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Abstract The indigenous forage grasses Lasiurus
scindicus and Panicum turgidum are candidate species for
the restoration of degraded desert rangelands. The impact
of five dormancy regulating chemicals on overcoming
salinity-induced germination inhibition was assessed under
the best germination conditions in the two species. Seeds
were germinated in a series of NaCl concentrations:
0-200 mM NaCl for P. turgidum, and 0-300 mM NaCl for
L. scindicus. Lasiurus scindicus seeds were more tolerant
to salinity than those of P. rurgidum. Twenty percent of
P. turgidum seeds germinated in 100 mM NaCl and none
in the higher levels, but 47.5% and 8.8% of L. scindicus
seeds germinated in 100 and 200 mM NaCl, respectively.
The five studied chemicals (fusicoccin, GAj, Kkinetin,
nitrate and thiourea) did not succeed in improving germi-
nation of non-saline treated seeds of the two species,
compared to the control, except thiourea in P. turgidum.
The salinity-induced germination inhibition in P. turgidum
was completely alleviated by the application of gibberellic
acid (GAj3), partially alleviated by the application of fusi-
coccin, kinetin and thiourea, but not affected by nitrate. In
L. scindicus, the germination inhibition was completely
alleviated by fusicoccin, GAj, nitrate and thiourea, but
partially alleviated by kinetin. For using the two grass
species in restoration of degraded rangelands affected by
higher salinity, the results suggest using fusicoccin, GAj3,
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nitrate and thiourea with L. scindicus and GA; with P.
turgidum seeds as a preseeding treatment can overcome the
problem of reduced germination.

Keywords Desert grasses - Glycophytes - Salinity
induced dormancy

Introduction

Grasses are usually sensitive to salinity at the germination
stage (Khan and Ungar 2001a) with germination typically
inhibited by concentrations of NaCl in the range 250 to
350 mmol/L (mM) NaCl (Badger and Ungar 1989; Breen
et al. 1997; Hester et al. 1998; Lombardi et al. 1998; Perez
et al. 1998; Khan and Gulzar 2003). For example, it has
been reported that grasses like Panicum coloratum (Perez
et al. 1998) and P. hemitimon (Hester et al. 1998) germi-
nated well in NaCl concentrations up to 200 mM, but
halophytic (salt tolerant) grasses like Sporobolus virginicus
(Breen et al. 1997 and Hordeum vulgare (Badger and
Ungar 1989) germinated in salt concentrations up to
350 mM. Grasses of the Arabian Sea coast of Pakistan vary
in their salinity tolerance during germination, but generally
most of them are relatively less tolerant than other studied
halophytic grasses. For example, Halopyrum mucronatum
and Sporobolus arabicus were found to germinate in up to
200 mM NaCl (Khan and Ungar 2001b; Noor and Khan
1995). In addition, Khan and Gulzar (2003) studied salinity
tolerance during germination in four halophytic grasses and
found that few seeds of H. mucronatum germinated above
300 mM NaCl, while seeds of Aeluropus lagopoides,
Sporobolus ioclados, and Urochondra setulosa germinated
in up to 500 mM NaCl. Five desert grasses of the Arabian
Gulf region, however, have lower salinity tolerance during
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germination than all grasses mentioned above (El-Keblawy
20006). Seeds of Dichanthium annulatum, Cenchrus ciliaris
and Pennisetum divisum germinated to 50, 12 and 20%
in 100 mM NaCl, but seeds of Lasiurus scindicus and
S. arabicus germinated to 10 and 5%, respectively, in
200 mM NaCl (El-Keblawy 2006).

