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Abstract

The effects of dormancy regulating chemicals [nitrate, thiourea, proline, kinetin and gibberellin (GA3)]
were tested on the seed germination of three salt playa halophytes, Halogeton glomeratus, Lepidium latifolium,
and Peganum harmala under various salinity treatments (0 to 400 mM NaCl) and photoperiod regimes
(12/12 h light/dark and 24 h dark). More than 80% of all seed species germinate under non-saline
conditions in a 12/12 h light/dark photoperiod. However, there was a progressive increase in the enforced
dormancy with an increase in salinity treatments. Thiourea substantially improved seed germination and
the rate of germination of all test species under saline conditions. Kinetin partially alleviated the salinity
effect on the seed germination of H. glomeratus and P. harmala but not for L. latifolium. GA3 substantially
improved the seed germination in L. latifolium. Nitrate and proline had no effect under saline conditions.
Seed germination was completely inhibited in L. latifolium, partially in P. harmala, but had no effect on H.
glomeratus seeds when germinated in the dark. GA3 alleviated dark inhibition in the order: L. latifolium > P,
harmala > H. glomeratus. Species specific responses to GA3 and kinetin and environmentally mediated

responses of thiourea appear to influence the seed germination of the salt playa species.
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INTRODUCTION

Seed dormancy could play a key role in
determining the appropriate time for seed
germination and seedling establishment under
harsh environmental conditions such as the salt
playas (Atia et al. 2009, Ahmed and Khan 2010).
Unfavorable environmental conditions may induce
seed dormancy by production or activation of
inhibitors such as high levels of reactive oxygen
species, which in turn could affect membrane
permeability, seed water uptake, and hormonal
balance (Atia et al. 2009, Khan et al. 2009, El-
Keblawy et al. 2010). Alterations in the endogenous
chemical balance (Bewley and Black 1994) and seed
structure (Weitbrecht et al. 2011) at the appropriate
salinity, temperature, and light conditions could
facilitate seed germination (Ahmed and Khan 2010,
El-Keblawy et al. 2010).

Seed dormancy under harsh environmental
conditions can be released by applying suitable
chemicals (Atia et al. 2009, Srivastava et al. 2010)
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such as gibberellic acid (GA3), kinetin, thiourea,
nitrate, and proline (Khan and Gul 2006, El-
Keblawy et al. 2010). However, few reports are
available on the influence of dormancy regulating
chemicals (DRCs) in alleviating salinity and
photoperiod effects on the seed dormancy of playa
halophytes from Pakistan (Gul and Khan 2008).
Germination responses to these chemicals may vary
among individuals, ecotypes, species, and higher
taxonomic groups (Urbanska and Schitz 1986).
Khan and Gul (2006) reviewed the role of various
chemicals on seed germination under saline
conditions on 10 temperate (Great Basin, Utah) and
12 sub-tropical (coastal Karachi) halophytes and
indicated that the Great Basin species were relatively
more responsive to the application of thiourea,
kinetin, and GA3.

Endogenous hormones may interact with light
in allowing seeds to germinate under saline
conditions (Yamaguchi and Kamiya 2002, Li et al.
2005). Light interacts with endogenous GA3 either
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directly or indirectly to synchronize various
physiological and molecular events such as gene
expression, signal transduction, ion channels,
hormonal balance, and phytochrome related
processes during seed germination (Teng et al.
2010). Phytochromes may also regulate light-
mediated seed germination by influencing the
endogenous GA3 and abscisic acid (ABA) ratio
(Yamaguchi and Kamiya 2002, Li et al. 2005).
However, in the Arabidopsis thaliana seed, sensitivity
to ABA appeared to be more important than the
GA3/ABA ratio in regulating seed germination
(Teng et al. 2010). GA3 is also known to compensate
the light requirement of seeds (Taiz and Zeiger
2010, Zhang et al. 2010). However, little
information is available on the role of plant
hormones in breaking the seed dormancy of
halophytes in the absence of light under saline
conditions (Gul et al. 2000).

