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Germination responses of Sporobolus ioclados:
a saline desert grass
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Sporobolus ioclados (Nees ex Trin.) Nees (Poaceae), a halophytic grass
distributed in coastal and inland regions of Pakistan, is a potential forage crop
which could be grown in the degraded saline soils of the Indus plain and
coastal areas. Greatest germination was obtained in non-saline control and it
was linearly reduced with increases in salinity to 500 mM NaCl. Variation in
temperature substantially affected germination in both the saline and nonsaline treatments. At the optimal temperature regime of 20:301C, S. ioclados
seeds showed 93% germination at 0 mM NaCl and 18% germination at
500 mM NaCl, respectively. In all other temperature regimes, only 50% of the
seeds germinated in 0 mM while none germinated at 500 mM NaCl. Rate of
germination decreased with an increase in salinity at all temperature regimes
but comparatively higher rates were obtained at 20:301C. Seeds showed a low
recovery response when transferred to distilled water after 20 days of
exposure to salinity and tetrazolium viability test showed that most of the ungerminated seeds were dead. The present study showed that if the seed is
protected from salinity and temperature stress during storage in the soil, it
could germinate during monsoon rains.
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Introduction
Sporobolus ioclados is a stoloniferous perennial grass widely distributed from the sand
dunes of the Arabian sea coast to the salt flats and saline deserts in northern Pakistan
(Cope, 1982). Aerial shoots sprout from the stoloniferous base after considerable
monsoon rains and seed set late in the fall. A large portion of the stored seeds rapidly
disappear from the seed bank (Khan, 1993). However, seedlings are recruited from
seeds in less saline, dry dune habitats, whereas in salt marshes recruitment through
stolons is more common. Sporobolus ioclados populations are distributed in saline wet
patches and dry sandy areas on the Karachi University campus where soil-specific
conductance varied from 15 to 35 dS m 1 (about 200–400 mM; Khan, 1993) and was
found in association with highly salt-tolerant halophytes like Haloxylon stocksii, Suaeda
*Corresponding author. Fax: +92-21-924-3976. E-mail. ajmal@botany.ku.edu.pk
wDepartment of Botany, Government Superior Science College, Shah Faisal Colony, Karachi-75230,
Pakistan.
0140-1963/02/030387 + 08 $35.00/0

# 2002 Elsevier Science Ltd.

388

M. A. KHAN & S. GULZAR

fruticosa and Salsola imbricata in inland communities and with Halopyrum mucronatum,
Tamarix indica, Aeluropus lagopoides, Salsola imbricata, Suaeda fruticosa and Heliotropium curassavicum in the coastal communities. Some Sporobolus species are known
to be dormant after seed dispersal (Andrews, 1997) and are moderately salt tolerant at
germination (Mahmood & Malik, 1996).
Grasses vary in their upper limit of salt tolerance and increases in salinity usually
delay seed germination (Gulzar & Khan, 2001). Halophytic grasses like S. virginicus
(Breen et al., 1997), Puccinellia nuttalliana (Macke & Ungar, 1971), H. mucronatum
(Khan & Ungar, 2001), Hordeum vulgare (Badger & Ungar, 1989) and Briza maxima
(Lombardi et al., 1998) germinate in NaCl concentrations up to 350 mM. However,
Urochondra setulosa (Gulzar et al., 2001), P. festucaeformis (Onnis & Micelli, 1975),
A. lagopoides (Gulzar & Khan, 2001) and Spartina alterniflora (Mooring et al., 1971)
have been shown to germinate at 500 mM or higher NaCl levels.
Temperature influences the germination responses of many halophytic grasses to
salinity (Badger & Ungar, 1989; Delesalle & Blum, 1994; Khan & Ungar, 1999,
2001). Gulzar et al. (2001) studied the effect of salinity and temperature on the
germination of U. setulosa. They found that a temperature regime of 20:301C
significantly promoted germination. Similar results were reported for A. lagopoides, a
grass distributed in the study area (Gulzar & Khan, 2001).
Seeds of various halophytic grasses maintain ability to germinate after an extended
period of exposure to salinity (Macke & Ungar, 1971; Breen et al., 1977; Zedler et al.,
1990; Keiffer & Ungar, 1995, 1997), which could change with treatments at different
temperature regimes (Khan & Ungar, 1997, 1999, 2001; Gulzar & Khan, 2001;
Gulzar et al., 2001). Exposure to high salinity could cause priming of seeds before
germination or the higher salinity could result the death of seeds (Ungar, 1995). This
study was conducted to better understand the seed germination requirements of S.
ioclados population from the near coastal areas of Karachi, Pakistan. Initial
establishment of species in salt deserts is related to germination response of seeds
to salinity and temperature regimes and early establishment usually determines if a
population will survive to maturity (Gulzar & Khan, 2001). The effects of salinity and
temperature regimes on percentage of germination, rate of germination, and recovery
responses of S. ioclados were studied to determine their individual effect and the
interaction between these factors on germination.

