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Abstract 
In light of the importance of seeds germinative phase in the progress of later stages of develop-
ment of any particular plant species in semi-arid and arid area, it is essential to study the germin-
ative behavior and to evaluate the tolerance of a perennial halophyte of Amaranthacaea family, 
Arthrocnemum glaucum (Del.) Ung. during this crucial phase. A study is devoted to this species 
seeds germination, which although it’s a mandatory halophyte, it’s less tolerant to salt stress in 
germination’ phase. Germinative tests are carried out in laboratory, on seeds putted in Petri dish-
es placed at different temperatures. They enable us to determine the optimal germination tem-
perature, which is 40˚C while the cold one (5˚C) completely inhibits it. The seeds of Arthrocnemum 
glaucum show an optimum germination of 44% in distilled water (NaCl 0 mm) similar to glyco-
phytes but they differ in their ability to germinate at higher salinities. Beyond 300 mM germina-
tion is completely inhibited. Prior to break dormancy seeds, a cold treatment at 5˚C has been 
achieved; the germination capacity of the seeds increases with the duration of the cold treatment. It 
increases from 30% after 2 weeks of treatment to 80% after a treatment of 27 weeks. 

 
Keywords 
Arthrocnemum glaucum, Halophilic Vegetation, Germination, Salt Stress, Oran (Algeria) 

 

 

 

*Corresponding author. 

http://www.scirp.org/journal/oje
http://dx.doi.org/10.4236/oje.2015.511045
http://dx.doi.org/10.4236/oje.2015.511045
http://www.scirp.org
http://creativecommons.org/licenses/by/4.0/


A. S.-A. Taleb-Bendiab et al. 
 

 
545 

1. Introduction 
Halophilic plant species are multi-purpose and have an important ecological interest since they allow the settle-
ment of marginal zones which have a certain constraint on the development of most glycophytes. Today they are 
at serious risk because of the sharp decline of the natural environment, by human actions, hence the interest of 
researchers find solutions favoring their regeneration. Knowing that the first critical phase of regeneration is 
germination, this work aims to study the germination capacity of Arthrocnemum glaucum, subject respectively 
to thermal factor and to salt stress. These both extrinsic parameters are essential and crucial in the study of phe-
nomena germination species growing in salt-affected environments. Zia and Khan [1] confirm it, temperature 
and salinity interact to affect the germination of halophytes. According to Pujol et al. [2] seeds germination in 
saline environments usually occurs in spring or in a season with heavy rainfall, when soil salinity is reduced. 

Arthrocnemum glaucum is a perennial subshrub belonging to the Amaranthaceae family [3], which trains 
hyperhalophilic groups colonizing temporarily submerged environments [4] and [5], such as Chotts and Sebkhas. 
“Sebkha” is an Arabic word that refers to closed depression with impervious bottom, temporarily occupied by a 
salt lake and or salt crust; evaporites specialists use it in a more restricted sense of a coastal area located above 
mean tide level (supra tidal ) in which operates evaporite interstitial crystallization process [6]. 

Also, Arthrocnemum glaucum is very present as belts at the Sebkha of Oran (Northwest Algeria) (Figure 1). 
This shrubby chamaephyte with woody stems at the base, lying down, straightens to bear curious vertical 

hinged branches with short internodes, which get partially renewed during the year [7]. First fleshy and bluish 
green than yellowish green, they turn red in autumn (Figure 2), dry and turn brown. 

Hidden by persistent calyx, fruits are achenes included in the swollen perianth with membranous or ± indu-
rated pericarp. Their shell gets thinner and tears at the base, leaving protrude a compressed, elongated and 
blackish seed (Figure 3(a), Figure 3(b)). The seed of 0.65 to 0.9 mm is drawn ovoid, shiny brown—black with 
crustacean, smooth or warty integument with abundant and fleshy albumen; the embryo is dorsal, arched with 
infer radicle [8]. 

2. Materials and Methods 
2.1. Biological Material 
Seeds, on which germination tests have been carried out, were collected during the autumn at a study station  
 

 
Figure 1. General overview and satellite image of the study station <Sebkha>. : Study station.                    

