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ABSTRACT  
 

Magneto-priming is a promising pre-sowing seed treatment to improve germinations and 
seedling establishment under normal or salinity stress conditions. To test the potential of this approach 
in alleviating salinity stress on barley, laboratory and field emergence experiments were conducted at 
the Seed Preservation Laboratory, Department of Seed Technology, Institute of Field Crops Research, 
Agriculture Research Center, and at the Screen House of Field Crops Research Department, National 
Research Centre, Giza, Egypt. The study aims to evaluate the effect of magneto-priming in 
combination with water, proline or arginine under different salinity stress levels (324, 2000, 4000, 
6000 and 8000 ppm) on germination traits, seedling growth and vigor, antioxidants enzymes activity 
and field performance characteristics of barley. Results indicated that magneto-priming treatments 
markedly enhanced all tested germination indices in comparison with control treatment (unprimed 
seeds) and corresponding control at various salinity stress concentrations. The improvement ranged 
from 1.84 to 23.24, 5.49 - 36.48 and 4.03 - 27.72% in G %, 9.65 - 27.90, 17.91- 107.69 and 14.29 - 
87.91% in GI and 4.17 - 30.86, 7.13 - 41.13 and 4.96 - 30.65% in GR regarding application of 
magneto-priming with water, proline and arginine treatment, respectively compared to corresponding 
salinity level (unprimed) control. Similar enhancement was observed in MGT, where it's faster by 
13.92 - 21.05, 18.60 - 26.82 and 11.88 - 22.01%, respectively. Also improvements were recorded in 
seedling shoot and root length (cm), seedling dry weight (g) and seedling vigor SVII,  Relative water 
content (RWC; %), Salt tolerance index (STI), antioxidants enzymes activity (POD, PPO and CHIA), 
Field emergence (FE; %) and  seedling dry weight (g pot-1) compared to corresponding control. It was 
concluded that, application of magneto-priming treatments could scavenge or alleviate the harmful 
effects of salinity stress at early seedling stage and field performance of barley plants.  

 
Keywords: Barley seed, magneto-priming, salinity stress, germination indices, seedling growth, 

enzymes activity, field emergence. 

 
Introduction 
  

The germination stage is considered the bottleneck of many field crops, especially under salt 
stress. Although barley is a medium salinity-tolerant crop, it is affected by high salinity levels. 
Salinity adversely affect seed germination and seedling growth by either generatation of external 
osmotic potential, prohibited seed water uptake or the toxic effects of Na+ and Cl- ions on 
germinability of seeds (Khajeh-Hossini et al., 2003, Legocka and Kluk, 2005). Increasing 
accumulation of Na+ and Cl- ions during early growth stage causes cell toxicity which may lead to 
reduced seed germination, germination index and finally total germination percentage (Carpici et al., 
2009). Meanwhile the uptake and/or shoot transport of K+, Ca+2 and Mg+2 is extremely reduced 
leading to nutrient imbalance (Marschner, 1995).  

 In the last decades, seed priming method become a common treatment to increase seed vigor 
indices, field emergence, crop establishment and yield. Seed priming is a controlled hydration 
procedure which include exposing seeds to the lowest water potentials that intercept germination, but 
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permits physiological and biochemical changes to take place in pre-germinated seeds. In addition, 
primed seeds after rehydration may exhibit vigorous rates of germination, more constant emergence, 
considerable tolerance to environmental stress and decrease dormancy in many species (Khan, 1992). 
Seed priming has also recently become an important strategy to mitigate and avoid the adverse effects 
induced by salinity stress (Jisha et al., 2013). Earlier researches reported that seed priming  advanced 
the time to 50% germination by nearly 70 h and increased crop establishment by 14% in comparison 
to unprimed seeds (Murungu et al., 2004) and increased the yield of barley by 40% (Harris et al., 
2005).  

 Magneto-priming is a non-invasive priming treatment of dry seeds, which used for enhancing 
seed vigor, seedling growth and field emergence under environmental stresses (Shine et al., 2011; 
Bhardwaj et al., 2012; Bilalis et al., 2013). Proline and arginine as amino acids have a particular 
function in plant responses to stresses such as salt stress. Proline effectively adjust osmotic potential 
and plays a necessary role in sustaining plant growth under osmotic stress (Hoque et al., 2007) and act 
against growth inhibition induced by NaCl in rape seed (Raza et al., 2006). Arginine is a part of the 
most functionally diverse amino acids and a precursor for biosynthesis of polyamines and nitric oxide, 
which have been shown to be engaged in a wide range of biological processes including growth, 
development, and abiotic stress responses. Arginine pre-treatment promoted growth parameters and 
germination percentage under salt stress (Zied, 2009).  

 Under Egyptian conditions, barley cultivation is widespread in newly reclaimed soil, 
especially calcareous, which caused a lot of damage at germination stage. So the present study 
characterize the effect of magneto-priming treatment, either alone or in combination with arginine and 
proline s, as a new approach of physical methods on seed invigoration, seedling growth attributes, salt 
tolerance indices and field performance of barley seeds under various of salinity stress conditions.   

