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Abstract

Due to low rainfall at early autumn, smooth vetch seedling growth in rain-fed lands often is limited by water
deficit stress yet the data regarding the reactions of smooth vetch to water deficit at early growth stages are pretty
rare. The objective of current study was to examine possibility of using priming treatments (hydro priming and
priming salicylic acid) to alleviate the inhibitory effect of water deficiency during early growth of Smooth Vetch.
In this respect, seeds were soaked in distilled water (hydro priming) or 0.5 mM solution of SA for 36 h at 10 °C
then dried back to original moisture content. Pots were irrigated for 25 days at four levels of available water
containing field capacity (FC), 75% FC, 50% FC and 25% FC. In general, seedling emergence and early growth
were markedly limited by increasing water deficiency. However, priming treatments particularly with SA caused
considerable improvement in either emergence or growth of seedlings (dry weight, length). The obtained results
showed that primed samples exhibited higher accumulation of proline, glycine betaine (GB) under all levels of
available water except 100% FC and also higher total soluble sugars (TSS) and trehalose under severe water
deficit (25% FC). SA primed samples had higher relative water content especially under higher levels of water
deficiency. The more balanced water status within SA primed samples also was accompanied with higher
accumulation of proline and glycine betaine. There were significant differences between two priming treatments
in terms of proline and GB content within seedlings and SA priming considerably increased proline and GB
accumulation. In contrast to proline and GB, TSS and trehalose content wasn’t influenced by SA treatment and
both hydro and SA primed samples showed statistically similar quantities.
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1. Introduction

Vetch species including smooth vetch (Vicia dasycarpa) are cultivated in West and North West of Iran either as
forage crop or as green manure. During the current decade, there has been an increasing trend to use vetch plants
as a forage crop throughout dry lands in Iran. High forage quality and quantity, suitable adaption to a wide range
of climatic conditions and also the ability to fix atmospheric nitrogen, make vetch species promising plants in
rotation (Dabney et al., 2001). Since the cultivation of vetch species is mainly conducted in rain-fed lands, the
germination and early growth of these plants often depends on early rainfall in autumn. Lack or shortage of
rainfall during the early growth of vetch, which is rampant throughout the region, causes water stress and limits
the seedling emergence, growth and consequently restrict the plant potential to produce sufficient forage or green
manure yield.

In order to uptake water and nutrition from soil, osmotic potential within plants cells must be higher than soil.
Plant cells under osmotic stress accumulate non-toxic compounds named compatible solutes or osmolytes to
adjust osmotic potential within cytoplasm (Bartels & Sunkar, 2005). Sugars, sugar alcohols, amino acids and
glycine betaine, have been introduced as main plant osmolytes. Furthermore, currently it is proposed that
osmolytes not only play critical role regarding osmotic adjustment but also have other physiological roles such
as scavenging reactive oxygen species which is vital under osmotic stress (Chen & Murata, 2002). In this respect,
Fernandez et al. (2010) expressed that osmolytes along with osmotic homeostasis, are involved in maintaining of
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bio-membranes integrity and also ROS scavenging within plant cells. Accumulation of osmolytes has been
reported as a main strategy adopted by plants to enhance osmotic stress tolerance (Grzesiak et al., 2013).

Seed priming process includes imbibition of seeds in water or solutions in order to start events related to
germination followed by drying the seeds to their original moisture content before radicle emergence (Varier et
al., 2010). Seed priming is one of the methods which is widely used to invigorate seeds for higher and more
uniform germination, emergence especially under stress conditions (Hussian et al., 2014). It has been proved in
many cases that adding special plant growth regulators to priming solution may improve performance of seed
priming in terms of better germination and early growth under abiotic stresses (Alonso-Ramirez et al., 2009; Liu
et al., 2011). Salicylic acid (SA) as a signal molecule contributes in induction of stress tolerance within plant
cells (Horvath et al., 2007) and several studies proposed that SA play an important role in induction of defense
mechanisms against abiotic stresses within plant cells (Szalai et al., 2011; Alonso-Ramirez et al., 2009; Shah,
2003).

