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ABSTRACT - Poor germination and low seedling growth of stevia (Stevia rebuadiana Bertoni) are common problems in the 
cultivation of the plant. On the other hand, salinity is one of the abiotic environmental stresses that reduce the performance of 
the product. The objective in this study was to assess the effect of nutri-priming with selenium (Se), iron (Fe) and boron (B) on 
stevia seed germination indices and physiological characteristics in sodium chloride (NaCl) salinity condition (0, 30, 60 and 
90 mM). Results indicated that the effect of salinity in nutri-priming were significant on germination percentage, germination 
rate, germination uniformity, germination value, seedling length, seedling vigor index, total chlorophyll, free proline content 
and enzymatic activity of catalase (CAT) and superoxide dismutase (SOD). Salinity stress decreased the percentage and rate 
of germination and seed vigor, however, nutri-priming reduces the adverse effects of salinity stress. Salinity also reduced the 
amount of chlorophyll content, in spite of all that this decrease was very low in terms of nutri-priming with Se, Se+Fe and 
Se+Fe+B in high salinity level (90 mM). Salinity stress increased proline content and antioxidant enzyme activities of CAT 
and SOD, that nutri-priming especially with the Se more increased. The finding of this study leads to the conclusion that 
nutri-priming with nutrients, especially Se and Fe increased the antioxidant capacity of the plant to improve germination and 
seedling growth of stevia under salinity stress.

Index terms: antioxidant activity, chlorophyll, germination rate, germination uniformity, seed vigor.

Efeito do amortecimento de nutrientes nos índices de germinação e nas 
características fisiológicas da plântula de stevia sob o estresse de salinidade

RESUMO - A má germinação e o baixo crescimento das mudas de stevia (Stevia rebuadiana Bertoni) são problemas comuns 
no cultivo da planta. Por outro lado, a salinidade é um dos estresses ambientais abióticos que reduzem o desempenho do 
produto. O objetivo deste estudo foi avaliar o efeito do selênio (Se), ferro (Fe) e boro (B) nos índices de germinação de 
sementes de stevia e características fisiológicas na condição de salinidade com cloreto de sódio (NaCl) (0, 30, 60 e 90 mM). 
Os resultados indicaram que o efeito da salinidade na nutrição foi significativo na porcentagem de germinação, na taxa de 
germinação, na uniformidade da germinação, no valor da germinação, no comprimento da plântula, no índice de vigor da 
plântula, clorofila total, teor de prolina livre e atividade enzimática da catalase (CAT) e superóxido dismutase (SOD). O 
estresse por salinidade diminuiu a porcentagem e a taxa de germinação e vigor de sementes, no entanto, o amortecimento de 
nutrientes reduz os efeitos adversos do estresse por salinidade. A salinidade também reduziu a quantidade de teor de clorofila, 
apesar de tudo isso, esta diminuição foi muito baixa em termos de nutrição com Se, Se + Fe e Se + Fe + B em alto nível de 
salinidade (90 mM). O estresse de salinidade aumentou o conteúdo de prolina e as atividades de enzimas antioxidantes de 
CAT e SOD, que o cultivo de nutrientes especialmente com o Se aumentou. A descoberta deste estudo leva à conclusão de 
que especialmente Se e Fe, aumentou a capacidade antioxidante da planta para melhorar a germinação e o crescimento de 
palmeiras da estevia sob o estresse de salinidade.

Termos de indexação: atividade antioxidante, clorofila, taxa de germinação, uniformidade de germinação, vigor de sementes.
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Introduction

Stevia (Stevia rebaudiana Bertoni.), also known as a honey 
leaf, is a perennial plant belonging to the family Asteraceae and 
native to Paraguay (Kumar-Pal et al., 2013). The plant has a 
sweet taste due to the presence of diterpene Steviol glycosides 
(SV glys). Stevioside and Rebaudioside-A (Reb A) are dominant 
glycoside compositions of the plant which makes that plant 
to be even 300 times sweeter than sucrose (Hajihashemi and 
Ehsanpour, 2014). Because of self-incompatible flowers, the 
crossing is usually carried out by wind and insects (Raeeszadeh 
and Gharineh, 2014). Thus, the plant has low fertility percentage 
and hence low seed formation (Liopa-Tsakalidi et al., 2012) 
which limits its large-scale cultivation (Raji et al., 2015). 
However, self-compatibility is also reported by some researchers 
(Goettemoeller and Ching, 1999).