 
 

Materials and Methods 
 

Laboratory and field experiments were conducted at the Seed Preservation Laboratory, 
Department of Seed Technology, Field Crops Research Institute, Agriculture Research Center, and at 
Screen House of Field Crops Research Department, National Research Centre, Giza, Egypt to 
evaluate the effect of magneto-priming with water, proline and arginine under different salinity stress 
levels (324, 2000, 4000, 6000 and 8000 ppm) on germination traits, seedling growth and vigor, 
antioxidant enzymes activity and field performance of barley (Hordeum vulgare L.). The experiment 
was laid out in completely randomized design (CRD) with four replications. Barley seeds of var. Giza 
123 were obtained from Central Administration for Seed Production (CASP). Salinity was artificially 
created in the sterilized Petri dishes. Known weight of natural salt crust was dissolved in distilled 
water to achieve four levels of salinity (2000, 4000, 6000 and 8000 ppm). The source of salt crust was 
from the salterns of Rashid, El- Beheira Governorate, Egypt. 

 
Magneto-priming technique: 
 

  The dry seeds were passed through the funnel of static magnetic unit; 35 mT, 0.5; 
produced by Magnetic-Technologies Company LLC PO Box 27559, Dubai, UAE, and then 
magnetized seeds were soaked in magnetized solutions of either water, proline (0.1 mM) or arginine 

(0.01mM) for four hours. Finally, treated seeds were surface-dried with paper towels to match their 
initial moisture content and kept at 15°C for 24h in the incubator under dark condition. Unprimed 
seeds from the same lot served as control. 

 
Germination procedure: 
  

Germination test was performed according to International Seed Testing Association (ISTA, 
1999). Fifty seeds treated by magneto-priming were sown in four replications in sterilized Petri dishes 
(90 mm diameter) covered at the bottom with two sheets of Whatman No.1 filter paper and moistened 
with 10 mL of respective salinity solution, then placed in the growth chamber under controlled 
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conditions at 20±3°C, 70% relative humidity and 16 h photoperiod). The following germination assay 
and seedling growth attributes were recorded: 

Germination parameters:
 

 
Germination (%):  
 

Total numbers of seeds germinated were counted daily and percentage was calculated at 14th 
day as following equation; Germination (%) = (Total number of germinated seeds / Total number of 
seeds evaluated) × 100. 

 
Germination index (GI):  
 

The number of normal seedlings recorded in the first count represents the population of fast 
germinating seeds and thus functions as a vigor measurement (AOSA Seed Vigor Testing Handbook). 
The following formula is used to calculate the speed of germination (AOSA, 1983); GI = (No. of 
germinated seed/Days of first count) +…+ (No. of germinated seed/ Days of final count). 

 
Germination rate (GR):  
 

It was defined according to the following formula of Bartllett (1937); GR= a + (a +b) + (a + b + 
c) …….. (a + b + c + m) / n (a + b + c + m), Where a, b, c are No. of germinated seeds seedlings in 
the first, second and third count, m is No. of seedlings in final count, n is the number of counts. 

 
Mean germination time (MGT): 
 

It was calculated based on the equation of Ellis and Roberts (1981); MGT= Σ Dn/Σn, where n, 
is the number of seeds, which were germinated (emerged) on day D and D is number of days counted 
from the beginning of germination.  
 
Seedling growth parameters:  
 
Shoot length (cm), root length (cm) and seedling length (cm) were measured of ten normal seedlings 
at 14 days after planting. 
 
Seedling biomass indices: 
 
Seedling fresh and dry weight (g):  
 

Ten normal seedlings at 14 days after planting were measured to determine fresh weight then 
the seedlings were dried in hot-air oven at 70o C for 48 hours to obtain the seedlings dry weight (g) 
under laboratory conditions (Krishnasamy and Seshu, 1990). 

 
Seedling vigor II:  
 
It was calculated following Abdul Baki and Anderson (1973) as; SVI II= Germination (%) × Seedling 
dry weight (Root + Shoot) 
 
Salinity stress indices: 
 
Relative water content (RWC):  
 

Relative water content (RWC) was measured at 14 days after germination, estimated according 
to Sumithra et al. (2006); RWC% = [(FW – DW) / FW] x 100. 
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Salt tolerance index (STI):  
 

STI value was calculated as the ratio of seedling dry weight of one seedling subjected to 
different salt concentrations (2000, 4000, 6000 and 8000 ppm) to the dry weight of control seedling 
(320 ppm); STI %= (Total DW salt stress / Total DW control) x 100. 