Seed dormancy can help seed to define the suitable
environmental conditions for its germination. The dor-
mancy status is influenced by both the seed maturation
environment and the ambient environmental conditions
following their shedding in the soil (Baskin and Baskin
2004). High salt concentrations are known to induce dor-
mancy in seeds of many species (Ungar 1978). Such dor-
mancy could be explained by internal factors in the seeds
such as the permeability of the integuments to water or
oxygen, presence of inhibitors, or physiological maturation
of the embryo (Khan 1977). For example, germination
inhibition after exposing seeds to high salinity has been
attributed to be caused by changes in the balance of various
growth regulators due to high concentrations of several
ions in seeds. Salinity stress usually results in imbalance in
growth regulators causing an increased level of endogenous
abscisic acid (ABA) and other germination inhibitors and a
decrease in endogenous growth promoters such as gibber-
ellins (GA) (Bewley and Black 1994). It has been docu-
mented that ABA is a positive regulator of dormancy
induction and most likely also maintenance, while GA
releases dormancy, promotes germination and counteracts
the effects of ABA (Kucera et al. (2005). A decline in
cytokinin and gibberellic acid (GA3) concentrations, which
can induce changes in membrane permeability and seed
water relations, has been reported to be associated with
salinity stress (Kabar and Baltepe 1989). Debez et al.
(2001) indicated that the depressive effect of salinity on
Atriplex halimus germination was the result of a decline in
several endogenous hormones present in the seed coat and,
hence, exogenous application of GAj; and kinetin enhanced
germination of seeds treated with up to 4% NacCl.

Dormancy regulating chemicals (DRCs) such as GAj,
fusicoccin, nitrate, thiourea and Kinetin are known to
alleviate the effect of salinity on the germination of many
halophytes (Bewley and Black 1994; Khan and Gul 2006).
However, the effect of these chemicals varies depending on
the species and geographical region (Khan and Gul 2006).
For example, the effect of salinity on the seed germination
of subtropical halophytes was not alleviated by many
DRCs, but was substantially alleviated by the application
of various chemicals in aridland halophytes of Great Basin
in North America (Khan and Gul 2006). For subtropical
halophytes, little or no effect was observed for the DRCs in
alleviating salinity induced germination inhibition in
Halopyrum mucronatum, Haloxylon stocksii, Salsola
imbricata, Sporobolous ioclados, Suaeda fruticosa and
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Urochondra setulosa, but many of these chemicals had
some effects in Atriplex stocksii and Zygophyllum simplex
(see references in Khan and Gul 2006). Generally, thiourea,
ethephon and fusicoccin were most effective in alleviating
the salinity effects on germination, followed by GAs,
kinetin and nitrate (Khan and Gul 2006). In Great Basin
halophytes, however, several DRCs had significant effect
in alleviating salinity induced dormancy in many of the
studied species (e.g., Allenrolfea occidentalis, Halogeton
glomeratus, Kochia scoparia, Salicornia rubra, Salicornia
utahensis, Sarcobatus vermiculatus, Suaeda moquinii and
Triglochin maritime), but not in others (e.g., Atriplex rosea
and Salsola iberica) (see references in Khan and Gul
2006). Gibberellic acid, kinetin, fusicoccin, ethephon, and
thiourea had the greatest effect on alleviating salinity
induced germination inhibition (Khan and Gul 2006).
Although many studies have examined salinity tolerance
and the impact of DRCs on halophytes of aridlands, few
studies have done so with glycophytic desert grasses.
Peacock et al. (2003) have assessed Arabian Peninsula
desert species that have potential to be used either for
fodder production or for rehabilitation and restoration, and
selected both Lasiurus scindicus and Panicum turgidum
(Poaceae) to be among a list of high-priority species both in
the UAE and in the northern part of the Sultanate of Oman.
Furthermore, L. scindicus has already been successfully
used in major reseeding programs in the harsh desert
ecosystems of northern India and Pakistan (Mohammad
1989; Yadav 1997; Yadav and Rajora 1999). The adoption
of these indigenous grasses as fodders and in restoration of
salty degraded rangelands requires information about their
salinity tolerance and the impact of different DRCs on
alleviating salinity-induced germination inhibition. Fresh
seeds of L. scindicus have little dormancy; final germina-
tion of non-saline treated seeds was 76.3%. However, seeds
of P. turgidum stored at room temperatures for up to two
years did not germinate at all (Al-Shamsi 2009). Salinity
significantly reduced germination of P. turgidum at
100 mM NaCl and completely inhibited it at 200 mM
(El-Keblawy 2004; Al-Khateeb 2006; Al-Shamsi 2009).
Similarly, seeds of L. scindicus germinated to only about
10% in 200 mM NaCl, so germination varies depending on
light and temperature of incubation (El-Keblawy 2006;
Al-Shamsi 2009). In this study we investigate the role of
DRCs in germination and dormancy breaking in seeds of
two glycophytic grasses: L. scindicus and P. turgidum.

