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Abstract: Salinity is one of the most important environmental stresses affecting
the growth and yield of the plants. The effect of salicylic acid (SA) on growth,
germination, and some physiological traits of bitter vetch (Vicia ervilia L.) exposed
to salinity was studied in a factorial experiment based on a randomized complete
block design with three replications. The experimental treatments were composed
of salinity at three levels of 0, 50 and 100 mM and SA priming at three rates of 0,
0.1 and 0.2 mM. The results showed that as salinity was increased, germination and
the related traits, seedling growth, and the Hill reaction rate were declined, but
mean germination time and cell death were increased. SA application at the rates
of 0.1 and 0.2 mM improved these parameters as compared to control. At the
salinity levels of 50 and 100 mM, SA rates of 0.2 and 0.1 mM imposed the strongest
effect on germination parameters and plant growth. At the salinity level of 100 mM,
SA rate of 0.2 mM was more effective on leaf relative water content, seedling fresh
weight, root and stem length, and root and stem fresh weight. At different levels of
salinity, 0.2 mM SA increased the Hill reaction rate and cell death of bitter vetch.
The application of SA under salinity stress for improvement of germination
parameters, seedling growth, and physiological traits of bitter vetch could be
recommended.

Salisilik Asit ile Priming Uygulamasimin Aa Fig'in (Vicia ervilia L.) Cimlenmesi ve
Fizyolojik Ozellikleri Uzerine Tuzluluk Etkilerinin Azaltilmasi
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Oz: Tuzluluk, bitkilerin biyiimesini ve verimi etkileyen en 6nemli cevresel
streslerden biridir. Salisilik asitin (SA), tuzluluga maruz kalan aci figin (Vicia
ervilia L.), ¢cimlenmesi, fide gelisimi ve bazi fizyolojik 6zellikleri iizerindeki etkisi,
tesadlif bloklarinda faktoriyel deneme modeline gore (¢ tekerrlrlu olarak
incelenmistir. Caligmada uygulamalar; 0, 50 ve 100 mM'lik U¢ seviyede tuzluluktan
ve 0, 0.1 ve 0.2 mM'lik ii¢ dozda SA priming uygulamasindan olusmustur.
Sonuglar, tuzluluk arttik¢a cimlenme ve ilgili 6zelliklerin, fide biiylimesinin ve Hill
reaksiyon hizinin azaldigini, ancak ortalama ¢imlenme siiresinin ve hiicre hasarinin
arttigmi gostermistir. SA’nm 0.1 ve 0.2 mM uygulamalari, kontrole kiyasla bu
parametreleri iyilestirmistir. Tuzlulugun 50 ve 100 mM’lik ve SA’nin 0.2 ve 0.1
mM'lik seviyeleri ¢cimlenme parametreleri ve bitki bliylimesi Uzerinde en glcli
etkiyi saglamistir. 100 mM tuzluluk seviyesinde, 0.2 mM'lik SA orani, yaprak nispi
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Tuzluluk. su igerigi, fide taze agirhgi, kok ve gévde uzunlugu, kok ve govde taze agirlig
tizerinde daha etkili olmustur. Farkli tuzluluk seviyelerinde 0.2 mM SA, Hill
reaksiyon hizini ve aci figin hiicre hasarim arttirmistir. Tuzluluk stresi altinda SA
uygulamasi, aci figin ¢imlenme parametrelerinin, fide gelisiminin ve fizyolojik
ozelliklerinin iyilestirilmesi bakimindan dnerilebilir.

1. Introduction

Bitter vetch (Vicia ervilia L) is one of the oldest domesticated plants from the family Fabaceae.
Bitter vetch is a very old grain legume in the Mediterranean region whose cultivation dates back to 10
000 years ago. It is grown for grains and dry forage (Abdullah et al., 1999; Sadeghi et al., 2009). Salinity
is one of the stresses that limit crop production. Salinity stress occurs when the amount of salts
accumulated in the root zone is beyond the tolerance of plants, which disrupts the vital processes of the
plant, such as nutrient uptake and mobilization, transpiration, and photosynthesis. Salinity influences
the biochemical and physiological processes and the biosynthesis of primary and secondary metabolites
of plants (Hendawy and Khalid, 2005). Salinity reduces the activity of a-amylase by reducing the
amount of bioactive gibberellin content, which in turn prevents seeds germination (Liu et al., 2018).
Salinity stress causes the generation of reactive oxygen species (ROS) and increases membrane
permeability of the cells; then, in addition to oxidative damage by RQOS, this results in the build-up of
some proteins including heat shock proteins, chaperones, and other detoxifying proteins (Sudhakar et
al., 2001).

