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ABSTRACT
The present study consists of the elimination of tegumentary inhibition affecting seeds of
Retama raetam by the chemical scarification.
scarification This pretreatment was carried out using pure
sulfuric acid (98 %) and the seeds' germinative behavior was studied in the laboratory under
controlled conditions of temperature and salinity. The results reveal that the chemical
scarification by the sulfuric acid during six hours, had favored the germination of seeds which
were incapable of germinating
ing. The thermal optimum of germination expressed by the highest
germination capacities and speeds as well as the shortest average times of germination and
latency times corresponded to 20 °C and 25 °C. At low temperatures (0 °C and 5 °C) and high
temperatures (35 °C and 40 °C),
°C the germination was not possible.The
The seeds of R. raetam are
sensitive to salinity, when the NaCl
N
concentration increases the rate of germination decreases
decreases.
The threshold of tolerance was recorded at 272 mM, from which the germination was
inhibited.
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1. INTRODUCTION
Retama raetam is a shrub belonging to Fabaceae family, developing in the arid regions of the
Mediterranean basin [1, 2]. The high regression of leafs’ surface and of the presence of
stomata in the crypts surrounded the fibers constitute morpho-anatomic characteristics
permitting the species to adapt to xerophytism [3].
Thanks to its very developed root system and its characteristics to establish myccorhyzal
symbiotic associations, this species ensures the stabilization of dunes, the soil fixing in the
arid and semi-arid ecosystems [4, 5] and the amelioration of the fertility of damaged and
eroded soils [6, 7].
Besides, R. raetam is capable of producing important quantities of biomasses which are used
as fodder [6]. Moreover, other works denote the medicinal value of this Fabaceae species as
diuretic and hypoglycemic [8, 9] and its anti-oxidant and anti-microbial activities [10, 11, 12].
In Algeria, this species is in progressive decline which results from a particular climate related
to periods of prolonged dryness that imposes a potential but permanent risk of salinization and
soil degradation [13, 14, 15, 16], of the anthropo-zoogenic action and the difficulties even the
absence of its natural regeneration by the sexual way [17]. In addition, currently the lack of
information about the physiology of germination of R. raetam seeds, the hardness of its coats
and their impermeability to water and oxygen seem to be in the same case as many other
Fabaceae [18, 19, 20], those are the essential causes of the absence of such way of
regeneration.
In order to add new elements that can contribute to the regeneration and conservation of R.
raetam, we have undertaken, in the laboratory, an experimentation that aims at removing the
coats inhibition affecting the seeds by the chemical scarification using sulfuric acid, also aims
to determine the thermal optimum of germination and the threshold of salt tolerance.

2. RESULTS AND DISCUSSION
2.1. Observation of the first germination stages
Figure 1 illustrates the germination evolution of R. raetam seeds pretreated with the sulfuric
acid for 6 hours and germinated at a temperature of 25 °C. On the second day of germination,
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the seed swells appreciably; then, at the end of the third day, the radicle breaks the coats and
starts to lengthen from the fourth day (beginning of the growth).