Halogeton glomeratus (M. Bieb.) C.A. Mey.,
Lepidium latifolium Linn., and Peganum harmala Linn.,
have a great economic importance and are among
the dominant species of flora of the temperate
northern moist mountainous region of the Upper
Hunza, Pakistan. Halogeton glomeratus (Bieb.) C.A.
Mey (Amaranthaceae) is a succulent annual forb
which can be used as a fodder for sheep (Krueger
and Sharp, 1978) and a source of edible oil with high
un-saturation (Weber et al., 2001). Peganum harmala
Linn. (Zygophyllaceae), a leaf succulent perennial
herb is used to control ailments like asthma, colic,
jaundice, and pyrexia (fever) (Shapira et al., 1989).
Lepidium latifolium Linn. (Brassicaceae) is a non-
succulent, perennial shrub (Miller et al., 1986)
adapted for moderately saline environment (Spenst
et al., 2006) that could be used as an animal feed in
arid and semi-arid regions. Freshly dispersed seeds
of test species are non-dormant and undergo
enforced dormancy under saline conditions and in
the dark (Ahmed and Khan 2010). The present
study investigates the role of different nitrogen
containing compounds (nitrate and thiourea),
compatible osmolytes (proline), and plant
hormones (GA3 and kinetin) in alleviating salinity
and light effects on the seeds of the playa halophytes.

MATERIALS AND METHODS

Seed Collection

The seeds of L. latifolium, P. harmala and H.
glomeratus were collected during the fall from a salt
playa (2569 m ASL, 36° 25.983" N and 74° 51.775'

2

E) located near Borith Lake in upper Hunza,
Pakistan. Seeds of each species were randomly
collected from the population to diminish the effect
of genetic variation within the population. Seeds
were surface sterilized using 0.82% sodium
hypochlorite for 1 min followed by through rinsing
and air-drying before being stored in plastic jars at
4°C.

Germination Experiment

Germination experiments were conducted in a
programmed incubator (Percival Scientific, Boone,
lowa, USA) with two light regimes (12/12 h
light/dark and 24 h dark) at 20/30°C. In the 12/12 h
light/dark photoperiod, the higher temperature
(30°C) coincided with 12 h of light (Philips cool
white fluorescent lamps, 25 pmol m-2 s-1, 400 — 700
nm) and the lower temperature (20°C) coincided
with 12 h of dark. Seed containing Petri dishes were
placed in black plastic bags to provide 24 h of dark.
Germination tests were performed using four
replicates per treatment (each containing 25 seeds).
Germination was carried out in air tight plastic Petri
dishes (5 cm diameter) with 7 ml of test solution
[four NaCl concentrations (0, 200, 300, and 400
mM) with and without DRCs (kinetin: 0.05 mM,
GA3: 3 mM, proline: 0.1 mM, nitrate: 20 mM, and
thiourea: 10 mM)]. The range of salinity
concentrations was selected in accordance with the
studies of Ahmed and Khan (2010).

Data Collection and Statistical Analyses

The percent seed germination in the 12/12 h
light/dark photoperiod was recorded on alternate
days up to the 20th day. Seed germination for the 24
h of dark was recorded once after the 20th day. Seeds
were counted as germinated after the protrusion of
the radical (Bewley and Black 1994). Rate of
germination was calculated using the modified
Timson’s index (Timson 1965, Rate of seed
germination = 2G/t, where G is percentage of seed
germinated at 2-day intervals, and t is total
germination period (Khan and Ungar 1984). The
maximum possible value of rate of seed germination
using this index is 50 (i.e. 1000/20) and a higher
value indicates faster seed germination.

