germination” (Noe & Zedler 2001),

which most of the time in Camargue will not arrive

before the first autumnal rainfalls.

The relative similarity of the results between

previous studies and ours under comparable con-

ditions suggests for both J. acutus and J. maritimus

that the results obtained in our case for conditions

not tested elsewhere (10–14 D-L photoperiod) are

broadly generalizable. This new finding on the key

role of photoperiod seems of primary importance

and may help to explain the presence of J. acutus and

J. maritimus seedlings and, to a lesser extent, of

rhizomes, at high salt concentrations. However, to

determine exactly the scope, in demographic terms,

of this ability to germinate in a saline environment in

spring, additional studies should be conducted. The

conditions of seed storage in our experiments did not

correspond to the conditions of the soil seed bank.

Germination tests in natura of the two Juncus species,

depending on the photoperiod, are needed to

validate the results obtained in the growth chamber.

They must be supplemented by accurate tracking of

the germination dynamic according to the seed bank

and by monitoring of the capacity of young seedlings

to survive and to develop depending on the salt

concentration and water availability.
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