Fig.1. The different stages of seeds germination of R. raetam

a: Retama raetam seed, b: the swelling of the seed, c : the breaking of coats by the radicle, d:
the lengthening of the root, Co: coat, Ra: radical.
3.2. The influence of sulfuric acid on germination
Figure 2 shows the effect of the pretreatment duration with sulfuric acid on the germination
kinetics of seeds. The pretreated seeds with the sulfuric acid during 2 hours started to
germinate on the 6th day, reaching a maximum value of 80% of germination the 9th day.
However, the germination of the scarified seeds for 4 h and 6 h began the 3rd day reaching a
maximum percentage of germination of 100 % respectively at the 8th and 7th day. On R.
raetam evolving in Egypt, the best germination rate was obtained between 15 °C and 20 °C,
with seeds scarified by sulfuric acid for 20 minutes [21]. The seeds which have been scarified
for 8 h, started to germinate the 3rd day attaining only 60 % as a final percentage at the end of
the 6th day. Similar observations were noted by Bouredja et al. [20] whose demonstrated that
the chemical scarification had permitted the coats softening of Retama monosperma seeds
which promote the germination. The same results were demonstrated in our tests after
pretreatment with sulfuric acid during 4h, 6h and 8h. On the contrary, the pretreatment of 1, 2
and 3 hours in sulfuric acid did not favorise the germination. Pretreatments duration higher
than 8 hours had been revealed destructive. The efficiency of this pretreatment on removing
the tegumentary inhibition of leguminoseae species of Sahel, was checked in the work of Sy
et al. [22]. The chemical scarification using sulfuric acid was revealed as well encouraging the
germination of Alfa (Stipa tenacissima), a lasting poaceae of the high stepic plains, which
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natural germination particularly through sexual way is difficult even absent [23, 24].
The results that follow were obtained from pretreated seeds with the sulphuric acid during 6
hours; this duration allowed the lifting of tegumentary inhibition affecting our seeds and gave
the best percentages of germination.

Fig.2. The effect of the different duration of chemical scarification with sulfuric acid on the
germination of R. raetam

3.3. The influence of the thermal conditions
The germination kinetics of R. raetam seeds according to different temperatures is illustrated
in figure 3. Three phases are distinguished in the germination curves represented in this
figure.
- A latency phase, necessary for the appearance of the first germinations, in which the
germination rate is weak. The duration of this phase was variable according to the temperature.
This phase was short (2 to 3 days) for the temperatures 20, 25 and 30 °C, and started to get
longer (4 to 5 days) for the temperatures 10, 15 and 35 °C,
- An exponential phase, corresponding to a fast increase of the germination rate which
amplifies proportionally to time,
- A linear phase representing the final percentage of germination signifying the germination
capacity in the experimental conditions.
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Fig.3. Germination kinetics of R. raetam seeds according to different temperatures

The comparison between the temperatures reveals that the percentage of germination at 20 °C
and 25 °C increases rapidly reaching maximum germination capacities (70 %), germination
speed (20.25 at 16.44 %) and a short latency time (3 to 4 days).
However, the slowest evolution of germination rate is observed at the temperatures 10 °C and
35 °C recording germination capacities respectively of 33.33 % and 41.67 %.
At the temperatures of 15 °C and 30 °C, middling germination capacities are noted,
respectively in the order of 46.67 % and 48.33 %. At the temperatures 0, 5 and 40 °C, the
germination was inhibited (Figure 4).

Fig.4. Temperature effect on the germination capacity (GC) and the velocity
coefficient (VC)
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The different letters indicate a significant difference between the means (P < 0.05).
The significant effect of the temperature on the germination capacity and speed is confirmed
by the analysis of variance and Tuckey’s test (P < 0.05).
At lower temperatures (0 and 5 °C) or higher (40 °C), it is possible that the embryo does not
receive a sufficient amount of oxygen for germination. In fact, the embryo requires more
oxygen when the temperature decreases or increases. In addition, the lower and the higher
temperatures can denaturalize some enzymes which are essential for the basic metabolism of
germination [25].
Our results join those of Bouredja et al. [20], which indicate that the optimal temperature of
the germination of Retama monosperma seeds is 20 °C, while at the temperatures 5 °C, 35 °C
and 40 °C, the germination weakens.
Aissat and Mehdadi [26] highlighted that the thermal optimum of the germination of
Medicago arborea seeds, a Fabaceae species, is similar to R. raetam, is of 25 °C. The
germination started at 5 °C with weak rates, decreased at a temperature higher than 30 °C and
canceled out at 40 °C.
On the other hand, Berka and Harfouche [27] noted that the germination was weak even
absent at low temperatures for the seeds of Argania spinosa L. At a temperature of 6 °C, the
germination was practically inhibited. At 10-14 °C, the percentage of germination still
remained weak and a maximum of 6 % was obtained at the end of 28 days. The germination
starts to be consistent from 25 °C (75 % in 56 days) to reach 28 °C (80 % in 56 days).
Comparably to those findings, Mbaye et al. [25] emphasized that the optimal temperatures of
germination were variable from one species to another. For Zornia glochidiata, the
germination optimal temperature set between 25°C and 30°C, and the germination rates
decreased and canceled out at 45°C.
3.4. The influence of salinity
Figure 5 shows the effect of the different NaCl concentrations on the evolution of the
germination rate according to time.
The germination curves permit to distinguish three phases (Figure 5):
- A latency phase, necessary for the appearance of the first germinations, in which the
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germination rate is weak. The duration of this phase varied according to the concentration of
NaCl. It was short, about 3 days, for the control seeds and those submitted to 34 mM of NaCl.
This phase was longer for seeds especially those subjected to 204 mM of NaCl where the
value reached 9 days,
- An exponential phase, corresponding to a fast increase of the germination rate which
amplifies proportionally to time, particularly for the control seeds and those submitted to the
concentrations lower than 102 mM,
- A third phase appreciably linear representing the final percentage of germination signifying
the germination capacity.