The percentages and rate of seed germination
were transformed (arcsine) before the statistical
analysis to ensure the normal distribution. The data
was analyzed using SPSS for Windows release
version 9 (1999). Analysis of variance (ANOVA) was
performed to demonstrate the significance of the
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main factors (species, DRCs, and salinity
treatments) and their interaction on seed
germination in a 12/12 h light/dark photoperiod.
Similarly, a three-way ANOVA was accomplished to
evaluate the effect of species, salinity, and GA3 on
the final seed germination in complete darkness. A
post-hoc analysis (Bonferroni test or t-test) was
performed in the presence of significant (P < 0.05)
differences.
RESULTS

Effects of DRCs on Seed Germination in a
12/12 h Light/Dark Photoperiod

A three-way ANOVA showed significant (P <
0.0001) individual effects of species, salinity, DRCs,
and their interaction on the final seed germination
(Table 1). Seed germination of H. glomeratus, L.
latifolium, and P. harmala in the untreated and non-
saline control was 100%, — 80% and > 95%,
respectively. Moreover, no impact of DRCs was
observed on seed germination of the test species
except GA3 which inhibited seed germination of L.
latifolium in distilled water (Fig. 1). An increase in
salinity progressively inhibited seed germination to
less than 10% at 400 mM NacCl in H. glomeratus and
P. harmala and 300 mM NacCl in L. latifolium (Fig. 1).
Seeds of L. latifolium failed to germinate in 400 mM
of NaCl. GA3 significantly (P < 0.0001) enhanced
the seed germination of L. latifolium at 300 and 400
mM NacCl by 50% and by 15% in the untreated
control, respectively (Fig. 1). Among all DRCs, only
GA3 promoted seed germination of L. latifolium in
400 mM NacCl (Fig. 1), Proline significantly (P <
0.0001) improved seed germination of L. latifolium
(— 20%) at 200 mM NacCl (Fig. 1), and GA3 and
proline had no effect on the seed germination of P.
harmala and H. glomeratus under saline conditions
(Fig. 1). Thiourea significantly (P < 0.0001)
improved seed germination of all test species under
saline conditions. A better germination response of
about 25% and 30% was found in the seeds of L.
latifolium, treated with thiourea in 200 and 300 mM
NaCl, respectively (Fig. 1). The enhanced
germination of P. harmala (85%) and H. glomeratus
(55%) was found in the seeds treated with thiourea
in 400 mM NaCl (Fig. 1). Whereas, kinetin
enhanced the seed germination of P. harmala and H.
glomeratus by 10% and 50% in 400 mM NacCl,
respectively (Fig. 1). No significant effect of nitrate
was observed on the seed germination of the test
species (Fig. 1).
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A three-way ANOVA indicated significant (P <
0.0001) individual effects on the species, salinity,
DRCs, and their interaction on the rate of seed
germination (Table 1). The highest rate of
germination (H. glomeratus: 47.6, L. latifolium: 23.8,
and P. harmala: 45.6) was noted in distilled water
with a 12/12 h light/dark photoperiod (Table 2). All
DRCs enhanced the rate of germination in L.
latifolium under non-saline condition (Table 2). A
linear decrease in rate of seed germination (P <
0.0001) was found with increases in salinity (Table
2). The lowest germination rate (< 5) was observed
for L. latifolium seeds in 300 mM NaCl and for H.
glomeratus and P. harmala it was 400 mM NacCl (Table
2). The rate of germination in L. latifolium and P.
harmala was significantly (P < 0.0001) enhanced by
the application of GA3, thiourea, and kinetin under
saline conditions (Table 1 and 2). The application of
GA3 increased the seed germination rate up to 8 fold
and kinetin up to 4 fold in 300 mM NacCl (Table 2).
Thiourea and Kinetin significantly (P < 0.0001)
improved the germination rate of H. glomeratus seeds
in 400 mM NaCl (Table 2). The Thiourea treated
seeds of P. harmala germinated 24 times faster than
the untreated control in 400 mM NaCl (Table 2).
Proline and nitrate failed to improve the rate of seed
germination irrespective of species and NaCl (Table
2).

Effects of GA3 on Seed Germination in 24 h
of Darkness

A three-way ANOVA revealed significant (P <
0.0001) individual effects of species, salinity, GA3,
and their interactions on seed germination in
complete darkness (Table 3). No L. latifolium seeds
germinated in the non-saline and untreated control
condition, whereas, 100% seed germination was
found in H. glomeratus and 50% in P. harmala. GA3
had no effect on the seed germination of H.
glomeratus, while in L. latifolium it substantially
alleviated the dark effect in lower salinity (0 to 300
mM NacCl) (Fig. 2). In P. harmala, GA3 improved
seed germination in all salinity treatments except
400 mM NacCl (Fig. 2).