In this regard, in current study we examined the possibility of using priming treatments with water (hydro
priming) and salicylic acid to mitigate the harmful effects of water deficiency during early growth of Smooth
Vetch seedlings. In addition, since osmotic adjustment has been introduced as a key mechanism which make
plants capable to confront osmotic stress, we also measured some key osmolytes in plant species including
proline, glycine betaine (GB), trehalose and total soluble sugars.

2. Materials and Methods
2.1 Seed Material and Treatments

Smooth Vetch (Vicia dasycarpa) seeds were collected from Institute of Dry-Land Researches, Maragheh, Iran.
The experiment was conducted in research greenhouse, Agriculture College of Tehran University. The initial
germination of seeds without stress was about 100 percent. Before conducting treatments, seeds were sterilized
superficially in 5% bleach for 30 s then washed in distilled water. In order to seed priming, seeds were incubated
in distilled water (hydro-priming) or 0.5 mM salicylic acid for 36 h at 10 °C then withdrawn before radicle
emergence. After priming, primed seeds were dried at lab temperature (29 °C) until their moisture content
returned to the original level. Primed and non-primed seeds were seeded at 3 cm depth in plastic pots (20 x 20
cm) containing field soil with silty clay loam texture, electrical conductivity (EC):1.3 and pH: 7.7. Each pot
contained 5 seeds and three replicates were carried out for each treatment. Seedlings grew in greenhouse at 20 °C
(optimum temperature) for 25 days. The available water treatments were conducted based on portion of filed
capacity (FC) included, 100 (control), 75, 50 and 25% field capacity (FC). In order to adjusting available water,
the pots were consistently weighted to determine the amount required water for each treatment. Seedling
emergence and early growth variables were recorded after 25 days.

2.2 Water Status

In order to measure leaf relative water content (RWC) the method described by Scholander et al. (1955) was
performed. RWC was determined as: RWC = (W — Wy)/(W, — Wp) X 100%. Wg sample fresh weight, Wy:
sample dry weight, W,: sample saturated weight.

2.3 Osmolytes Measurement

Total soluble sugars (TSS) content was measured according to phenol- sulfuric acid procedure (Zhang, 1993).
Trehalose content determination was carried out by the method of Trevelyan and Harrison (1956). In brief,
samples were homogenized in 80% ethanol then a centrifuge at 5000 g was conducted for 10 min. 0.1 mL TCA
was added to supernatant. 4 mL of anthron reagent was added to reaction mixture and eventually the absorbance
at 620 nm was recorded through spectrophotometer. The results expressed as pgram per gram of dry matter. To
determine seedlings glycine betaine content the procedure used by Grieve and Grattan (1983) was performed.
Briefly, 0.5 mg of well dried seedling samples were shaken in deionized water for about 2 days at 25 °C to
obtain extracts. After filtering, the extracts were mixed with the same volume of 2N H,SO, and the 50 mL
of the mixture was measured in centrifuge tubes and cooled in ice bath for 1 hour. Then 0.2 mL of cold
potassium iodide-iodine (KI-I,) reagent was added and tubes were stored for 16 hours at 0 C. subsequently, a
centrifuge at 10000g was conducted and supernatant separated. Then The crystals were dissolved in 9 mL of 1,2
dichloroethan. Eventually, absorbance at 365 nm was recorded by spectrophotometer. The content of proline was
determined according to the well-known method of acid-ninhydrin as proceeded by Bates et al. (1973).

2.4 Statistical Analysis

The current experiment was carried out on base of completely randomized block design in 3 replications with 12
treatments within each replication. The results are presented as average data +£ SD (n = 3). Analysis of variance

260



jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 12; 2017

were conducted by using SPSS (19 version) and graphs, were drawn by Microsoft Excel. The Differences
among means were statistically analyzed using Duncan test at 5% probability level (P < 0.05).

