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a b s t r a c t
Information about production and detoxiﬁcation of reactive oxygen species during seed germination of
halophytes under saline conditions is scanty. We therefore studied levels of common oxidative stress
markers, antioxidant substances and antioxidant enzyme activities in germinating seeds of two subtropical coastal halophytes Limonium stocksii and Suaeda fruticosa under various NaCl (0, 200 and 400 mM)
treatments. Mature seeds of both species lacked reduced ascorbate (AsA) in dry state. However, glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), guaiacol peroxidase (GPX) and glutathione
reductase (GR) were detected in dry seeds of both species. Higher and rapid germination was noted in L.
stocksii seeds compared to S. fruticosa in distilled water. Ascorbate (AsA) was detected in water imbibed
seeds of both species, along with increase in GSH levels and SOD, APX and GR activities during germination in distilled water. Germination and hydration of the seeds of both species decreased with increases
in NaCl concentration. CAT and GPX activities were higher while APX, AsA and GSH decreased in salt
stressed seeds compared to water-imbibed seeds. Thus, it appears that the salinity inhibits seed germination of L. stocksii and S. fruticosa by reducing water uptake and compromising ascorbate dependent
antioxidant system.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
Seed germination (sensu stricto) includes all those physiological,
cellular, biochemical and molecular events which are necessary for
the protrusion of embryonic axis (Nonogaki et al., 2010; Bewley
et al., 2013). The reactivation of metabolism upon water uptake
especially the oxidative phosphorylation and a gradual transition of
damaged mitochondrial membranes from gel to liquid-crystalline
state result in an oxidative burst through the production of excessive reactive oxygen species (ROS) before the resumptions of
regular mitochondrial activity (Crowe and Crowe, 1992; Tommasi

Abbreviations: APX, ascorbate peroxidase; AsA, ascorbate; CAT, catalase; DHA,
dehydroascorbate; FW, fresh weight; GPX, guaiacol peroxidase; GR, glutathione
reductase; GSH, glutathione reduced; GSSG, glutathione oxidized; H2 O2 , hydrogen
peroxide; MDA, malondialdehyde; ROS, reactive oxygen species; SOD, superoxide
dismutase; Wr , relative increase in fresh weight of seeds.
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et al., 2001; Noctor et al., 2007; Nonogaki et al., 2010). Plasma membrane bound NADPH oxidases, peroxisomes and glyoxisomes are
other sources of ROS during seed germination (Huang et al., 1983;
Lamb and Dixon, 1997; Grant and Loake, 2000). Higher concentrations of ROS damage cellular lipids, proteins and nucleic acids
(Gill and Tuteja, 2010), therefore germination of seeds could only
be achieved if ROS production is properly managed (De Gara et al.,
1997; Tommasi et al., 2001; Khan et al., 2006; Sekmen et al., 2012).
Tightly regulated levels of ROS constitute an “oxidative window”
under optimum conditions which is essential for seed germination
(Bailly, 2004; Bailly et al., 2008; El-Maarouf-Bouteau and Bailly,
2008). This is achieved through seeds antioxidant defense system
which consists of both enzymatic and non-enzymatic antioxidants (Tommasi et al., 2001; De Tullio and Arrigoni, 2003). Such
controlled accumulation of ROS is reported to facilitate seed germination through cell wall loosening (Müller et al., 2009), signaling
(El-Maarouf-Bouteau and Bailly, 2008) and/or decreasing abscisic
acid levels (Wang et al., 1995, 1998). However, little is known
about such systems in salt stressed seeds more so of halophytes
(Khan et al., 2006; Bogdanović et al., 2008; Kranner and Seal,
2013).
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Halophyte seeds can germinate at salinity levels where seeds of
all other species including crops do not have any chance (Vallejo AJ
et al., 2010; Gul et al., 2013; Kranner and Seal, 2013). This seed germination under highly saline conditions may be attributed to the
efﬁcient regulation of ROS production (Khan et al., 2006). To test
this hypothesis we studied the levels of hydrogen peroxide (H2 O2 ;
a common ROS), malondialdehyde (MDA; a common oxidative
stress marker), concentrations of common antioxidant substances
and activities of some antioxidant enzymes during seed germination “sensu stricto” of two subtropical halophytes Suaeda fruticosa
(Amaranthaceae) and Limonium stocksii (Plumbaginaceae) with and
without NaCl treatments.
2. Materials and methods
2.1. Test species and seed collection site
S. fruticosa Forssk. is a leaf succulent halophyte from family
Amaranthaceae, commonly found in both coastal and inland saline
habitats of Pakistan, while L. stocksii (Boiss.) Kuntze (Plumbaginaceae) is a salt secreting plant from family Plumbaginaceae, which
is found in coastal salt ﬂats of Pakistan (Khan and Qaiser, 2006).
Seed-bearing inﬂorescences of both species were collected from a
coastal salt-ﬂat near Hawks bay, Karachi, Pakistan (24◦ 52 21.87 N,
66◦ 51 24.58 E). Seeds were separated from inﬂorescence, surface
sterilized by using 1% sodium hypochlorite for 1 min (no effect on
germination of either species when treated for 1 min but extended
application may improve seed coat permeability; Zia and Khan,
2007; Hameed et al., 2009), rinsed with distilled water and airdried. Seeds were then stored at room temperature in clear plastic
Petri-plates until use.
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et al. (2005) after 18 and 23 h (time required for embryo protrusion
in distilled water) for L. stocksii and S. fruticosa seeds respectively.
2.5. Biochemical analyses
Biochemical analyses given below were carried out in seeds at
different stages like dry condition, early imbibition, maximal imbibition and embryo protrusion in distilled water and NaCl solutions
in L. stocksii (0, 3, 12 and 18 h) and S. fruticosa (0, 3, 17 and 23 h).
2.5.1. Hydrogen peroxide and malondialdehyde
Seeds were ground ﬁne using liquid nitrogen in ice-chilled mortar and pestle and homogenized in 1% ice-cold trichloroacetic acid.
Homogenate was then centrifuged at 12,000 × g for 20 min at 4 ◦ C.
Supernatant was used for the estimation of hydrogen peroxide
(H2 O2 ; Loreto and Velikova, 2001) and malondialdehyde (MDA;
Heath and Packer, 1968).
2.6. Antioxidant substances
Contents of ascorbate (AsA) and dehydroascorbate (DHA) in TCA
extracts were determined following the method of Law et al. (1983).
While, reduced (GSH) and oxidized (GSSG) glutathione contents
were determined according to the method of Anderson (1985).
2.7. Antioxidant enzymes
Extraction and assays of different antioxidant enzymes superoxide dismutase (SOD; EC 1.15.1.1), catalase (CAT; EC 1.11.1.6),
guaiacol peroxidase (GPX, EC 1.11.17), ascorbate peroxidase (APX,
EC 1.11.1.11) and glutathione reductase (GR, EC 1.6.4.2) were done
using the methods described in Hameed et al. (2012).

