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Abstract Ephedra alata Decne is a perennial shrub and it is a very effective sand-binder. In Saudi

Arabia, the species is associated with sand dunes formation, especially the mobile, non-saline and

low moisture content ones. Its geographical distribution in Saudi Arabia includes the Northern,

Eastern and Central regions. The aims of this study were to determine the effects of temperature,

water potential and Sodium Chloride on germination of E. alata. Seeds were collected from King

Khalid Centre of Wildlife Research and Development at Thumama (80 km north east of Riyadh),

Saudi Arabia. Seeds were germinated at four alternating temperature regimes (8/22; 9/23; 13/27 and

18/35 �C). Seeds were also germinated under stress of aqueous Polyethylene Glycol (PEG) solutions

mixed to create water potentials of 0; �0.3; �0.6; �1.2 and �1.5 MPa. Seed were also germinated in

Sodium Chloride solutions of 0, 0.05, 0.1, 0.2 and 0.3 mol l�1. Optimum germination was attained

at 13/28 �C that corresponds to temperatures prevailing during spring time. Seeds germinated in

Polyethylene Glycol solutions exhibited significantly lower germination than control especially

when water potential fell below �0.3 MPa. Germination was also negatively affected by 0.1 mol l
�1 Sodium Chloride solution or above. Results indicated that the germination temperature

responses of the nondormant seeds synchronize the event of germination with the season when
om (W.A. Al-Taisan).
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environmental conditions are more favorable for subsequent growth and seedling establishment.

Germination was also sensitive to both water potential and salinity.

ª 2010 King Saud University. All rights reserved.
Table 1 Duration of temperatures �C (maximum; minimum

and mean) and distribution of rainfall (mm) of Thumama

region, Riyadh, Saudi Arabia.

Month Temperature (�C) Rainfall

(mm)
Maximum Minimum Mean

January 20.0 6.9 13.4 16.8

February 23.0 9.0 16.0 10.3

March 27.6 13.1 20.4 22.7

April 33.3 18.2 25.9 27.3

May 39.4 23.3 31.9 3.8

June 42.5 25.0 34.6 0.0

July 43.7 26.3 35.8 0.0

August 43.7 26.2 35.7 0.0

September 40.5 22.7 32.3 0.0

October 35.4 18.1 27.2 1.4

November 28.2 13.4 20.8 13.9

December 22.1 8.5 15.2 17.4
1. Introduction

Ephedra alata Decne is a gymnosperm (family Ephedraceae).
Only two species, of Ephedra are represented in the native flora

of Eastern Saudi Arabia, E. alata is a perennial shrub, stiff, yel-
low-green, densely branched, 40–100 cm tall and often wider
than high. Twigs striate. Cones sessile and clustered in the axils

(Mandaville, 1990; Migahid, 1996; Collenette, 1999). In Saudi
Arabia, the species is associated with sand dunes formation,
especially the mobile ones since it is a very effective sand-binder
and resist the desertification (Abdallah and Chaieb, 2007). Its

geographical distribution in Saudi Arabia includes the North-
ern, Eastern and Central regions. The Seeds were collected
from King Khalid Centre of Wildlife Research and Develop-

ment at Thumama (80 km north east of Riyadh), Saudi Arabia.
Ephedra have long been important as source of the alkaloid

ephedrine, avaso-constricting drug formerly much used in the

treatment of asthma and as general respiratory decongestant
(Mandaville, 1990). The plant is exposed to extinction in Saudi
Arabia due to excessive grazing (Guenther et al., 2005). The

mechanismswhich regulate germination are of great importance
amongst the many processes, which constitute the adaptations
of plants to their arid environment (Mahmoud et al., 1983).
Two of the most important mechanisms responsible for coordi-

nation of germination with physical parameters of the environ-
ment, are the temperature response characteristics and the
proportion of the seed with dormancy restriction on growth (

Thomponson, 1973). The work described here shows the effects
of temperature, water potential and Sodium Chloride solutions
on germination of E. alata from Saudi Arabia. This study was

undertaken to investigate the interactive effects of temperature
with matric and osmotic potential on germination characteris-
tics of E. alata. High molecular weight of Polyethylene Glycol
(PEG) has been used with certain precautions, to simulate mat-

ric potential in germination studies (Kaufmann and Ross, 1970;
McWilliam and Phillips, 1971; Sharma, 1973, 1976).