Fig.5. Germination kinetics of R. raetam seeds according to different saline concentrations.

Through the comparison of the germination capacities, it appears that R. raetam seeds tolerate
saline concentrations of 34 and 68 mM, High capacities of germination were recorded but
always remained lower than those obtained at control seeds with respective values of 65 and
61.17 %. From 102 mM, the capacity of germination decreased gradually until 238 and 272
mM to cancelling out at 306 mM.
The salt had the same effect on the germination speed which had decreased with the
increasing of NaCl concentration. For the control test, the speed of germination was of
20.25 %, then, it decreased gradually with the increase of the salt concentration reaching 238
and 272 mM of NaCl, with a rate of 3.33% (Figure 6).
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Fig.6. Effect of saline concentrations on the germination capacity and the velocity coefficient

The different letters indicate a significant difference between the means (P < 0.05).
Similar results were obtained on species belonging to the Fabaceae family such as Cicer
arietinum [28], Butea monosperma [29], Spartidium saharae [30], Cicer arietinum [31],
Medicago ciliaris and Medicago polymorpha [32], Medicago sativa [33], Medicago arborea
[34].
3.5. The reversibility of the germination inhibition
It was observed that the salt exercises a depressive effect on the germination seeds, at high
concentrations (238 and 272 mM) of NaCl.
This depressive effect can be osmotic or toxic. A recovery of germination after raising this
constraint was noticed. It may be admitted that the inhibition of seeds germination of
R. raetam is from osmotic nature. In the case of toxic effect, the recovery of germination is
not possible.
The results showed that salt effects are firstly osmotic, owing to the germination recovery
once the stress is removed. Nevertheless, a toxicity action could also occur due to the
accumulation of Na+ and Cl- ion with a decrease of the germinative rate compared to the
control test, even after the removal

an environment unsupplied with salt (Figure 7).

The reversibility of the response to salt was demonstrated in many works on different species
[31, 35, 36].
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Fig.7. The reversible effect of NaCl on the germination kinetics