Materials and methods
Inflorescences of S. ioclados were collected from a population on the Karachi
University campus. Seeds were separated from the inflorescence, cleaned and dry
stored at room temperature after surface sterilization with 8?5% clorox for 1 min.
Seeds were germinated in two folds of Whatman filter # 1 paper placed in
2?5 cm  18 cm glass test tubes with 5 ml of test solution. Four replicates of 25 seeds
each were used for each treatment. A seed was considered to have germinated at the
emergence of the radicle (Bewley & Black, 1994). Six salinity concentrations (0, 100,
200, 300, 400, and 500 mM NaCl) were used based on a preliminary test for salt
tolerance limits of the species. Germination was tested at 10:20, 15:25, 20:30 and
25:351C temperature regimes with a 12-h photoperiod using 25 mmol m 2 s 1, 400–
700 nm Sylvania cool white fluorescent lamps. Germination was noted on alternate
days for 20 days. After 20 days, all un-germinated seeds were placed in distilled water
and under the initial temperature regimes for another 20 days. Un-germinated seeds
were tested for viability using the tetrazolium chloride test (Copeland & McDonalds,
1995). Rate of germination and recovery were calculated with the help of a modified
Timson’s germination velocity index = SG/t, where G is the percentage of seeds
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germinated after 20 days, and t the total time of germination (Khan & Ungar, 1999).
The maximum possible value using our data was 50 (1000 seeds 20 days 1).
Percentage recovery germination was calculated by using the following formula = (a–
b)/(c–b)  100, where a is the total number of seeds germinated after being transferred
to distilled water, b the total number of seeds germinated in saline solution and c the
total number of seeds. Germination data (20 days and rate of germination) and
recovery germination data (20 days) were arcsine transformed before statistical
analysis to ensure homogeneity of variance.
Data were analysed using SPSS 9?0 (SPSS, 1999). The effect of salinity and
temperature on the rate and percentage of germination were examined using two-way
analysis of variance (ANOVA). If significant differences occurred, a Bonferroni
analysis (Multiple range test, po0?05) was carried out to determine if significant
differences occurred between individual treatments. Linear regression analysis was
used to determine the relationships between germination, rate of germination,
recovery of germination and salinity at different temperature regimes.

Results
Germination of S. ioclados seeds decreased with an increase in salinity (Fig. 1).
Germination was greatly reduced in the 500 mM NaCl treatment. Alternating
temperature regimes of 20:301C yielded maximum germination at all salinities tested
(Figs 1 and 2). Germination at other temperature regimes, i.e. 10:20, 15:25 and
25:351C had a similar pattern of germination at or above 300 mM NaCl. A two-way
ANOVA of germination indicated a significant main effect of salinity (F = 46?9,
po0?0001), temperature (F = 56?7, po0?0001) and their interaction (F = 3?6,
po0?0001). There was a strong negative relationship with germination and salinity
with coefficient of determination (R2) ranging from 0?60 to 0?79 (Fig. 2).
Germination velocity significantly (po0?001) decreased with an increase in salinity
in all temperature treatments (Fig. 3). Rate of germination in the various salinity
treatments was usually highest at the 20:301C temperature regime. A two-way
ANOVA of rate of germination indicated a significant main effect of salinity (F = 57?8,

