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Summary

Urochondra setulosa (Trin.) C.E. Hubbard) is a halophytic grass occurring in coastal areas of Sind Province and in
a pure stand at the upper end of Manora creek at Hawkes Bay, Karachi, Pakistan. Seeds were collected from a salt
flat situated at the Hawkes Bay location and germinated under a range of salinity and temperature regimes. Highest
germination percentages were obtained under non-saline conditions and increases in salinity inhibited seed
germination, with less than 10% of the seeds germinating at 500 mM NaCl. Germination was inhibited by either an
increase or decrease in temperature from the optimal temperature regime of 20-30°C. The rate of germination,
percent recovery germination and rate of recovery were greatest at 20-30°C, with the lowest germination and
recovery occurring at the 10-20°C temperature regime. An interaction between salinity and the 10-20°C
temperature regime yielded no germination at salinities of 300 mM and higher, whereas, some seeds germinated in
up to 500 mM NaCl under the optimal temperature treatment (20-30°C).

Introduction

Urochondra setulosa (Trin.) C.E. Hubbard (Poaceace) is distributed in the coastal regions of
Sudan, Ethiopia, Somalia, Arabia, Pakistan and Northwest India (Cope, 1982). It is a
dominant species in the sand dunes, saline flats and saltwater creeks in the Indus delta and
Hawkes Bay near Karachi. Little precipitation is available to the Hawkes Bay population,
with the only possible sources of moisture being monsoon rains and oceanic seepage (Khan
and Shaukat, 1997). Urochondra setulosa has erect and stout culms attaining a height
of 15-90 cm, produces a large number of caryopses and also has vegetative reproduction by
short rhizomes. While it usually grows in pure stands, it can also be found in communities
associated with other halophytes such as Limonium stocksii, Atriplex griffithii, Cyperus
arenarius and Arthrocnemum macrostachyum. Populations at Hawkes Bay were grazed by
cattle, indicating that this species could be used as a forage crop on saline soils.

Seeds of halophytes often germinate best under non-saline conditions and their
germination decreases with increases in salinity (Ungar, 1995; Khan and Gul, 1998; Khan and
Ungar, 1998a); germination is substantially inhibited at 342 mM NaCl (Puccinellia
nuttaliana; Macke and Ungar, 1971), 430 mM NaCl (Diplachne fusca; Myers and Morgan,
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1989), 300 mM NaCl (Halopyrum mucronatum; Noor and Khan, 1995 and Briza maxima;
Lombardi et al., 1998), but one species, Spartina alterniflora, has up to 8% germination at
1027 mM NaCl (Mooring et al., 1971). Salinity and temperature are two important factors in
the salt marsh and salt desert environment (Khan and Ungar, 1996) and they interact to affect
halophyte seed germination (Ungar 1978, 1982; Khan and Weber, 1986; Badger and Ungar,
1989; DeVilliers et al., 1994; Khan and Ungar, 1998b). Some halophytic species like Suaeda
fruticosa show little effect of change in temperature on germination (Khan and Ungar, 1998a)
while other species like Triglochin maritima are highly sensitive to temperature regimes
(Khan and Ungar, 1999).

Seeds of some halophytes have been found to retain their ability to germinate even after
prolonged exposure to hypersaline conditions (Macke and Ungar, 1971; Woodell, 1985;
Keiffer and Ungar, 1997) and variation in their capacity to germinate upon transfer to distilled
water could be affected by the temperature regime to which they are exposed (Khan and
Ungar, 1996, 1997). Some species remain dormant under high salinities and germinate when
soil salinity levels are reduced. Macke and Ungar (1971) reported 88% recovery germination
of Puccinellia nutalliana seeds in distilled water after a 25 day exposure to 900 mM NaCl.
Khan and Ungar (1999) reported 72% recovery of germination of Triglochin maritima seeds
after a 20 day exposure to 500 mM NacCl.

Little work has been done on the germination strategies of sub-tropical maritime grasses
exposed to high temperature and salinity. The present research describes the ability of
Urochondra setulosa caryopses to germinate under various temperature and salinity
conditions. Based on the distribution of Urochloa setulosa, we hypothesize that optimal
germination would be maintained at moderate salinities and high temperature regimes.

