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Seed Germination of Some Desert Plants from Egypt
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Abstract: Seed germination requirements are important for the conservation and propagation of desert

plants, which grow naturally along the Egyptian habitats. The investigated plants include: Retama raetam

from Cairo-Suez desert road and Ononis serrata and Mesembryanthemum crystallinum  from sand dunes

region of Burg El-Arab. The aim of the present study is to explain the effects of the various factors such

as temperature regime and 95% H2SO4 acid scarification at different periods of time (days), the water

potential and pH levels on the behavior of seed germination of desert plants; in order to define the

optimum germination conditions for each examined species. Results indicated that all the studied species

showed relatively higher records at the treatments of 15 and 20°C. There were some differences in starting

germination of seeds among the studied plants, on subjecting to the different levels of temperatures. Seeds

of Retama raetam  started in germination after four days at all the treatments of temperatures, while each

of Ononis serrata and Mesembryanthemum crystallinum  began to germinate in less than 6h after being

watered. The germination of the different investigated species found to be increased by the effect of 95%

H2SO4 acid scarification, except at the treatment of 40 min. However, the germination achieved 100%

at the treatment of H2SO4 acid for 20 min in R. raetam  and O. serrata. Germination of the three plants

rapidly declined below the treatment -0.6MPa, and no seed germination observed at the level -1.0 MPa.

However, all the studied species are able to germinate at relatively low water potential of -0.1, -0.2 and

-0.4 MPa. All examined seeds did not germinate at buffered solution pH of levels 4 and 10.
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INTRODUCTION

The environmental conditions for germination and
growth is an essential part of an autecological study of
any target species . The distribution and abundance[2]

of desert plants, including annual species, depend
strongly on the efficiency of seed dispersal as well as
the existence of safe sites that provide the requirements
for successful establishment . The physical[3 0 ]

environments in which communities of desert plants
grow are highly variable in terms of temperature,
rainfall, and there are documented examples of strong
relation between favorable temperature and the
availability of water in the soil . and the survive of[15]

the plants is strongly regulated by temporal changes in
the availability of water in soil . Water availability[37]

is a major factor limiting the regeneration of arid and
semi-arid species . Moisture conditions immediately[1]

prior to, and during germination, rather than
temperature, play a dominant role in regulating
germination (grow).

Seed germination behavior plays a key role in the

persistence and dynamics of annual desert plants . as[1 5 ]

the evolution of the germination restrictions of these

plants is a consequence of their responses to

environmental cues . in addition to biological[35]

characteristics . El-Ghonemy . studied the[5 ] [7 ]

germination of desert plants in the western Egypt, and

illustrated that the seed germination of such species

were improved under different environmental and soil

components. It is known that seeds of annual desert

species, germinate only after a threshold amount of

rain, has fallen during the growing seasons . But[37]

deserts are unpredictable, and precipitation of a

growing season will not always be followed by enough

rainfall for there to be adequate soil moisture for plants

to complete their life cycle and set seed . Annual[27,28]

plants in deserts, have some traits that allow them to

persist in face of environmental unpredictability and

may have other traits that specifically exploit it .[36]

However, differences in germination capacity are not

always related to the ecological characteristics of each

population . and several studied have confirmed that[21]

this variability between populations could be at least

partly due to genetic factors .[38,16]

Influences of environmental factors, specifically

temperature, light and other requirements of regulation

on seed germination for the desert plants have been

reported and studied by many authors .[25,24,26,4 ,10,31]
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The aim of the present investigation was to

understand the effect of temperature, scarification
treatment, water potential and pH on the germination

of three plants which harvested from sandy plains and
sand dunes in the Egyptian deserts.

MATERIALS AND METHODS

Seed Collection and Preparation: Seeds of Retama

raetam (Forssk.) Webb= Juniperus sp. were collected
from Cairo-Suez desert road, while each of Ononis

serrata Forssk. and Mesembryanthemum crystallinum
(L.)= Carpobrotus edulis seeds were collected from the

cultivated orchards and ridges of Burg El-Arab Region,
during July and September 2004 (Table 1). Seeds are

transferred to paper envelopes which were cleaned,
kept separately and stored in brown paper bags in the

dark at room temperature and 30% humidity, until
used. The various trials were conducted 5 months after

collection. Aborted and predated seeds were discarded.