3. Results
3.1 Seedling Emergence and Growth

Seedling growth (dry weight) and emergence consistently declined when water deficit increased (Table 1). The
influence of water deficit on suppressing seedling growth and emergence varied considerably dependent on seed
priming treatments. Seed priming substantially improved both variables (Table 1). The efficiency of priming
treatments (with or without SA) regarding seedling growth and emergence, increased under higher levels of
water deficit (50 and 25% FC). Furthermore, SA priming caused significant increase in seedling growth and
emergence under all soil available water levels apart from control (100% FC). Root and shoot length were
affected by water deficit in different patterns. While root length increased under lower available water (except
for 25% FC), shoot length consistently decreased by more severe water deficit levels. Both root and shoot
lengths reached to minimum level under 25% FC priming treatments significantly raised root and shoot lengths.
Seed priming with SA led to greater root and shoot lengths compared with hydro priming especially under lower
levels of soil available water.

Table 1. The impact of seed priming treatments under different available water levels on smooth vetch’s seedling
emergence, early growth and relative water content (RWC). The data are average = SD (n = 3). The same letters
within each column mean no significant difference between compared data at P < 0.05 probability level

Treatment Seedling emergence  Seedling dry weight ~ Shoot length Root length RWC

(%) (mg) (cm) (cm) (%)
FC 94+4.35 a 25.36+0.38a 22.72+0.28b 16.33+0.4de 88.73+2.92a
75% FC 82.543.21bc 23.4140.66b 21.23+0.28¢ 16.51£0.49de 82.54+1.84c
50%FC 50.25+3.05¢ 18.67+0.58d 15.49+0.26f 17.49+0.23bc 73.47+3.44d
25%FC 22+43.03f 11.23+0.65g 10.61+0.34h 14.12+0.48f 42.41+1.17f
HP + FC 95.6+2.083a 25.89+0.29a 23.31+0.54a 16.56+0.26de 88.24+2.73a
HP + 75% FC 87.542.64b 24.21+0.6b 23.04+0.37a 17.1+£0.21cd 83.714+2.26bc
HP + 50% FC 66.25+3.21d 20.12+0.77¢ 17.93+0.43d 17.71£0.34ab 79.31£1.8¢
HP + 25%FC 46.25+4.72¢ 13.34+0.44f 12.56+0.34g 16.26+0.28¢ 58.24+3.56¢
SA+FC 97.33+2.51a 26.71+.58a 23.89+0.57a 17.43+0.47bc 88.81+0.96a
SA+75% FC 96+1.52a 26.06+.26a 23.54+0.59a 17.56+0.31bc 87.14+0.74ab
SA + 5S0%FC 79.5+4.5¢ 22.34+0.86¢ 20.91+0.31c 18.59+0.35a 81.46+2.53¢
SA + 25%FC 64.25+3.05d 17.21+0.39¢ 16.14+0.33¢ 17.51£0.34bc 67.57+2.74d

Note. HP: hydro priming, SA: priming with salicylic acid, FC: field capacity.

3.2 Seedling Water Status

Predictably, relative water content (RWC) was negatively affected by water deficiency (Table 1). However RWC
declined under lower available water in all treatments regardless the sort of priming treatment, yet SA primed
samples showed the lowest decline rate followed by hydro and non-primed ones. The severe water deficiency
(25% FC) compared with control condition reduced RWC by close to 52, 35 and 24% respectively for
non-priming, hydro priming and SA priming treatments. Obviously, seed priming especially with SA, had a
substantial positive effect on seedling water maintenance under severe water deficiency.

3-3 Osmolytes Accumulation

Soluble sugars within primed and non-primed samples increased under lower soil moistures apart from 25% FC
(Figure 1). The level of soluble sugars slightly declined when water deficit increased from 50% FC to 25% FC.
As shown in Figure 1, seed priming (either with water or with SA) caused significant rise in soluble sugars under
all levels of soil moisture apart from 25% FC hydro priming increased the level of soluble sugars more than SA
priming treatment except at 75% FC however the differences were not statistically significant (standard
deviations have been shown in Figure 1).

261



jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 12;2017

25 ONon-Primed @Hydro priming @SA
20 T —I_
Zis| [ t e
= Ea
£
~— 10
A
A
=
5
0
100%F.C 75%F.C 50% FC 25%FC

Available water

Figure 1. Influence of seed priming treatments on total soluble sugars (TSS) accumulation within 25 days
smooth vetch seedlings under different levels of available water

Note. SA: priming with salisylic acid, FC: field capacity.