Materials and methods

Caryopses of Urochondra setulosa were collected in December 1997 from a coastal
population at Hawkes Bay, Karachi (24°45°-25°N and 66°45°-67°E). Seeds were separated
from the hull and stored in a refrigerator at 4°C. Germination experiments were initiated in
August 1998. Seeds were surface sterilized in 0.58% Clorox (sodium hypochlorite) solution
for one minute, subsequently washed with distilled water and air-dried before being used in
the germination experiments. Six salinity concentrations (0, 100, 200, 300, 400 and 500 mM
NaCl) were used based on a preliminary test to determine the salt tolerance limits of the
species. Germination was tested at (dark-light) 10-20°C, 15-25°C, 20-30°C and 25-35°C
temperature regimes with a twelve-hour photoperiod (25 umol m?s™, 400-700 nm Sylvania
cool white fluorescent lamps). Four replicates of 25 seeds each were germinated in two folds
of Whatman filter paper #1 placed in 2.5cm X 18cm glass test tubes with 5 ml of test solution.
A seed was considered to have germinated when the radicle emerged. Germination was noted
on alternate days for 20 d. After 20 d, all ungerminated seeds were placed in distilled water
and under the initial temperature regimes for another 20 d to determine their ability to recover
from salt pretreatments. Rate of germination was calculated using a modified Timson’s
germination velocity index = >G/t, where G = percentage of seed germinated after 20 days
and t = total time of germination (Khan and Ungar, 1984). Rate of recovery germination was
calculated by using the relation = (a-b)/(c-b) x 100, where a = total number of seeds
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germinated after being transferred to distilled water, b = total number of seeds germinated in
saline solution and c¢ = total number of seeds. Data were subjected to two-way analysis of
variance (ANOVA) using SPSS ver. 9.0 (SPSS, 1999).

Results

Salinity, temperature and their interaction significantly (P<0.05) affected the germination of
Urochondra setulosa seeds (table 1). Seed germination decreased with an increase in salinity
and was maximal at the 20-30°C temperature regime (figurel, 2), while both the highest and

Table 1. Results of two-way analysis of variance of characteristics by salinity (S) and Temperature (T). Data
represent F-values significant at P<0.05.

Independent variable

Dependent variable S T SxT
Germination (%) 96.9 70.4 9.8
Rate of germination 121.4 65.4 14.5
Recovery 48.7 71.2 10.6
Rate of recovery 23.1 150.1 5.2
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Figure 1. Rate of germination of Urochondra setulosa seeds in 0, 100, 200, 300, 400 and 500 mol m™ NaCl at
thermoperiods of 10-20°C, 15-25°C, 20-30°C and 25-35°C.
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Figure 2. Final germination percentages of Urochondra setulosa seeds in 0, 100, 200, 300, 400 and 500 mol
m-3 NaCl at thermoperiods of 10-20°C, 15-25°C, 20-30°C and 25-35°C.
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Figure 3. Rate of germination of Urochondra setulosa seeds after they are transferred from 0, 100, 200, 300, 400
and 500 mol m* NaCl at thermoperiods of 10-20°C, 15-2°C, 20-30°C and 25-35°C.
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lowest temperatures inhibited germination. However, greatest inhibition of germination
occurred at the lower temperature regime (10-20°C), where no seeds germinated at a salinity
above 200 mM NaCl. Lower temperatures also delayed germination for 12 days in the non-
saline control (figure 1).

A two-way ANOVA of rate of germination showed significant (P<0.05) main effects of
salinity, temperature and their interaction (table 1). The rate of germination was lowest at
10-20°C followed by 25-35°C and 15-25°C and the highest germination rate was recorded at
20-30°C (figure 3). There was a decrease in the rate of germination with an increase in salinity
at all temperature regimes.

When seeds were transferred to distilled water after a twenty day exposure to salinity, a
differential in the recovery of germination was obtained for all salinity and temperature
regimes tested (figure 4). A two-way ANOVA for recovery of germination and rate of recov-
ery showed significant (P<0.05) effects of salinity, temperature and their interaction (table 1).
There was little recovery at the lower temperature treatment (10-20°C), but there was up to
80% recovery germination at 20-30°C. Our data indicates that change in ambient temperature
significantly affects the recovery from salt stress. There was a decrease in the rate of recovery
germination with an increase in salinity at all temperatures except for 25-35°C (figure 5).

Discussion

Vegetation present at the Manora Creek on the Arabian coast near Karachi is exposed to
various stresses including high salinity, drought and high temperatures. The climate of the area
can be characterized as a sub-tropical maritime desert. It has an irregular rainfall of less than
220 mm per year in which potential evapotranspiration exceeds precipitation. Inundation of
vegetation with seawater in Manora creek depends upon the proximity to the open sea. The
area near Hawkes Bay, where U. setulosa was located, occurs at the upper end of the creek and
it is rarely inundated by seawater. Due to a high water table, saline water is available to the
roots and the upper surface of the soil is usually dry. Halophytic grasses like Halopyrum
mucronatum, Aeluropus lagopoides and U. setulosa are commonly found growing in the
coastal areas near Karachi; however, sporadic small populations of seven other halophytic
grasses have also been reported (Jafri, 1966). Urochondra setulosa appears to be preferred
for grazing by animals, indicating that it would be a potential forage crop that could be grown
with seawater irrigation.