Salinity is one of the abiotic environmental stresses that 
seriously affect agricultural production across arid and semi-
arid environments (Nasri et al., 2014). Seed germination 
and seedling growth are the most sensitive stages of plant 
growth that strongly affected by salinity stress. Salinity stress 
decreased the germination percentage and germination rate in 
many plants (Yildirim et al., 2002). 

Different species of plant indicate specific responses to 
abiotic stresses, because of this extensive research is done 
to discover the limits of tolerance during seed germination 
(Fernandez et al., 2016). In this regard, Jamil et al. (2005); 
Patade et al. (2011); Rouhi et al. (2011); Ansari and Sharif-
Zadeh (2012) stated that increasing salinity concentration 
causes reduced the germination percentage and seed 
germination time. Salinity to change the balance of plant 
hormones such as reducing hormones auxin, cytokinin, 
gibberellic acid and salicylic acid and increase abscisic 
acid and jasmonate in plant tissue, causes damage to seed 
germination via important factors such as reducing water 
availability, changes in domestic reserves seed mobility and 
impact on protein structures organized (Machado Neto et al., 
2004; Ibrahim Ehab, 2016).

Seed priming is the known methods for rapid germination 
and sustained establishment of the plant in stress condition 
that the most influential factors on agricultural production 
(Bewley et al., 2013; Paparella et al., 2015). Different priming 
methods include hydro-priming, osmo-priming, halo-priming, 
thermo-priming and hormone-priming that different reports 
on different plants this priming are presented by researchers 
(Iqbal et al., 2012; Rehman et al., 2012; Mirshekari, 2015). 
One of the newest priming methods, using micro or macro 
nutrients for the seed treatment before sowing is called nutri-
priming (Rehman et al., 2012; Mirshekari, 2015). 

In this regard, reported nutri-priming with commercial 
fertilizers to improve crop yield was one of the big benefits seed 
planting (Farooq et al., 2011). For example, rice seed priming 
with boric acid increases the yield and better seedling growth 
(Rehman et al., 2012). Reported that seed priming with the Se 
concentration of 5 mg per liter will increase germination and 
seedling growth of the wheat plant (Yun et al., 1997). If could 
have a positive effect on seed germination due to antioxidant 
activity and glutathione-ascorbate cycle activity (Jezek et 
al., 2011). Dill seed priming with Fe and B elements have a 
significant effect on seed germination and seed vigor, so that 
seed priming with a solution of 1.5% Fe and 1% B was reported 
a significant increase compared to control (Mirshekari, 2015). 

Due to lack of micronutrients in soils of Iran (more than 
49 percent of the soils of B and Fe deficiency) (Malakouti et 
al., 2009) and the importance of stevia that have the problem 
of poor germination and on the other hand the importance of 
nutrients, especially Se due to increased plant antioxidants 
under salinity stress condition, the objective in this study 
was to evaluate nutrient seed priming with Fe, B, and Se on 
germination indices and biochemistry characteristic under 
salt stress in herb stevia.

Material and Methods

Seed collection

Freshly matured seeds of stevia (Stevia rebaudiana 
Bertoni.) were collected in June 2015 from seed production 
fields in Firozabad Province (Iran, 34º 37’_N, 54º 45’_E, 
1790 m ASL). The mean seed dry weight per 100 seeds was 
26.4 ± 0.5 mg and seed moisture ranged between 8% and 9%. 
The seeds had no impurities and were stored in paper bags 
under 4 °C in darkness. Less than 2 months old seeds were 
used in the experiments.