3. EXPERIMENTAL
3.1. Material
The studied seeds are oval, smooth, having a dark to black color, and from 3-7 mm of length
(Figure 1). They have been collected in June 2010, in the high steppic plains of Djelfa
(Algeria), situated at 1150 m of altitude and at 34° 41’ North and 3° 15’ East Lambert
coordinates.
The climate of this region is continental with cold and humid winter and dry and warm
summer [37].
3.2. Methods
3.2.1. Selection and pretreatments of seeds
Seeds for germination tests were selected. Only mature, uncontaminated and undeformed
seeds were used. They were disinfected by sodium hypochlorite (5 %) for 10 minutes, and
then rinsed with distilled water to remove all traces of chlorine.
The preliminary tests of germination have revealed the presence of tegumentary inhibition
affecting R. raetam seeds, those, which have not been pretreated, did not germinate. Thus, we
had resorted to the chemical scarification using pure sulfuric acid (98 %) in order to remove
this inhibition to reach the aims of the present work [38].
Six pretreatment durations with sulfuric acid (1, 2, 3, 4, 6 and 8 hour) are applied on seeds
before their germination in an oven Memmert Type, at a continuous temperature of 20 °C.
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The scarified seeds are rinsed many times with distilled water then disposed in Petri dishes
containing two layers of filter paper moistened by distilled water. Five replicates of 25 seeds
each were used for every pretreatment’s duration.
The percentage of germination is recorded daily until the stabilization of the process. The
seeds were considered to have germinated as of the appearance of the radical.
3.2.2. The effect of temperatures on germination
The seeds germination previously scarified by sulfuric acid during 6 hours (the pretreatment
duration giving the best germination rates) were carried–out in different temperatures: 0, 5, 15,
20, 25, 30, 35 et 40 °C.
3.2.3. The effect of salinity on germination
The germination of R. raetam seeds has been tested under the effect of the different saline
solutions based on sodium chloride (NaCl) at different concentrations: 34, 68, 102, 136, 204,
238, 272 mM. In parallel, a control lot was conducted using distilled water.
Five replicates of 25 seeds each were used for each test of germination and for every saline
solution. Seeds were germinated in Petri dishes containing two layers of filter paper wetted
with distilled water (control) and with corresponding saline solutions, then randomized in an
incubator (Memmert type) and maintained at continuous temperature of 25 °C. Seeds were
daily moisturized in order to maintain a sufficient humidity for the germination of seeds.
3.2.4. The reversible effect of salt
This parameter allows defining the nature of the depressive effect of salt, if it is osmotic
and/or toxic. Therefore, we adopted the protocol of Hajlaoui et al. [31], which consisted of
testing the germination recovery performance after exposure the seeds to NaCl solution (272
mM, saline concentration that inhibited germination) at the temperature of 25 ° C for four
days. On the fifth day, the ungerminated seeds were rinsed three times to remove unabsorbed
salt then divided into five batches of 25 seeds each in medium consisting of distilled water for
four additional days.
3.2.5. Data estimation
Results were estimated using: germination capacity (GC %), velocity coefficient (VC) or
germination speed and latency time (LT) [39, 25].
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The average values of the different parameters were compared by the analysis of variance
(ANOVA I) and the test of Tuckey using SPSS Statistics 20 software.

4. CONCLUSION
In the light of the obtained results, it revealed that R. raetam seeds are affected by a coat
dormancy, which can be removed by a chemical scarification with sulfuric acid during 6h.
The germination tests carried out on the seeds earlier scarified with sulfuric acid showed a
significant effect of the temperature and of salinity on the different measured parameters of
germination.
In fact, we showed that R. raetam seeds could

germinate at the temperatures between 10 °C

and 30 °C with a recorded optimum at 20 °C and 25 °C. The low and the high temperatures,
respectively lower than 5 °C and higher than 35 °C, inhibited the germination.
It is also revealed that our species tolerate the weak concentrations of NaCl (34 and 68 mM)
where a maximum rate of germination compared to the control’s obtained was of 65 %. This
rate tends to decreases as long as the content of salt increases. The germination was no longer
possible above 272 mM.
Those findings indicate that this species belong to non halophytes resistant plants, which can
support weak salt concentrations [41].
The data obtained contribute to a better comprehension of regeneration mechanisms of R.
raetam by seedling. They may be useful in the management and conservation programs of this
species. This study must be supplemented by the analysis of the effect of abiotic stresses in
addition to the temperature and salinity on various developmental stages.