Trehalose content within seedlings increased under higher levels of water deficit (75, 50 and 25% FC). Figure 1
and Figure 2 showed that hydro priming increased trehalose more than SA under all water treatment except at
75% FC however the differences were not statistically significant (standard deviations have been shown in
Figure 2).
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Figure 2. Influence of seed priming treatments on trehalose accumulation within 25 days smooth vetch seedlings
under different levels of available water

Note. SA: priming with salisylic acid, FC: field capacity.

Generally, as water deficiency increased, the proline content within all treatments raised significantly regardless
the sort of seed priming (Figure 3). The impact of more severe levels of water deficit (50 and 25% FC) on
proline content within seedlings were remarkable. In terms of priming treatments, as shown in Figure 3, under all
soil available water levels, particularly 50 and 25% FC, seed priming with SA caused marked increase in proline
accumulation compared with other treatments while hydro primed seeds exhibited their advantage only against
non-primed seeds when available water fell to 50% of FC and even lower (25% FC).

262



jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 12;2017

8000 ONon-Primed DOHydro priming BSA
7000
6000
5000
4000

3000

2000

~Lll [ i

100% F.C 75%F.C 50% FC 25%FC
Avaiable water

Proline content (ug gDW-1)

Figure 3. Influence of seed priming treatments on proline accumulation within 25 days smooth vetch seedlings
under different levels of available water.

Note. SA: priming with salisylic acid, FC: field capacity.
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Figure 4. Influence of seed priming treatments on Glycine betaine (GB) accumulation within 25 days smooth
vetch seedlings under different levels of available water.

Note. SA: priming with salisylic acid, FC: field capacity.

GB accumulation within seedlings was significantly induced by water deficit level (Figure 4). Seedlings
contained higher amount of GB under more severe water deficit however there was a slight reduction when
water deficit approached 25% FC. Under all levels of soil moisture except 100% FC, primed samples
accumulated greater amounts of GB within seedlings. The differences between two priming treatments were
significant under 75, 50 and 25% FC. Seed priming with SA compared with hydro priming, caused considerable
increase in GB accumulation and this advantage extended under more severe water stress (Figure 4).

4. Discussion
4.1 Seedling Emergence and Growth

Early growth of vetch seedlings in autumn is a key growth stage which determines forage yield potential
especially under rain-fed conditions. If the emergence and early growth be limited by sub-optimal environmental
factors including low available water, the vulnerable stages of plant growth such as flowering, might be affected
by late season heat and/or drought stresses in dry-land regions. Seedling growth may be inhibited or postponed
due to water stress since water stress creates low osmotic potential in which water uptake by seed will be
disturbed (Kaya et al., 2006). Parera and Cantliffe (1994) expressed that seedling emergence is a key stage to
reach the potential of quantitative, qualitative yield in annual crops. Reduction in seedling growth under water
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deficiency might be due to suppression of cell expansion and growth that is caused by low turgor pressure (Jaleel
et al., 2008). Low water availability during the imbibition phase of germination has been expressed as the main
reason for poor seedling emergence (Murillo-Amador et al. 2002). The positive impacts of different seed priming
treatments regarding alleviating the detrimental implications of abiotic stresses on plant species at early growth
has been reported. In recent investigation, the advantage of seed priming in terms of seedling emergence and
growth was more remarkable under lower available water levels. As shown in Table 1, when soil moisture is
sufficient (100% FC), the differences between primed and non-primed seeds was statistically negligible yet
under severe water stress there was a substantial gap between them. However, Farooq et al. (2013) expressed that
the better germination start caused by seed priming leads to consequent greater seedling growth under both well
watered and water deficit conditions. Seed priming with different compounds including water, urea and KNO;
considerably improves germination and early growth of Chinese cabbage under water stress conditions (Yan,
2015). Tian et al. (2012) also reported that root system of primed plants develops in advance and causes more
tolerance against water stress.