Temperature, soil water status and salinity are some of the

most important environmental conditions that affect seed ger-
mination and hence seedling establishment and survival in arid
areas. Sodium Chloride is conventionally used to study the ef-

fect of salinity (osmotic potential) on germination studies as it
is easy to handle (Young et al., 1983). Also, Sodium Chloride
is considered as one of the dominant salts in soils of Saudi Ara-

bia (Bashour et al., 1983) as well as other arid rangelands. The
effect of salt stress on desert seeds germination was reported by
many authors (e.g. Demir et al., 2003; El-Keblawy and Al-
Rawai, 2005; El-Khouly, 2006).

2. Material and methods

2.1. Experiment 1

The seeds of E. alata were collected from King Khalid Centre
for Wildlife Research and Development at Thumama, 80 km
northeast of Riyadh, Saudi Arabia. Seeds were germinated at
four alternating temperature regimes (9/22, 10/24, 13/28 and

18/36 �C). These alternating temperature regimes were se-
lected after consideration of metrological data at station
within the habitat range of the species (Table 1). The seeds

were germinated on filter papers placed in 10 cm diameter
plastic dishes in dark incubators maintained at the appropri-
ate temperature regimes. Four replicates (20 seeds each) were
used. A seed was considered to have germinated when the

radical emerged. Germinated seeds were checked daily and
discarded immediately until no seed had germinated for seven
successive days; counting involved removal of germinator lid

and that allowed a change of air and briefly exposed the
seeds to light.

2.2. Experiment 2

Different water potentials were obtained with different solu-
tions of Polyethylene Glycol (PEG) 8000. PEG solutions were

prepared according to Michel (1983) to give water potentials of
0; �0.3; �0.6; �0.9; �1.2 and �1.5 MPa. Seeds were kept in
moist plastic dishes with diameter 9.0 cm and were incubated

in dark incubators maintained at 13/28 �C. All seeds with at
least 1 mm radical length were considered as germinated. This
was preferred to a moist solid matrix as it allowed continues

monitoring germination of seeds.

2.3. Experiment 3

This experiment was conducted in order to assess the effect of
different concentrations of Sodium Chloride solution on germi-
nation of E. alata. Seeds were germinated on substrata moist-

ened with 100 ml (0; �0.05; �0.1; �0.2 and �0.3 mol l�1) of
Sodium Chloride. Germination was made in plastic dishes kept
in dark incubators maintained at 13/28 �C. The germinated
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seeds were discarded immediately and seed counts were mad

daily until no seeds germinated for 14 successive days.
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Figure 3 Germination percentage of Ephedra alata seeds in

response to concentration of Sodium Chloride.
3. Results

3.1. Experiment 1

The germination percentage of seeds at different alternating
temperature is shown in Fig. 1. The germination percentages
increased with rise of temperature attaining their maximum

at 13/28 �C being lower at 10/24 �C and even lower at
9/22 �C. The germination temperature responses of seeds of
E. alata indicate that the most favorable temperature regime

is that of 13/28 �C.