Nutri-priming and salt stress treatments 

To assess the effect of seed priming with Fe (source was 
Skustren 138), B (source was boric acid) and Se (source was 
sodium selenite) on germination indices and biochemical 
characteristics of seedling under salinity stress, was conducted 
a factorial experiment based on completely randomized design 
(CRD) with three replications at the Laboratory of Seed Science 
and Technology of Shahed University of Tehran in 2015. 
Experiment factors were salinity (NaCl) stress (0, 30, 60 and 90 
mM) and nutri-priming in eight combinations, control (without 
priming), Fe, B, Se, B+ Fe, Fe + Se, Se + B, Fe + B + Se.

Germination tests 

Before conducting the experiment, in order to determine 
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of best duration and concentration of priming with these 
three elements, was a pilot experiment, where five priming 
duration (0, 8, 16, 24 and 32 hours) and five concentrations of 
nutrients (0, 0.5, 1, 1.5 and 2%) for each nutrient separately, 
were tested. These results showed that the best duration 
and concentration were to seed priming with B 24 hours in 
concentration of 1.5%, for Se 24 hours in concentration of 2% 
and for Fe concentration 1.5% in 24 hours, that was used this 
data in the experiment. 

Stevia seeds sterilization with sodium hypochlorite (5%) 
for 30 seconds and then washed with distilled water. At the 
end of priming, the seeds were washed with distilled water 
and air dried for 24 hours. In each Petri dish, 100 seeds were 
put on Whatman paper and based on various treatments was 
added each Petri dish 5 mL of distilled water (for control) or 
NaCl solution to the van’t Hoff formula (ᴪ = -MIRT; ᴪ: osmotic 
potential, according to Bar; M: molarity; I: Van ‘t Hoff factor = 
2 for NaCl; R: constant number = 0.08206 bar; T: temperature 
according to Kelvin) prepared (1.92, 3.84 and 5.76 g NaCl per 
liter for 30, 60 and 90 mM respectively). Germination period 
was conducted in a growth chamber under controlled conditions 
with temperature of 23 ± 2 °C, 16/8 h light/darkness and 70% 
relative humidity (Raina et al., 2013). 

Germinated seeds were counted on the second day was 
done on a daily basis (Liopa-Tsakalidi et al., 2012) and 
finally at the end of testing period (11 days) was calculated 
germination percentage, germination rate, germination value, 
and vigor index according to formulas in Table 1. Also, 
germination uniformity was calculated using the Germin 
program (Soltani et al., 2001; Biradar et al., 2007; Pagter et 
al., 2009; Liopa-Tsakalidi et al., 2012).

Antioxidant Enzymes Assay

Samples were frozen in liquid nitrogen and stored at -30 °C. 
One g of frozen sample was homogenized in a mortar with 5 
mL of 50 mM potassium phosphate buffer (pH 7.5) containing 1 
mM ethylenediaminetetraacetic acid (EDTA), 1 mM dithiotreitol 

and 2% polyvinyl pyrrolidone (PVP). The homogenate was 
centrifuged at 15,000 g for 25 min and the supernatant was used 
for antioxidant enzyme assay.

Superoxide Dismutase (SOD) Assay

For superoxide dismutase (SOD) activity measurement, 
the method of Beauchamp and Fridovich (1971) was used 
which is briefly described here. About 3 mL of reaction 
mixture, containing 0.1 mL of 200 mM methionine, 0.01 mL 
of 2.25 mM nitro blue tetrazolium (NBT), 0.1 mL of 3 mM 
EDTA, 1.5 mL of 100 mM potassium phosphate buffer, 1 
mL distilled water and 0.05 mL of enzyme extraction, were 
taken in test tubes in duplicate from each enzyme sample. 
Two tubes without enzyme extract were taken as control. The 
reaction was started by adding 0.1 mL riboflavin (60 µM) and 
placing the tubes below a light source of two 15 W fluorescent 
lamps for 15 min. The reaction was stopped by switching off 
the light and covering the tubes with black cloth. Absorbance 
was recorded at 560 nm.