2.2. Seed characteristics
2.8. Statistical analyses
Fresh weight (FW) of 100 freshly collected seeds was recorded
and moisture content was determined by drying them in a forceddraft oven at 105 ◦ C for 48 h.
2.3. Seed germination experiments
Germination experiments were carried out in programmed
incubators (Percival, USA) with 30/20 ◦ C day/night temperature regimes and 12-h photoperiod (Philips ﬂuorescent lamps,
25 mol m−2 s−1 , 400–700 nm). Tight ﬁtting Petri-plates (50 mm
Ф) with clear lids were used. There were three NaCl concentrations (0, 200 and 400 mM) with four replicates of 25 seeds each.
Percent germination (embryo protrusion from seeds; Bewley and
Black, 1994) was recorded after every 48 h for a period of 20 days.
Rate of germination was calculated using a modiﬁed Timson index
of germination velocity i.e. G/t, where G is germination percentage after every 48 h and t is the total germination period (Khan
and Ungar, 1984). Maximum value possible for this index is 50 for
our data (i.e., 1000/20). The higher the value, the more rapid is
the germination. After completion of germination experiment, all
un-germinated seeds from various NaCl concentrations were transferred to distilled water for another 20 days to study recovery of
germination. Germination recovery percentage was calculated by
the following formula: [(a − b)/(c − b) × 100], where ‘a’ is the number of seeds germinated after transfer to distilled water, ‘b’ is the
number of seeds germinated in saline solution, and ‘c’ is the total
number of seeds.

