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Abstract.  Suaeda moquinii (Torrey) Greene (desert blite), a succulent shrub in the family Chenopodiaceae, is
widely distributed in salt marshes of the western United States. Suaeda moquinii produces dimorphic seeds (soft
brown and hard black). Both types of seeds were collected from a salt marsh in Faust, Utah. Experiments were
conducted to determine the seed germination responses of the black and brown seeds to salinity and temperature.
Brown seeds were found to be one of the most salt tolerant at the germination stage when compared to other
halophytes. Brown seeds germinated (30%) at 1000 mM NacCl, but only a few black seeds germinated (8%) at 600
mM NaCl. Seed germination occurred in most saline treatments at the lowest thermoperiod (5—15°C) tested. In
some salinity treatments (600, 800, 1000 mM), further increases in temperature resulted in progressively decreased
seed germination. Brown seeds germinated better and had a higher germination rate (germination velocity) than
black seeds at all thermoperiods. The highest rate of germination of black seeds occurred at the lowest thermoperiod
(5—15°C). Recovery of germination for black seeds when transferred to distilled water after being in various salinity
treatments for 20 days was nearly complete (82—100%) at the lowest thermoperiod (5—15°C) but decreased with
increase in the temperature. Brown seeds recovered substantially (59-97%) from salinity at all thermoperiods.
Regression analyses indicated significant differences between the germination recovery of the black and brown

seeds.

Introduction

Salt marsh and salt desert environments vary both spatially
and temporally showing environmental gradients and
unpredictability of seasonal and annual conditions (Ungar
1995). Small microtopographic changes can lead to
significant differences in water table and surface soil
salinities. The ability to produce dimorphic or polymorphic
seeds enables halophytes to respond to salt-marsh and salt-
desert environments by either varying dispersal distance of
seeds from plants or the dormancy level of seeds, which
serves to extend the period of germination (Ungar 1991).
Seeds of a number of halophytic species from India,
including Suaeda fruticosa, are polymorphic, and the
differences in seed mass and different soil salinity levels at
the locations where these populations are growing could
result in selection for seed size (Mohammad and Sen 1991).
Genetic polymorphism also exists in distinct populations of
the halophyte Suaeda maritima (Boucaud 1962). Seed
dimorphism and polymorphism have been reported for a
number of halophytic taxa including Arthrocnemum,
Atriplex, Chenopodium, Cakile, Salicornia, Salsola,
Spergularia, Suaeda and Trianthema (Ungar 1977; Khan
and Ungar 1984; Galinato and van der Valk 1986;
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Mohammad and Sen 1988; Ungar 1988; Morgan and Myers
1989; Khan and Gul 1998) and may have resulted in
plasticity in their germination responses to varying
environments.

The limit of salt tolerance varies among halophytes
(Ungar 1995), and this variation could be due to a number of
factors such as variation in the morphology (stem
succulence, leaf succulence, secreting, non-secreting) and
distribution (inland or coastal, temperate or tropical) (Baskin
and Baskin 1998). Maximum salt tolerance at germination
has been reported for Salicornia bigellovii (12% germination
at 856 mM NaCl, Rivers and Weber 1971), Tamarix
pentandra (29% germination at 856 mM NaCl, Ungar 1967),
Salicornia utahensis (30% germination at 856 mM NacCl,
Khan and Weber 1986), Cressa cretica (12% germination at
856 mM NaCl, Khan 1991), and Arthrocnemum indicum
(3% germination at 1000 mM NaCl, Khan and Gul 1998).
The limit of salt tolerance for Suaeda species varies from 400
mM to 800 mM NaCl (Ungar 1962; Ungar and Capilupo
1969; Clarke and Hannon 1970; Okusanya 1979; Yokoishi
and Tanimoto 1994; Khan and Ungar 1999). Temperature
interacts with salinity in determining the rate (germination
velocity) and total germination percentages of halophyte
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Table 1. Results of three-way ANOVA of characteristics by seed colour, salinity, and thermoperiod treatments
Values represent F-values: ***P < (0.001
Independent variable Seed color Salinity Thermoperiod SC xS SCxT TxS SCxTxS
(80 ®) (M

Final germination 1636%*** 302%** 34 THFH [9*** 24 gHk*
Rate of germination 2297%** 308*** 10*** Rloal 45%x* [2%%* Rl
Recovery rate of

germination 87H** 157%** 17%%* T0*** 6F** 42%%% 10***
Percentage recovery 20 #** 137 *** 2] #** 50 *** 6 *H* 47 FxE 10 ***

seeds (Rajpurohit and Sen 1977; Khan and Weber 1986;
Ismail 1990; Khan 1991; DeVilliers et al. 1994; Khan and
Rizvi 1994; Khan and Ungar 1996, 1997, 1999; Gul and
Weber 1999).