Catalase (CAT) Assay

The catalase activity assay was performed using 
Chance and Maehly (1995) method. Three mL reaction 
mixture containing 2.5 mL 0.05 mM sodium phosphate 
buffer (pH = 7), 30 µg protein solution was added to quettes 
and at the time of measurement, 30 µL 30% H2O2 was 
added to reaction mixture and the absorbance at 240 nm, at 
60 sec, and at 25 °C was recorded spectrophotometrically. 
The control contained 2.5 mL sodium phosphate buffer 
and 30 µg protein. Catalase activity was reported based on 
absorption alternations per mg protein per min.

Proline Assay

Proline was determined according to the method 
described by Bates et al. (1973). Approximately 0.5 g of 
fresh leaf material was homogenized in 10 mL of 3% aqueous 
sulfosalicylic acid. Then, this aqueous solution was filtered 
through Whatman’s paper No. 2 and finally, 2 mL of filtrated 
solution was mixed with 2 mL acid-ninhydrin and 2 mL of 
glacial acetic acid in a test tube. The mixture was placed 
in a water bath for 1 h at 100 °C. The reaction mixture was 
extracted with 4 mL toluene, cooled to room temperature, and 
the absorbance was measured at 520 nm with a spectrometer.

Statistical Analysis

After normalization test, the data were analyzed by SAS 
9.2 (SAS Institute, Cary, NC, USA). Means were compared 
with LSD in SAS at 5% statistical probability levels.

Table 1. The computing relation of germination percentage 
(GP), germination rate (GR), germination value 
(GV) and seed vigor index (SVI) parameters 
studied in the experiment.

GP  = (N×100) / M Germination percentage 
GR =∑Ni / Ti Germination rate 
GV  = GP × MDG Germination value 
SVI= GP× Mean (SL) Seed vigor index 

 N = sum of germinated seeds at the end of the experiment, M = total planted 
seeds,  Ti = number of days after germination,  SL= Seedling Length.
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Results and Discussion

Germination percentage

The results showed the effect of salinity, nutri-priming 
and interaction of these two factors (salinity × priming) was 

significant on stevia seed germination percentage (Table 2). 
The highest germination percentage was in terms of without 
salinity in priming by Fe + B (with an average of 58.66%) 
(Table 3). Germination percentage in higher salinity levels 
(90 mM) in terms of priming with Se and B + Fe showed any 

Table 2. Analysis of variance for effect of nutri-priming and salinity on stevia seed germination indices.

 

Mean square (MS) Sources of variance SVI SL GV GU GR GP DF 
47648662.3** 4.99** 2.92**   1.43** 43.69** 512.66**   3 Salinity (S) 
  4604291.3** 0.77** 1.09**  0.50ns   1.29** 175.52**   7 Nutri-priming (NP) 
  1499660.9** 0.66** 0.80** 0.89*   1.54** 125.74** 21 NP × S 

424428.3  0.011    0.13     0.32      0.20      18.00 64 Experimental error 
      21.63  16.57  19.52   15.21    13.92        9.51 - Coefficient of Variation (%) 

ns, * and **  non-significant, Significant at 5% and 1% respectively.
(GP: Germination Percentage, GR: Germination Rate, GU: Germination Uniformity, GV: Germination Value, SL: Seedling Length, SVI: Seedling Vigor Index).

Table 3. Mean comparison of stevia seed germination indices under effect of different nutri-priming and salinity interaction.