Germination data were arcsine transformed before statistical
analyses to ensure homogeneity of variance. Analyses of variance
(ANOVA) were used to test whether the treatments had signiﬁcant
effect on germination and other parameters. Signiﬁcant differences
among individual means were determined using a Bonferroni test
(SPSS version 11.0 for windows, 2001).
3. Results
3.1. Seed characteristics
Fresh weight (FW) of 100 S. fruticosa seeds was 37.35 ± 0.35 mg
and for L. stocksii was 29.25 ± 0.95 mg. Moisture contents of freshly
collected seeds of S. fruticosa and L. stocksii were 2.42 ± 0.14 and
1.99 ± 0.21%, respectively.
3.2. Seed germination
Seeds of L. stocksii (97%) and S. fruticosa (81%) readily germinated
in distilled water (Fig. 1A). Rate of germination was 47 in L. stocksii
and 30 in S. fruticosa (Fig. 1B). Seed germination of both species
signiﬁcantly decreased with an increase in NaCl concentration
(Table 1, Fig. 1A). Most un-germinated seeds of both species from
saline treatments showed recovery of germination, after transfer
to distilled water (Fig. 1C).
3.3. Seed hydration

2.4. Seed hydration experiments
Seeds were immersed in 0, 200 and 400 mM NaCl and relative
increase in fresh weight of seeds (Wr ) was calculated following Song

Embryo extension in seeds of L. stocksii began after 18 h of imbibition when an increase in 96% of fresh weight (Wr ) was attained
(Fig. 2). However, only 72% increase was recorded in seeds imbibed
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Fig. 1. Final germination, rate of germination (Timson index), recovery of germination and relative water uptake (Wr ) of S. fruticosa and L. stocksii seeds in different
NaCl concentrations. Bars represent mean ± standard error. Different Bonferroni letters (P < 0.05) indicate signiﬁcant differences among the individual means for each
species.

Table 1
ANOVA results for the effect of salt stress on ﬁnal germination percentage (FG), rate
of germination (RG) and relative water uptake (Wr ) of S. fruticosa and L. stocksii seeds.
(Numbers representing F-values are signiﬁcantly different at P < 0.0001).

Suaeda fruticosa
Limonium stocksii

100

0

NaCl (mM)

Species

Increase in weight (%)

80

a

a

Recovery (%)

100

120

Wr (%)

Germination (%)

120

Parameters
FG

RG

Wr

107.57
546.00

190.36
775.81

210.42
381.79

Fig. 2. Imbibition curves of S. fruticosa and L. stocksii seeds in distilled water. Arrow
marks indicate start of radicle protrusion. Data is given as mean of different replicates (n = 4).

seed germination with ∼1.5 fold higher values in S. fruticosa in
distilled water (Fig. 3A and B). H2 O2 content further increased
with increases in NaCl concentration in both test species.
Malondialdehyde (MDA) content in water-imbibed seeds of S.
fruticosa did not change with time (Fig. 3C). However, MDA content
in water imbibed seeds of L. stocksii signiﬁcantly increased after 3 h
compared to dry seeds and no subsequent change was recorded
(Fig. 3D). Malondialdehyde content increased with increases in
salinity in both species in comparison to distilled water (Fig. 3C
and D).
3.5. Antioxidant substances

in 200 mM NaCl and only 54% in 400 mM NaCl (Table 1; Fig. 1D).
Seed embryo extension in S. fruticosa started after 23 h of imbibition
in distilled water with Wr value of about 118%, which was decreased
to about 81% in 200 mM NaCl and 63% in 400 mM (Fig. 1D and 2).
3.4. Hydrogen peroxide and malondialdehyde
A two-way ANOVA indicated a signiﬁcant effect of salinity,
time and their interaction on endogenous H2 O2 in both species
(Table 2). Endogenous hydrogen peroxide (H2 O2 ) increased during

A two-way ANOVA indicated signiﬁcant (P < 0.001) effects of
salinity, time and their interaction on endogenous ascorbate (AsA)
contents in both species (Table 2). Ascorbate was not detected in
dry seeds of both species however it was detected 17 h after water
imbibition in S. fruticosa and 12 h in L. stocksii AsA (Fig. 4A and C).
Ascorbate content was signiﬁcantly (P < 0.05) lower in 200 mM NaCl
than control while absent in 400 mM NaCl in seeds of both species
(Fig. 4A and C). Dehydroascorbate (DHA) was present in dry seeds of
both species, which increased further with imbibition (Fig. 4B and
D). Contents of DHA decreased upon NaCl exposure in both species.
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Fig. 3. Endogenous H2 O2 and MDA contents in germinating seeds of S. fruticosa and L. stocksii in different NaCl concentrations at different time intervals. Data is given as
mean ± standard error (n = 4).
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Table 2
A Two-way ANOVA for the effects of salt stress (S), time (T) and their interaction on different parameters of S. fruticosa and L. stocksii seeds. (Numbers represent F-values.).
Parameters