 

 
Figure 2. Arthrocnemum glaucum yellowish green aspect than red.                                           
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(a)                           (b)                           (c) 

Figure 3. Arthrocnemum glaucum seed with shell (a) and without shell (b) (c).                     
 
“Sebkha” of Oran (Northwest Algeria) located in semi arid bioclimatic level with hot winters according to 
“Emberger” “climagramme” [9].  

2.2. Method 
The seeds were manually separated from inflorescences and sorted using a binocular microscope as their small 
size. Only intact seeds and considered ripe were selected for counting. Having sorted the seeds we put them in 
the fridge for up dormancy by cold treatment. We superficially sterilized seeds by placing them for 5 minutes in 
a sodium hypochlorite solution and then we have well rinsed them with sterile distilled water. 

Each germination test is conducted in five repetitions of 10 seeds each. Seeds intended to germinate are ar-
ranged in Petri dishes of 9 cm diameter containing a layer filter paper soaked in distilled water (4 ml) or NaCl 
solution (4 ml) at various concentrations. The germinated seeds are counted and recorded. A seed is considered 
to have germinated when the radicle had pierced the integument [10] (Figure 3(c)). The observations of seeds 
were made every day and the Petri dishes were sprayed as necessary. The germination test took place over 28 
days. To determine the optimum temperature species germination, the tests are conducted at 5˚C (in the refrige-
rator), at the laboratory ambient temperature (18˚C - 20˚C) and at 30˚C and 40˚C (in oven) after seeds cold 
treatment that lasted two weeks. 

The trial was continued on seeds that remained longer in cold (2 months). These seeds were put germinated 
with sodium chloride at varying concentrations (NaCl): 0 mM (control), 50 mM, 100 mM, 200 mM, 300 mM, 
400 mM, 500 mM, 600 mM, 700 mM, 800 mM, 900 mM to 1000 mM. The Petri dishes were incubated at the 
optimal germination temperature. 

3. Results and Interpretations 
The effect of temperature, NaCl on germination and the effect of cold treatment duration on seeds were studied 
for each of the following parameters: 
• Final germination rate expressed by the number of germinated seeds to the total number of seeds;  
• Germination kinetics to identify growth germination function of time; 
• Germination speed used here as the mean germination time (TMG) 

( )
TMG 100n

n jn
∑

= ×
∑ ⋅

 

with: n the number of germinated seeds the day j and jn the number of days after seeding;  
• Average daily germination (MDG = Mean Daily Germination) is, according to Osborne and Nercer [11], the 
percentage of final germination/number of days the final germination. 

To compare the average germination capacity, we conducted the comparison of averages by Khi-squared test 
at the 5% using SPSS 20 software. To each average is assigned a letter (e.g. A, B, C, D or E) and values with the 
same letter do not differ at the 5% threshold (p ≤ 0.05 significant difference).  

3.1. Effect of the Temperature on Germination 
The results (Figure 4) show an optimum germination for seeds germinated in distilled water and placed in a  
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Figure 4. Variation of seeds germination rate as a function of 
temperature.  A˚C = 18˚C - 20˚C.                       

 
temperature equal to 40˚C. The cold seems to cause complete inhibition of germination. 

At 40˚C seed germination occurred after one day which shows us the speed of germination of Arthrocnemum 
glaucum seeds and therefore a form of adaptation to extreme environments (Figures 5-7). 

3.2. NaCl Effect on Germination 
Figure 8 below shows the effect of NaCl on the seeds germination rate of the species studied. For the control 
concentration (0 mM NaCl), the seeds germination rate is around 44%. The salinity significantly reduced ger-
mination of these seeds (21%) at the lowest dose of NaCl applied so 50 mM. The NaCl tolerance of these seeds 
is 300 mM with a rate of 2%. Above this limit, the germination was completely inhibited. 

Figure 9 shows that the curves of the germination percentage of seeds, putted to germinate on different con-
centrations of NaCl, are located below the control curve and approach zero gradually as the dose of NaCl in-
creases. It also reveals a slow and delayed germination process (Figure 10 and Figure 11). 