100
80

10-20 °C

15-25 °C

Germination (%)

60
a

40
20

c
d
d

0
100
80
60
40
20

a
b
b
cc
c

b

20-30 °C

a

25-35 °C

b
b
b
c
c

a
b
b
bb
c

0
0 2 4 6 8 10 12 14 16 18 20

0 mM
100 mM
200 mM
300 mM
400 mM
500 mM

0 2 4 6 8 10 12 14 16 18 20

Days

Figure 1. Germination of Sporobolus ioclados seeds in 0, 100, 200, 300, 400 and 500 mM NaCl
and 10–20, 15–25, 20–30 and 25–351C temperature regimes. Values at each temperature
regime having the same letter are not significantly different (p40?05) from the control
(Bonferroni test).
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Figure 2. Regression plots for mean final germination percentages of Sporobolus ioclados seeds
in 0, 100, 200, 300, 400 and 500 mM NaCl and 10–20, 15–25, 20–30 and 25–351C temperature
regimes.

50
40

10-20 °C

15-25 °C

Y = −0.04 + 17.71X,
R2 = 0.77, P < 0.01

Y = −0.03 + 10.96X,
R2 = 0.67, P < 0.01

30

Rate of germination

20
10
0

50
40

20-30 °C

25-35 °C

Y = −0.07 + 35.36X,
R2 = 0.82, P < 0.01

Y = −0.03 + 13.28X,
R2 = 0.58, P < 0.01

30
20
10
0
0

100 200 300 400 500

0

100 200 300 400 500

NaCl (mM)

Figure 3. Regression plots for rate of germination of Sporobolus ioclados seeds in 0, 100, 200,
300, 400 and 500 mM NaCl and 10–20, 15–25, 20–30 and 25–351C temperature regimes.

po0?0001), temperature (F = 61?2, po0?0001) and their interaction (F = 5?0,
po0?0001). A linear regression explains a high promotion of the germination
response with R2 values ranging from 0?58 to 0?82 in various temperature treatments
(Fig. 3).
After a 20 day salinity treatment, seeds were transferred to distilled water to
determine the recovery of germination in seeds inhibited by salt treatment. Recovery

GERMINATION OF SPOROBOLUS IOCLADOS

100

15-25°C

10-20°C

Y = −0.02 + 0.34X,
R2 = 0.29, P < 0.01

Y = −0.06 + 0.24X,
R2 = 0.56, P < 0.01

80

391

Recovery of germination (%)

60
40
20
0
25-35°C

20-30°C

100

Y = −0.04 + 3.49X,
R2 = 0.45, P < 0.01

Y = −0.05 + 2.57X,
R2 = 0.47, P < 0.01

80
60
40
20
0
0

100 200 300 400 500

0

100 200 300 400 500

NaCl (mM)

Figure 4. Regression plots for recovery of germination of Sporobolus ioclados seeds in 0, 100,
200, 300, 400 and 500 mM NaCl and 10–20, 15–25, 20–30 and 25–351C temperature regimes.