SVI SL 
(cm) GV GU GR 

(seed per day) 
GP 
(%) 

Treatment 
Nutri-priming Salinity (mM) 

3306.7 d..g .085 bcd 1.36 h..k 3.71 a..f 2.76 f..i 38.66 g..k Control 

0 (control) 
 

3493.3 c..f 0.87 bcd 1.45 g..k 2.90 ef 3.79 cde 40.00 f..j Fe 
2825.3 d..h 0.73 cde 1.37 h..k 3.26 c..f 4.43 bc 38.66 g..k B 
5664.3 ab 1.21 a 1.99 b..h 2.83 f 5.87 a 46.66 b..g Se 
6013.3 a 1.02 b 3.13 a 3.47 b..f 6.23 a 58.66 a Fe+B 
3797.3 cde 0.75 cde 2.33 b..e 3.96 a..f 5.56 a 50.66 a..d Se+B 
3873.3 cd 0.90 bc 1.65 e..j 3.27 c..f 4.71 b 42.66 d..j Fe+Se 
5200.0 ab 1.00 b 2.45 a..d 3.65 a..f 5.98 a 52.00 abc Fe+B+Se 
4648.0 bc 0.90 bc 2.48 abc 4.15 a..d 4.13 bcd 52.00 abc Control 

30 

5413.3 ab 1.01 b 2.58 abc 4.69 a 4.40 bc 53.33 ab Fe 
3505 c..f 0.69 def 2.23 b..f 3.61 a..f 3.65 cde 49.33 b..e B 
5159.3 ab 0.97 b 2.49 abc 3.53 b..f 3.48 def 52.00 abc Se 
4628.0 bc 0.95 b 2.10 b..g 3.59 a..f 3.45 def 48.00 b..f Fe+B 
2712.0 d..i 0.56 e..i 2.09 b..g 3.83 a..f 3.29 efg 48.00 b..f Se+B 
2660.0 d..j 0.58 e..h 1.87 c..i 3.86 a..f 3.03 e..h 45.33 b..h Fe+Se 
3824.0 cd 0.73 cde 2.48 abc 3.86 a..f 3.65 cde 52.00 abc Fe+B+Se 
2701.3 d..i 0.58 e..i 1.99 b..h 3.81 a..f 2.46 h..j 46.66 b..g Control 

60 

3234.7 d..g 0.64 efg 2.33 b..e 3.61 a..f 2.69 f..i 50.66 a..d Fe 
1513.3 i..l 0.39 h..l 1.36 h..k 3.71 a..f 2.16 ijk 38.66 g..k B 
2648.8 d..j 0.52 f..j 1.57 f..j 3.70 a..f 2.33 h..k 50.33 a.d Se 
3451.6 c..f 0.68 d..g 1.27 ijk 3.60 a..f 2.20 h..k 50.33 a..d Fe+B 
2455.1 f..j 0.50 f..j 2.10 b..g 4.42 ab 2.65 f..i 48.00 b..f Se+B 
1911.1 h..k 0.47 g..k 1.46 h..k 4.41 abc 2.25 h..k 40.00 f..j Fe+Se 
2493.3 f..j 0.56 e..i 1.76 d..j 4.03 a..e 2.68 f..i 44.00 c..i Fe+B+Se 
956.7 kl 0.25 l 1.20 i..l 3.36 b..f 1.76 ijk 36.00 ijk Control 

90 

1620.0 h..l 0.35 jkl 1.99 b..h 3.45 b..f 2.15 ijk 46.66 b..g Fe 
666.7 l 0.26 l 0.58 l 3.16 def 1.14 l 25.33 l B 
1925.3 h..k 0.37 h..l 2.33 b..e 3.91 a..f 2.41 h..k 50.66 a..d Se 
1978.7 h..k 0.37 i..l 2.62 ab 3.83 a..f 2.70 f..i 53.33 ab Fe+B 
1033.3 kl 0.30 kl 1.09 jkl 3.97 a..f 1.61 ijk 34.66 jk Se+B 
1422.2 jkl 0.41 h..l 1.10 jkl 4.06 a..d 1.75 ijk 34.66 jk Fe+Se 
973.3 kl 0.31 jkl 0.85 kl 3.73 a..e 1.55 kl 30.66 kl Fe+B+Se 

 In each column, means having at least one same letter, are not significantly different according to LSD test (p≤0.05).
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significant difference, and priming reduces the adverse effect of 
salinity on seed germination. Seed priming with Se and Fe + B 
caused germination increases (14.66 and 17.33% respectively) 
in salinity levels 90 mM was compared to the control (Table 3).

