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ABSTRACT

The seeds of Ammophila arenaria germinate in a wide range of temperatures ranging between 15 and
30°C with a low optimal temperature (20°C). The germination rate is maximal in the distilled water recalling the
germination behavior of glycophytes. At the germination stage, marram grass seems to be much more sensitive to
the saline stress than to the hydric stress. Indeed if this plant can tolerate polyethylene glycol concentrations
reaching 150g/I it does not support sodium chloride concentrations higher or equal to 9g/I. Thus in the littoral
dunes of the SIBE of the Moulouya embouchure, the germination of seeds would be controlled by the salinity of
the substrate rather than by its osmotic forces.
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INTRODUCTION

The formation of the littoral dunes is the resultant of the reciprocal action between the
wind, sand and the plants. In order that the sand transported by wind, settles and accumulates
it is necessary that the speed of the wind should be reduced by an obstacle like the plants [15].
The first obstacle met by the wind is marine debris, which initiates the formation of the
embryonic dunes [33].These last will be colonized by pioneer plants like Agropyron junceum.
Ammophila arenaria (or marram grass) will transform these dunes into mobile dunes [19]
whose substrate is not salty [11, 12]. Marram grass, which is highly adapted to the littoral
dunes, will be the object of our study. Ammophila arenaria is a graminaceous plant with
rhizome. The aerial part consists of tufts of leaves while the underground part contains a dense
network of rhizomes and adventitious roots. Flowering occurs from May to August [30], the
ears are ripe in July. Mature seeds are dispersed in September and germinate the following
spring [18]. Reproduction is primarily vegetative by rhizomes [35].The fruit is an albuminous
caryopsis. The study will concern seeds of Ammophila arenaria L. (Link), variety arundinacea
(Host) [34] growing on the mobile dunes of the SIBE (Site of Biological and Ecological Interest)
of the Moulouya embouchure (Mediterranean — North-eastern Morocco). This SIBE classified
RAMSAR site in 2005 [29], is located in the eastern region of Morocco, between the latitude
34°40’N and 35°08’N and between longitude 02°10°W and 02°50’W [16]. The rainfall varies
between 300 and 400 mm [27, 28] with an average value 330mn [37].Monthly average
temperatures fluctuate between a maximum (M =31.9) during the hottest months (summer)
and a minimum (m =4, 9) during the coldest months (winter). The level of vegetation is thermo
Mediterranean [1, 32] with a semi- arid bioclimatic weather [21, 36].

The aim of this study is to determine the optimal temperature of germination of seeds
and to test the effect of the hydric and saline stress on the rate of germination. This will make
possible to compare the sensitivity of seeds with the two types of stress (hydric and saline) and
to deduce which factors could control the germination of marram grass in the site understudy.

MATERIALS AND METHODS

The seeds of marram grass were collected during the sampling of the dune flora in 2010
and preserved of moisture and ambient temperature. Only the intact seeds considered as being
ripe and viable are retained. The seeds have undergone three treatments: initially the action of
the temperature (to determine the optimal temperature of germination), then the action of the
hydric stress and saline stress (in optimum condition for temperature). The seeds are initially
disinfected in a bleach solution to 30% during 4 minutes, and then rinsed with distilled and
sterile water during 30 minutes. The seeds are deposited in sterile petri dishes containing two
layers of filter paper soaked with distilled water (effect of the temperature) or sodium chloride
(NaCl) solutions (saline stress) or polyethylene glycol solutions (PEG 6000) (hydric stress). Petri
dishes are incubated in a drying oven in the dark. Each test of germination is done in four
repetitions of 30 seeds. After 15 days of treatment, the germinated seeds are counted. A seed
is considered germinated when the radicle break through the seed coat [14].
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The results of germination are expressed in rate of germination, which is the
relationship between the number of germinated seeds and the full number of sown seeds.
The results are analyzed statistically by the analysis of variances (ANOVA).

RESULTS AND DISCUSSION

Statistical analysis shows a highly significant effect (the threshold a= 0.05) of the
temperature, hydric stress and saline stress on the rate of seed germination.