Seeds of most halophytes germinate better in distilled water than in saline solutions, but
they differ from glycophytes in their ability to germinate at higher salinities (Khan and Ungar,
1999). Halophytic grasses have been reported to have different levels of salt tolerance,
ranging from 300 mM to 430 mM (Macke and Ungar, 1971; Myers and Morgan, 1989;
Lombardi et al., 1998; Khan and Ungar, 1999). Germination of Spartina alterniflora seeds is
not inhibited by up to 430 mM NaCl (Wijte and Gallagher, 1996) and up to 8% germinate at
1027 mM NaCl (Mooring et al., 1971). A small percentage of the seeds of U. setulosa could
germinate in 500 mM NacCl at an appropriate temperature regime, indicating that this grass
species is more salt tolerant than most other grass species.

The role of temperature in regulating seed dormancy of halophytes is known for some
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Figure 4. Percent recovery of Urochondra setulosa seeds in 0, 100, 200, 300, 400 and 500 mol m~ NaCl at
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Figure 5. Rate of recovery of Urochondra setulosa seeds in 0, 100, 200, 300, 400 and 500 mol m* NaCl at
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species (Khan, 1999) and halophytic grasses have also shown similar patterns e.g.,
H. mucronatum (Noor and Khan, 1995); Hordeum maritimum (Onnis et al., 1993);
Puccinellia festucaeformis (Onnis and Miceli, 1975); P. nuttalliana (Macke and Ungar,
1971); Diplache fusca (Morgan and Myers, 1989); and Briza maxima (Lombardi et al.,
1998). Urochondra setulosa seeds are sensitive to change in temperature. Few seeds
germinated in the non-saline control at the lower temperature regime (10-20°C) while
germination was also inhibited at the higher temperatures, with the greatest germination
occurring at 20-30°C. Halopyrum mucronatum is a coastal grass found growing on the sand
dunes with U. setulosa and it seeds varied in their level of sensitivity to temperature. Both
winter and summer seeds showed no effect of temperature under non-saline conditions (Noor
and Khan, 1995). Introduction of salinity decreased germination and this decrease was similar
at all temperatures in winter seeds, but higher temperatures substantially alleviated the
inhibitory effects of high salinity in summer seeds. The two subtropical halophytic grasses U.
setulosa and H. mucronatum, growing in similar environmental conditions, appear to have
different requirements for germination.

Seeds of some halophytes are reported to tolerate high salinity during the period when
they are dormant in the soil and subsequently germinate when soil salinities are reduced (Khan
and Ungar, 1997). Variation in recovery germination responses have been demonstrated in a
few halophytic species (Ungar, 1962, 1967; Ungar and Capilupo, 1969; Clarke and Hannon,
1970; Woodell, 1985). The recovery germination of seeds that were previously exposed to
hypersaline conditions is affected by the temperature regime to which seeds are exposed
(Khan and Ungar, 1996, 1998ab; Khan and Gul, 1998). Temperature regime had a substantial
effect on the recovery of U. setulosa seeds. Recovery was inhibited at the low and high
temperature regimes, while at the moderate temperature regime a substantial recovery of
germination was obtained. Khan and Ungar (1997) reported that species vary greatly in their
germination recovery responses when exposed to various salinity and temperature regimes.
They found that the annual Zygophyllum simplex had little recovery after exposure to salt
stress. However, other species like Suaeda fruticosa, Haloxylon recurvum and Triglochin
maritima did demonstrate recovery of germination. Change in the temperature regime had
little effect on the recovery germination response of S. fruticosa in the low salinity treatment,
but at the higher temperature regime there was an interaction with the high salt concentration
that inhibited recovery (Khan and Ungar, 1997).

Urochondra setulosa is one of the common grasses found on the Karachi coast and is
present in the upper portion of the creek that is rarely exposed to direct seawater inundation
but is exposed to underground seepage of seawater. This grass appears to be highly salt
tolerant and has optimal germination at temperatures that are prevalent in the environment
around Karachi. Its seeds have the ability to tolerate high salinity while in the soil and if the
soil salinity is reduced when a suitable temperature regime is present, they should be able to
germinate under natural conditions. However, in contrast to our hypothesis, the highest
temperature regime and increases in salinity proved to be inhibitory to germination of seeds of
this coastal halophyte. Urochloa setulosa had a high degree of salt tolerance at later stages of
development (Gulzar et al., unpublished data). It was also found to be selectively grazed by
cattle at Hawkes Bay. Based on the above-mentioned characteristics, U. sefulosa has a high
potential to be utilized as a forage crop that could be grown under seawater irrigation.
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