Materials and methods
Seeds of L. scindicus were collected during May 2007 from

natural populations around the roadsides of Al-Ain—Dubai
highway, UAE (24°44'N, 55°46'E). Seeds of P. turgidum
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were collected in July 2002 from the Zaranik nature pro-
tection area in the eastern part of Lake Bardawil (31°03' N,
33°30' E), on the Mediterranean coast of the Sinai Penin-
sula, Egypt. Spikes were air dried and threshed to separate
caryopses (hereafter termed seeds) by using a hand-made
rubber thresher. Seeds were randomly collected from about
50 plants of each species that represent the genetic diver-
sity of the populations. Seeds of the two species were dry
stored in brown paper bags at room temperature until their
use in the germination experiment in November 2007.

Seeds were germinated in series of NaCl solutions at
varying concentrations (0, 100, 200 and 300 mM NacCl for
P. turgidum and 0, 50, 100, 150, and 200 mM NaCl for
L. scindicus). The upper limits of salinity were selected for
the two species based on the ability of the seeds to ger-
minate or recover their germination when transferred from
these salinities to distilled water (Al-Shamsi 2009). Fusi-
coccin (5 pM), gibberellic acid (3 mM), kinetin (0.5 mM),
nitrate (20 mM) and thiourea (10 mM) were dissolved in
each of the different saline solutions to assess their impact
on germination.

Seeds were germinated in incubators adjusted to 25°C
for L. scindicus and 30°C for P. turgidum under continuous
illumination with daylight fluorescent tubes, 110 pmol
photons/m?/s, 400-700 nm). The highest germination in
light was recorded at these temperatures in the two species
(Al-Shamsi 2009). The germination was conducted in 9-cm
tight-fitting Petri-dishes containing one disk of Whatman
No. 1 filter paper, with 7.5 ml of test solution. Each dish
was placed in a 10-cm plastic dish as an added precaution
against water loss by evaporation. Four replicate dishes,
each with 20 seeds, were used for each treatment. Seeds
were considered to be germinated with the emergence of
the radicles. Germinated seedlings were counted and
removed every alternate day for 20 days following seed
soaking.

The rate of germination was estimated using a modified
Timson index of germination velocity = XG/t, where G is
the percentage of seed germination at 2 days intervals and
t is the total germination period (Khan and Ungar 1984).
The maximum value possible using this index with these
experiments was 1000/20 = 50. The higher the value, the
more rapid is the germination.

Two-way Analyses of variance (ANOVA) were carried
out to test the effects of DRC and salinity and their inter-
action on both final germination percentage and germina-
tion rate index of each species. Tukey test (Honestly
significant differences, HSD) was used to estimate least
significant range between means. The germination per-
centages were arcsine transformed to meet the assumptions
of ANOVA. The transformation improved normality of
distribution of data. All statistical methods were performed
using SYSTAT, version 11.0.

Results
Effects on Panicum turgidum

For non-saline treated seeds of P. turgidum stored for more
than 5 years, only thiourea significantly increased final
germination, but kinetin significantly decreased it, com-
pared to the non-DRC treated seeds (control). Final ger-
mination of seeds treated with fusicoccin, GAs and nitrate
did not differ significantly from that of the control
(Table 1). However, all DRCs significantly enhanced
germination rate index of non-saline treated seeds of
P. turgidum (Table 2).