Seed Germination: Germination trials were conducted
in 9-cm sterile petri dishes lined with two Whatman

No.1 filter papers and moistened with sterile distilled
water to ensure adequate moisture for the seeds. Seeds

were about 5mm apart and were not treated with
fungicide. Homogenous 100 seeds were used in each

treatment during germination trials with three replicates
for each species as well as the controls. Petri dishes

were covered with lids, but not sealed. For each
treatment, petri dishes were maintained in growth

chamber (incubator). Germination counts were
monitored every two days for two weeks. Germination

was considered when the radicle protruded 2mm .[18]

Effect of Temperature: To determine the effects of
different temperature regimes, the untreated seeds were

incubated at constant temperature of 15, 20, 25, 30 and
35°C in the dark to evaluate response to a wide range

of germination temperatures.

Scarification Treatments: Mechanical scarification was
applied using fine sand until partial removal of sand

integuments, without harming the embryo. Seeds were
immersed in concentrated 95% sulphuric acid for 10,20,

30 and 40 min followed by thorough rinsing with
running water at room temperature.

Effect of Water Potential: The effect of water

potential was investigated on seeds placed in petri
dishes with aqueous solutions of polyethylene glycol

(Hardegree and Emmerich, 1999) with water potentials
of distilled water, -0.1, -0.2, -0.4, -0.6, -0.8 and -1.0

MPa, respectively. Osmometer calibrated with aqueous
solutions of NaCl was used to measure water

potentials.

Effect of Solution pH: Seeds were placed in petri

dishes with buffered solutions . maintained at room[18]

temperature to determine the effect of pH on

germination. Buffered solutions at pH levels of
4,5,6,8,9 and 10 were prepared by mixing

commercially available dry powder contents into 500ml
of distilled water. Distilled water was also used. A

Fischer Accument pH Meter, calibrated on 4.0, 7.0 and
8.0 pH buffer solutions was used to measure each

buffered solution pH.
The responses of seed germination (%) with time

for the treatments of temperature levels and the 95%
sulphuric acid are expressed as the number of seed

germinated per day for each of the 14 days. For the
water potential and pH experiments, germination

percentages for the studied species were given at the
end of the treatments at room temperature.

RESULTS AND DISCUSSION

Results indicate that the three studied species show

a reduction in germination at the highest temperature
regime (Fig. 1, 2 and3). However, all the studied

species showed relatively higher records of germination
percentages at the treatments of 15 and 20°C, with

little variation in the behavior of seeds of Retama
raetam . The deleterious effect of high temperatures

(30° and 35°C) increased within the species collected
from Burg El-Arab habitat, which is relatively higher

in salinity. This may due to the fact that Burg El-Arab
region is included in the Mediterranean coastal zone

(Table 1).
There were differences in germination throughout

the period of the experiment. Seeds of Retama raetam
started in germination after four days at the different

temperature levels, while seeds of Ononis serrata and
Mesembryanthemum crystallinum  began to germinate in

l e s s  t h a n  6 h  a f t e r  b e i n g  w a t e r e d .  F o r
Mesembryanthemum crystallinum , a prolonged exposure

to moisture caused increase in germination at all the
treatments and reached its highest record of 75% at

20°C (Fig.3). It is clear from data that, the highest
record of germination in R. raetam  was observed after

12 days of watering at 25°C, while the maximum
response of germination in O. serrata and M.

crystallinum  was occurred after 10 days between 15°
and 20°C, respectively (Fig.2 and 3). This may due to

R. raetam  is collected from the sandy plains of the
Cairo-Suez road (Table 1), which is characterized with

its aridity.
The effect of 95% sulphuric acid scarification on

germination of the examined seeds is given in Fig 4,

5 and 6. For all studied species, manual scarification

was not efficient to overcome seed dormancy.

However, the acid scarification led to different

germination percentage. The germination found to be
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increased for all species with the duration of treatment,

except for the treatment of 40min. This treatment

(40min) was less favorable to germination of R. raetam

and M. crystallinum , and not suitable completely for

germination of O. serrata.  Therefore, germination of

R. raetam and  M. crystallinum  reached at the end of

the experiment to 40% and 14%, respectively (Fig. 4

and 6), while O. serrata had no response of

germination (Fig.5). However, the germination achieved

the highest germination record (100%) for the

treatments of 20min (R. raetam  and O. serrata) and

also attaining the same value in the treatment of 30min

of R. raetam .