To preserve turgor under salinity stress, plants produce compounds that make intra-cellular
water potential more negative so as to enable the plant to keep the turgor pressure. Known as osmolytes,
these compounds are generated by all living organisms. Osmolytes have a very high solubility. However,
their molecular weight is low, and at high concentrations, they are not toxic to cells and do not disrupt
the natural reactions of the cell (Ashraf and Foolad, 2007).

The application of germination improving techniques (priming) is an approach to improve
germination and seedling establishment under environmental stresses. The ultimate goal of seed priming
is their partial imbibition so that seeds pass through the first (physical uptake) and second (initiation of
biochemical processes and hydrolysis of sugars) stage of germination, but they are inhibited from the
third stage (sugar consumption by embryo and rootlet growth) (Bradford, 1995).

Salicylic acid (SA, o-hydroxybenzoic acid) is a phenolic compound that is involved in seed
growth and development and germination, photosynthesis, glycolysis, interaction with other organisms,
and plant responses to environmental stresses (Popova et al., 1997; Hayat et al., 2010). It acts as a signal
transmitter molecule and affects many of the physiological and biochemical processes of the plant under
stress and non-stress conditions. These processes include seed germination and vigor, seedlings
establishment, cell growth and expansion, as well as the activity of enzymes, the synthesis of flavonoids
and photosynthesis apparatus in detrimental environmental conditions (Vlot et al., 2009; Akbulut et al.,
2018). Salicylic acid augments the activity of the enzyme phenylalanine ammonia lyase. The increased
activity of this enzyme entails the increase in the synthesis and accumulation of phenolic compounds,
and finally, phenolic compounds with the antioxidant properties enhance resistance to biotic and abiotic
stresses (Eraslan et al., 2007). Gautam and Singh (2009) concluded that SA at high rates can mitigate
the adverse impacts of salinity and osmotic stresses induced by the build-up of ROS generation during
photosynthesis and germination of maize. Application of NaCl reduced all germination traits in
comparison with control. Whereas application of SA enhanced germination percentage by 13.05%, vigor
index by 68.60%, mean germination time by 39.74% compared to respective NaCl treatments (Alamri
et al., 2018). Hamid et al. (2010) reported that SA priming of wheat seeds under salinity stress resulted
in the production of more vigorous and larger seedlings and enhanced chlorophyll, dissolved sugars and
proteins content of the plant.

This study aimed to explore the effect of salicylic acid application on alleviating the impacts of
salinity stress on germination components, physiology, and growth parameters of bitter vetch.
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2. Material and Methods
2.1. Germination and growth parameters

The present study was carried out in the laboratories of the Departments of Agriculture and
Biology at Faculty of Agronomy of Urmia University (Iran) in 2016, as a factorial experiment based on
a randomized complete block design with three 50-fold replications. The experimental treatments
included priming with salicylic acid (SA) at three levels of 0, 0.1 and 0.2 mM, and NacCl at three levels
of 0, 50 and 100 mM. The seeds were first disinfected with sodium hypochlorite (5%) for 2 minutes,
and then they were rinsed with distilled water. For priming, the seeds were soaked in SA at the intended
concentration in darkness at 25°C for 8 hours. Then, to remove their excess moisture, they were air-
dried at room temperature for 24 hours. To test the germination, the seeds were placed between the
papers in Petri dishes with a mouth diameter of 9 cm. Finally, the Petri dishes were placed in a
germinator at 25°C. During the supply of moisture requirement of germination, the seeds were treated
with salinity levels as mentioned. To evaluate germination parameters, the seeds were counted on a
specific time every day until the number of germinated seeds in each replication reached a plateau for
three consecutive days. The criterion for germination was the exit of rootlet for 2 mm or more. On day
7, five seedlings were sampled from each replication to record their seedling length, rootlet length,
plumule length, and seedling fresh and dry weight. After the fresh weight of the seedlings was recorded,
they were oven-dried at 72°C for 48 hours to measure their dry weight. The data of five samples were
averaged to supply the final data.