Some halophyte seeds can maintain viability after an
extended exposure to salinity (Macke and Ungar 1971;
Woodell 1985; Nolasco et al. 1996). However, only a few
studies have focused on the effects of wvariation in
thermoperiod on the recovery of halophytes after exposure to
salinity (Khan and Ungar 1996, 1997, 1999; Gul and Weber
1999). Khan and Ungar (1997) reported that recovery of seed
germination varies with species, and that some species are
more sensitive to changes in thermoperiod.

Suaeda moquinii (Torrey) Greene (Chenopodiaceae) is a
succulent shrub that dominates riparian (by rivers) or
palustrian (boggy) habitats at 1125-1955 m in Utah,
California, Nevada, Wyoming, Arizona and Mexico (Ferren
and Schenk 1999). Suaeda moquinii exhibits much
phenotypic plasticity and is widely distributed. It is
commonly found with the salt desert shrub Sarcobatus
vermiculatus, the forb Suaeda calceoliformis and the grass
Distichlis spicata. Suaeda mogquinii produce dimorphic
seeds (soft brown and hard black) on the same plant. The
environment where S. moquinii grows has a high variation in
temperature from early spring to late summer. The moisture
comes mainly as snow in the winter and by spring rains. The
increase in temperature during the summer leads to greater
water evaporation and subsequently an increase in salinity in
the soil. Suaeda moquinii has been reported to be dominant
on very highly saline soils that usually range between 80 and
100 dS m™' (Gul 1998). The goal of this study was to
examine the effects of high salinity and thermoperiod on the
germination and recovery of brown and black seeds of
Suaeda moquinii.

Materials and methods

Seeds of Suaeda moqunii were collected during the fall of 1996 from a
salt marsh located at Faust, Utah, 48 km south of the Great Salt Lake.
The soils were measured for EC values with a conductivity meter. Seeds
were separated from the inflorescence, air dried and stored at 4°C. Seeds
were surface-sterilised by using the fungicide Phygon (2,3 dichloro-1,4-

naphthoquinone). Germination was carried out in 50 X 9-mm tight-
fitting plastic petri dishes (Gelman No. 7232) with 5 mL of test solution
as described below. Each of these dishes was placed in a 10-cm-diameter
plastic petri dish to prevent the loss of water by evaporation. Four
replicates of 25 seeds each were used for each treatment. Seeds were
considered to be germinated with emergence of the radicle.

To determine the effects of temperature on germination, 12-h
alternating temperature regimes of 5-15, 10-20, 15-25, 20-30 and
25-35°C were used. Seeds were germinated in distilled water or in 200,
400, 600, 800 and 1000 mM NacCl at the above-mentioned temperature
regimes. The percentage germination was recorded every second day
for 20 days. After 20 days, ungerminated seeds from the NaCl
treatments were transferred to distilled water to study the recovery of
germination, which was also recorded at 2-day intervals for 20 days.
The recovery percentages were determined by the following formula:
(a —b)/(c — b) x 100, where a is the total number of seeds germinated
after being transferred to distilled water, b is the total number of seeds
germinated in saline solution and c is the total number of seeds. The rate
of germination was estimated by using a modified Timson index of
germination velocity = X G/, where G is the percentage of seed
germination at 2 days intervals and ¢ is the total germination period
(Khan and Ungar 1984). The maximum value possible by this index
with our data was 50 (i.e. 1000/20). The higher the value, the more rapid
the rate of germination.

Germination data (20-day germination and rate of germination)
were transformed (arcsine) before statistical analysis. Data were
analysed by a three-way analysis of variance (SPSS Inc. 1997) to
determine the significance of main effects (salinity, thermoperiod and
seed type) and their interactions in affecting the rate and percentage of
germination. If significant differences occurred a Bonferroni analysis
(multiple range test = modified l.s.d., P < 0.05) was carried out to
determine whether significant differences occurred between individual
treatments.

