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Abstract
Seed germination is an important phase of plant development during which soil water availability is crucial. Salinity
can affect seed germination in two ways: 1) Change of osmotic potential of available water, 2) toxicity effects. In this
experiment, interactive effects of salinity and water deficit on germination criteria of two species of A, littoralis and A.
logopoides were studied in a factorial design with completely randomized arrangement and four replications. Treatments
were combinations of four levels of water deficit (-0.3, -5, -10 and -15 bar), four electrical conductivity levels (0, 20, 25
and 30 dSm-1) and two species of Aeluropus. Water deficit and salinity were induced through PEG-6000 and sodium
chloride respectively. After three weeks rate, as well as percentage of germination were determined. Results showed that
by increasing salinity and water deficit both criteria of percent germination and germination rate were reduced and there
was an interactive effect of these stresses on germination. In general effects of salinity were more pronounced than water
shortage. These results were somehow similar for either one of the species.
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1. Introduction
Due to growing water shortage worldwide,
unconventional use of water is going to be
unevitable. Since this type of resource shortages
are prevalent mainly in stressed environments of
the arid and semiarid parts of the world, an
understanding of plant response
to such
conditions, particularly the interactive effects of
such main types of stress as water deficit and
salinity on physiological criteria of plants are
quite important.
Water deficit is an important limiting factor of
plant growth (Basra, 1997, Bhan et al., 1973,
Koochaki, 2000 and Levit, 1980), occurring in
arid and semiarid parts of the world with an
estimate of 6150 million hectares (Koochaki,
2000). On the other hand, most saline water as
well as soil resources of the world are located in
these areas. The total saline soils of the world are
∗
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955 million hectares, this figure being 18 million
for Iran (Koochaki and Mahallati, 1994).
The level of salinity is determined by several
indexes and as related to the subject of this
research one of them namely EC is selected.
Electrical conductivity (EC) is the salinity
indexes, the SI unit for which is Simens and in
most research works dSm-1 (deci Simens per
meter) is employed (Flowers et al., 1977 and
Tanji, 1995).
Seed germination is an important stage of
plant growth which is controlled by environmental
factors as well as by physiological processes.
Water availability is crucial in seed germination
(Devilliers, A.Y., et al., 1994).
Water is essential for the biochemical
reactions of germination. Enzymes demonstrate
their natural active structure in presence of enough
water. The start of metabolism and growth of seed
embryo depends on the amount of water available
in the tissue. There are references (Bradford,
K.Y., 1986, Dell'aquilla, A., 1992, Pessarakli, et
al., 1989, Torbati-nejad et al., 2001) which
indicate that germination time could be estimated
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-10 and -15 bar) combined with four levels of
salinity (0, 20, 25 and 30 dSm-1) were applied to
the two species of A. littoralis and A. lgopoides
under laboratory conditions in 20 ±2oC. Different
water deficit levels were induced through poly
ethylene glycol 6000 and salinity was induced
through sodium chloride application. Seeds were
disinfected prior to the experiment and placed on
filter paper in Petri dishes. Five milliliters of
prepared solutions were added to each Petri dish.
Seeds were monitored daily and their germination
evaluated on the basis of emergence of 2mm of
radicle. After a lapse of three weeks, percentage
and rate of germination were evaluated.
For statistical analysis the software MSTATC,
and for sketching diagrams EXCEL and
SLIDWRITE were employed. Means were
compared using Duncan’s Multiple Range Test at
5% probability.

from water content of the embryo. Dell'aquila, A
(1992) demonstrated that there are strong
correlations between protein synthesis of Lucien
amino acid and cell water content.
The mechanism of the effect of salinity on
seed germination has been studied (Basra et al.,
1997, Flowers et al., 1997) and it generally has
been reported through seed susceptibility and
accumulation of toxic ions, both of which exhibit
detrimental effects on germination.
Aeluropus species plants are tolerant to
salinity and aridity (Akani and Ghorbanli, 1993,
Batanouny, 1994, Golzar and Khan, 2001,
Torbati-nejad et al., 2001). This species belongs to
the poaceae family. Two species of Aeluropus
littoralis and Aeluropus lgopoides are found in
natural ecosystem of Khorasan and Golestan
provinces of Iran (Akhani and Ghorbanli, 1993,
Torbati-nejad et al., 2001).
These plants are considered as range plants
and can also be used as ornamentals in green
spaces as well as for sand dune fixation in the
desert areas (Torbati-nejad et al., 2001).
The purpose of the present study was to
evaluate seed germination of these two species
under salinity (different electrical conductivities)
and water deficit conditions.

3. Results and Discussion
Fig. 1 shows that with increase in salinity and
in water deficit, levels of germination percentage
were considerably reduced. On the other hand the
effect of salinity on seed germination was more
pronounced than the effect of water deficit, where
76.1% seed germination was recorded in salinity
levels less that 5 dSm-l. The same percentage was
observed in water deficit more that 5 bars. This
could be attributed to the loxic effect of salt ions
as well as to deficit in water availability to seed
due to the presence of salt.