The seedlings remained in the Petri dishes were employed to study physiological parameters
including leaf relative water content, the Hill reaction, cell death, and post-harvest length and weight
parameters of the bitter vetches. Four seedlings were sampled from each replication and were planted in
pots containing perlite. Then, they were placed in a growth chamber at light/dark regime of 16/8 hours.
The seedlings in the pots were irrigated with distilled water every other day and were fed on Hoagland
solution containing 0, 50 or 100 mM NacCl as per the experimental design. To measure the post-harvest
length and weight parameter, the traits of root and stem length, root and stem fresh weight, and root and
stem dry weight (after oven-drying at 72°C for 48 hours) were measured 15 days later.

2.2. Leaf relative water content

To measure the relative water content (RWC) of leaf, 0.2 g of a fully developed leaf was sampled
from each replication, and a section of 1 cm? was cut from the middle part of the blade. Then, the leaf
discs were placed in capped Petri dishes containing distilled water and were placed in darkness at 4°C
for 16 hours. After some time, the leaves were taken out of the distilled water to measure their saturated
weight. So, they were placed between two filter papers to get rid of their excessive moisture.
Immediately after that, their saturated weight was measured. After their turgid weight was recorded, the
leaf sections were oven-dried at 70°C for 48 hours to find out their dry weight.

2.3. Hill reaction measurement

The Hill reaction was measured by Patsikka et al. (2001) procedure for which first, 0.2 g of fresh
leaf tissue was cut and crushed in 3 mL of phosphate buffer with pH 7 that was cooled in the freeze. The
filtered extract was centrifuged at 10 000 rpm for 2 minutes and the supernatant was removed. Then, 3
mL of cold phosphate buffer was poured on the sediment of the centrifuge and the sediment was
suspended with a brush gently. After that, 0.5 mL of the solution was added to 2 mL of cold phosphate
buffer and 0.2 mL of dichlorophenolindophenol (DCPIP). Immediately, its absorption was read at 550
nm with a spectrophotometer. Then, the tube was exposed to a 150-W lamp for 20 seconds and its
absorption was re-read. This was repeated until five minutes as far as T=100 was realized.
Dichlorophenolindophenol reduction ate was calculated as a percent of control.
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2.4. Cell death measurement

Cell death is a measure of damage to the cell membrane. It was measured by Baker and Monck
(1994) method using absorption of the Evans blue reagent. Three 1-cm pieces from root tips were placed
in the Evans blue reagent 0.025% in water for 30 minutes. Then, the pieces were rinsed for 15 minutes.
The samples were crushed in 1 mL of methanol solution. The extract was placed in a Bain-marie at 50°C
for 15 minutes and then, it was centrifuged at 14000 rpm for 15 minutes. The absorption was read at
600 nm with a spectrophotometer and the cell death was stated as a percent of control.

Number of germinated seeds

Final germination percentage = 1
J P J Total number of seeds W)
Germination speed index (GSI) was estimated by AOSA (1983) as follows:
GSl = No. germinated seeds at first counting s No. germinated seeds at final counting (2)

First day of counting Final day of counting

Mean germination time (MGT) was obtained as reported by Ellis and Roberts (1981):
MGT = 2D )

>'n

Seedling vigor index (SVI) was calculated according to Abdel-Baki and Anderson (1973), using the
following equation:

SVI =

Seedling length (cm) x germination percentage (4)
100

Relative water content was calculated according to Smart and Bingham (1974), formula as follow:
Fresh weight - dry weight
RWC = g yweight 100 ®)

~ Saturated weight - dry weight

Experimental data were analyzed with MSTAT-C software package, and the means were
compared with Duncan’s Test at P < 0.05. Also, the graphs were drawn in MS-Excel software package.

3. Results

Analysis of variance (ANOVA) shows that salinity, SA, and their interactions influenced all
studied parameters, except root fresh weight and stem fresh weight, significantly atp < 0.01 and p < 0.05
levels. As salinity was increased from 0 to 100 mM, the measured parameters were decreased whereas
the application of SA increased them significantly (Table 1 and 2).