Germination rate

Germination rate of stevia seed was affected by 
salinity, nutri-priming and interaction of salinity × nutri-
priming (Table 2). Priming with Se, Fe + B, Se + B and 
Fe + B + Se in without salinity (control) had highest 
germination rate (respectively 5.87, 6.23, 5.56 and 5.98 
seeds per day) (Table 3).

Germination uniformity

Effect of salinity, nutri-priming and interaction of salinity 
and nutri-priming were significant on germination uniformity 
(Table 2). The lowest germination uniformity in priming with 
Se in control levels of salinity respectively but the highest this 
trait was achieved in many treatments at each salinity stress 
level (Table 3).

Seedling length

Salinity, nutri-priming, and interaction between the two 
(salinity × nutri-priming) was a significant effect on seedling 
length (Table 2). The greatest seedling length was in control 
salinity level under the condition of priming with Se and the 
shortest seedling length was achieved at the highest levels of 
salinity (90 mM) in terms of non-priming (Table 3).

Seedling vigor index

Seedling vigor index was affected by salinity, nutri-
priming and interaction between the two treatments were used 
(Table 2). So that maximum seedling vigor index achieved 
in priming combined of Se, Fe+ B, and Fe+B+Se in control 
salinity level, also, priming combined Fe and Se in 30 mM 
salinity level, which compared with control causes increased 
71.29, 81.85, 57.25, 16.46, and 11 %, respectively (Table 3).

Total chlorophyll content

Effect of salinity, nutri-priming and interaction between 
was significant on the amount of total chlorophyll (p≤0.01) 
(Table 4). With increasing salinity levels was observed a 
significant decrease in the total chlorophyll. The highest 
amount of chlorophyll in the combination of three elements 
(Fe, B, and Se) and the combination of Se and B, at the level 
of control Salinity (respectively 0.21 and 0.20 µg/mg FW) 
(Figure 1). Seed priming with B and especially Se in 60 and 
90 mM salinity levels increased the total chlorophyll content 
was compared without priming, this increases the amount of 
total chlorophyll in priming by Se alone showed an increase 
of about 41.66% compared to control treatment (Figure 1).

Free proline content

Effect of Salinity (p≤0.05), nutri-priming (p≤0.01) and the 
interaction of these two (p≤0.05) was significant on free proline 
content (Table 4). Increasing salinity levels caused significantly 
increased of proline content. The highest free proline content in 
nutri-priming (Fe + B + Se) in the salinity of 90 mM with an 
average 538.4 µmol/g FW, respectively (Figure 2).

Catalase activity

According to results of analysis of variance, the effects 
of salinity, nutri-priming and salinity × nutri-priming was 
significant on catalase activity (p≤0.01) (Table 4). Salinity stress 
caused increased catalase activity at all levels of nutri-priming, 
so that the highest enzyme activity achieved in the salinity 
stress of 90 mM in priming stevia seeds with a combination 
of nutrients (Fe, B, Se) and compound (Fe and Se) 340.1 and 
333.5 µmol/g FW respectively (Figure 3). With increasing 
salinity stress is more evident, nutrients role of seed priming 
with high levels of salinity stress (60 and 90 mM).

Superoxide dismutase activity

The results showed that the effect of salinity stress, nutri-
priming and interaction of salinity stress in nutri-priming was 

Table 4. Analysis of variance for effect of nutri-priming and salinity on physiological traits of stevia seedling.