6. REFERENCES
[1] Boulila F, Depret G, Boulila A, Belhadi D, Benallaoua S, and Laguerre G. Retama species
growing in different ecological–climatic areas of northeastern Algeria have a narrow range of
rhizobia that form a novel phylogenetic clade within the Bradyrhizobium genus. Syst. Appl.
Microbiol., 2009, 32 (4), 245-255.
[2] Belmokhtar Z and Kaid-Harche M. Evaluation of Genetic Diversity in Three Species of

Z. Mehdadi et al.

J Fundam Appl Sci. 2017, 9(3), 1284-1299

1295

Retama Genus: R. monosperma (L) Boiss, R. raetam (Forssk) Webb and R. sphaerocarpa (L)
Boiss. (Fabaceae). Current Research Journal of Biological Sciences, 2012, 4 (2), 202-205.
[3] Hatimi A. Symbiotes racinaires de trois légumineuses arborescentes de dunes littorales de
Souss-Massa. INRA (eds.), Paris. Les Colloques, 1995, 77, pp. 183-190.
[4] Farchichi A. La lutte contre l’ensablement et pour la stabilisation des dunes: Essai de la
fixation biologique des dunes en Tunisie présaharienne. Recherches sur la désertification dans
la Jeffara. Rev. Tunis. Geogr., 1996, 12: 49–102.
[5] Harche K.M, Djabeur A, Bokhari H.T.B, Selami N, Sangaré M, and Mahboubi S..
Contribution à la connaissance de deux rétames : Retama monosperma et Retama raetam.
Revue des régions arides (Tunis), 2007, 572-578.
[6] Mahdhi M, Nzoué A, De Lajudie P, and Mars M. Characterization of root-nodulating
bacteria on Retama raetam in arid Tunisian soils. Progress in Natural Science, 2008, 18 (1),
43-49.
[7] Alguacil M.M, Torres M.P, Torrecillas E, Díaz G, and Roldán A. Plant type differently
promote the arbuscular mycorrhizal fungi biodiversity in the rhizosphere after revegetation of
a degraded, semiarid land. Soil Biol. Biochem., 2011, 43 (1), 167-173.
[8] Maghrani M, Michel J.B, and Eddouks M. Hypoglycaemic activity of Retama raetam in
rats. Phytotherapy Research, 2005, 19 (2), 125-128.
[9] Algandaby M. M, Alghamdi H. A, Ashour O. M., Abdel-Naim A. B, Ghareib S. A,
Abdel-Sattar E. A, and Hajar A. S. Mechanisms of the antihyperglycemic activity of Retama
raetam in streptozotocin-induced diabetic rats. Food and Chemical Toxicology, 2010, 48 (8),
2448-2453.
[10] Saadaoui B, Bekir J, Akrout J, Ammar S, Mahjoub A, and Mars M. Etude de la
composition et du pouvoir antioxydant des composés phénoliques de quelques espèces
végétales de l'aride tunisien. Revue des régions arides, 2007, 316-321.
[11]

Edziri H,

Mastouri M,

Ammar S,

Matieu M,

Patrich G,

Hiar R,

Mahjoub M.A, Ali S.M, Gutmann L., Zine M, and Aouni M. Antimicrobial, antioxidant,
and antiviral activities of Retama raetam (Forssk.) Webb flowers growing in Tunisia
World Journal of Microbiology and Biotechnology, 2008, 24 (12), 2933-2940.