 
Enzymes extraction and assay of activity:  
 

For extraction of peroxidase (POD) and Polyphenoloxidase (PPO) enzymes, the leaf samples 
were homogenized in mortar and pestle with a buffer containing (tris 50 mM, sucrose 5%, ascorbic 
acid 50 mM, sodium metabisulfite 20 mM, PEG 2% and 2ME 0.1%, pH 7.5 (Valizadeh et al., 2011) 
with a ratio of 0.5 mg per μl (1W:2V), then centrifuged at 4ºC and 10,000x g for 10 minutes. 
Peroxidase and polyphenoloxidase activities were expressed as μmol guaiacol oxidized min-1 g-1 
protein (Jebara et al., 2005). For extraction of Chitinase (CHIA) enzyme, the leaf samples were 
homogenized and extracted with cold distilled H2O. Insoluble materials were removed by 
centrifugation at 13×103x g for 20 min, dialyzed against H2O (5EC) for 2 days and the supernatant 
was used as crude enzyme preparation, then purified by (NH4)2SO4. The reaction mixture containing 
0.5 ml of 1% (w/v) colloidal chitin and 0.5 ml enzyme extract and incubated at 45ºC for one hour. 
Activity determined from the linear portion of the time course was expressed as ImU per mg protein 
(Lowry et al., 1951). During chromatographic separation, it was estimated by absorbency at 260 and 
280 nm (Warburg and Christian, 1941). 
 
Field emergence (FE):  
 

Field emergence percentage was calculated by the number of seedlings that emerged three 
centimeter above the soil surface after 21st day; Field emergence (%) = (Number of emerged seedling 
/ Total number of sown seeds) x 100. 

 
Salt stress reduction (%) =  
 
[(Treatment value control - Treatment value salt stress) / Treatment value control] x 100 

 
Magneto-priming increase over control (%) = 
 
 [(Treatment value priming - Treatment value unprimed) / Treatment value unprimed] x 100. 
 
Statistical analysis:  
 

Parameters studied were statically analyzed by an analysis of variance (ANOVA) of completely 
randomized design (MSTAT-C v.3.1., 1988). Least Significant Difference (LSD) was applied to 
compare mean values at 5%. 

             
Results and Discussion 
 
Germination indices:  
 

Significant effects of magneto-priming, salinity stress levels and their interaction treatments on 
germination percentage (G %), germination index (GI), germination rate (GR) and mean germination 
time (MGT) are shown in table 1. Data indicated that, salinity stress levels markedly decrease 
germination traits values compared with control treatment. Increasing the concentration of salinity 
resulted in reduction of all germination traits and the highest reduction was induced by salinity level 
8000 ppm followed by 6000, 4000 and 2000 ppm, respectively. Magneto-priming with water, proline 
or arginine markedly enhanced germination indices in comparison with control treatment (unprimed 
seeds) and corresponding control under all salinity stress concentrations. The improvement ranged 
from 1.84 to 23.24, 5.49 - 36.48 and 4.03 - 27.72% in G %, 9.65 - 27.90, 17.91- 107.69 and 14.29 - 
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87.91% in GI and 4.17 - 30.86, 7.13 - 41.13 and 4.96 - 30.65% in GR regarding application of 
magneto-priming with water, proline and arginine treatment, respectively compared to corresponding 
salinity level (unprimed) control. Similar trends were observed in MGT, where it's faster by 13.92 - 
21.05, 18.60 - 26.82 and 11.88 - 22.01%, respectively as shown in Figure 1. 

The reduction in germination attributes under different levels of salinity stress might be caused 
by the high osmotic pressure of the solutions slowing down the absorption of necessary water for 
initial germination and by the toxic effect of high salt concentration on embryo (Ramden et al., 1986). 
High salinity causes both hyper-ionic and hyper-osmotic stress and can lead to plant demise (Wilson 
et al., 2006). Moreover, salt stress affects early germination stages of plants and has both osmotic and 
specific ion effects on plant growth (Dionisio-Sese and Tobita, 2000).  

   
Table 1: Germination (%), Germination Index (GI), Germination Rate (GR, day) and Mean 

Germination Time (MGT, day) of barley as affected by seeds magneto-priming under 
different levels of salinity stress. 

Treatment 

Germination (G %) 

Unprimed 
Magneto-priming 

Mean 
Water Pro. Arg. 

S
al

in
it

y 
 

(p
p

m
) 

320 91.00 92.67 96.00 94.67 93.59 
2000 84.33 86.67 91.33 87.67 87.50 
4000 71.67 78.00 88.33 86.67 81.17 
6000 55.33 65.33 69.67 67.00 64.33 
8000 45.67 56.33 62.33 58.33 55.67 

Mean 69.60 75.80 81.53 78.87 
 

LSD5% 
Salinity (A) 

 
Magneto-priming (B) 

 
(AB) 

2.02 
 

1.81 
 

4.09 

    Germination Index (GI) 

S
al

in
it

y 
 

(p
p

m
) 

320 0.90 0.93 0.96 0.94 0.93 
2000 0.87 0.92 0.93 0.91 0.91 
4000 0.78 0.85 0.88 0.85 0.84 
6000 0.54 0.66 0.69 0.66 0.64 
8000 0.41 0.54 0.58 0.54 0.52 

Mean 0.70 0.78 0.81 0.78 
 

LSD5% 
Salinity (A) 

 
Magneto-priming (B) 

 
(AB) 

0.17 
 

0.15 
 

0.33 

  
Germination rate (GR) 

S
al

in
it

y 
 

(p
p

m
) 

