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Introduction

Seed germination in annual halophytes usually occurs when soil salinity levels are
low and soil moisture is relatively high [1]. Optimum germination of halophyte
seeds is often obtained under freshwater and inhibited by increasing salinity concen-
trations [2—4], but the ability to germinate at higher salinities is varied with species,
for example Salicornia herbacea germinated at 1,700 mM NaCl [5], Arthrocnemum
macrostachyum can germinate at 1,000 mM NaCl solution with 10 % germination
percentage [6]. Some secreting halophytes could also germinate above seawater
salinity [7-11]. Most secreting halophytes show germination at NaCl concentra-
tions ranging from 0.34-0.52 M NaCl. Few of them have low salt tolerance during
germination [12—-14].

Seed of halophytes under natural conditions are subjected to saline stress domi-
nated by NaCl. However, other chloride, sulfate and carbonate salts and their interac-
tion play a significant role in affecting seed germination [1, 4]. There has been much
research on halophyte seed germination in NaCl solutions. Such tests may not be
relevant to the field conditions because in the field the soil solutions contains differ-
ent cations (Nat, Mg?*, Ca?*, K*) and anions (C1~, SO42~, HCOj etc.), which
compositions are similar to seawater. Different salt sources have different effects on
seed germination [15]. Zia and Khan [16] reported that seawater inhibited seed ger-
mination of Limonium stocksii more than NaCl solutions, similar to Joshi et al. [17]
reported for Salvadora persica. However, Duan et al. found that Suaeda salsa [18]
and Chenopodium glaucum [19] germinated better in soil extracted solutions than
in NaCl solutions, so did some combinations of salts have the similar effects on Se-
curigera securidaca [20] and Rhus chinensis [21]. Those compared studies are still
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limited on the relative tolerance of seawater and NaCl solution on seed germination
of halophytes.

Recovery of germination responses in temperate halophytes has been demon-
strated in Salicornia europaea, Suaeda linearis [22], Spergularia marina [9], Suaeda
depressa [23], Arthrocnemum australsicum, Triglochin striata, Suaeda australis,
Juncus maritimus, and Casuarina glauca [24]. Boorman [25, 26] and Woodell [7]
also reported salt stimulation of seed germination following treatment with seawater
for a number of saltmarsh species. Keiffer and Ungar [27] exposed seeds of five
halophytes (Atriplex prostrata, Hordeum jubatum, Salicornia europaea, Spergularia
marina and Suaeda calceoliformis) to an extended period of salinity treatments and
determined their recovery responses when transferred to distilled water. They used
Woodell [7] classification system and placed Atriplex prostrata seeds in the Type 1,
Hordeum jubatum and Spergularia marina in the Type 2, and Salicornia europaea
and Suaeda calceoliformis in the Type 3 category.

Suaeda salsa, aleaf succulent annual plant, and Atriplex centralasiatica, a secret-
ing annual plant from the family Chenopodiaceae, are widely distributed in China
and are quite common in coastal areas. Both species have the potential to be used
as cash crops [28-30]. The present study investigates the effects of seawater and
NaCl on the seeds germination of S. salsa and A. centralasiatica and compared the
differential response of these two species.

Materials and methods

Seeds of S. salsa and A. centralasiatica were collected in October 2004 in the coastal
saline soils of Haixing County, Hebei Province of China. Before storage they were
surface sterilized using clorox (0.5 %) for 1 minute followed by thorough rinsing with
distilled water and air-drying for a few days. After cleaning, seeds were stored in
paper bags at room temperature with relative humidity 30—40 % in the laboratory and
germination experiments were initiated in January 2005. Germination experiments
were carried out in 10 cm diameter tight fitting plastic Petri dishes with two-layer wet
filter paper. 10 mL of test solution were added in the Petri dishes to investigate the
effect of salinity on seeds germination of S. salsa and A. centralasiatica. Germination
was carried out in different dilutions (0, 5, 10, 20, 30, 40, 50 dS mfl) of NaCl and
seawater separately. The electrical conductivity for both salt solutions was maintained
at the desired level with the help of a conductivity meter. Four replicates of 40 seeds
each were used for all treatments. Seeds with visible radicle were considered to have
germinated.

A 24 h cycle was used where day temperature (25° C) coincided with 12 h light
period (cool white fluorescent lamps, 25 uM m~2.s~* 400-750 nm) and night temper-
ature (15° C) coincided with the 12 h dark period. Percent germination was recorded
every day for 15 days for all experiments. Un-germinated seeds from the salinity
treatments were transferred to distilled water to study the recovery of germination,
which was recorded each day for 7 days. The recovery percentage was determined
by the following formula: (a—b)/(c-b) x 100; where a = the total number of seeds
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germinated after being transferred to distilled water, b = the total number of seeds
germinated in saline solution and c = the total number of seeds. The rate of ger-
mination was estimated by using modified Timson’s index of germination velocity:
> G/t —where G is the percentage of seed germination at one day interval, and ¢ is
the total germination period [2, 31]. The maximum number in our system could be
100. The higher value the more rapid the germination.

Data were analyzed using SPSS for window release 11.0. LSD test was used
(p < 0.05) to determine significant differences among salinity treatments and species
in seawater and NaCl separately.

Results

Seed germination in both S. salsa and A. centralasiatica remained unaffected up to 20
dS.m~! NaCl and seawater treatments (Fig. 1). A further increase in salinity inhibited
germination in both species; however, only 8 % of seeds germinated at highest salinity
treatments in the case of A. centralasiatica in comparison to 56 % germination in S.
salsa in NaCl solution. NaCl inhibited germination more in comparison to seawater
solutions (Fig. 1).