Z. Mehdadi et al.

J Fundam Appl Sci. 2017, 9(3), 1284-1299

1296

[12] Awen B.Z.S, Unnithan C.R, Ravi S, Kermagy A., Sasikumar J.M, Khrbash A.S, and
Ekreem W.L. Essential oils of Retama raetam from Libya: chemical composition and
antimicrobial activity. Natural product research, 2011, 25 (9), 927-933.
[13] Rognon P. Sécheresse et aridité: leur impact sur la désertification au Maghreb. Science et
changements planétaires/Sécheresse, 1996, 7(4), 287-297.
[14] Djili K, Daoud Y, Gaouar A, and Beldjoudi Z. La salinization secondaire des sols au
Sahara. Conséquences sur la durabilité de l'agriculture dans les nouveaux périmètres de mise
en valeur. Sécheresse, 2003, 14(4): 241-246.
[15] Belkhodja M. and Bidai Y. Réponse des graines d’Atriplex halimus L. à la salinité au
stade de la germination. Sécheresse, 2004, 15 (4) : 331-335.
[16] Taïbi K, Taïbi F, Abderrahim L.A, Ennajah A, Belkhodja M, and Mulet J.M. Effect of salt
stress on growth, chlorophyll content, lipid peroxidation and antioxidant defense systems in
Phaseolus vulgaris L. South African Journal of Botany, 2016, 105, 306-312.
[17] Ferrauto G, Guglielmo A, Lantieri A, Pavone P, and Salmeri C. Pollen morphology
and seed germination studies on Retama raetam ssp. gussonei, endemic subspecies from
Sicily. Plant Biosystems, 2015, 149(2), 251-259. doi:10.1080/11263504.2013.845265.
[18] Hanna P.J. Anatomical features of the seed coat of Acacia kempeana (Mueller) which
relate to increased germination rate induced by heat treatment. New Phytologist, 1984, 96(1),
23-29.
[19] Cavanagh T. Germination of hard-seeded species (Order Fabales). In: Germination of
Australian native plant seed, Melbourne, Inkata Press, 58-70.cellular responses and tolerance
to dehydrayion and cold stresses. Annu. Rev. Plant Biol., 1987, 57, 781- 803.
[20] Bouredja N, Mehdadi Z, Bendimered F.Z, and Cherifi K. Effets de quelques
prétraitements physico chimiques sur la levée de l’inhibition tégumentaire des graines de
Retama monosperma Boiss. Et recherches des conditions thermiques optimales de
germination. Acta Bot. Gallica, 2011, 158 (4), 633-643.
[21] Ashraf M.Y. Seed germination of some desert plants from Egypt. Journal of Applied
Sciences Research, 2009, 5 (2), 144-150.
[22] Sy A, Grouzis M, and Danthus P. Seed germination of seven Sahilian legume species.

Z. Mehdadi et al.

J Fundam Appl Sci. 2017, 9(3), 1284-1299

1297

Journal of Arid Environments, 2001, 49 (4), 875-882.
[23] Mehdadi Z, Benaouda Z, Latreche A, Benhassaini H, and Bouchaour I. Contribution à
l’étude de la régénération naturelle de Stipa tenacissima L. dans les hautes plaines steppiques
de

Sidi

Bel‐Abbès

(Algérie

occidentale).

Science

et

changements

planétaires/Sécheresse, 2004, 15 (2), 167-171.
[24] Bessam F.Z, Mehdadi Z, Mahjoub Bessam H, and Marouf A. Effets de quelques
prétraitements physiques sur l’amélioration des performances germinatives de Stipa
tenacissima L. et caractérisation des substances inhibitrices. Acta Bot. Gallica, 2010, 157,
349-360.
[25] Mbaye N, Diop A.T, Gueye M, Diallo A.T, Sall C.E, and Samb P.I. Etude du
comportement germinatif et essais de levée de l'inhibition tégumentaire des graines de Zornia
glochidiata Reichb. ex DC., légumineuse fourragère= Estudio del comportamiento
germinativo y ensayos sobre el levantamiento de la inhibicion tegumentaria de las semilas de
la leguminosa forragera Zornia glochidiata Reichb. ex DC.= Germinative behavior of Zornia
glochidiata Reichb. ex DC. seed, a leguminous fodder crop, and trials to suppress
integumentary

