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Abstract 

Most of the field crops (including chickpeas) in the Nubaria region depend on groundwater wells, which may contain different 

degrees of salinity (2000-2200 ppm), especially in the event of a delay or shortage of water in the Nubariya Canal (the main 

source of irrigation in that area). To alleviate salinity stress on germination, seedling attributes, growth, pigments, 

physiochemical, yield and nutritional value of Chickpea; Laboratory and Field Experiments using Chickpea (Cicer arietinum 

L; imported from India by Nahar El-khair Company for Import and Export, 149 Hosh Issa, El-Beheira Governorate) were 

conducted, respectively, at Laboratory of Field Crops Research Department, National Research Centre, Cairo, Egypt and 

Experimental Research and Production Station of National Research Centre at El-Emam Malak Village, El-Nuberia District, 

El-Beheira Governorate, Egypt during winter seasons of 2019/20 and 2020/21. The current study is aiming to evaluate the 

effect of magneto-priming seeds on Chickpea plants: growth, yield, pigments and physiochemical contents under saline 

conditions. Results of Laboratory experiment indicated that significant increases were recorded regarding application of 

different magneto-priming seed treatments (T1-T5; 0.05, 0.11, 0.19, 0.27, 0.31 Tesla) compared to untreated (sowing dry 

seeds) in Seed Germination (G; %), Germination Index (GI), Speed Germination Index (SGI), Germination Energy (GE; %) 

and Germination Rate (GR; day), seedling length (cm), seedling weight (g), seedling vigor-I and seedling vigor-II of 

Chickpea. As an average of all magneto-priming treatments (T1-T5), the improvement reached 7.31, 7.31, 20.79, 6.91, 5.34, 

22.13, 29.41, 34.45, 31.13 and 44.13% in the above-mentioned characters, respectively compared to untreated seed. Similar 

positive effects were observed in Mean Germination Time (MGT; day) where the seeds were faster germinated by 17.89% 

compared to untreated treatment. The best magnetized-seeds treatment was applied under field conditions, where irrigation 

with water passed through magnetic device (2 inch, produced by NRC; 0.20 Tesla) induced positive significant effect in 

Chickpea growth, pigments and physiochemical at 75 DAS, yield components, yield (ton fed-1) and nutritional value of 

yielded seeds at harvest under drip irrigation system. The percentage of improvement reached 13.61-26.10% in morphological 

parameters, 9.64-12.35% in photosynthetic pigment contents, 8.35-23.03% in physiochemical parameters, 8.07-25.54% in 

yield and its components and 4.00-10.74% in nutritional values of yielded seeds. Under conditions of experiments, could be 

concluded that application of magnetized water and seed technology alleviate salinity water stress which resulted in 

improvement of growth and productivity of Chickpea under Nubaria region 

Keywords: Chickpea, Magneto-priming seeds, magnetized water, salinity stress, germination, seedling attributes, growth, 

physiochemical, yield and nutritional value. 
 

1. Introduction 

Scarcity of freshwater is a critical problem to 

sustainable agricultural development worldwide 

especially in arid and semi-arid areas [1]. The 

utilization of saline water become an essential way to 

ameliorate the deficit of freshwater resources [2]. 

Although, using saline water in irrigation can cause 

reduction in soil quality, such as accumulation of salt, 

inhibition in water conductivity, inadequate oxygen 

content, reduction in organic matter, etc. [3, 4].  

In arid and semi-arid regions as Egypt, 

deficit of water resources is a restricted factor in the 

irrigation field, which can be rectify via establishing 

strategies to operatively save water [5, 6]. Also, 

salinity is one of the most essential criteria for 

limiting the quality of irrigation water. Salinity is 
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known as the concentration of total ions and soluble 

molecules in any type of water (e.g. drainage water, 

irrigation water and urban runoff) [7]. Salinity 

induced variations in all physiological stages of plant 

growth, germination, seedling, number and size of 

stomata, physiological processes such as 

evapotranspiration, photosynthesis, respiration, 

stomatal conductance, water use efficiency, and 

ultimately plant growth and yield production. Salinity 

also changes the endogenous plant structure, 

especially cell chloroplasts [8]. It alters the 

absorption of several mineral ions and affects the 

transfer of them (especially calcium ions) into the 

plant’s growth regions, [3, 9, 10]. Therefore, it must 

be essential to investigate the new technologies to 

management the irrigation water, increase its quality 

and alleviate the salinity stress of brackish water. 

  In general, magnetized water is one of the 

promising methods that have been used in saline 

water management for irrigation. Magnetized water 

alters the physical and chemical constituents of 

water. It develops a uniform structure with some 

alterations in essential characteristics, such as 

electrostatic polar force or surface adhesion, 

hardness, specific gravity, viscosity, salinity, water 

solubility feature and water–surface contact angle 

[11]. Magnetic treatment of water does not add or 

remove any substance in the water itself, it is 

considered a harmless and environmentally friendly 

technology [12].  

In this connection, Abdel Kareem [13] 

found that significant increases in water productivity 

for the magnetically treated water when compared 

with non-magnetically treated water, amounting to 

1.65, 1.88, and 1.78 kg m3 for eggplant, faba beans, 

and tomato, respectively. It was also observed that 

the Magnetized water affected the amounts of 

irrigation water required to be added to different 

crops during their growing period. The water savings 

were 11%, 13.5%, and 14.2% for eggplant, faba 

beans, and tomato, respectively. As a result, net 

return increased by 1.97, 3.0, and 2.45 kg m3 for the 

three crops, respectively. 