3.1. Germination and growth parameters

According to the results of ANOVA, germination percentage was significantly (p <0.01)
influenced by salinity, SA, and salinity x SA. This trait was decreased by salinity. As salinity was
increased, a significant change happened in final germination percentage of bitter vetch seeds so that
among seeds unprimed with SA, the highest germination percentage of 48.67% was related to those
exposed to 0 mM salinity and the lowest one (46.33%) was obtained from those exposed to 100 mM
salinity. The application of SA at the rates of 0.1 and 0.2 mM increased this trait in plants exposed to
salinity stress, but these two rates of SA did not differ significantly to one another and were ranked in
the same statistical group (Figure 1). Mean germination time was affected by salinity and SA. The simple
effect of salinity and SA and their interactions were significant at p < 0.01 level on this trait (Table 1).
Salinity increased mean germination time and thereby postponed the germination of bitter vetch seeds.
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A look at the interaction between salinity and SA shows that SA reduced mean germination time. The
highest mean germination time (2.16 day) was observed in plants treated with 100 mM salinity and the
lowest one (1.30 day) was seen in plants treated with 0.2 mM SA under no salinity stress (Figure 1).
The increase in salinity resulted in the loss of germination speed and the increase in mean germination
time.

According to the results, germination speed index was affected by salinity, SA and their
interaction at p < 0.01 level (Table 1). As salinity was increased, germination index was reduced from
(29.75 %.day?) at 0 mM salinity level to (22.28 %.day?) at 100 mM salinity level. This trait was
improved with the application of 0.1 or 0.2 mM SA. These two rates of SA did not show significant
differences between salinity levels of 0 and 50 mM so that SA rate of 0.2 mM had the highest impact at
the salinity levels of 0 mM and 50 mM resulting in germination index of (42.32 and 32.94 %.day!
respectively). SA rates did not differ significantly at the salinity level of 100 mM so that they were all
placed in the same statistical group (Figure 1). ANOVA results revealed that the simple and interactive
effects of salinity and SA were significant on seedling vigor at p < 0.01 level (Table 1). Higher salinity
level was related to lower seed vigor. The lowest seed vigor (298.80) was observed in unprimed seeds
exposed to 100 mM salinity stress, and the highest one (603.30) was observed in unstressed seeds. SA
priming of the seeds improved seed vigor considerably. The highest seed vigor at all salinity levels was
obtained from seeds primed with 0.2 mM SA so that it was 1009.00, 754.70 and 465.70 at the salinity
levels of 0, 50 and 100 mM, respectively (Figure 1).

The simple and interactive effects of salinity and SA were significant (p < 0.01) on these traits
(Table 1). The highest radical, plumule, and seedling length (8.38, 11.80 and 20.19 cm, respectively)
were obtained from SA rate of 0.2 mM at 0 mM salinity level and the lowest ones (3.16, 3.28 and 6.44
cm, respectively) were related to unprimed seeds (Figure 1).

Seedling fresh and dry weight was influenced by salinity and SA significantly at p < 0.01 level
(Table 1). Salinity entailed the loss of fresh and dry weight as compared to control so that the highest
decline was observed at NaCl level of 100 mM in which fresh and dry weight was reduced by (98.40
and 15.73 mg, respectively). In contrast, SA priming improved these two traits in seeds exposed to
stress. At the salinity level of 50 mM, fresh and dry weight was maximized to (84.80 and 12.93 mg,
respectively) when 0.2 mM SA was applied. At the salinity level of 100 mM, the fresh and dry weight
of seedlings that grew from seeds primed with 0.2 mM reached (71.93 and 8.13 mg, respectively).
(Figure, 1). The loss of seedling fresh weight may be related to the loss of the water content of seedling
tissue.

3.2. Relative water content

Relative water content (RWC) was significantly affected by salinity and SA at p <0.01 level
and by their interaction at p < 0.05 level (Table 1). Under no salinity conditions, SA rate of 0.2 mM
resulted in the highest RWC of %81.23. Under salinity levels of 50 and 100 mM, the application of 0.2
mM SA improved RWC to %74.97 and %69.06, respectively (Fgure 2).

3.3. Hill reaction

According to Figure 1, different levels of salinity differed significantly in the Hill reaction. The
increase in the salinity levels entailed a significant loss of the Hill reaction. The lowest rate of the Hill
reaction was 64.78% obtained from unprimed seeds exposed to 100 mM salinity. SA application
improved the rate of this reaction. The highest rate was 125.86% obtained from the application of 0.2
mM SA under no salinity stress conditions. At the salinity levels of 50 and 100 mM NacCl, the application
of 0.2 mM SA increased the rate of the Hill reaction to 95% and 82.22%, respectively as compared to
control (Figure 2).