In non-saline control, highest germination was recorded at 2 days in S. salsa and
6 days in A. centralasiatica (Fig. 2). Increase of salinity delayed the germination and
at EC 50 dS.m ™! salinity level first seed germinated after 9 days in NaCl solution and
only 11 % seeds germinated in seawater solution in A. centralasiatica. While in S.
salsa 46 % and 58 % seeds germinated in NaCl and seawater solutions, respectively.
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Figure 1. Mean final germination percentage of Suaeda salsa and Atriplex centralasiatica in
various NaCl and seawater solutions. Bars represent means (= s.e., n=4).
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Figure 2. Cumulative mean germination percentage of Suaeda salsa and Atriplex centralasi-
atica over time in various NaCl and seawater concentrations. Bars indicate s.e. of means
(n=4).

Rate of germination was highest in non-saline controls, and higher in S. salsa
seeds than in A. centralasiatica seeds in all treatments and decreased with the increase
of salinity (Fig. 3). Seeds of both species germinated slowly in NaCl solutions than
in seawater solutions.

Un-germinated seeds from both NaCl and seawater solutions when transferred
to distilled water recovered completely, but higher salinities affected the recovery
of A. centralasiatica, and greater in seawater solutions than in NaCl solutions, for
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Figure 3. Rate of germination of Suaeda salsa and Atriplex centralasiatica seeds under various
NaCl and seawater concentrations. Bars represent means (=s.e., n=4).

example, un-germinated seeds from 50 dS.m ™1, S. salsa can fully recovered at 1 day
and 97 % in NaCl and 82 % in seawater of A. centralasiatica recovered at 7 days
(Fig. 4).

Discussion

The vegetation along the coast of Northern China is dominated by a stem succulent
halophyte Suaeda salsa and a secreting halophyte Atriplex centralasiatica. Coastal
communities are usually mono-specific and their distribution is controlled by inun-
dation gradient and their frequency. S. salsa occupy low marsh habitat with high
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Figure 4. Mean recovery percent germination for Suaeda salsa and Atriplex centrlasiatica
in distilled water under the treatments of various NaCl and seawater concentrations. Bars
represent means (=£s.e., n=4).

salinity and high moisture, while A. centralasiatica occupy a higher ground with
infrequent inundation and low salinity and moisture conditions. This difference in
ecological habitat has conferred varied ecological strategies to both species par-
ticularly at germination level. Seeds of S. salsa are highly salt tolerant and could
germinate at seawater salinity, while few seeds of A. centralasiatica could germinate
at that level. Halophytes vary in their ability to tolerate salinity at different stages
of the life cycle. They are usually very highly salt tolerant while stored in the soil;
however, their tolerance decreases at the germination and in most cases it increases
again at the growth stage [4]. Seeds of leaf succulent species are highly tolerant
to salinity [4]. Salinity plays an important role in determining the germination and
survival of Suaeda spp [32] and it can tolerate high salinity during germination [32,
33]. The limit of salt tolerance of different species of Suaeda varies from 400-800
mM NaCl [22, 23, 34-36]. Secreting halophytes that could germinate above sea-
water salinity are few [7—11]. Most secreting halophytes show germination at NaCl
concentrations ranging from 0.34-0.52 M NaCl [4, 37] while few of them have low
salt tolerance during germination [12—-14].
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NaCl inhibited more seed germination in comparison to seawater solution both
in S. salsa and A. centralasiatica. There is little information available on the effect
of seawater on the germination of halophytes [7, 16, 17, 38, 39] and on the relative
tolerance of seawater and NaCl solutions during seed germination [16, 17, 40]. Some
results of combined salts effects on seed germination showed that the inhibitory effect
of single salts can be considerably alleviated in natural soil systems by synergistic
interactions between salts [18-21]. The increased seed germination in seawater may
follow the same rule as combined salt effect because in seawater a lot of ions were
included. However, seeds of Limonium stocksii [16] and Salvadora persica [17] were
inhibited more by seawater; they also attributed this effect to seawater composition.
This needs the further investigation.

Seeds of halophytes have the unique property of surviving extremely high salinity
during the storage in the seed bank [41] and they germinate readily when soil salinity
is reduced. However, recovery responses vary from one species to the other and
against the level of salinity they are exposed to [27]. Seeds of S. salsa recovered
completely when exposed to higher concentrations of NaCl and sea salt. Recovery
of A. centralasiatica was also very high, except at 50 dS.m~! where 12-20 % of
seeds failed to recover. A substantial recovery from germination occurred at the
NaCl concentrations up to 600 mM NaCl in Halogeton glomeratus [42], Sarcobatus
vermiculatus [43], Suaeda moquinii [36] and Triglochin maritima [44].

Suaeda salsa and A. centralasiatica are highly salt tolerant halophyte species
where S. salsa is more salt tolerant than A. centralasiatica. Seeds of both species
could germinate at seawater level but more germination was recorded in the seeds
of S. salsa. Seed germination of S. salsa was more rapid in comparison to A. cen-
tralasiatica. Both species have a high ability to survive under extreme conditions; the
un-germinated seeds can recover completely when the salinity stress was removed.
Seed germination was inhibited more by NaCl than seawater. The literature suggests
that the germination of halophyte seeds have differential response to seawater and
NaCl. Some reports indicate that seawater inhibits more seed germination, while
others believe that it is NaCl. Further studies will be carried out to understand the
difference between NaCl and seawater effects on germination.
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