Both NaCl concentration and DRCs and their interaction
had significant effects on both final germination percentage
and germination rate index of Panicum turgidum seeds
(P < 0.001, Table 3). For non-treated seeds (control), final

Table 1 Effects of dormancy regulating chemicals (DRC) and NaCl concentration on final germination percentage (mean =+ standard error)

of Panicum turgidum seeds

DRC NaCl concentration (mM)
0 100 200 300 Overall

Control 65.0 + 34 20.0 + 54 0.0 £ 0.0 0.0 £ 0.0 21.3+£70
Fusicoccin 670 £ 1.9 320+ 23 3.0+ 1.0 0.0 £ 0.0 255+£70
GA3 71.0 £ 3.8 65.0%" £ 2.5 8.0 £ 1.6 0.0 £ 0.0 36.0 £ 8.4
Kinetin 47.0* + 3.0 40.0* + 1.6 0.0 £ 0.0 0.0 £ 0.0 21.8 £5.7
Nitrate 70.0 £+ 2.0 170 £ 1.9 0.0 £ 0.0 0.0 £ 0.0 21.8 £ 74
Thiourea 74.0% £ 1.2 46.0* + 2.6 3.0+ 1.0 0.0 £ 0.0 30.8 + 8.0
Overall 57.0 £ 45 314+ 39 2.0+ 0.6 0.0 £ 0.0

Values with asterisk in the same salinity treatment significantly differ from the control of that treatment

* Not differ significantly from non-saline non-treated seeds
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Table 2 Effects of dormancy regulating chemicals (DRC) and NaCl concentration on germination rate index (mean =+ standard error)

of Panicum turgidum seeds

DRC NaCl concentration (mM)
0 100 200 300 Overall

Control 412 £ 0.6 349 £33 0.0 £ 0.0 0.0 £ 0.0 19.0 £ 5.0
Fusicoccin 48.3* £ 0.6 40.4%% £ 1.1 30.4%F £ 10.3 0.0 £ 0.0 298 +£53
GA3 49.4*% £ 0.2 43.9%" + 0.4 34.8%F £ 2.9 0.0 £ 0.0 320+ 5.0
Kinetin 47.9*% £ 0.5 44,0 £ 0.7 0.0 £ 0.0 0.0 £ 0.0 23.0 £ 59
Nitrate 457 £ 1.3 39.0" £ 2.1 0.0 £ 0.0 0.0 £ 0.0 212 +£55
Thiourea 48.9*% +£ 0.3 3887 £ 1.0 17.9* £ 6.2 0.0 £ 0.0 264 + 5.1
Overall 46.8% £ 0.6 3447 £ 28 11.9 £ 32 0.0 £ 0.0

Values with asterisk in the same salinity treatment significantly differ from the control of that treatment

* Not differ or significantly greater than non-saline non-treated seeds

Table 3 Two-way ANOVA showing the effect of NaCl concentra-
tion and dormancy regulation chemicals (DRC) on final germination
percentage and germination rate index of Panicum turgidum and
Lasiurus scindicus seeds

Source of variation df Mean-square  F-ratio P

Panicum turgidum

A: Final germination percentage
NaCl conc. 3 2.810 1167.1 <0.001
DRC 5 0.077 314 <0.001
NaCl conc. * DRC 15 0.048 20.0 <0.001
Error 72 0.002

B: Germination rate index
NacCl conc. 3 82.521 329.5 <0.001
DRC 5 2.960 11.82 <0.001
NaCl conc. * DRC 15 2.580 10.30 <0.001
Error 72 0.250

Lasiurus scindicu

A: Final germination percentage
NacCl conc. 4 0.984 14.60 <0.001
DRC 5 0.072 10.62 <0.001
NaCl conc. * DRC 20 0.049 7.23 <0.001
Error 90 0.007

B: Germination rate index
NacCl conc. 4 0.325 50.56 <0.001
DRC 5 0.206 32.16 <0.001
NaCl conc. * DRC 20 0.018 2.73 <0.01
Error 90 0.006

germination was significantly reduced in 100 mM and
completely inhibited in 200 and 300 mM NaCl. The
germination inhibition in 100 mM NaCl was completely
alleviated by the application of GAj, partially alleviated by
fusicoccin, kinetin and thiourea, but not affected by nitrate.
Germination of seeds treated with 100 mM NaCl 4+ GA;
attained the same value as that of non-saline, non-DRC
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treated seeds (65%), but was significantly lower than that
of seeds treated with 100 mM NaCl + thiourea, kinetin
and fusicoccin (46, 40 and 32%, respectively). However,
seeds treated with 100 mM NaCl + thiourea, Kinetin or
fusicoccin attained significantly higher germination than
those treated with only 100 mM NaCl. In 200 NaCl, little
germination took place in seeds treated with GAs; (8%),
fusicoccin (3%) and nitrate (3%, Table 1).