inhibition. Revue

d'élevage

et

de

médecine

vétérinaire

des

pays

tropicaux, 2002, 55(1) : 47-52
[26] Aisset A. and Mehdadi Z. Effect of salinity and water stress on the germination of
Medicago arborea L. seeds. J. Appl. Environ. Biol. Sci., 2016, 6 (2), 113-121.
[27] Berka S. and Harfouche A. Effets de quelques traitements physiques et chimiques et de la
température sur la faculté germinative de la graine d’arganier (Argania spinosa L.) Skeels.
Rev. Forestière Française, 2011, Tome LIII : 125-130.
[28] Khalid M.N, Iqbal H.F, Tahir A, and Ahmad A.N. Germination potential of chickpeas
(Cicer arietinum L.) under saline conditions. Pakistan Journal of Biological, 2001, 4 (4),
395-396.
[29] Hirpara D.D, Ramoliya K.J, Patel A.D, and Pandey A.N. Effect of salinisation of soil on
growth and macro-and micro-nutrient accumulation in seedlings of Butea monosperma
(Fabaceae). Anales de biología, 2005, 27, 3-14. Facultad de Biología.

Z. Mehdadi et al.

J Fundam Appl Sci. 2017, 9(3), 1284-1299

1298

[30] Derbel S and Chaieb M. Germination behaviour and seedling establishment of two desert
shrubs, Calligonum polygonoides (Polygonaceae) and Spartidium saharae (Fabaceae),
under experimental conditions. Acta Botanica Gallica: Botany Letters, 2007, 154(4), 533-544.
doi:10.1080/12538078.2007.10516079
[31] Hajlaoui H, Denden M, and Bouslama M. Etude de la variabilité intraspécifique de
tolérance

au

stress

salin

du

pois

chiche

(Cicer

arietinum

L.)

au

stade

germination. Tropicultura, 2007, 25 (3), 168-173.
[32] Chérifi K, ElHoussein B, and Abdelhamid E. Diversity of Salt Tolerance During
Germination in Medicago ciliaris (L.) and Medicago polymorpha (L.). Atlas Journal of Plant
Biology, 2011, 1 (1), 6–12, doi: 10.5147/ajpb.2011.0029
[33] Lachhab I, Louahlia S, Laamarti M, and Hammani K. Effect of salt stress on germination
and enzyme activity in two genotypes of Medicago sativa. International Journal of Innovation
and Applied Studies, 2013, 3 (2), 511-516.
[34] Nedjimi B, Mohammedi N, and Belkheiri S. Germination Responses of Medic Tree
(Medicago arborea) Seeds to Salinity and Temperature. Agricultural Research, 2014, 3(4),
308-312.
[35] Zekri M. Seedling emergence, growth, and mineral concentration of three citrus
rootstocks under salt stress. Journal of plant nutrition, 1993, 16 (8), 1555-1568.
[36] Esaïe T. Effet du sel (NaCl) sur la germination de graines de légumineuses. Cahiers
Agricultures, 1995, 4(3), 207-209.
[37] Quézel P. Réflexions sur l’évolution de la flore et de la végétation au Maghreb
méditerranéen. Ibis Press, 2002, Paris, 112 p.
[38] Danthu P, Gaye A, Roussel J, and Sarr A. Long-term conservation of seed pretreated by
sulfuric acid. In: Innovations in tropical tree seed technology. Humlebaek, Denmark: Danida
Forest Seed Centre, 1996, pp. 37-44.
[39] Côme D. Les obstacles à la germination. (Monographie de physiologie végétale, n° 6),
Paris, Masson et Cie, 1970, 162 p.
[40] Heller R, Esnault R, and Lance C. Physiologie végétale.1. Nutrition., Ed. Dunnod, 1990,
pp.85-115.

Z. Mehdadi et al.

J Fundam Appl Sci. 2017, 9(3), 1284-1299

1299

[41] Calu G. Effet du stress salin sur les plantes. Comparaison entre deux plantes modèles:
Arabidopsis thaliana et Thellungiella halophila. Trends in Plant Science, 2006, 11, 1-8.

How to cite this article:
Mehdadi Z, Bendimered FZ, Dadach M, Aisset A.Effects of temperature and salinity on the
seeds germination of retama raetam (forssk.) webb. Scarified with sulfuric acid. J. Fundam.
Appl. Sci., 2017, 9(3), 1284-1299.