3.4. Cell death
The results show that cell death was aggravated remarkably with the increase in the salinity

level to 100 mM. The highest rate of cell death (87%) was obtained from unprimed seedlings exposed
to 100 mM salinity. The lowest rate was 49.77% obtained from the application of 0.2 mM SA under no
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salinity stress. At the salinity level of 50 mM, 0.1 and 0.2 mM SA reduced cell death from 70% of
control to 68.5 and 56.1%, respectively. At the salinity level of 200 mM, cell death was decreased to
75.87 and 67.7% as compared to control (87%) when 0.1 and 0.2 mM SA was applied (Figure 2).

3.5. Post germination

The simple effect of salinity and SA was significant on root and stem length at p < 0.01 level
and the interaction between salinity and SA was significant at p < 0.05 level (Table 2). The lowest root
length (19.03 cm) and stem length (22.61 cm) were obtained from seedlings exposed to 100 mM salinity
and the highest root length (29.96 cm) and stem length (34.96 cm) were obtained from those primed
with 0.2 mM. SA application at salinity stress improved these traits. At the salinity level of 50 mM, the
application of 0.2 mM SA increased root length from 14.86 to 20.56 cm and stem length from 17.74 to
23.83 cm. At the salinity level of 100 mM, seedlings primed with 0.1 mM SA exhibited an increase in
root length from 9.74 to 16.60 cm and stem length from 13.30 to 19.16 cm (Figure 2).

Salinity and SA influenced root fresh and dry weight significantly at p < 0.01 level, whilst their
interaction was significant at p < 0.05 for fresh weight but insignificant for dry weight (Table 2). Salinity
resulted in a significant difference with control by reducing root fresh weight and subsequently, its dry
weight. Root fresh weight was decreased from 0.13 g in control to 0.02 g in plants treated with 100 mM
salinity. On the other hand, SA application increased root fresh weight. SA at 0.2 mM rate was more
effective on root fresh weight than 0.1 mM SA. In plants exposed to 50 and 100 mM salinity, the highest
root fresh weight were 0.12 and 0.08 g, respectively obtained from the application of 0.2 MM SA. Root
dry weight was also declined with the increase in the salinity level and in contrast, SA enhanced this
trait (Figure 2,Table 3).

Stem fresh weight was affected by SA and salinity at p < 0.01 level and by their interaction at
p < 0.05 level (Table 2). SA priming resulted in higher stem fresh and dry weight under various salinity
levels. SA rate of 0.2 mM had the strongest effect on stem fresh weight in seedlings treated with 50 and
100 mM salinity so that stem fresh weight was increased to 0.47 and 0.27 g at these salinity levels,
respectively (Figure 2).
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Table 1. Analysis of variance for the effect of salinity and salicylic acid (SA) on germination and physiological traits of Vicia ervilia

Treatment df FGP (%) MGT (day) GSI (%.day') SVI RWC (%) RL (cm) PL (cm) SL (cm) SFW (mg) SDW (mg)
Salinity 2 1.815™ 0.383™ 228.580™ 349362.177™  289.805™ 15.098™ 63.437" 136.923™  1430.173™  70.581™
SA 2 15.815™ 0.276™ 167.090™ 230411.981™  223.611™ 16.492™ 23.983™ 80.243™ 1828.138"  28.114™
Salinity x SA 4 1.315™ 0.032™ 13.935™ 19367.066™ 1.329" 1.651™ 3.202™ 7.818™ 31.478™ 2.852™
Error 18 0.185 0.003 0.816 703.921 0.353 0.156 0.183 0.26 4.019 0.3

CV (%) - 0.88 2.96 2.98 4.26 0.85 6.79 6.28 4.04 2.77 5.07

** and * show significant at p < 0.01 and p < 0.05 levels, respectively.

(FGP: final germination percentage, MGT: mean germination time, GSI: germination speed index, SVI: seedling vigor index, RWC: relative water contetn, RL: radicle length, PL: plumule
length, SL: seedling length, SFW: seedling fresh weight, SDW: seedling dry weight)

Table 2. Analysis of variance for the effect of salinity and salicylic acid (SA) on germination and physiological traits of Vicia ervilia