Unlike the effect on final germination, salinity did not
negatively affect germination rate index. Germination rate
of non-saline, non-DRC treated seeds was either signifi-
cantly lower or did not differ significantly from that of
seeds treated with 100 NaCl plus any of the DRCs. For the
few seeds germinated in 200 mM NacCl, germination rate
of seeds treated with fusicoccin and GAs did not differ
significantly from that of non-saline, non-DRC treated
seeds, but was significantly higher than that of seeds treated
with thiourea (Table 2).

Effects on Lasiurus scindicus

In the non-saline treated seeds of L. scindicus, final ger-
mination of non-DRC treated seeds did not differ signifi-
cantly from that of seeds treated with any of the five DRCs
(P < 0.001), except thiourea (Table 4). However, all DRCs
significantly enhanced germination speed of L. scindicus
seeds (Table 5).

Both NaCl concentration and DRC had significant
effects on both final germination and germination rate
index of L. scindicus seeds (P < 0.001, Table 3). Overall
final germination and germination rate did not differ sig-
nificantly between seeds treated with 0, 50 and 100 mM
NaCl and all attained significantly greater values than
that of seeds treated with 150 and 200 mM NaCl. Final
germination was significantly greater in 150 mM NaCl
than in 200 mM NaCl, but germination rate did not differ
significantly between these two salinities (Tables 4 and 5).
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Table 4 Effects of dormancy regulating chemicals (DRC) and NaCl concentration on final germination percentage (mean =+ standard error)

of Lasiurus scindicus seeds

DRC NaCl concentration (mM)
0 50 100 150 200 Overall

Control 76.3 + 4.3 58.8 £52 475 + 32 25.0 £ 2.0 8.8 +£24 433 £5.7
Fusicoccin 70.0 + 2.0 66.3*" £ 2.4 65.0%*" £ 4.6 48.8* £ 24 43.8% £ 4.3 58.7 £ 2.7
GA; 65.0 + 2.9 72.5% £ 4.8 68.8%" £ 3.8 475 £ 14 175* £ 14 543 + 4.8
Kinetin 68.8 + 24 68.87 + 3.8 525+ 14 413* £ 1.3 38.8% + 3.8 54.0 £ 3.2
Nitrate 68.8 + 2.4 613 +24 66.3%" £ 3.7 36.3* £ 3.1 10.0 + 2.0 485 +£53
Thiourea 62.5 + 3.2 59.0 £ 29 65.0%" £ 5.0 53.8* £ 24 42.5% £ 4.3 558 +23
Overall 62.5 + 3.1 57.8 £ 3.6 53.7 £ 3.8 364 + 3.2 23.6 £33

Values with asterisk in the same salinity treatment significantly differ from the control of that treatment

* Not differ or significantly greater than non-saline non-treated seeds

Table 5 Effects of dormancy regulating chemicals (DRC) and NaCl on germination rate index (mean =+ standard error) of Lasiurus scindicus

seeds
DRC NaCl concentration (mM)

0 50 100 150 200 Overall
Control 445+ 1.0 42617 +09 344 +£ 1.8 344 +22 315+ 25 375+ 14
Fusicoccin 49.7% £ 0.3 49.2%7 £ 023 475%F £ 1.1 44.4%T £ 1.7 40.9%T £ 0.8 46.3 £ 0.9
GA; 47.7% £ 0.8 4347 + 13 41.6%7 £ 1.3 3867 £ 1.8 289 + 1.7 400 £ 1.6
Kinetin 49.7% £ 0.1 4977 £ 0.1 483%7 £ 0.3 48.2%t £ 0.8 444+t £ 13 48.1 £ 0.5
Nitrate 49.6*% + 0.3 4757 £ 05 43.5%T £ 0.9 3837 £ 25 354+ 34 429+ 1.5
Thiourea 49.4* 4+ 0.5 49.7%T £ 0.3 49.2%T £ 0.6 4137+ 28 4057 £ 23 460 £ 1.2
Overall 48.6 +£ 04 473 £ 0.6 444 £ 1.0 378 +23 363+ 1.9