Suaeda fruticosa

H2 O2
MDA
AsA
DHA
GSH
GSSG
CAT
GPX
APX
GR
SOD

Limonium stocksii

Time (T)

Salt (S)

T×S

Time (T)

Salt (S)

T×S

103.41***
0.67ns
4731***
26.33***
329.69***
1.20ns
0.37ns
50.23***
201.31***
25.51***
125.78***

179.63***
13.16**
3741***
35.79***
834.99***
139.39***
55.81***
54.87***
44.57***
20.07***
2.69ns

16.52***
0.33ns
1303***
7.38**
25.57***
0.11ns
1.16ns
12.61***
15.32***
9.25**
4.79*

50.33***
14.29*
6942***
72.96***
907.88***
34.69***
612.86***
24.26***
28.32***
262.80***
54.80***

105.33***
22.51***
7598***
72.19***
1188***
17.00***
674.05***
2.93ns
207.63***
2.33 ns
18.72***

3.16*
5.63*
2912***
7.84**
100.01***
7.77**
240.03***
26.64***
1.54ns
6.33*
1.35ns

ns, non-signiﬁcant.
*
P < 0.01.
**
P < 0.001.
***
P < 0.0001.

3.6. Antioxidant enzymes
Superoxide dismutase (SOD) activity increased linearly with
time during water imbibition in seeds of both species (Fig. 6A and
B). Superoxide dismutase activity was higher in seeds of S. fruticosa after 23 h of imbibition in saline solutions compared to 0 mM
NaCl and a similar increase was noticed in seeds of L. stocksii only
at 400 mM NaCl after 18 h of imbibition (Fig. 6A and B).
Highest catalase (CAT) activity in seeds of L. stocksii was recorded
after 3 h of imbibition and later decreased while little changes in
CAT activity were found in seeds of S. fruticosa (Fig. 6C and D). Catalase activity increased signiﬁcantly (P < 0.05) in both species with
the increase in NaCl concentration (Fig. 6C and D).

Suaeda fruticosa

4. Discussion
4.1. Characteristics and antioxidant system of dry seeds
Our results indicate that the fresh seeds of both S. fruticosa and
L. stocksii had low levels of moisture, H2 O2 and MDA in their dry
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Guaiacol peroxidase (GPX) activity increased signiﬁcantly
(P < 0.05) 3 h after water imbibition in seeds of S. fruticosa but no
change was noticed at subsequent time intervals (Fig. 6E). Guaiacol peroxidase activity in L. stocksii did not change for 12 h but
decreased signiﬁcantly after 18 h of imbibition (Fig. 6F). Guaiacol peroxidase activity increased in seeds of both species when
imbibed in increasing concentration of NaCl with higher values in
S. fruticosa (Fig. 6E and F).
Ascorbate peroxidase (APX) activity increased progressively
with time in water imbibed seeds of both species (Fig. 6G and H).
Increases in NaCl concentration decreased APX activity in L. stocksii while in S. fruticosa this decrease was recorded only in 400 mM
(Fig. 6G and H).
Glutathione reductase (GR) activity increased with time in
water-imbibed seeds of both species with higher values in L. stocksii (Fig. 6I and J). There was no effect of NaCl on GR activity in L.
stocksii but it increased in S. fruticosa at 400 mM NaCl after 17 and
23 h of imbibition (Fig. 6I and J).
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ANOVA indicated a signiﬁcant (P < 0.001) effect of salinity, time
and their interaction on GSH content in both species (Table 2).
Reduced glutathione (GSH) was present in dry seeds of both species
but the amount in S. fruticosa was twice that of L. stocksii (Fig. 5A and
C). Glutathione increased with time during germination in distilled
water as well as in NaCl solutions in both species. However this
increase with time was lower under saline conditions (Fig. 5A and
C). Oxidized glutathione (GSSG) was signiﬁcantly (P < 0.05) lower
than GSH in dry seeds of both species and further declined as seeds
imbibed water (Fig. 5B and D). NaCl treatments generally slowed
down the temporal decline in GSSG contents.

400 mM NaCl

Fig. 4. Endogenous AsA and DHA contents in germinating seeds of S. fruticosa and
L. stocksii in different NaCl concentrations at different time intervals. Data is given
as mean ± standard error (n = 4).