 

Mean square 
Sources of variance 

SOD CAT Proline Total Chl DF 
409.32** 0.403** 0.21* 26.28**   3 Salinity (S) 
206.34** 0.117**   0.37** 21.37**   7 Nutri-priming (NP) 

           4.80** 0.008** 0.22* 25.45** 21 NP × S 
 1.20     0.0001        0.08           7.18 64 Experimental error 
 5.57         7.75        8.50         13.10 - Coefficient of Variation (%) 

ns, * and **   respectively non-significant, Significant at 5% and 1%.
(Chl: Chlorophyll, CAT: Catalase activity,  SOD:  Superoxide dismutase activity).
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Figure 1. Comparison of mean, interaction effect of salinity stress in nutri-priming on total chlorophyll content. 
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significant on superoxide dismutase (Table 4). An increase 
with increasing salinity levels was observed in the activity of 
superoxide dismutase so that the most activity of this enzyme was 
in a combination of salinity stress 90 mM in nutri-priming with a 
combination of three elements (Fe + B + Se) (475 µmol/g FW).

Discussion

One of purpose this study was to evaluate the effect 
of salinity on seed germination and physiological indices 
Stevia seedlings, that the results showed salinity have 
adverse effects on germination indices and reduced the 
percentage and rate of germination, seedling length, and 
seed vigor index (Table 3). More other researchers also 
reported the deleterious effects of salinity (NaCl) on seed 
germinability and seedling growth of many crops. The 
reasons of reduced germination percentage can be attributed 
to primary water uptake reduction and the adverse effect of 
osmotic potential and ion toxicity on physiological processes 
of seed germination (Tabatabaei, 2006; Javadi et al., 2015). 
In between the different levels of salinity stress, a small 
increase in compared to the control (without salinity stress), 
caused increase seed germination percentage. The reason for 
this may be due to the stimulatory effect of sodium chloride, 
which has the effect of stimulating out of root in seed and 
increases the germination percentage at low concentration 
of salt. Matias et al. (2015) reported seed priming more 
efficient to improve the performance of cucumber seedling 
in bio-saline water.

On the other hand, seed priming with nutrients (nutri-
priming) have two beneficial effect, firstly caused will 
increase germination components (percentage and rate of 
germination and seed vigor) and secondly, moderate the 
adverse effects of salinity stress due to sodium chloride, 
that between priming compound, Se, Fe and B compound 
and also the composition of Fe, B and Se had more 
positive effects on germination indices (Table 3). Priming 
enhanced seed performances are related to the repair and 
the buildup of nucleic acid, enhanced synthesis of protein, 
repair of membranes and improves the antioxidant system 
(McDonald, 2000; Hsu et al., 2003). The beneficial effects 
of priming with nutrients have been successfully reported 
by various scientists in various crops (Shah et al., 2011; 
Aboutalebian et al., 2012; Mirshekari et al., 2015; Rehman et 
al., 2012). Seedling vigor index is important for rapid stand 
establishment and early growth of the plants as reported by 
Tabrizian and Osareh (2007).

In this study, the results showed that seed priming with Fe 
and B compound in control salinity level had the highest seed 
vigor index, that priming with selenium at 0 and 30 mM levels 

of salinity and the combination of three elements together in 
without salinity were also in the same group statistical. Several 
researchers also reported the positive effects of priming with 
Fe and B combines in seeds germination indices of different 
plants (Mirshekari, 2015; Memon et al., 2013). Increasing 
seed vigor indexes as a result of priming with nutrient can 
result in a significant increase in length and weight seedling 
and seed germination (the two parameters involved in the 
calculation of seed vigor), that may be are because the role 
of these elements in cell division and cell elongation or cell 
division and growth meristematic (Mouhtaridou et al., 2004; 
Khan et al., 2006; Memon et al., 2013). Priming the seeds 
with micronutrients makes them able to rapidly imbibe water 
and revive metabolism and germination, and as results in a 
higher rate germination percentage, improved establishment 
seedling and increased stress tolerance (Mirshekari, 2015).