Effect of temperature

For the temperature (figure 1), the seeds germinate (rate higher than 50%) in a wide
range between 15 and 30°C (90.83 to 74.17%), thus joining the results of Bendimered & al. [5].
The optimal temperature of germination is 20°C (91.67%) what corroborates with the results of
other authors: between 15 and 25°C according to Bendimered & al. [5] and lower or equal
to 20°C according to Lachiheb & al. [26]. The low (5°C) or high (40°C) temperatures inhibit
germination. According to the classification adopted by Nafati [31], this optimum of
germination is low. This germinative behavior of marram grass is identical to that of other
graminaceous plants like Koeleria phleoides, Corynephorus articulatus [26] and Stipa
tenacissima [5].
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Figure 1: Effect of temperature on the germination rate of marram grass seeds
Effect of polyethylene glycol concentration

The rate of germination is maximal in distilled water (witness) and is reached 86.70%
(figure 2). The concentrations in PEG between 15 and 90g/l seem to affect little or no
germination and even for concentrations 120 and 150g/l the rate of germination remains
higher than 50%. The germination proceeds even in the presence of high PEG concentration
(200g/1) (19.10%). At 300g/I germination is completely inhibited. This shows the higher
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resistance of Ammophila arenaria to the hydric stress at germination stage. The rates of
germinations obtained are much higher than those of Talhaoui [39] (17% for 70g/| of PEG). In
comparison with others halophytes like Atriplex halimus, Ammophila arenaria seems to be
much more resistant to the hydric stress at the seed stage. Indeed the germination rate of
seeds of Atriplex halimus is strongly reduced to 8.80% by 100g/I of PEG [8]. The inhibiting effect
of the hydric stress at high concentration was observed at other species like Argania spinosa
[40, 41] and Atriplex nummularia [25].
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Figure 2: Effect of polyethylene glycol (PEG 6000) concentration on the germination rate of marram grass seeds
Effect of sodium chloride concentration

For salt, the germination rate decreases with the saline stress: the percentage of
germination decreases from 90.83% for the witness to 0.83% for 24g/l of NaCl concentration
(figure 3). The germination rate is slightly affected by concentrations 3 and 6g/l of NaCl (88,
33% and 77.50% respectively), however it is strongly reduced by the concentrations higher or
equal to 9g/I. Concentrations 30 and 40g/| inhibit germination completely. The high reduction
of the germination rate by the concentrations higher than 9g/| corroborates with the results of
Lachiheb & al. [26] where 11,60g/! of NaCl can strongly inhibit germination. The sensitivity to
salt at the seed stage was also observed at others halophyte like Atrpilex halumus [4, 25].The
comparison of the slope of trend curves (figure 2 & figure 3) shows that Ammophila arenaria
seems to be much more sensitive to the saline stress (toxic action of salt) that with the hydric
stress at the germination stage.

Although the marram grass behaves like a halophyte at the adult stage (tolerance level

of salt 20g/l, [24]), it is very sensitive to the saline stress at the germination stage. Germination
is maximal in distilled water recalling the germination behavior of glycophytes [2, 6, 9 10, 13,
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22]. The inhibiting effect of NaCl would be related to the toxic action of salt [4].This toxicity
would be influenced by a mineral imbalance in favor of an important load of sodium [20] and a
deficiency in potassium [23] on the embryo. The hormonal intervention in this inhibition is
combined with the action of salt [17]. Thus Behl and Jeschke [3] announce the important role
which the abscisic acid (ABA) plays in this inhibition. The ABA has the same properties that NaCl
and acts by limiting the absorption of water [38] and the synthesis of specific enzymes of
germination; in particular the alpha-amylase [7].
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Figure 3: Effect of sodium chloride (NaCl) concentration on the germination rate of marram grass seeds

CONCLUSION

The seeds of Ammophila arenaria germinate in a wide range of temperature. The

optimal temperature of germination is 20°C. The seeds seem to be much more sensitive to the
saline stress than to the hydric stress. This germinative behavior could explain why the marram
grass preferentially colonizes the unsalted dune zones like the mobile dunes.
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