320 6.16 7.10 8.42 7.51 7.30 
2000 6.01 7.06 7.34 7.31 6.93 
4000 6.07 6.65 7.15 6.93 6.70 
6000 3.96 4.73 6.20 5.76 5.16 
8000 1.82 2.33 3.78 3.42 2.84 

Mean 4.80 5.57 6.58 6.19 
 

LSD5% 
Salinity (A) 

 
Magneto-priming (B) 

 
(AB) 

0.01 
 

0.01 
 

0.03 

  
Mean Germination Time (MGT; day) 

S
al

in
it

y 
 

(p
p

m
) 

320 4.02 3.46 3.27 3.55 3.58 
2000 4.31 3.58 3.52 3.62 3.76 
4000 5.00 3.93 3.80 3.86 4.15 
6000 5.71 4.43 4.14 4.36 4.66 
8000 6.07 4.79 4.44 4.74 5.01 

Mean 5.02 4.04 3.83 4.03 
 

LSD5% 
Salinity (A) 

 
Magneto-priming (B) 

 
(AB) 

0.18 
 

0.16 
 

0.34 
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Fig. 1. Increases of germination (G%), germination index (GI), germination rate (GR) and mean 

germination time (MGT) over corresponding control treatment (unprimed seed) of barley as 
affected by magneto-priming treatments under salinity stress. 

 
While, enhancing seed germination parameters under magneto-priming treatments might be due 

to integrated biochemical, physiological, metabolic effects including increasing enzymatic activities 
(Table 4). As well as increasing seedling biomass under magneto-priming treatments compared to 
corresponding control (Table 3) may alleviate salinity stress on the plants. In this context, Srinivasan 
and Saxena (2001) reported that enhanced germination indices of primed seeds may be due to 
avoidance of free radicals and replenishing of membrane bound enzymes in contrast with unprimed 
seeds. In addition, Murungu et al. (2004) found that priming seeds with static magnetic field (SMF) 
advanced the time to 50% germination by nearly 70 h in comparison to unprimed seed.  Exposing 
seed to MF led to enhanced moisture absorption, which is a major factor in the mechanism of 
enhancement of seed germination and seedling growth under salt stress (Karimi et al., 2012). 
Absorption of more moisture causes changes in intracellular levels of Ca+ and other ionic current 
density across cellular membranes which raise osmotic pressure and cellular membrane capacity to 
absorb more water (Dhawi and Al-Khayri, 2011). Significant increment in germination %, rate of 
germination, speed of germination, reduced MGT and time required for obtaining the final 
germination percentage, seedling vigor in chickpea, sunflower and maize seeds exposed to SMF was 
reported (Yao et al., 2005; Fl`orez et al., 2007; Vashisth and Nagarajan, 2010). 

Proline application positively affected salt tolerance at germination stage of seeds (Deivanai et 
al., 2011), effectively adjust osmotic potential and plays a vital function in sustaining plant growth 
(Hoque et al., 2007) as well as somatic embryos (Saranga et al., 1992) under osmotic stress. As 
respect to arginine pre-treatment, treated seeds significantly promoted growth parameters and 
germination percentage of bean plant under salt stress, and these effects were attributed to increased 
content of polyamines (Zied, 2009 ). 

 
 

0

5

10

15

20

25

30

35

40

320 2000 4000 6000 8000

In
cr

ea
se

 %
 o

v
er

 
cr

sp
on

d
in

g 
co

n
tr

ol

G %

Water Proline Arginine

0

20

40

60

80

100

120

320 2000 4000 6000 8000

In
cr

ea
se

 %
 o

v
er

 
cr

sp
on

d
in

g 
co

n
tr

ol

GI

Water Proline Arginine

0

10

20

30

40

50

320 2000 4000 6000 8000

In
cr

ea
se

 %
 o

v
er

 
cr

sp
on

d
in

g 
co

n
tr

ol

GR

Water Proline Arginine

0

5

10

15

20

25

30

320 2000 4000 6000 8000

In
cr

ea
se

 %
 o

v
er

 
cr

sp
on

d
in

g 
co

n
tr

ol

MGT

Water Proline Arginine



Middle East J. Agric. Res., 7(3): 1006-1022, 2018 
ISSN: 2077-4605 

1012 

Seedling growth parameters: 
 

As shown in Table (2), seedling growth parameters; seedling shoot and root length (cm) and 
seedling dry weight and vigor negatively affected by raising the amount of salinity concentration 
under unprimed more than magneto-priming treatments. A marked increment in seedling growth 
parameters were promoted by magneto-priming treatments where magnetized solutions with water, 
proline and arginine enhanced resistance and adaptation to all salinity stress concentrations compared 
with corresponding unprimed treatment under different salinity levels. The improvement ranged from 
17.25 - 44.60, 27.32 – 50.95 and 27.41 – 42.62% in seedling shoot length, 8.82 – 21.93, 9.22- 43.65 
and 7.67 – 28.48% in seedling root length and 12.96 - 30.20, 21.29 – 46.82 and 16.72 – 31.51% in 
seedling length regarding magneto-priming with water, proline and arginine treatments, respectively 
compared to corresponding salinity level (unprimed) control (Figure 2). Generally, the recorded 
increment was highest under magneto-priming with proline followed by arginine and hydro-priming.  