DISCUSSION

Transition between seed dormancy and
germination of halophytes is highly regulated by
endogenous chemicals which maximizes the
chances of seedling establishment in variable and
stressful environmental conditions (Li et al. 2005,
Atia et al. 2009). Seeds of all the test species were
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Table 1. A three-way ANOVA of species (SP), salinity
(ST), dormancy regulating chemicals (DRCs),
and their interactions on final seed germination
and rate of germination in a 12/12 h light/dark

photoperiod.
Independent Variables | df | F-values
Germination (%)
Sp 2 533.62%**
DRCs 5 93.49%k*
ST 3 1555.94***x
SP X DRCs 10 17.41%*%
SP X ST 6 47.18%**
DRCs X ST 15 19.07***
SP X DRCs X ST 30 1444+
Error 168
Rate of seed germination
Sp 2 590.61%**
DRCs 5 75.82%**
ST 3 1663.21***
SP X DRCs 10 15.924*%
SP x ST 6 32.33%x*
DRCs X ST 15 9.50%**
SP X DRCs X ST 30 6.52%**
Error 168

***: denotes significant differences at P < 0.0001

non-dormant, while the presence of salinity and/or
the absence of light caused enforced dormancy
(Ahmed and Khan 2010). The use of chemicals may
release this dormancy by compensating for
hormonal and mineral imbalance (Zhang et al.
2010). Little information is available on the role of
various chemicals in alleviating seed dormancy of
the salt playa halophytes under unfavorable
conditions particularly in the absence of light (Gul
et al. 2000).

Nitrogenous chemicals such as thiourea and
nitrates could be cheap sources of nitrogen for
promoting seed germination under salt stress (Khan
and Gul 2006). Thiourea alleviated the salinity
enforced seed dormancy of playa halophyte for
example: Triglochin maritima (Khan and Ungar 2001),
Allenrolfea occidentalis (Gul and Weber 1998), Distichlis
spicata var. stricta (Shahba et al. 2008), and H.
glomeratus (Great Basin, Utah, Khan et al. 2009) but
was ineffective in most subtropical halophytes
(Khan and Gul 2006). Promotion of seed
germination with thiourea is reported (Esashi et al.
1979) to occur by enhancing the antioxidant defense
system (Srivastava et al. 2010), altering the redox
status (Srivastava et al. 2010), controlling membrane
kinetics for ion uptake (Aldasoro et al. 1981), and
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Fig. 1. Effect of dormancy regulating chemicals (GA3
3 mM, proline 0.1 mM, thiourea 10 mM, kinetin
0.05 mM, and nitrate 20 mM) on final seed
germination (n= 4; mean = s.e.) of Halogeton
glomeratus, Lepidium latifolium and Peganum harmala
under various salinities (0 to 400 mM NacCl), and
12/12 h light/dark photoperiod (Similar letters
within each NaCl concentration indicate non-
significant differences between treated and non-
treated seeds by a student’s t-test at P < 0.05).
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regulating enzyme activity and turnover (Srivastava
et al. 2010). Srivastava et al. (2009) reported that
increased mitochondrial ATPase gene expression
and enzyme activity play a key role in complete
alleviation of salinity enforced dormancy in the
thiourea treated seeds of Brassica juncea at 21000 mM
NaCl. In the present study, thiourea substantially
relieved salinity enforced dormancy in all test
species. The thiol (-SH) group in thiourea is
implicated in activating enzymes during seed
germination (Srivastava et al. 2009, 2010). However,
nitrate did not alleviate seed dormancy in Suaeda
salsa and Descurainia sophia (Li et al. 2005). Similar
responses were found in our test species. Proline
had little effect on the seed germination of H.
glomeratus, L. latifolium, and P. harmala under saline
conditions as reported for other species (Khan et al.
2002). However, it alleviated salinity enforced seed
dormancy in Allenrolfea occidentalis (Gul and Weber
1998). Kinetin had differential effects on salinity
enforced seed dormancy of halophytes from
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Table 2. Effect of dormancy regulating chemicals (GA3
3 mM, proline 0.1 mM, thiourea 10 mM, kinetin
0.05 mM, and nitrate 20 mM) on the rate of seed
germination (n= 4; mean = s.e.) of Halogeton
glomeratus, Lepidium latifolium, and Peganum harmala
under various salinities (0 to 400 mM NacCl), and
a 12/12 h light/dark photoperiod (Similar letters
within each NaCl concentration indicate non-
significant differences between treatments by the
Bonferroni test at P < 0.05.