Values with asterisk in the same salinity treatment significantly differ from the control of that treatment

¥ Not differ or significantly greater than non-saline non-treated seeds

The interaction between NaCl concentration and DRC
on final germination percentage was highly significant
(P < 0.001, Table 3). For control, there was a gradual
decease in final germination with the increase in NaCl
concentrations; all final germination values differed
significantly from each other at the different salinities.
However, there was no significant difference in final ger-
mination between 0, 50 and 100 mM NaCl for seeds
treated with fusicoccin, GAj, nitrate and thiourea, indi-
cating that these DRCs completely alleviated salinity
induced dormancy in L. scindicus. Final germination of
seeds treated with 150 or 200 mM NaCl + the different
DRCs (except nitrate in 200 mM) was significantly greater
than that of the control at these salinities, but was signifi-
cantly lower than that of non-saline non-DRC treated
seeds, indicating these DRCs partially alleviated salinity
induced dormancy at higher salinities. For seeds treated
with kinetin, final germination did not differ significantly
between 0 and 50 mM NaCl, and was significantly greater,
compared with that of seeds treated with 100, 150 and
200 mM NaCl, indicating that the kinetin completely

alleviated salinity induced dormancy in 50 mM, but par-
tially in 100, 150 and 150 NaCl (Table 4).

The interaction between NaCl concentration and
DRC was also significant for germination rate index of
L. scindicus (P < 0.01, Table 3). In non-treated seeds,
germination rate was significantly reduced in 100, 150 and
200 mM NaCl, compared with 0 and 50 mM NaCl. How-
ever, germination rate was either not affected significantly
or significantly increased after treating seeds with most of
the used DRCs in the different salinities (Table 5).

Discussion

None of the DRCs used succeeded in improving germi-
nation of non-saline treated seeds of both L. scindicus and
P. turgidum, compared to the control, except thiourea in
the former species. In addition, a negative impact on
the germination was observed for kinetin on seeds of
P. turgidum and for thiourea on seeds of L. scindicus.
In a number of subtropical and Great Basin halophytes,
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DRC:s like proline, betaine, GAjz, kinetin, fusicoccin, eth-
ephon, thiourea and nitrate had either no effect or a neg-
ative effect on germination of non-saline treated seeds of
several species, such as Aeluropus lagopoides, Halopyrum
mucronatum, Limonium stocksii, Salsola imbricata, Spo-
robolous ioclados, and Urochondra setulosa (Khan and
Gul 2006). In addition, little effect has been recorded for
DRCs on germination of Arthrocnemum macrostachyum,
Haloxylon stocksii and Sporobolous arabicus (Khan and
Gul 2006). In the present study, other factors, such as light
during seed incubation, would be more important than
DRCs in improving germination of non-saline treated seeds
of both L. scindicus and P. turgidum. At the same tem-
peratures of incubation used in the present study, germi-
nation of L. scindicus and P. turgidum in darkness was
83.8% and 85%, respectively (Al-Shamsi 2009; El-Keb-
lawy et al. 2010), which is greater than that of seeds treated
with any of the used DRCs in the present study.

Endogenous hormone level is affected by many envi-
ronmental stresses, such as salinity (Kabar 1987).
According to the growth regulator theory, the control of
dormancy has been attributed to various growth regula-
tors—inhibitors, such as ABA, and promoters, such as
gibberellins, cytokinins and ethylene. Consequently, dor-
mancy is maintained (or induced) by inhibitors such as
ABA, and it can be released only when the inhibitors are
removed or when promoters overcome it (Bewley and
Black 1994). In the present study, salinity-induced germi-
nation inhibition was alleviated, partially or completely, in
100 mM NaCl, by the application of GA;, fusicoccin,
kinetin and thiourea in P. turgidum. In L. scindicus,
salinity-induced germination inhibition was alleviated in
200 mM NaCl by the application of fusicoccin, kinetin and
thiourea. Germination under saline conditions was stimu-
lated by applying dormancy-relieving compounds, which
would counteract the negative change in growth regulator
balance in seeds when they are exposed to salt stress (Khan
and Gul 2006).