0 mM NaCl

200 mM NaCl

400 mM NaCl

Fig. 5. Endogenous GSH and GSSG contents in germinating seeds of S. fruticosa and
L. stocksii in different NaCl concentrations at different time intervals. Data is given
as mean ± standard error (n = 4).
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Fig. 6. Antioxidant enzyme activities in germinating seeds of S. fruticosa and L.
stocksii in different NaCl concentrations at different time intervals. Data is given
as mean ± standard error (n = 4).

state. Amadori and Maillard reactions and lipid autoxidation may
be responsible for ROS production and MDA accumulation in dry
seeds (McDonald, 2004; Varghese and Naithani, 2007; Bailly et al.,
2008). Dry seeds generally lack AsA and APX due to their gradual depletion during maturation drying however, ASA-independent
antioxidant system such as SOD and CAT may be present (De Tullio
and Arrigoni, 2003; Chen and Arora, 2011). However, such information for halophyte seeds is scanty. Our experiments revealed
that the dry seeds of S. fruticosa lacked ASA and APX with some
APX in L. stocksii while both species had higher GSH, SOD, CAT,
GPX and GR contents. Weitbrecht et al. (2011) indicated that due
to low moisture in dry seeds antioxidant enzyme activities are limited/impossible in most parts of the seeds and GSH probably plays
the major antioxidant role.
4.2. Germination and antioxidant system in un-stressed seeds
Seeds of coastal halophytes S. fruticosa and L. stocksii germinated
quickly within 24 h in distilled water. Similarly, seeds of Salsola afﬁnis and Suaeda acuminata also displayed fast germination and were
referred to have “opportunistic strategy” (Wei et al., 2008; Wang
et al., 2012). Such a strategy might be useful for quickly exploiting
the brief germination window available after sufﬁcient rainfall (Gul
et al., 2013; Parsons, 2012).
The reactivation of mitochondrial metabolism during seed germination accompanies ROS production (Pergo and Ishii-Iwamoto,
2011). Likewise, we also observed increase in H2 O2 levels with time
in water-imbibed seeds of both S. fruticosa and L. stocksii. However, this rise in H2 O2 levels did not correspond to increase in

MDA (oxidative damage marker) perhaps indicating the beneﬁcial
roles of H2 O2 during seed germination as reported for other species
(Bailly, 2004; Ishibashi et al., 2012, 2013; Kranner and Seal, 2013).
Ascorbate (AsA) was detected in seeds of both test species soon
after attaining complete hydration and continued to increase up
to embryo protrusion. Dučić et al. (2003) also reported similar
response of the Chenopodium rubrum seeds. This increase in AsA
could indicate its de novo synthesis (Tommasi et al., 2001) along
with recycling from the oxidized form (De Tullio and Arrigoni,
2003). Dehydroascorbate (DHA) contents of S. fruticosa and L. stocksii seeds also increased during germination, which is in accordance
with the ﬁnding of De Gara et al. (1997) who observed a similar
increase in DHA contents of germinating seeds of wheat. However, this increase was not as much as in case of AsA and at the
time of radicle emergence contents of AsA were signiﬁcantly higher
than DHA in both S. fruticosa (∼4.5 times) and L. stocksii (∼3 times)
seeds. According to Tommasi et al. (2001) increase in AsA during
germination is mainly due to the reactivation of its biosynthesis.
Ascorbate is also a cofactor for enzymes which synthesize the germination regulating hormones, gibberellins and ethylene (De Tullio
and Arrigoni, 2003) and its synthesis during seed germination may
promote subsequent cell division for seedling formation (Noctor
and Foyer, 1998; De Tullio et al., 1999; De Tullio and Arrigoni, 2003).
Reduced glutathione (GSH) is another non-enzymatic antioxidant which increased progressively in both test species with time
after imbibition. GSH was also reported to increase in seeds of pine
(Tommasi et al., 2001) and pea (Spragg et al., 1962)) during the
initial 24 h of germination period and its concentration peaked at
the time of radicle emergence in seed of C. rubrum (Dučić et al.,
2003). Oxidized form of glutathione (GSSG) declined with time
in water-imbibed seeds of both species, which could indicate its
recycling to the reduced form (GSH). Likewise, decrease in GSSG
along with increase in GSH was observed in germinating seeds of
pine (Tommasi et al., 2001).
Superoxide dismutase, APX and GR activities increased while
CAT and GPX activities decreased with time in water-imbibed seeds
of both L. stocksii and S. fruticosa. Lower CAT activity may facilitate seed germination by allowing accumulation of H2 O2 (Taylorson
and Hendricks, 1977). Similarly, decrease in GPX activity may also
facilitate germination by lowering peroxidase mediated cell wall
hardening which may hinder radicle emergence, as osmotically
driven radicle emergence requires wall loosening (Dionisio-Sese
and Tobita, 1998; Cavalcanti et al., 2004; Bewley et al., 2013). Peroxidase (POD) activity was not detected during seed germination
in Chenopodium murale, indicating little role of peroxidases during
seed germination (Bogdanović et al., 2008). In Spinacia oleracea, dry
seed maintained an SOD and CAT based antioxidant system which
was replaced by APX based system in osmo-primed germinating
seeds (Chen and Arora, 2011).
4.3. Germination and antioxidant system in salt-stressed seeds
Seed germination of halophytes as observed in this study, generally decreases with increasing salinity and most un-germinated
seeds of test species recovered completely when transferred to
distilled water indicating osmotic rather than ionic effects (Gul
et al., 2013). Osmotic effects of salinity on seed germination were
also reported for Atriplex prostrata (Egan et al., 1997), A. halimus (Bajji et al., 2002), Halocnemum strobilaceum, Arthrocnemum
macrostachyum, Sarcocornia fruticosa, and Salicornia ramosissima
(Pujol et al., 2000). Lower seed germination with an increase in
salinity in our study was perhaps due to decrease in water uptake
as in some other halophytes (Song et al., 2005) and reduced de
novo synthesis of AsA. Khan et al. (2006) reported that application
of exogenous AsA improved the seed germination of S. fruticosa
under saline conditions thus supporting our basic premise.
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Fig. 7. Graphical sketch of key ﬁndings.