Saline stress conditions might affect seedling growth basically in three ways; (1) reduced water 
potential in the root zone causing water deficit, (2) phytotoxicity of ions such as Na+ and Cl-, (3) 
nutrient imbalance by depression in uptake and/or shoot transport (Marschner, 1995; Tavakkoli et al., 
2011). Lin and Kao (2000) added that increasing salinity stress levels might led to elevated hydrogen 
peroxide content and decreasing of root growth indices. Moreover, salt stress increased the 
accumulation of lipid peroxidation products in roots, stems and leaves, which produced by 
interactions with damaging active oxygen specie (Silvana et al., 2003). Salinity has differential effects 
on root elongation rates and lateral root initiation (Rubinigg et al., 2004).  

Alleviation salinity stress due to application of priming and/or magneto- priming treatments 
reported by many studies. Murungu et al. (2004) found 14% increase in crop establishment due to 
priming treatments. Similar results reported by Fl`orez et al. (2007) on maize, Gajendra and Anand 
(2016) on wheat and Thomas et al. (2013) on chick pea. They found a positive increase in shoot and 
root growth characteristics due to priming seeds with SMF and they also concluded that, magneto-
priming helped in adaptation to salinity stress. The increase in these root indices thus helps the plants 
to increase water uptake, higher activities of α-amylase and protease under salinity induced osmotic 
stress (Shine et al., 2011). Martinez et al. (2000) reported that, when barley seeds were exposed to a 
static magnetic field of 125 mT for different time periods, increases in lengths and weights of seedling 
were observed. Similar results were reported by Kataria et al. (2017) 
 
Table 2: Seedling growth parameters of barley as affected by seeds magneto-priming under different 

levels of salinity stress. 

Treatment 

 Seedling shoot length (cm) 

Unprimed 
Magneto-priming 

Mean 
Water Pro. Arg. 

S
al

in
it

y
  

(p
p

m
) 

320 9.66 11.33 12.64 11.94 11.39 
2000 8.37 10.62 11.34 10.66 10.25 
4000 7.72 9.91 10.00 9.92 9.39 
6000 5.89 7.32 7.50 7.55 7.07 
8000 4.04 5.85 6.10 5.77 5.44 

Mean 7.14 9.01 9.52 9.17   

LSD5% 
Salinity (A) 

 
Magneto-priming (B) 

 
 (AB) 

0.20   0.17   0.40 

     Seedling root length (cm) 

S
al

in
it

y 
 

(p
p

m
) 

320 10.01 10.89 11.43 11.14 10.87 
2000 9.87 10.38 10.78 10.63 10.42 
4000 8.30 9.36 9.96 9.72 9.34 
6000 6.44 7.86 9.15 8.28 7.93 
8000 5.28 6.29 7.58 6.49 6.41 

Mean 7.98 8.96 9.78 9.25   

LSD5% 
Salinity (A) 

 
Magneto-priming (B) 

 
 (AB) 

0.11   0.09   0.22 
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Fig. 2: Increase of seedling shoot and root length (cm) over control treatment (unprimed seed) of 

barley seedlings as affected by magneto-priming treatments under salinity stress. 
 
The positive effect of magneto-priming with exogenous proline application led to increase 

shoot and root lengths over control under all salinity stress levels because of great role in stimulate 
cell elongation and division. Exogenous application of proline (1mM) alleviates the adverse effect of 
mild salt stress (100 mM NaCl), significantly increased root length compared to control treatment 
(Deivanai et al., 2011) and mitigate the adverse effect of salt stress on seedling growth parameters 
(Hoque et al., 2007). Moreover, increasing shoot growth attributes might be induced by decreased 
CO2 diffusion in the leaf tissues which limits stomatal opening and alter the leaf photochemistry 
?(Flexas et al., 2007). The effects of arginine in alleviation of stress and increasing seedling growth 
parameter may be related to the polyamine production, which have been implicated in a wide range of 
biological processes including growth, development and abiotic stress responses (Kuchenbuch and 
Phillips, 2005; Zeid, 2009).  

 
Table 3: Seedling dry weight (g) and Seedling vigor II (SVII) indices of barley as affected by seed 

magneto-priming under different levels of salinity stress. 

Treatment 

Seedling dry weight (g) 

Unprimed 
Magneto-priming 

Mean 
Water Pro. Arg. 

S
al

in
it

y
  

(p
p

m
) 

320 0.16 0.17 0.18 0.17 0.17 
2000 0.15 0.17 0.17 0.17 0.17 
4000 0.14 0.15 0.17 0.16 0.16 
6000 0.14 0.15 0.16 0.15 0.15 
8000 0.12 0.14 0.15 0.14 0.14 

Mean 0.14 0.16 0.17 0.16   

LSD5% 
Salinity (A) 

 
Magneto-priming (B) 

 
 (AB) 

0.002   0.001   0.004 
    Seedling vigor II  (SVII) 

S
al

in
it

y
  

(p
p

m
) 

320 14.54 16.00 17.09 16.35 16.00 
2000 12.68 14.62 15.92 14.64 14.47 
4000 10.32 11.96 15.13 13.90 12.83 
6000 7.60 9.56 11.22 10.21 9.65 
8000 5.54 7.68 9.31 8.09 7.66 

Mean 10.14 11.96 13.73 12.64   

LSD5% 
Salinity (A) 

 
Magneto-priming (B) 

 
 (AB) 

0.36   0.32   0.75 
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Fig. 3: Increases of seedling dry weight (g) and seedling vigor index (SVI) over control treatment 

(unprimed seed) of barley as affected by magneto-priming treatments under salinity stress. 
 