Germination failure in saline soils has been attributed to
both osmotic and toxic effects. Osmotic effects are usually
attributed to a declining soil solute potential and toxicity
effects are due to uptake and/or accumulation of some ions,
such as sodium and chloride, in the seeds (Khan et al. 2001;
Poljakoff-Mayber et al. 1994; Tobe et al. 2001). Based on
the ability of seeds to recover their germination after
transfer from saline solution to distilled water and the
ability of the seeds to germinate in different concentrations
of PEG 6000, El-Keblawy et al. (2010) reported that ger-
mination failure in saline solutions is caused by the osmotic
effect in P. turgidum, but caused by toxicity effect in
L. scindicus. The results of the present study indicate that
the role of DRCs in alleviating germination inhibition
induced by higher salinities was greater in L. scindicus,
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compared to P. turgidum. Salinity-induced germination
inhibition was completely alleviated by the application of
GA; in P. turgidum, but by fusicoccin, GAj, nitrate and
thiourea in L. scindicus. These results suggest greater role
for DRCs in alleviation of salinity induced germination
inhibition when toxicity effects are responsible for germi-
nation failure in saline solutions, compared to their effect
when osmotic effect is responsible for the inhibition. A
similar conclusion has been reported for Cyperus con-
glomeratus, another glycophytic sedge of the UAE desert.
In this species, most of the DRCs used alleviated the
salinity-induced germination inhibition and germination
failure in saline solutions was attributed to toxicity of the
salts, rather than osmotic stress (El-Keblawy et al. 2009).
Further studies of the response of germination levels in
saline solution to different DRCs for other desert glyco-
phytic plants, with osmotic and toxicity causes, are needed
to test this hypothesis.

Nitrogenous compounds, such as thiourea and nitrate,
are known to counteract the inhibitory effect of ABA and
the decline in cytokinin concentration associated with
salinity stress, and consequently alleviates salinity induced
inhibition of germination (Esashi et al. 1979). Several
studies have shown the ability of Nitrogenous compounds
to alleviate salinity induced dormancy in many species.
Nitrate and thiourea were able to counteract the inhibition
produced by salinity treatments in Allenrolfea occidentalis,
although they were relatively less effective, compared to
other chemicals such as fusicoccin and ethephon (Gul and
Weber 1998). Thiourea was effective in alleviating salinity
induced dormancy in saltgrass (Shahba et al. 2008), Tri-
glochin maritime (Khan and Ungar 2001c), Sporobolus
arabicus (Khan and Ungar 2001b), Aeluropus lagopoides
(Gulzar and Khan 2002) and Prosopis juliflora (El-Keb-
lawy et al. 2005). In our study, thiourea successfully alle-
viated germination inhibition in the two species, but nitrate
not. In the review of Khan and Gul (2006) on the effect of
different DRCs on salinity induced dormancy, nitrate
alleviated the germination inhibition in Zygophyllum sim-
plex and Sporobolus arabicus out of 12 examined species
of the subtropical halophytes and in Halogeton glomeratus
and Suaeda moquinii out of 10 examined species of the
Great Basin halophytes (Khan and Gul 2006).

In many species of saline habitats, germination occurs
when salt content of the habitat reaches its lowest level,
e.g., toward the end of or after the rainy period (Ismail
1990; Khan and Ungar 1996). However, high evaporation
rate in the subtropical deserts would return back the high
salinity level shortly after the rainy period. This is further
support of the importance of the germination stage as the
most critical stage in the life cycle of the plants. In most
cases, plants are able to establish themselves once they
pass this stage. In our study, germination inhibition in salty
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solutions was alleviated, partially or completely, by fusi-
coccin, kinetin and thiourea in both L. scindicus and by
fusicoccin, kinetin and thiourea and GAs in P. furgidum.
This result indicates that seeds of the two species could
germinate and hence establish themselves in salt affected
soils when they pre-treated with these DRCs. It has been
reported that salinity tolerance is greater in mature plants,
than at the germination stage of development (Mayer and
Poljakoff-Mayber 1975).
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