Treatment df Root LE (cm) Stem LE (cm) Root FW (g) Stem FW (@) Root DW (g) Stem DW (g)
Salinity 2 252.095™ 363.248™ 0.058™ 0.242™ 0.002™ 0.006™
SA 2 138.559™ 148.069™ 0.021™ 0.138™ 0.001™ 0.003"
Salinity x SA 4 7.297" 10.201" 0.004™ 0.005" ons 0.001"
Error 18 2.617 2.815 0 0.001 0 0.001
CV (%) - 8.85 7.69 15.18 9.85 18.46 49.30
** and * show insignificant at p < 0.01 and p < 0.05 levels, respectively, ns: not significant
(Root LE: root length; Stem LE: stem length; Root FW: root fresh weight; Root DW: root dry weight).
Table 3. Mean comparision of the main effect of salinity and SA on root and stem dry weight of vicia ervilia
Factor Root DW (g) Stem DW (g)
Salinity
0mM 0.04% 0.08?
50 mM 0.022 0.052
100 mM 0.018 0.03°
Salicylic acid
0mM 0.01° 0.03°
0.1 mM 0.02° 0.062%
0.2 mM 0.042 0.072

“Different letters show significant differences at p < 0.01 level.
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Figure 1. The effect of salinity and SA on germination and growth parameters of bitter vetch.

105



YYU J AGR SCI 31 (1): 98-110

Moghaddam et al.. / Mitigation of Salinity Effects by Salicylic Acid Priming on Germination and Physiological Characteristics of Bitter Vetch (Vicia ervilia L.)

S 100 = OmMMSA  =0ImMSA  =0.2mM SA 40 - ™ OmMSA =0.1mM SA =0.2mM SA 50 = OMMSA ®0.ImMSA =0.2mM SA
o\o -
5 80 - = 40 -
s S T
o 60 1 = S 30 -
g S £
g€ 40 3 220 -
g g =
£ 20 - & § 10
= 7]
@ 0 - 0 -
omMm 50mM 100mM omM 50mM 100mM omM 50mM 100mM
Salinity Salinity Salinity
= OmM SA 20.1mM SA =0.2mM SA 1 = 0mM SA 10.1mM SA 20.2mM SA 140 u0mM SA 10.1 mM SA =0.2 mM SA
) C) 3
E ;‘J 08 - g 120
= =) g 100
2 g 06 1 g 80
=
g 2 04 ¢ 60
po = = 40
1] S ] T
& g 02 20
0 0
O0mM 50mM 100mM omM 50mM 100mM 0omM 50 mM 100 mM
Salinity Salinity Salinity
#0mMMSA  ®m0.1mMSA  =02mM SA When the difference between two means is statistically
100 - significant (P<0.05), the two SD error bars may not overlap.
80 - Likewise, when the difference between two means is not
< statistically significant (P>0.05), the two SD error bars may
£ 60 - overlap.
g
= 40 -
[
o
20 -

50 mM

Salinity

100 mM

Figure 1. The effect of salinity and SA on growth parameters, Hill reaction and Cell death of bitter vetch (continued).
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4. Discussion and Conclusion

The loss of germination percentage with the increase in salinity may be related to the loss of
water uptake by seeds under salinity stress, which reduces physiological and metabolic processes so that
plants suffer from nutrients unavailability and the germination is impaired (Ashraf and Waheed, 1990).
It seems that SA alleviates the toxic and destructive effects of salinity and increases germination by
influencing the antioxidant system. In a study on the effect of salinity on germination speed and
percentage and the growth of rootlet and plumule in several plants, Dai et al. (2009) showed that the
effect of salinity at germination stage was a reliable test of a plant’s tolerance because salinity reduced
germination percentage and speed as well as rootlet and plumule growth. The loss of mean germination
time in primed seeds is likely to be related to the rate of cell division in primed seeds. Due to the synthesis
of DNA, RNA and proteins during seed priming, most physiological stages are completed and seeds are
ready to germinate (Brancalion et al., 2008; Foti et al., 2008). De and Kar (1994) reported that when
water uptake is disrupted in seeds or when it goes on slowly, the metabolic activities of germination in
seeds occur slowly and so, more time is required for the roots to emerge and germination speed
decreases. The loss of the studied germination parameters can be related to the loss of the amount and
rate of initial water uptake and the adverse impact of low osmotic potentials and ion toxicity on
biochemical processes and catabolic (enzymatic hydrolysis of seed reserves) and anabolic (the
fabrication of new tissues by using hydrolysis materials of the first stage) stages (Shamsadin Saeid et
al., 2008). Shakirova et al. (2003) have been reported that the desirable effect of SA on the improvement
of seed vigor under no stress conditions is accompanied with the increased level of IAA and ABA
hormones. Shakirova et al. (2003) underline that SA mechanism in increasing stem length, cell division,
and elongation in plants was related to such compounds as auxin. Seeds germinated in saline media
produce shorter plumules and radicals and the inhibitory effect of NaCl is stronger than other salts on
the emergence of embryo tissues as reported in literature (Khan and Ungar, 1985; Katergi et al., 1994).
This is consistent with Sharma et al. (2004) who reported the decrease in seedling fresh weight when
salinity level was increased from 0 to 20 mmhs, whereas Aghbolaghi and Sadeghi (2014) observed that
under salinity stress, primed seeds outperformed in terms of the amount of mobilized reserves and
seedling dry weight.