Salinity stress indices: 
 

Treated barley seeds with magneto-priming treatments under different salinity stress levels 
showed significant effects on relative water content (RWC) and salt tolerance index (STI; Table 4). 
Data indicated that RWC and STI values decreased with increasing the amount of salinity stress 
concentration from 2000 to 8000 ppm. Regarding to magneto-priming, all treatments significantly 
increased RWC and STI values compared with unprimed seeds. The most increase over control of 
RWC indicated by magnetized water followed by proline and arginine, while proline treatment 
showed the highest increase followed by arginine and water, as respect to STI (Figure 4).  

 
Table 4:  Salinity stress indices of barley seedlings as affected by seed magneto-priming under 

different levels of salinity stress. 

Treatment 

Relative water content (RWC %) 

Unprimed 
Magneto-priming 

Mean 
Water Pro. Arg. 

S
al

in
it

y 
 

(p
p

m
) 

320 71.35 73.24 74.58 73.87 73.26 
2000 70.63 70.04 70.29 69.82 70.20 
4000 65.63 69.44 69.03 68.33 68.11 
6000 61.09 66.59 65.25 65.88 64.70 
8000 52.35 62.98 62.57 63.98 60.47 

Mean 64.21 68.46 68.34 68.38   

LSD5% 
Salinity (A) 

 
Magneto-priming (B) 

 
 (AB) 

1.33   1.19   2.70 

  
Salt tolerance index (STI) 

S
al

in
it

y
  

(p
p

m
) 

320 -- -- -- -- 0.00 
2000 90.73 96.50 96.89 94.98 94.78 
4000 82.66 82.85 94.37 89.10 87.25 
6000 74.90 76.64 85.60 81.97 79.78 
8000 61.51 67.79 75.72 69.84 68.72 

Mean 61.96 64.76 70.52 67.18   

LSD5% 
Salinity (A) 

 
Magneto-priming (B) 

 
 (AB) 

2.12   1.90   4.28 
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Fig. 4: Increases of relative water content (RWC %) and stress tolerance index (STI) over control 

treatment (unprimed seed) of barley seedlings as affected by magneto-priming treatments 
under salinity stress. 

 
STI can be used as salt tolerance criterion to choose tolerant cultivars in cereals, which was 

negatively affected by salt stress (Abbas et al., 2013). Presoaking of seeds may alleviate the harmful 
effects of salt stress on growth and carbohydrate metabolisms in barley seedlings (Roy and Srivastava, 
1999) and seeds exposure to SMF may led to enhaned moisture absorption (Garcia and Arza, 2001; 
Karimi et al., 2012). The mechanism of MF treatment on promoting seed imbibition might be a result 
of the changes in intracellular levels of Ca++ and other ionic current density across cellular membrane 
which increase osmotic pressure and cellular membrane capacity to absorb more water (Dhawi and 
Al-Khayri, 2011), which raise relative water content.  

The results of previous studies indicated that improved osmotic stress tolerance by MF priming 
under salt stress may be induced by enhancing plant osmotic adjustment capability and improving 
water availability (Karimi et al., 2012). Accumulation of proline is enhanced in response to salinity 
stress, which supplies energy to increase salinity tolerance in plants (Girija et al., 2002). is associated 
with stress susceptibility index (SSI) and STI. The tolerant cultivars had higher proline content as well 
as  higher STI and lower SSI values compared with sensitive wheat cultivars (Goudarzi and Pakniyat, 
2009).  

The protective effect of exogenous arginine to salt stress may be due to it being as a precursor 
of polyamines (PAs) and nitric oxide (NO) compounds, which can mediate plant growth regulators 
and ROS metabolism. Nitric oxide involved in signal transduction and responses to biotic and abiotic 
stresses such as salinity stress (Tewari et al., 2008).  

 
Assay of enzymes activity: 
 

 Significant differences in enzymatic activity of peroxidase (POD), Polyphenoloxidase (PPO) 
and Chitinase (CHIA) were recorded regarding magneto-priming treatments under different salinity 
stress levels. Activity of all enzymes (POD, PPO and CHIA) increased with increasing salinity 
concentration (Table 5). 