Results

Soils of the Suaeda moquinii community were highly saline
with EC values of 80-100 dS m™'. Salinity, temperature and
seed colour and their interactions affected the percentage
seed germination, rate of germination, recovery and rate of
recovery of S. moquinii (Table 1).

Germination of brown seeds was substantially faster and
more complete than that of the black seeds (Fig. 1). Little
germination of black seeds was recorded at or above 600 mM
NacCl (Fig. 1). The lowest thermoperiod (5-15°C) was better
for germination of black seed than for brown seeds. Seed
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germination of black seeds decreased with increases in
temperature and salinity. Brown seed showed 30%
germination at the highest salt treatment (1000 mM NaCl)
and change in temperature had little effect (Fig. 1). In
contrast, germination without NaCl was 100% for brown
seeds and 95% for black seeds. Germination of brown seeds
was not affected by either changes in salinity between 0 and
200 mM NacCl or in thermoperiods (Figs 1, 2). Germination
at these salinity levels reached about 100% within about
6 days (Fig. 3).

The rate of germination of brown seeds was not affected
by temperature (Fig. 2). Salinity up to 400 mM NaCl had no
affect on the rate of germination of brown seeds. At higher
salinity levels, the rate decreased. The rate of germination of
black seed progressively decreased with increasing salinity.
The fastest rate of germination of black seeds was obtained
at 5-15°C. The germination rate decreased with increasing
temperature. The percentage of black seeds that germinated
over the 20-day period was nearly linear at the low salinity
levels and took about 20 days to reach 100% (Fig. 4). In

contrast, the brown seeds germinated almost 100% in about
6 days at the low salinity levels (Fig. 3).

Black seeds transferred to distilled water after 20 days of
salinity treatment recovered quickly and completely at the
lowest thermoperiod (5-15°C) (Fig. 5). At the 25-35°C
thermoperiod, only a few black seeds recovered at all salinity
treatments. In contrast, brown seeds recovered almost
completely at all thermoperiods from salinities of 600 mM
NaCl and above. The comparison of the regression lines
indicate that there was a significant difference between the
black and brown seed recovery, except at the 20-30°C
thermoperiod (Fig. 5).

The recovery of the rate of germination of black seed was
greatest at the lowest thermoperiod (5-15°C) and
progressively decreased with increasing temperature
(Fig. 6). The recovery of the rate of germination was greater
for brown seeds but remained unchanged with changes in
thermoperiods and for salinities of 600 mM NaCl and above.
The comparison of the regression lines indicated that there
were significant differences in the rate of germination
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Index of germination velocity (mean + s.e.) of brown and black seeds of Suaeda moquinii in 0, 200, 400, 600, 800 and 1000

mM NaCl at thermoperiods of 5-15, 10-20, 15-25, 20-30 and 25-35°C.

between the black and brown seeds at 15-25°C and 25-35°C
thermoperiods.

Discussion

Thirty per cent of brown seeds of S. moquinii germinated at
1000 mM NacCl. The limits of salt tolerance vary somewhat
among species of succulent halophytes (Ungar 1995), with
some seeds of the stem succulent Salicornia europaea (8%)
and leaf succulent Suaeda linearis (1%) germinating in up to
849 mM NaCl (Ungar 1962, 1967), while others such as
Arthrocnemum indicum (3%) having seeds that can
germinate in 1000 mM NaCl (Khan and Gul 1998). There
are other reports (Salicornia biglovia, Salicornia europaea,
Cressa cretica) indicating some germination at the NaCl
concentration above 800 mM (Rivers and Weber 1971;
Ungar 1979; Khan and Weber 1986; Khan 1991). Brown
seeds of S. moquinii were among the most salt tolerant seeds
at the germination stage. Suaeda moquinii seeds were
collected from a population found in the salt marshes of
Faust, Utah, along with other halophytes such as Atriplex
patula, Distichlis spicata, Scirpus maritimus, Sarcobatus
vermiculatus and Triglochin maritima with soil EC ranging