2. Materials and Methods
The experiment was conducted as a
completely randomized design with four
replications. Four levels of water deficit (-0/3, - 5,
30
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Fig. 1. Effect of salinity and water deficit on seed germination (%) in Aeluropus spp.

Interactive effects of salinity and water deficit
were also considerable. The negative effect of
water deficit on germination was more

pronounced with increase in salinity levels. In
other words, under control conditions, percentage
of germination was 79.5% while by increase in
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(2000) have found that the highest seed
germination percentage was found to be obtained
with 50 m mol of NaCl as compared with control.
In the present experiment the trend of negative
effect of salinity on germination percentage in
either one of the species was similar (fig 2), while
under water deficit levels there was a difference
observed between their germination percentages
(fig 3), in which with increase in water deficit
germination in A. littoralis had a negative trend,
while in the other species this parameter initially
increased and then was reduced.

salinity and in water deficit levels this figure was
reduced such that under the highest levels of these
two parameters, germination was reduced to only
6% (table1). Although there are numerous
references (Mikhiel et al., 1992, Bradford, 1986,
Pessarakli et al., 1989) in literature which indicate
negative effects of salinity and water deficit on
seed germination (e.g. Koocheki and Zarif Ketabi
(1996) in an experiment on effect of salinity and
water deficit on seed germination of several range
land species found that with increase in water
deficit as well as in salinity seed germination was
reduced), nevertheless. EL-Darier and Youssef

Table 1. Effect of salinity and water deficit on seed germination (%) of Aeluropus spp.
EC (dSm-1)
control
20
25
Water potential (bar)
Control
79.50 ab
53.50 cde
23 fghi
-5
81.50 a
57.50 bcd
15.00 hi
-10
69.00 abc
40.75 defg
16.25 hi
-15
45.50 def
15.50 hi
16.50 hi
*Values denoted by similar letter are not significantly different

30
32.50 efgh
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6.00 i
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Fig. 2. Effect of salinity on seed germination in two species of Aeluropus. Values denoted by the same letters are not significantly
different
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Fig. 3. Effect of water deficit on seed germination in two species of Aeluropus. Values denoted by the same letters are not significantly
different

F. Abbassi et al. / DESERT 12 (2008) 179-184

clearer in the 5 bar treatment (fig 6), and
confirmed by Koochaki and Ketabi, 1996.
The mechanism of the effect of salinity on
seed germination has been reported by Ayers, A.
D (1952). He considered this negative effect to be
due to reduction in water absorption and
accumulation of toxic ions. This has also been
reported by other researchers. Mikhiel et al (1992)
reported several mechanisms for germination
reduction in Atriplex spp. under salinity stress. In
a study on Kosteletzkya virginia, PoljakoffMayber et al (1994) observed that NaCl reduced
seed germination in K. virginia which they
attributed to osmotic pressure and toxic effects of
NaCl.

From figure 4 it becomes evident that under
low salinity levels the rate of germination was
somehow enhanced but while with increase in
salinity the reduction effect was considerable. In
general salinity exerted a more negative effect on
seed germination rate than did water deficit.
Interactive effect of these stresses on germination
rate was similar to that of percent seed
germination. This has been reflected in Koochaki
and Ketabi, 1996 and Tekroney et al., 1991.
The effect of salinity, on germination rate, was
more pronounced than the effect of water deficit.
Also the trend was similar for both species (figs 5
and 6) but the degree of reduction in germination
rate was more pronounced in the case of A.
littoralis under water deficit. This difference was
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Fig. 4. Effect of water deficit and salinity on germination rate of Aeluropus spp.
Table 2. Effect of water deficit and salinity on germination rate of Aeluropus spp.
EC (dSm-1)
control
20
25
Water potential (bar)
Control
18.21 a
9.816 b
2.545 def
-5
18.04 a
7.844 bc
1.529 ef
-10
9.874 b
4.73 cdef
3.828 cdef
-15
6.04 bcde
3.569 cdef
1.704 ef
Values denoted by the same letters are not significantly different

30
6.991 bcd
1.869 ef
0.7837 f
0.7413 f
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Fig. 5. Effect of salinity on germination rate of A. littoralis and A. logopoides. Values with the same letter are not significantly different

a
ab
germination
rate(No day -1)

10
8

cd
d

a

6

bc

4

A.logopoides

cd

cd

2

A.littoralis

0
0.3

5

10

15

Water potential (bar)

Fig. 6. Effect of water deficit on germination rate of A. littoralis and A. logopoides Values with the same letters are not significantly
different

Finally it was concluded that salinity and
water deficit reduced both germination percentage
and rate. The combined effects of these two
parameters on germination were conspicuous. The
effect of salinity was more than that of water
deficit, and A. logopoides exhibited more
tolerance than A. littoralis under water deficit
condition.
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