Increased capacity of these ROS scavenging enzymes due to the oxidative stress during priming 
could also memorize the cell against membrane damage due to lipid peroxidation occurring naturally 
(Anuradha et al., 2010). Peroxidase plays a vital role in protecting seed from oxidative damages and 
maintaining seed viability. Peroxidases participate in cytosol, lignin biosynthesis, cell wall cross-
linkage, IAA degradation and disease resistance and at most involved in oxidative and catalyzing the 
breakdown of H2O2, eliminating MDA (malondialdehyde) resisting cell peroxidation of membrane 
lipids and maintaining the cell membrane integrity (Mittler, 2002; Noctor et al., 2000). Polyphenol 
oxidase (PPO) is an enzyme that is widely distributed in plants (Lee and Whitaker, 1995). Most PPO 
activity in mature seeds is associated with the bran (Hatcher and Kruger, 1993). The function of the 
PPO not only because of their contribution to flavor but also for their antioxidant activities. Chitinase 
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proteins are widely distributed across diverse biological systems and the individual coding genes are 
expressed in various conditions, and they involved in plant abiotic stress responses as noted for 
osmotic, salt, cold, wounding and heavy metal stresses (Grover, 2012). The barley seed proteome is 
dominated by proteins involved in protection against microorganisms, insects, or other biotic/abiotic 
stresses, such as chitinase-PR-3, peroxidase-PR-9 (Bak-Jensen et al., 2004). 

Increasing salinity levels led to enhancing enzymes activity (Table 5). A significant correlation 
was recorded between anti-oxidative enzymes activities and the salt tolerance of plants in order to 
eliminate ROS (Chinta et al., 2001; Diego et al., 2003). Jin et al. (2009) reported that both sensitive 
and tolerant barley genotypes had significantly higher POD activities in the salt-stressed plants than 
the control. Moreover, the salt-tolerant genotypes showed a higher enzymatic activity than the 
sensitive ones under salinity stress. They concluded that the rate of POD activity be based on both 
genotype and salinity level. Yildiz and Terzi (2013) found that highly significant correlation between 
increased salinity levels (0, 100, 200 and 300 mM) and increased POD activity and the tolerant 
cultivar of barley showing more increase than the sensitive one. 

 
Table 5: Enzymes activity in barley germinated seed as seed magneto-priming under different levels 

of salinity stress. 

Treatment 
Peroxidase (POD, ImU/μg protein) 

Unprimed 
Magneto-priming 

Mean 
Water Pro. Arg. 

S
al

in
it

y 
 

(p
p

m
) 

320 0.46 0.49 0.53 0.51 0.50 
2000 0.59 0.5 0.57 0.53 0.55 
4000 0.73 0.63 0.65 0.63 0.66 
6000 0.88 0.78 0.73 0.75 0.79 
8000 1.32 1.12 1.03 1.07 1.14 

Mean 0.80 0.70 0.70 0.70   

LSD5% 
Salinity (A) 

 
Magneto-priming (B) 

 
 (A×B) 

0.02   0.02   0.04 
    Polyphenoloxidase   (PPO, ImU/μg protein)   

S
al

in
it

y 
 

(p
p

m
) 

320 0.37 0.41 0.45 0.42 0.41 
2000 0.49 0.45 0.39 0.47 0.45 
4000 0.70 0.61 0.57 0.62 0.63 
6000 0.76 0.71 0.69 0.72 0.72 
8000 1.09 0.83 0.75 0.78 0.86 

Mean 0.68 0.60 0.57 0.60   

LSD5% 
Salinity (A)   Magneto-priming (B)    (A×B) 

0.02   0.01   0.03 
    Chitinase (CHIA, ImU/μg protein)   

S
al

in
it

y
  

(p
p

m
) 

320 0.80 0.84 0.88 0.86 0.85 
2000 1.21 0.94 1.02 0.98 1.04 
4000 1.54 1.30 1.37 1.32 1.38 
6000 1.72 1.32 1.41 1.31 1.44 
8000 1.86 1.46 1.49 1.47 1.57 

Mean 1.43 1.17 1.23 1.19   

LSD5% 
Salinity (A)   Magneto-priming (B)    (A×B) 

0.02   0.02   0.04 
* International milliunits (ImU). One ImU was defined as the production of 1nmol of guaiacol oxidized (POD&PPO) and 
1nmol of N-acetyl glucose amine (CHIA) per min at 40EC. 

 
The features of chitinase alkaline enzyme are of great importance in metabolic production, 

biocontrol ability against fungi and for protecting plants under saline conditions. Future applications 
of these enzymes in any biotechnological process, hardly depends on high salinity or osmotic pressure 
for long incubation periods (Margesin and Schinner 2001).  