from 850 to 1031 mM NaCl in the S. moquinii zone. Plants
surviving in such a highly saline environment require a
higher degree of salt tolerance during seed germination.
Black seeds on S. moquinii on the other hand were not very
tolerant to salinity. No seed germinated at concentrations
higher than 600 mM NaCl. Brown and black seed also
differed greatly in their response to changes in thermoperiod.
Black seeds germinated better at the lowest thermoperiod
(5-15°C) and increase in temperature caused a decrease in
germination. Germination of brown seeds was not
substantially affected by differences in thermoperiod.
Salinity and temperature are reported to interact in their
control of seed germination. The limits of tolerance to
salinity may be greater at one thermoperiod than at another
(Khan and Ungar 1984; Khan and Weber 1986; Badger and
Ungar 1989; Ismail 1990; Khan 1991; Khan and Rizvi 1994;
Khan and Ungar 1996, 1997, 1998, 1999; Khan and Gul
1998). Some species are more sensitive to change in
temperature (Cressa cretica, Atriplex griffithii, Triglochin
maritima, Polygonum aviculare and Zygophyllum simplex)
than others (Arthrocnemum indicum, Haloxylon recurvum
and Suaeda fruticosa) (Khan 1991; Khan and Rizvi 1994;
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Khan and Ungar 1996, 1997, 1998; Khan and Gul 1998;
Sheikh and Mahmood 1986).

When transferred to distilled water, recovery of
germination of black seeds was complete at the lowest
thermoperiod (5-15°C) and decreased with increase in
temperature. Warmer thermoperiods appeared to prevent the
recovery of germination in black seeds. In contrast, brown
seeds recovered quickly at all thermoperiods. Khan and
Ungar (1997) found that the percentage of ungerminated
seeds that recovered after they were transferred to distilled
water differed significantly, with variation in species and
thermoperiods. Zygophyllum simplex has little recovery at
any of the NaCl concentrations in all thermoperiods.
Haloxylon recurvum, Suaeda fruticosa and Triglochin
maritima showed substantial recovery. Khan and Gul (1998)
reported that seeds of Arthrocnemum indicum recovered
quickly, and about 86% of the seeds recovered after exposure
to high salinity (1000 mM NaCl). Similar recovery responses
were also reported for Polygonum aviculare (Khan and
Ungar 1998) and Suaeda fruticosa (Khan and Ungar 1999).
Whereas non-dormant seeds of glycophytes may die when
exposed to salinity (Partridge and Wilson 1987), those of
halophytes do not (Mahmoud ef al. 1983; SaadEddin and
Doddema 1986).

Suaeda moqunii produces brown and black seeds on the
same plant. Seed dimorphism has been reported for a number
of halophytes (Ungar 1977; Khan and Ungar 1984; Galinato
and van der Valk 1986; Mohammad and Sen 1988; Ungar
1988; Morgan and Myers 1989; Khan 1998; Khan and Gul
1998). It has been demonstrated that seed polymorphism
provides an adaptive advantage in saline habitats through the
production of multiple germination periods, which increases
the chances of survival of at least some seedling cohorts
(Ungar 1995). Suaeda moquinii usually grows as a thin stand
of scraggly shrubs at the edge of and partly onto the largest
playas where soil salinity is extremely high (100 dS m™).
This plant recruits through seeds and there is no evidence of
vegetative propagation. It grows in areas characterised by
great fluctuations in soil salinity and ambient temperature.
The present study has shown that dimorphic seeds produced
by this plant also differ physiologically in their response to
temperature and salinity during germination. Black seeds are
not very salt tolerant and germinate better during a cooler
thermoperiod and may start germinating during the early part
of spring when temperatures are cool and soil salinity is low
due to moisture accumulating in playa from melting snow.
Brown seeds, on the other hand, are most salt tolerant during
germination, and the change in thermoperiod has little effect
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on germination. Recruitment may occur through brown
seeds from early spring to early summer periods. Salt
marshes usually experience unexpected drought during some
growing seasons. Any such drought incidence early in the
spring could destroy the entire population of seedlings
recruited either through black or brown seeds. At later stages
with warmer and more saline conditions, brown seeds could
germinate and maintain the fitness of the species. Our
objective was to determine the physiological properties of
the dimorphic seeds, and it would be interesting to conduct
field studies to determine the ecological role of seed
dimorphism in maintaining S. moquinii populations.
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