3.2. Experiment 2

The percentages of seed germination at different water
potential are shown in Fig. 2. Germination rate deceases
concomitantly with decreased of water potential. A reduction

of up to 36% was observed in percent of germination when
seeds were exposed to �1.5 MPa compared to the control
treatment (80%). A water potential lower than �0.6 MPa

may be a critical to germination. Percent of germination was
reduced to half when water potential fell from 0 to �1.5 MPa.
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Figure 1 Percentage of seed germination of Ephedra alata in

response to temperature.
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Figure 2 Percentage of seed germination of Ephedra alata in

response to water potential.
3.3. Experiment 3

Data in Fig. 3 shows germination percentage at different con-

centrations of Sodium Chloride. Germination E. alata seeds
were poor in response to osmotic potential. The reduction of
germination percentage due to the highest NaCl concentration
examined (0.1 mol l) was 96% compared to the control treat-

ment. At 0.2 and 0.3 mol l�1 NaCl seed of E. alata failed com-
pletely to germinate.

Statistical analysis: Mean values were taken from measure-

ments of four replicates and Standard Error of the mean calcu-
lated. Analyses were done using the SPSS (version 15).

4. Discussion

In desert, where rainfall is unpredictable, it is important that

seeds do not germinate unless the soil contains enough water
to enable the resulting seedlings to complete their life cycles.
It is therefore significant for germination to be controlled by

a regulated response to the environment. One mechanism that
regulates germination and contributes to the survival of desert
plants is the presence, in their seed, of water-soluble, water-
leachable germination inhibitors (Mahmoud, 1985). At the

fluctuating temperature regimes the final germination percent-
ages attained by the seed was high at the 13/28 �C regime, but
it decreased at 9/22 �C (Fig. 1). Evidence from Meteorological

data (Figs. 4 and 5) shows that summer was hot and dry
(43 �C= mean maximum, 26 �C=mean minimum air tem-
perature), but the winter begins with cool rainy season

(22 �C= mean maximum, 9 �C= mean minimum air temper-
ature) (Fig. 5). Germination may start at the beginning of the
warm rainy season, these responses synchronize the event of
germination with the season of optimal environment condi-

tions for subsequent growth and establishment of seedlings.
The optimum temperature response of E. alata seed germina-
tion is in harmony with the climatic conditions prevailing in

its natural habitat in Riyadh. In other words, the germination
temperature response of seeds of E. alata is at its best at 13/
28 �C (temperature in spring time). Similarly, Al-Qarawi

et al. (1996) found that Achillea fragrantissima germinated best
during the period of spring.

Germination was sensitive to water potential (�0.6 to

�1.5 MPa) since it lower germination at potential below
�0.3 MPa. Similarly, Pangou et al. (2008) found that germina-
tion of Entandrophragma cylindricum was also very sensitive to
water potential (0 to �0.75 MPa) with no germination
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Figure 4 Meteorological data obtained at Riyadh where seed of

Ephedra alata were collected. Mean monthly temperature, max-

imum and minimum. Data averages for the period 1978–2008.
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Figure 5 Meteorological data obtained at Riyadh where seed of

Ephedra alata were collected. Data averages for the period 1978–

2008.
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occurring at potential below �0.25 MPa. The seed germinated
better at low water potential in the vicinity of the optimum

temperatures.
In general, it is agreed that salinity affects germination by

creating a potential sufficiently low to inhibit water uptake
and/or by providing conditions for the entry of ions that

may be toxic to the embryo (Bewley andBlack, 1982). In saline
seedbeds, however, osmotic potential is not necessarily addi-
tive to soil matric potential effect (Roundy, 1987). Sharma

(1973) said that NaCl may lowers the osmotic potential and
thus facilitating hydration of germinated seeds. The osmotic
potential of a 0.3 mol l�1 solution of NaCl is about

�1.5 MPa. Comparing the effect of both types of water poten-
tial, the present results indicate that the germination of E. alata
seeds is lower in NaCl solutions. Ions may enter the seeds

affecting their viability.
In conclusion, the best conditions for the germination of

the seeds of E. alata is in spring season. The seed of E. alata
allows germination to take place only when ecological condi-
tions would permit further establishment. Otherwise the sur-

vival of the species is at stake. When moisture and
temperature are favorable, the seeds of E. alata can germinate
in 0.05 mol l�1 NaCl. This gives an increased probability of
propagates finding fresh habitats that is suitable.
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