Fig. 1: Effect of temperature levels on the germination

proportion (%) of untreated R. Raetam.

Fig. 2: Effect of temperature levels on the germination

proportion (%) of untreated of O. Serrata.

Fig. 3: Effect of temperature levels on the germination

proportion (%) of untreated M. crystallinum.

Table 1: Characteristics of the different seed species from the different habitats

Plant species Family Life cycle Harvest site Coordinates

Retama raetam  (Forssk.) Fabaceae Perennial shrub Cairo-Suez desert 30°03'114'' N

Webb=Juniperus sp. or bush road, Egypt 32°00'214'' E

Ononis serrata Forssk. Fabaceae Perennial shrub Cultivated orchards, 30°50'560'' N

 sand dunes Burg 29°36'421'' E

 El-Arab, Egypt

Mesembryanthemum  Aizoaceae Annual herb Sand dune ridges, 30°49'890'' N

crystallinum  (L.)= Burg El-Arab, Egypt 29°36'160'' E

Carpobrotus edulis

Fig. 4: Effect of 95% sulphuric acid at different

periods of time on the germination proportion

(%) of R. Raetam.

Fig. 5: Effect of 95% sulphuric acid at different

periods of time on the germination proportion

(%) of O. Serrata.
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Fig. 6: Effect of 95% sulphuric acid at different periods of time on the germination proportion (%) of M.

crystallinum.

Fig. 7: Effect of water potential on the germination proportion (%) for the investigated seeds at room temperature.

Fig. 8: Effect of pH on the germination proportion (%) for the investigated seeds at room temperature.

All seeds collected from the different species
found to be germinated moderately throughout the
investigated concentrations of water potential from 0.0
to to -1.0 MPa. The studied desert plants are able to
germinate at relatively low water potential (-0.1, -0.2
and -0.4MPa). The germination was not reduced until
water potential reached -0.6 MPa (Fig.7). Germination
rapidly declined below -0.6 MPa with no seed
germination at -1.0 MPa. The germination percentages
showed differences between treatments and species,
however germination of  M. crystallinum indicated the
highest records among all studied species, especially at
treatment -0.2MPa.

The effect of the different pH treatment on
germination is given in Fig.8. For all studied species,
they adapted to wide ranges of pH and can germinate
under different buffered solutions. Germination
percentage reached the maximum of 15% in O. serrata
over buffered solution of pH 8, while it ranged
between 1-14% for the other studied species at the
different ranges of pH. All seeds did not germinate at
buffered solution pH of level 4 or 10 (Fig 8).

Discussion: Temperature is important factor influencing

seed germination of different species under different

habitats. Each desert plant species has its own set of
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mechanisms that enable it to establish under a wide

range of conditions. No specific germination

mechanism has been found for either R. raetam,

inhabiting the sandy plains of the Cairo-Suez desert

road, and O. serrata and M. crystallinum, which are

inhabiting the sand dunes of Burg El-Arab desert area.

The effect of temperature on germination varied

according to the species, but generally all the studied

species germinated rapidly at temperatures between 15-

25°C. Germination was inhibited above 30°C. The

percentage of seeds germinated depends on both the

treatment magnitude and the duration of temperature on

the  germination  of  the investigated annual species

(M.  crystallinum)   and   those  of  the  perennials

(R. raetam  and O. serrata). Higher temperature

treatments were found to affect on the percentage of

germination in the species of Burg El-Arab region

more than its effect on the xerophytic species collected

from the sandy plains area of Cairo-Suez road. Life

growth for each of the examined species in the present

study may play a role in determining the germination

percentages. Results of the studied species showed

some differences of germination proportions between

the annual species (M. crystallinum) and those of the

perennials (R. raetam  and O. serrata). The germination

in the desert xerophytic species R. raetam , which

harvested from the sandy plains habitat, is not

equivalent to those recorded by the sand dune

i n h a b i t i n g  s p e c i e s  ( O .  s e r r a t a  a n d  M .

crystallinum).Species of the sand dunes attained higher

percentages of germination for most of the treatments

compared to those observed by the sand plain species.

In this regard, Gutterman . reported that soil[14]

moisture contents which could be increased during

spring and winter, and consequently affect on the

number of germinated seeds in soil. Therefore, better

seed germination may be related to environment . to[9]

amount of precipitation or soil characteristics .[1]

Moreover, habitat of Burg El-Arab region is of

Mediterranean climate . which characterized by [22]

moderate temperature, while those in the Suez road are

of arid and dry weather which can resist relatively high 

temperature . Grime . demonstrated that habitat[40] [11]

has fast-flowering water, which may prevent seeds

from reaching suitable germination in different sites.