The loss of leaf RWC can be associated with the loss of water availability to leaves under salinity
stress, or the root systems are unable to replenish the water lost by transpiration due to the decline of
water uptake (Smart and Bingham, 1974). The increase in RWC by SA and its derivatives can be related
to the role of SA in improving the antioxidant defensive system, alleviating oxidative stress, improving
membrane integrity, and adjusting osmosis through increasing potassium content as a vital ion in
maintaining cell turgor pressure (Bandurska and Stroinski, 2005; Korkmaz et al., 2007).

SA adjusts cell division by influencing other hormones like auxin, cytokinin, gibberellins, and
abscisic acid. It has been reported that this compound increases cell division of apical meristem of
primary roots and thereby enhances root elongation (Shakirova et al., 2003). Fariduddin et al. (2003)
found that salinity reduces cell division and that SA (antioxidant) could hinder auxin oxidation resulting
in higher root and stem dry weight.

Salinity reduces photosystem Il activity severely, and the disruption of quinone electron transfer
chain, which is related to photosystem II, reduces quantum yield (Lu and Vonshak, 2002). Also, the
proteins D; and D, of photosystem Il are impaired under stressful conditions. These proteins are the
main components of this photosystem and their degradation entails photo-inhibition (Bissati et al., 2000;
Kruk et al., 2005). SA mitigates this degradation under stressful conditions by accelerating the
restoration and conversion of the protein D; and inducing protein kinases and reversible phosphorylation
of proteins (Hui-Jie et al., 2011). Ervin et al. (2005) observed the increase in superoxide dismutase
activity after SA treatment of the plants and stated that SA increased the efficiency of photosystem Il
by activating the antioxidant system and signaling. Salinity adversely affects efficiency and permeability
of plasma membrane and cell wall and can disrupt the inflow and outflow of the ions to the cells (Orcutt
and Nilsen, 2000). Before the plants are exposed to salinity, SA activates the antioxidative system and
it is likely to improve cell membrane and neutralize the risk of ROS buildup when plants are exposed to
stress. Consequently, the damage to cell membrane structure and change in its permeability are inhibited
under stress conditions.
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Plant growth regulators, such as SA, play their positive role by preventing the damage to fatty
acids, the reduction of membrane permeability, and the protection of thylakoid membrane under salinity
stress; and these effects are likely to be related to the decrease in the amount of hydrogen peroxide
(Borsani et al., 2001).

It was found that all studied traits were influenced by salinity. As salinity level was increased,
a decline was observed in germination percentage, germination speed, seed vigor, growth parameters,
and the Hill reaction rate and an increase was seen in mean germination time and cell death. SA
application improved plant resistance to salinity stress. The treatment of bitter vetch seeds with SA
affected germination so that germination-related traits were increased, mean germination time was
decreased, growth parameters were improved, the Hill reaction rate was enhanced, and cell death was
decreased. At the salinity levels of 50 and 0 mM, there was no significant difference between SA rates
of 0.2 and 0.1 in germination percentage and mean germination time whereas at these salinity levels,
SA rate of 0.2 mM improved other parameters. Plants exposed to 100 mM salinity did not exhibit
statistically significant differences in mean germination time and germination speed between SA rates
of 0.1 and 0.2 mM. Under the salinity level of 100 mM, SA rate of 0.1 mM was the best for seed vigor,
root length, stem length, seedling length, and seedling dry weight, and SA rate of 0.2 mM was the best
for leaf relative water content, seedling fresh weight, root length, stem length, and root and stem fresh
weight. At both salinity levels, SA rate of 0.2 mM was related to the highest Hill reaction rate and the
lowest cell death. In sum up, seed priming with salicylic acid reduced the detrimental effects of salinity
and improved seed vigor and physiological traits.
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