Few reports are available on ROS production and scavenging
during seed germination of halophytes under saline conditions.
Increasing levels of H2 O2 and MDA are indicators of oxidative stress in plants. In this study, endogenous H2 O2 and MDA
increased under salt stress in both S. fruticosa and L. stocksii,
as reported for seedlings of Sorghum bicolor (Chai et al., 2010).
Ascorbate–glutathione cycle is involved in recycling of lipid soluble antioxidant ˛-tocopherol, which protects membranes from
ROS mediated peroxidation (Lushchak and Semchuk, 2012). Salinity decreased AsA and GSH contents of the seeds of both test
species. Increase in MDA content (an indicator of lipid peroxidation) might be related to lower recycling of lipid soluble antioxidant
˛-tocopherol due to decreased AsA in this study under saline conditions. However, most un-germinated seeds of both test species
recovered quickly when transferred to distilled water, which might
indicate that the increase in H2 O2 and MDA levels in this study
were probably not too damaging. Earlier studies in S. fruticosa and
L. stocksii also showed a high recovery of un-germinated seeds
when transferred to distilled water (Gul et al., 2013). In addition,
exogenous application of hydrogen peroxide (0.34%) and sodium
hypochlorite (2%) improved seed germination of S. fruticosa under
saline conditions in an earlier study perhaps by increasing the seed
permeability to water or oxidizing the inhibitors (Hameed et al.,
2009). Dehydroascrobate (DHA) content in salinity-treated seeds
of both test species were lesser in comparison to unstressed seeds,
while oxidized glutathione (GSSG) content of S. fruticosa and L.
stocksii seeds were higher under saline conditions than in nonsaline controls. Fahey et al. (1980) showed that the higher GSSG
were involved in prevention of germination in wheat seeds by
blocking protein synthesis.
A higher CAT and GPX activities while lower APX, AsA and GSH
levels level were recorded in seeds imbibed in saline solutions
when compared to those imbibed in distilled water. When seeds
during germination are subjected to other extreme environmental conditions a similar CAT-GPX based antioxidant system play its
role (Rahnama and Ebrahimzadeh, 2005; Wang et al., 2008; Fedina,
Nedeva, & Çiçek, 2009; Chai et al., 2010; Bao et al., 2011).
5. Conclusions
Seeds of test species were characterized by no detectable AsA in
dry state. AsA concentration increased in seeds imbibed with distilled water indicating a role of AsA-dependent antioxidant system
during germination (Fig. 7). Exposure of seeds to salinity decreased
the levels of AsA, which could be indicative of prevalence of AsAindependent antioxidant system when germination is inhibited.

Water uptake was also decreased in seeds of both species under
saline conditions. Thus, it appears that prevention of seed germination under saline conditions is due to failure of proper hydration
of seeds with concomitant decrease in AsA and GSH contents.
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