of germination was generally low and highest recovery was about 30% (Fig. 4). At low
NaCl concentration, there was no recovery of germination while seeds exposed to high
salinity (500 mM NaCl) had some recovery of germination (Fig. 4). A linear regression
plot depicted the recovery of germination at various salinity concentrations with R2
values ranging from 0?29 to 0?56 (Fig. 4). Most of the un-germinated seeds were not
viable after the recovery treatment.
Discussion
Saline areas in Pakistan have about 60 perennial grasses (Khan, 2002) and about 18 of
them are found in the coastal areas (Khan & Gul, 2002). Salt-tolerant grasses could be
used as a fodder or as turf grasses in the areas where good quality water deficits are
present and soils are saline (Khan, 2002). Sporobolus ioclados is one of the most
common grasses found in the saline marshes and saline deserts of Pakistan (Cope,
1982). It grows in the coastal dunes and marshes of saline basin and sand dunes found
in the Indus plains and could be used as a forage grass (Khan, 2002). Our data
indicate that the seeds of S. ioclados were not dormant and showed 93% germination
at a 20:301C temperature regime. However, a change in temperature substantially
affected the percent germination. Germination in S. ioclados seeds was inhibited with
an increase in salinity but some seeds germinated at 500 mM NaCl. It seems that most
of the grasses studied showed little germination above 300 mM NaCl (Macke & Ungar,
1971; Ungar, 1974; Breen et al., 1977; Khan & Ungar, 2001) while some could
tolerate up to 500 mM (Onnis & Micelli, 1975; Gulzar et al., 2001; Gulzar & Khan,
2001) with the exception of Spartina alterniflora which could germinate at about
1000 mM NaCl. Tolerance to salinity at the seed germination stage by S. ioclados
indicates that it is one of the highly salt-tolerant grasses.
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A number of environmental factors may be involved in the development of
germination strategies of halophytic seeds (Ungar, 1995). Temperature is reported to
be one of the crucial factors in modulating seed germination responses under saline
conditions (Khan, 1999). Sporobolus ioclados seed) germinated better at 20:301C
regime and any further increases or decreases in temperature inhibited germination at
all salinities. Similar sensitivity to change in temperature is also shown by other grasses
(Macke & Ungar, 1971; Morgan & Myers, 1989; Myers & Couper, 1989; Khan &
Ungar, 2001). Other Arabian Sea coastal grasses like A. lagopoides, H. mucronatum and
Urochondra setulosa showed similar responses to change in temperature and highest
germination was obtained at 20:301C (Gulzar & Khan, 2001; Gulzar et al., 2001;
Khan & Ungar, 2001). Temperature shifts may affect a number of processes
determining the germinability of seeds including membrane permeability, activity of
membrane-bound proteins and cytosol enzymes (Bewley & Black, 1994).
Seeds of halophytes have been found to germinate even after prolonged exposure to
hyper-saline conditions (Keiffer & Ungar, 1997; Khan & Ungar, 1997). Seeds of
halophytic grasses recovered quickly when exposed to salinity for short periods and
under suitable temperature regimes (Keiffer & Ungar, 1997; Gulzar & Khan, 2001;
Khan & Ungar, 2001; Gulzar et al., 2001). A longer exposure and unfavorable
temperature conditions can prevent their recovery from salinity stress (Keiffer &
Ungar, 1997; Gulzar et al., 2001). Sporobolus ioclados seeds, however, showed an
overall poor recovery response at all temperature regimes when transferred to distilled
water after 20 days salinity. The tetrazolium test after the recovery showed that the
exposure to high concentration of salinity and unfavorable temperature regimes
caused the loss of viability. This response is dissimilar to other grass species from the
same locality like U. setulosa and A. lagopoides which showed good recovery from
salinity stress (Gulzar et al., 2001; Gulzar & Khan, 2001) while the highest salinity
treatment (500 mM) had a priming effect on seed germination of
A. lagopoides at optimal temperatures.
Sporobolus ioclados usually grows both in coastal an inland salt marshes and deserts.
Its habitat varies from dry sand dunes to salt marshes. The plant produces seeds in fall
when conditions are dry and soil salinity levels are high. Monsoon rains (from July
through August) substantially decrease the soil salinity levels due to leaching. The
increase in relative humidity results in high cloud cover thereby decreasing the mean
ambient temperature from 311C in June to 271C in August. This provides conditions
that are apparently ideal for the recruitment of S. ioclados. Our laboratory results also
showed best germination at 20–301C temperature regime. Seeds present on the dry
sand dunes are usually buried under sand and are therefore protected from
temperature and salinity stress. Therefore, they readily germinate after the
considerable monsoon rains. Salt marsh environments, however, exposes seeds to
both salinity and temperature stress which causes high seed mortality. This may
explain why the recruitment from seeds in the salt marsh habitat is rare. Seedlings,
which survive have the ability to tolerate high salinity and could grow in up to 500 mM
NaCl (Gulzar & Khan, unpublished data). Sporobolus ioclados is highly sensitive to
salinity and temperature while in the seed bank but is highly salt tolerant at
germination and growth stages. Sporobolus ioclados could be used as a forage crop on
the saline dunes present in both coastal and inland areas of Pakistan.
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