4.2 Seedling Water Status

Retaining higher cell water potential under water stress leads to higher stomatal conductance (Sellin, 2001),
which may promote root performance to uptake water from soil (Chimenti et al., 2006). In our study, higher root
length in SA treated samples under 50 and 25% FC (Table 1) improved the water uptake performance and caused
more balanced water relations including RWC. The plants ability to retain higher leaf relative water content
under drought stress determines tolerance and sensitivity to drought stress (Sanchez-Rodriguez et al., 2010).

4.3 Osmolytes Accumulation

Plant species are capable to accumulate various ranges of organic materials named osmolytes to perform osmotic
adjustment and confront osmotic stress. Accumulation of These compounds on the one hand allow plant cells to
regulate turgor to uptake water and on the other hand protect cell compartments from the implications of
dehydration (Lambers et al., 2006). Osmotic adjustment in order to maintain cells osmotic potential, is a key
mechanism to face osmotic stress caused by drought, particularly when drought stress rises gradually (Lipiec et
al., 2013). In many cases, it has been reported that there is strong correlation between sugars, trehalose
accumulation and drought tolerance in plant species (Bartels & Sunkar, 2005; Phillips et al., 2002). In our study,
the pattern of changes regarding TSS and trehalose content in response to increasing water deficit (regardless
priming treatments) was almost similar to GB and proline, yet the reaction to priming treatments especially with
SA, was totally different between them. The reaction to water deficit induced by SA priming (greater seedling
emergence and growth), was not accompanied with corresponded accumulation of soluble sugars (Figure 1) and
trehalose (Figure 2). Unlike TSS and trehalose, the accumulation of proline and GB was significantly increased
by SA. As somewhat reported here, there are numerous evidences about proline and glycine betaine role in stress
tolerance so it seems that enhanced proline and glycine betaine content resulted from SA priming is associated
with greater water deficiency tolerance. The influence of SA on these two osmolytes was greater under higher
levels of water deficit and the differences between SA priming and two other treatments were considerably more
visible when water deficit intensified. In this respect, Hasegawa et al. (2000) expressed that the ability to
perform osmotic adjustment is a key attribute for plant survival under severe osmotic stress. As a matter of fact,
proline performs a protective function by either regulating osmotic potential or scavenging reactive oxygen
species within plant cells (Hasegawa et al., 2000). Proline accumulation in response to abiotic stresses may
alleviate the cytoplasmic acidosis which is necessary to keep balance between NADP" and NADPH which is
necessary for plant metabolism (Singh et al., 2015). Our results are in accordance with other reports that cited the
impact of drought stress on free proline content, which consequently promotes seed germination and early
growth (Krasensky & Jonak, 2012; Yan, 2015). In case of GB, Zhang and Rue (2014) reported that seed priming
with GB, mitigates the inhibitory effect of abiotic stresses on turfgrass species germination. GB roles regarding
osmotic adjustment and improving plant tolerance against oxidative stress caused by water deficit were also
expressed by other researchers (Ma et al., 2006). Waditee et al. (2005), expressed that introduction of genes
involved in GB biosynthesis to Arabidopsis plants induces higher accumulation of GB and increases plant
tolerance to abiotic stresses including water deficit. Another study conducted by Wang et al. (2010) clarified that
over-accumulation of glycine betaine in a transgenic wheat line, protects thylakoid membrane from harmful
consequences of drought/heat stresses and stabilizes the index of unsaturated fatty acids.

5. Conclusion

The results of current study showed that seed priming is a useful technique to reduce the limitation caused by
water deficit during early stages of smooth vetch growth. In addition, inclusion of salicylic acid to priming
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solution may significantly promote the seedlings response to priming treatment. The impacts of salicylic acid in
terms of seedling emergence and early growth were associated with more balanced water status and higher
accumulation of proline and glycine betaine as two main osmolytes. Briefly, using seed priming particularly with
low concentration of salicylic acid is recommendable for smooth vetch cultivation under rain-fed condition and it
may considerably decline the implications of low rainfall during early autumn.
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