Salinity stress in this experiment caused reduces of total 
chlorophyll content and increased of proline content and 
activity of antioxidant enzymes CAT and SOD. However 
priming with nutrients, causing moderated the adverse effect 
of salinity stress on biochemical characteristics of the stevia 
seedling, so that reduction of the amount of total chlorophyll 
was minor in terms of priming with nutrients in high salinity 
stress conditions (Figure 1). Priming with elements of Se, Fe 
+ Se and Fe + Se + B in comparison with the control without 
priming at the highest levels of salinity (90 mM) increased 
almost 70% of the total chlorophyll seedling (Figure 1). 
Increasing the amount of chlorophyll thus seed priming with 
nutrients is stated in different reports (Mouhtaridou et al., 
2004; Rehman et al., 2012; Memon et al., 2013). Salinity 
stress and priming with nutrients caused increases free proline 
content in seedling were compared with the control (without 
priming) (Figure 2). Changes proline content with a variety 
priming of nutrients in without salinity stress condition, so 
are not significant, but when salinity stress, proline content 
fluctuations are very high in condition applying priming with 
nutrient. In between treatments, priming with Se alone and in 
combination with Fe and with Fe and B showed maximum 
proline in high salinity stress.

Javadi et al. (2015) concluded that proline acts as a 
signaling/regulatory molecule and in the case of salt stress 
will be able to enhance the resistance of the plant to salinity. 
Zhang et al. (2006) reported that there is a positive relationship 
between proline accumulation and the antioxidant level in the 
plant that the free radicals (ROS) caused by stress increases 
and leads to accumulation of free proline in the plant. It seems 
Se and Fe by increasing the activity of the enzyme proline 
5-carboxylase synthase, as a key enzyme in the synthesis of 
proline increased synthesis of these secondary metabolites in 
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conditions of high salinity (Javadi et al., 2015).
The antioxidant activity of catalase and superoxide 

dismutase increased under salt stress (Figures 3 and 4) that 
the answer is crop tolerance to salinity conditions (Lin-
Dai et al., 2009; Wang et al., 2013). Salinity increases the 
activity of antioxidant enzymes CAT and SOD were all 
priming treatments. Se due to having antioxidizing and anti-
cancer properties of such as micronutrients it’s the addition 
role in increasing the tolerance of plants to adverse effects 
of environmental also plays a significant role in maintaining 
human health (Khaliq et al., 2015). Rice seed priming with Se 
increased the activity of antioxidants such as SOD, CAT, POD 
(Khaliq et al., 2015).

Metabolic activities are expected to increase remarkably in 
seeds following their priming that may lead to higher activity 
of reactive oxygen species (ROS) as secondary products 
of mitochondrial respiration. There is strong evidence that 
peroxides and free radicals are abundantly produced within 
seeds during germination (Bailly, 2002), and are cooperatively 
tackled by enzymatic reactions (Farooq et al., 2009). The 
enhanced expression and activity of antioxidant enzymes 
as recorded in our studies has been proposed as part of seed 
strategy to cope with ROS produced during seed priming (Chiu 
et al., 2005). The Se has been ascribed as a natural stimulant 
of antioxidant activity in plants (Germ et al., 2007). The drop 
in various emergence, seedling growth, and biochemical 
attributes observed at an elevated Se concentration may be due 
to an inverse relation between solute concentration and soaking 
time as proposed earlier (Farooq et al., 2009). Although no 
evidence for direct involvement of Se in promoting plant cell 
division is available, it is known to favor plant growth at lower 
concentrations (Germ et al., 2007). Selenium through changes 
activities of antioxidant enzymes can affect on germination and 

physiological processes and through affect on germination rate 
caused improved seedling establishment. The positive effect of 
Se on seed germination is concerned to increase the antioxidant 
activity of glutathione peroxidase and activate glutathione-
ascorbate cycle (Sajedi, 2015).

Conclusions

The finding of this study leads to the conclusion that 
priming with nutrients, especially Fe and Se through 
increasing the amount of seedlings chlorophyll and proline 
were improved seedling growth indices. Salinity stress 
reducing the effect on germination indices, but nutri-priming 
with increase the amount of minerals in the seed and by 
reducing the mean time required for germination increased 
the percentage and rate germination as well as the negative 
effects of stress-induced sodium chloride also modified with 
increased antioxidant activity of the enzyme.
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