Rate of seed germination
NaCl .
(mM) Treatment type Halogeton Legtd{um Peganum
glomeratus latifolium harmala

0 Untreated control 47.6 £ 035" 238 £ 1.35°¢ 45.6 + 1.10*
GA, 46.0 £ 0.17* 28.0 = 1.74* 46.6 £ 0.47*
Proline 435+ 058" 324 +3.18% 455 +205°
Thiourea 49.0 £ 1.15* 340+ 1.56* 432+1.21°
Kinetin 47.0 £ 0.58* 30.7 £0.35* 448 £1.56*
Nitrate 447+075" | 283 107" 43.6 + 1.39*

200 Untreated control 332 +0.58"° 18.1 % 1.62° 392 +1.31°
GA, 388 +£3.81" | 258+ 1.01° 39.6 £0.53*
Proline 27.0 £ 1.39°¢ 17.4 + 1.92° 39.0 £0.83"
Thiourea 418+1.73" 240 £ 1.11° 415+ 1.88"
Kinetin 36.1 £ 1.67™ | 24.0 = 1.04° 357 £297*
Nitrate 274 * 4.16° 17.6 + 2.84° 3710477

300 Untreated control 11.0 £ 0.58 ¢ 21£059¢ 252 +2.12°
GA, 15.0 £ 0.17 ¢ 16.1 £0.87° 334 +1.50°
Proline 10.0 £ 1.15°¢ 1.8 +0.64° 255 +0.64"°
Thiourea 340075 3.6%202° 373 =052
Kinetin 28.0 = 1.73° 83 * 1.67° 311 £ 1.09°
Nitrate 11.0 £ 1.67°¢ 31+0.70° 17.4 £ 2.78¢

400 Untreated control 1.7 £0.06° 0.0 % 0.00° 1.1+1.03¢
GA, 1.5 = 0.06° 3.0+0.00° 6.4 +3.12%
Proline 0.0 £ 0.00° 0.0 +0.00" 25+1.07°¢
Thiourea 222 +0.23° 0.0 % 0.00° 241 +180*
Kinetin 202 £2.77° 0.0 = 0.00° 9.5+351°
Nitrate 2.6 +0.46° 0.0 +0.00" 02+0.20¢

Table 3. A three-way ANOVA of seed germination by

species (SP), salinity (ST), GA3 (GA), and their
interactions on final seed germination in 24 h of

darkness.

Independent Variables df F-values
SP 2 47.60***
ST 3 735.10%*%*
GA 1 484 .83%**
SP x ST 6 117.09%**
SP X GA 2 135.30%**
ST X GA 3 60.64%**
SP X ST X GA 6 25.15%**
Error 48

***: denotes significant differences at P < 0.0001

substantial alleviation in Atriplex halimus (Debez et
al. 2001) to partial alleviation in Salicornia utahensis
(Gul and Khan 2003), Triglochin maritima (Khan and
Ungar 2001) and Allenrolfea occidentalis (Gul and
Weber 1998), and no effect on Zygophyllum gatarense
(Ismail 1990). Kinetin could alleviate seed
germination by protecting cell membranes from
ROS (Chaitanya and Naithani 1998), by increasing
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Fig. 2. Effect of GA3 on the seed germination of Halogeton
glomeratus, Lepidium latifolium, and Peganum harmala
in 24 h darkness under various salinities (0 to 400
mM NacCl) (Similar letters within each NaCl
concentration indicate non-significant differences
between mean values by a Bonferroni test at
P < 0.05).

amylase activity in the cotyledons (Kaur et al. 1998),
reducing the moisture requirement and/or by
increasing water uptake (Sastry and Shekhawat
2001), or by enhancing ethylene biosynthesis to
counter ABA (Hermann et al. 2007). Kinetin
markedly improved the seed germination and rate of
germination of P. harmala and H. glomeratus under
high salinity as in the Great Basin ecotype of H.
glomeratus (Khan et al. 2009). However, it had no
effect on seed germination of L. latifolium.