In present study, pretreated seeds with each magneto-priming significantly increased POD, 
PPO and CHIA activities compared to unprimed seeds under corresponding control of salinity stress, 
while reduced the activities of antioxidants enzymes by each of salinity concentration compared to 
control (Tab.5). This is probably because application of magneto-priming reduces the stress impact, 
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hence, reducing POD production significantly, as pointed by early researches (Dogan, 2012, Khan, 
2008 and Valizadeh et al., 2013). Priming allowed maintenance system to combat sub-cellular harm 
activated enzyme synthesis and thus fixed damage process started due to ageing (Anuradha et al., 
2010) and the minimal antioxidant activities in non-primed seedling suggested by the failure of these 
plants to overcome with stress-induced oxidative damage (Hussain et al., 2016). Such positive effects 
of magnetized solutions may be due to promotion of protein biosynthesis, gene expression, higher 
activity of CAT, POD, SOD and PPO enzymes (Atak et al., 2007; Vashisth and Nagarajan, 2010). 
Varjovi et al. (2016) found that, 5 mM proline significantly reduced the activity of POD under 200 
mM salinity in seedling of barley cultivars, and the effect was attributed to proline modulation of the 
stress effect, which led to significant reduction in POD activity. Moreover, Öztürk and Demir (2002) 
found that 150 mM NaCl, applied 2 days after sowing led to increased POD, while mixing 150 mM 
NaCl and 10 mM proline, applied 2 days after sowing significantly decreased POD activity. With 
respect to arginine, priming seeds with arginine decreased the activity of this enzyme in both root and 
leaf tissues of plants, which were under stress (Deivanai et al., 2011). Nitric oxide as a product of 
arginine precursor could inhibit enzyme activity by reducing the iron of the active site through the 
conversion of active Fe+3 to an inactive Fe+2 form and trapping the iron in a reduced inactive form 
(Zhu et al., 2006). Earlier reports indicated that, priming of seeds with low concentration of Arg 
(5μM) under moderate level of salinity is more effective than high concentration, while at high level 
of salinity, high concentration of Arg (10μM) was more effective (Nasibi et al., 2014).  

 
Pot experiment  
 

Table (6) showed significant effects in field emergence (FE %) and seedlings dry weight (g pot-

1) regarding application of magneto-priming under different salinity stress treatments. Data indicated 
that field emergence and seedlings dry weight (g pot-1) values decreased with increasing the amount 
of salinity stress concentration. Respecting to magneto-priming, all treatments significantly increased 
all traits values compared to unprimed seeds. The most increase over control of all traits recorded by 
magnetized proline followed by arginine and water, respectively, as shown in Table. 6 and Fig 6 and 
7.   

 
Table 6: Field emergence (%) and seedlings dry weight (g pot-1) of barley as affected by seed 

magneto-priming under different levels of salinity stress. 

Treatment 

Field emergence (FE %) 

Unprimed 
Magneto-priming 

Mean 
Water Pro. Arg. 

S
al

in
it

y 
 

(p
p

m
) 

320 89.00 91.67 93.00 92.67 91.59 
2000 84.33 85.67 89.33 86.67 86.50 
4000 70.67 76.00 83.33 81.67 77.92 
6000 53.33 65.33 68.67 66.00 63.33 
8000 43.67 54.33 61.33 58.33 54.42 

Mean 68.20 74.60 79.13 77.07   

LSD5% 
Salinity (A) 

 
Magneto-priming (B) 

 
 (AB) 

1.33   1.19   2.70 

  
Seedling dry weight (g pot-1) 

S
al

in
it

y 
 

(p
p

m
) 

320 2.48 3.35 3.19 3.31 3.08 
2000 2.09 2.69 2.83 3.28 2.72 
4000 1.99 2.69 2.91 3.16 2.69 
6000 1.58 2.14 2.50 2.02 2.06 
8000 0.98 1.40 1.77 1.98 1.53 

Mean 1.82 2.46 2.64 2.75   

LSD5% 
Salinity (A) 

 
Magneto-priming (B) 

 
 (AB) 

0.15   0.13   0.29 
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Fig. 6: Changes of field emergence (FE %) of barley seedlings as affected by the interaction between 

salinity stress levels and magneto-priming treatments.  

 
 
Fig. 7: Growth of seedling barley at 21 days from sowing regarding application of seed magneto-

priming under different levels of salinity stress in pots experiment. 
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Negative effect of salinity stress on tested parameters is logically regarding to a reduction in 
water activity through specific toxic effects of ions and by disturbing the uptake of essential nutrients 
(Chen et al., 2007; Gomaa et al., 2008; Tavakkoli et al. 2011). On the other hand, Magneto-priming 
with proline or arginine treatments reducing the harmful effect of salinity on tested parameters. In this 
regard, Martinez et al. (2000) reported that MF treatment markedly increase initial seedling growth, 
length and weight of barley plant. More static magnetic field caused significant increase in dry weight 
of plants subjected to salt stress (Kataria et al., 2017). The physiological effect of proline on cell 
elongation under salt stress was supported by the results of the previous investigations where proline 
mitigates the adverse effect of salt stress on seedling growth parameters (Hoque et al., 2007). Proline 
treatment of 1mM alleviates the harmful effect of salt stress (100 mM NaCl) and significantly 
increase root length (Deivanai et al., 2011). Lin and Kao (2001) added that increase of seedling 
growth may be attributed to greater accumulation of proline which may interfere with osmotic 
adjustment. Positive effects of arginine may be related to the polyamine production which has been 
shown to be engaged in a wide range of biological processes including growth, development, and 
abiotic stress responses (Kuchenbuch and Phillips, 2005). 
 
Conclusion 

It be concluded that, magneto-priming could be promising and effective tool for alleviation 
salinity stress on germination of barley crops. 
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