All of these interpretations have been confirmed by several authors as Katembe et al. [12] or Bajji et al. [13]: 
An increase in salt stress induces both a reduction in the percentage of seeds germination and a delay in the init-
iation of the germination process [14]-[16], but can also cause complete inhibition of germination process at sa-
linities beyond the tolerance limits of the species [17]. 

The failure of germination under saline conditions was attributed by some authors to the lowering of the soil 
water potential and/or to an ionic toxicity [16]; but recently this effect has also been attributed to oxidative stress 
induced by salinity [17]. 

Also, the germination of many halophytes occurs at times when there is an optimum combination of day 
length, temperature regime and salinity [1]. 

3.3. Effect of Seeds Cold Treatment (5˚C) Duration 
Figure 12 shows that the germination capacity of seeds increases with the duration of the cold treatment (5˚C). 
It increased from 30% after 2 weeks of treatment to 80% after treatment for 27 weeks. Figure 13 shows the 
evolution of the germination time (28 days) for each of three cold treatments. The results show that the curve of 
27 weeks of cold treatment is significantly off the other two and that, from the first days of the trial. 3 phases are 
observed: a lag phase, a substantially linear phase corresponding to a rapid increase in germination, a phase step 
representing the final germination percentage. 

The data in Figure 14, illustrating the effect of the duration of cold treatment (5˚C) on the rate of germination, 
expressed by the daily germination time, show that the increase of the duration of cold treatment causes a 
marked reduction in average time germination (less than 2 days) whereas in Figure 15, the average per day of 
germination (%) increases (3%). 

4. Conclusions 
The results reported in this study show that Arthrocnemum glaucum is a halophyte sensitive to the action of 
temperature and salinity at the stage of germination. 

The optimum germination temperature is 40˚C and any temperature reduction inhibits germination. 
The final germination and germination rate linearly decreases with increasing salt concentrations. Although it 

is a halophyte, it turns out that Arthrocnemum glaucum is very sensitive to salt; it manifests salt stress in germi- 
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Figure 5. Kinetic seeds germination as a function of temperature.  A˚C = 
18˚C - 20˚C.                                                           
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Figure 6. Variation of the daily average of germination as a function of tempe- 
rature. A˚C = 18˚C - 20˚C.                                                           
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Figure 7. Variation in average germination time as a function of temperature. A˚C 
= 18˚C - 20˚C.                                                           
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Figure 8. Variation of seeds germination rate as a function of salt stress.               
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Figure 9. Kinetics of seeds germination as a function of salt stress.                
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Figure 10. Variation of the daily average of germination as a function of 
NaCl concentrations.                                                          
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Figure 11. Variation of average germination time as a function of NaCl 
concentrations.                                                              
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Figure 12. Variation of the germination rate of seeds as a function of seeds 
cold treatment (5˚C) duration.                                                              
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Figure 13. Kinetics of germination as a function of the seeds cold treatment 
(5˚C) duration.                                                              
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Figure 14. Variation of the daily average of germination 
as a function of cold treatment (5˚C) duration.                    
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Figure 15. Variation of average germination time as a 
function of cold treatment (5˚C) duration.                    

 
nation phase and prefers to germinate in distilled water. This result shows that it is difficult to link salt tolerance 
during germination to the species ecology or to its tolerance at the adult plants stage. 

According to Dell’aquila and Spada [18], salinity can activate or stimulate the genesis of some proteins during 
germination. Thus, the halophytes have seeds rich in proteins, oils and carbohydrates that can provide tremend-
ous value to alternative crops in agricultural areas affected by salinity [19]. Specifically, Arthrocnemum glau-
cum deserves special attention in biodiversity conservation efforts, as it has great ecological plasticity and can be 
used for development projects and rehabilitation of degraded marginal ecosystems. This study should be ex-
tended to other halophytes especially as, according to Wetson et al. [20], on a total of about 2400 halophilic 
species reported by Lieth et al. [21], the germination data are , however, only available for a few hundred spe-
cies. 
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