External application of GA3 improved seed
germination of most playa halophytes like Allenrolfea
occidentalis (Gul and Khan 2008), Atriplex halimus
(Debez et al. 2001), Salicornia utahensis, and Salicornia
rubra (Khan et al. 2002, Gul and Khan 2003). A
literature survey reveals that GA3 seems to alleviate
salinity effects through changes in the GA3/ABA
ratio, stimulation of embryo growth and induction
of hydrolases (e.g., endo-B-mannanase) to weaken
the micropylar endosperm in the seeds of
Brassicaceae (Yamaguchi and Kamiya 2002).
Lepidium latifolium and P. harmala also responded
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positively to GA3 application, with similar patterns
during seed germination of Lepidium sativum
(Mduller et al. 2006). The 20% decrease in seed
germination of L. latifolium in light by GA3 in
comparison with distilled water alone, might be due
to either a hormonal imbalance or an osmotic effect.
The ethylene-ABA antagonism of ACC biosynthesis
and ACO gene expression during the radicle
emergence and pericarp resistance have been
implicated in seed germination inhibition of sugar
beet (Amaranthaceae) (Hermann et al. 2007). A
similar mechanism may help to explain the response
of GA3 in H. glomeratus (Amaranthaceae) (Khan et
al. 2009).

Phytochrome red/far red photo-reversibility
promotes the synthesis of the active GAs through an
increase in transcription of GA3OX gene in
Arabidopsis thaliana, Lepidium sativum, and Lactuca
sativa (Yamaguchi and Kamiya 2002). Whereas, two
GA3ox repressors: 3-like5 (PIL5) and Spatula (SPT)
appeared to inhibit seed germination of Arbidopsis
thaliana in darkness and at low temperatures
(Penfield et al. 2005). The absence of light has
variable responses on the seed germination of
halophytes under both saline and non-saline
conditions ranging from complete inhibition to
partial germination or no effect depending on their
sensitivity to light and/or its interaction with
endogenous hormones (Khan and Gul 2006). GA3
had variable effects on alleviation of seed dormancy
under both non-saline and saline conditions.
Maximum (75%) alleviation with GA3 under dark
and non-saline condition was obtained in L.
latifolium - the most light sensitive test species,
followed by P. harmala (50%), whereas, there was no

effect on H. glomeratus. Concentrations as low as 1
mM of GA3 is sufficient to entirely substitute the
light requirement in Lepidium virginicum (Evans and
Fratianne 1977). Ethylene/ABA antagonism may be
more important in regulating seed germination
rather than the GA3/ABA ratio in H. glomeratus
(Amaranthaceae). Our test species showed similar
alleviation with GA3 in both saline and non-saline
treatments; however, somewhat lower alleviation
was seen at higher salinities. In the absence of light,
external application of GA3 possibly helps to
maintain the level of bioactive GAs in L. latifolium
and P. harmala seeds by reducing the endosperm
resistance and enhancing the embryo growth (Taiz
and Zeiger 2010, Zhang et al. 2010). Our results
indicate that GA3-induced alleviation was related to
the seed’s sensitivity to light.
CONCLUSION

Species specific effects of exogenous chemicals
could reflect variation in seed structure and
endogenous chemicals and their interaction with the
abiotic environment. Of the two nitrogenous
compounds used, thiourea alleviated salinity effects
in the presence of light, probably as a source of the
thiol group for activating germination related
enzymes. Reversal of salinity and darkness enforced
the seed dormancy by GA3 and kinetin, indicates
their role in germination inhibition during
unfavorable conditions. Taken together our results
reflect that the viable seeds require multiple
mechanisms to avoid germination during unsuitable
environmental conditions in salt playas.
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