Results obtained in this study, with respect to

temperature effects, demonstrated that probably

temperature does not limit the distribution range of

these studied species. Schupp . stated that periods of[32]

suitable germination temperatures may not necessarily

coincide with the occurrence of favorable conditions for

seedling establishment. However, there may be other

important environmental factors which regulating the

germination of  annual species . Desert annual plants[26]

may grow in severely and persistently disturbed

habitats. They have a short life cycle related to the

intermittent nature of the habitat and high seed

production. Nevertheless, habitat discontinuity and lack

of seed dormancy mean that establishment and survival

could be more difficult for them than for the perennial

species . However, the germination responses of[31]

some desert annuals could be reduced, . due to the[13,14]

moving dunes which occurred after a rainfall.

Consequently, the surface of the dunes will become dry

quickly due to high evaporation in hot summer,

therefore, the establishment of annuals in such

conditions is difficult.

Acid scarification is known to be highly effective

in improving germination of species with hard seed

coats . In the present study, germination of the[33]

studied species found to be accelerated on treatment

with 95% sulphuric acid under the different periods.

Treatment of 95% sulphuric acid was fully effective in

breaking dormancy of R. raetam  and O. serrata at

20min. Similar conclusions have been reported by

Grouzis and Danthu . and Kulkarni et al. . For[12] [20]

species of hard seeds (such as seeds of R. raetam  and

O. serrata), the resistance of the seed integument to

the penetration of water may be lifted by sulphuric acid

treatment, manual or mechanical scarification or

scalding, which reduce the resistance and the

impermeability of the integument .[6]

Most reported species are restricted to germination

at water potentials greater than -1.0 MPa . although[1 7 ]

a few species, such as Agropyron cristatum . and[3]

Trifolium subterraneum  . are able to germinate at -[23]

1.5 MPa. Considering the present study, the influence

of water potential on germination of the investigated

species showed that regardless of the species, the

lowering of the water potential diminished the

percentage of germination. However, M. crystallinum

indicated higher germination at moderate water

potentials. Fady . demonstrated that when the[8]

conditions of the surrounding of certain species are

favorable, their capacity to germinate become high.

Low water potential constitutes an advantage of such

species  since  it  enables  them to establish in sandy 

habitats. This may reveal the existence of relationships

between the germinative properties of seeds (response

to temperature and to water potential) and the habitat

of the plant. These relationships may be confirmed in

our study, where O. serrata and M. crystallinum

(psamophiles) are highly tolerant to water stress than R.

raetam (xerophyte), which grows in sandy plains.

Therefore, species of O. serrata and M. crystallinum

are more humid sandy formations. These observations

confirm those reported by Sharma . or Qi and[34]

Redman .[29]

The ability of desert plants to germinate over a

wide pH range provide an opportunity for such species 

148



J. Appl. Sci. Res., 5(2): 144-150, 2009

to become established under a variety of growing

habitats both in sandy dunes and plain deserts. This

could allow adaptation to various buffered conditions

(7, 9 and 10). In studies conducted on the germination

requirements of the desert annual Agriophyllum

squarrosum  in China, Wang et al.  stated that[39]

germination of such species was 89% to 96% after

incubated at temperature 10 to 35°C, water potentials

0.0 to -0.8MPa and buffered solution of pH 5.5 to 7.

Data of the present work indicated that the different

studied species are capable of germination over a rather

broad range of environmental conditions; however,

optimal germination does occur in species collected

from relatively wet dunes habitats such as O. serrata

and M. crystallinum  rather than species harvested from

sandy plain ecosystem (R. raetam). Many of the

findings have been confirmed the ability of the desert

plants to emerge either in the laboratory . or in the[13]

field . This could explain the continuous germination[21]

and emergence of desert species and their spread to

new areas. This may be related to the temperature

fluctuations as reported by Reyes-Ortega et al. .[31]

The establishment and development of the desert

species depend on the ecological conditions prevailing

at the time of emergence and during the later phases of

development. In order to refine the recruitment of seeds

from the species grown in arid and semi-arid areas, it

would be useful to continue investigation into the

tolerance to water stress at the seedling stage of each

species.
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