  Moreover, magnetized water is a promising 

technology had been used to relieve saltiness. It 

reduces the saltiness degree in irrigation water, 

lowers soil alkalinity, and it’s the high leaching of 

excess soluble salts [14, 15]. The beneficial effects of 

applying the magnetic treatment in irrigation water 

enhanced germination, crop growth and yield [16-18] 

without any destructive or harmful impact. Magnetic 

water treatment, as a potential and eco-friendly new 

technology [19]. Magnetization of water promotes 

the useful changes to its micro and macro physical 

and chemical properties. The activity of magnetized 

water (i.e., the ability of water to interact with other 

substances, such as solubility, reaction rate, etc.) is 

obviously enhanced [20], which is very significant in 

improving water availability and crop stress 

resistance [21]. 

Chickpea (Cicer arietinum. L) is an earliest 

cultivated cereal crop. It ranks as the third most 

important food legume after dry beans and peas [22]. 

It is salt sensitive crop and its production is severely 

affected due to salinity [23]. Chickpea is a popular 

legume grown in arid and semiarid regions all over 

the world. It is critical for protecting of soil fertility, 

especially in arid regions. Chickpea seed is a rich 

protein supplement to cereal based diet, and includes 

40- 55% carbohydrate, 13 - 33% protein, and 4-10% 

oil [24].  

Therefore, this study aims to study and 

evaluate the effects of magneto-priming seeds (0.0, 

0.05, 0.11, 0.19, 0.27 and 0.31 mT) under laboratory 

conditions; and under field conditions, to comparison 

between magnetized and un-magnetized moderate 

saline irrigation water treatments on growth, 

photosynthetic pigment, physiochemical, yield and 

nutritional value of Chickpea. 

 

2. Materials and methods 

 

Laboratory and Field Experiments using 

Chickpea (Cicer arietinum L; imported from India by 

Nahar El-khair Company for Import and Export, 149 

Hosh Issa, El-Beheira Governorate) were conducted, 

respectively, at Laboratory of Field Crops Research 

Department, National Research Centre, Cairo, Egypt 

and Experimental Research and Production Station of 

National Research Centre at El-Emam Malak Village, 

El-Noberia District, El-Beheira Governorate, Egypt 

during winter seasons of 2019/20 and 2020/21. That 

to alleviation salinity stress on germination, growth, 

pigments, physicochemical, yield and nutritional 

value of Cicer arietinum L using magnetized seeds 

and water treatments. The laboratory and field 

experiments were done as following procedure:  
 

2.1. Laboratory experiments 

Laboratory experiment using Chickpea 

(Cicer arietinum L; was conducted at Laboratory of 

Field Crops Research Department, National Research 

Centre. The experiments aim to study and evaluate 

the effects of different magneto-priming treatments 

on Chickpea germination traits (Table 1). The 

treatments laid out in Completely Randomized 

Design (CRD) with four replications.  
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Table 1. Description of magnetic seed treatments under laboratory conditions. 

C1 Control-1: Germinated dry seeds 

T1 
Seeds soaking in magnetized water for two hours; Water after path through magnetic unit 0.5 inch; 0.04 

- 0.06 T), then dry between with tissue, then the seeds will be ready to sowing.  

T2 
Seeds soaking in magnetized water for two hours; Water after path through magnetic unit 0.5 inch; 0.10 

- 0.12 T), then dry between with tissue, then the seeds will be ready to sowing. 

T3 
Seeds soaking in magnetized water for two hours; Water after path through magnetic unit 0.5 inch; 0.18 

- 0.20 T), then dry between with tissue, then the seeds will be ready to sowing. 

T4 
Seeds soaking in magnetized water for two hours; Water after path through magnetic unit 0.5 inch; 0.26 

- 0.28 T), then dry between with tissue, then the seeds will be ready to sowing. 

T5 
Seeds soaking in magnetized water for two hours; Water after path through magnetic unit 0.5 inch; 0.30 

- 0.32 T), then dry between with tissue, then the seeds will be ready to sowing. 

 

Germination procedure: Germination test was 

performed according to ISTA [25], whereas 20 

seeds of Chickpea were sown in each replication in 

sterilized Petri dishes covered at the bottom with 

two sheets of Whitman filter paper, then placed in 

an incubator at 20±2°C. Total numbers of seeds 

germinated were counted daily and percentage was 

calculated at 12th day. Measurements were made on 

shoot, root and length (cm) of seedling, fresh and 

dry weight (g) of seedling. Also, Germination (G; 

%), Germination Index (GI), Speed Germination 

Index (SGI), Germination Energy (GE), 

Germination Rate (GR; day) and Mean Germination 

Time (MGT; day), Seedling vigore-1 (SV-1) and 

Seedling vigore-1 (SV-2) were calculated as 

following:  

Seed germination (G; %) = (No. of normal 

seedling/ number of seeds) × 100; Germination 

percentage was performed according to 

International Seed Testing Association (ISTA) [26]  

and defined as the total number of normal seedlings 

after 12 days 

Germination Energy (GE) = ((N1+N2)/M) X100; 

Where N1, and N2 = First and second counts; M = 

Total number of seeds planted (Germination energy 

defined according Ruan et al. [27].   

Germination Index (GI) = (N1+N2+N3+N4+…..) 

/Ti; Where N1, N2, N3 and N4 = First, second, third 

and four counts, etc, respectively and Ti = Count 

time (It calculated as described in the Association 

of Official Seed Analysis (AOSA) [28]. Seeds were 

considered germinated when the radical was at least 

2 mm. long. 

Germination Rate (GR): It was calculated 

according to the formula of Bartllett [29]; GR= a + 

(a +b) + (a + b + c) …….. (a + b + c + m) / n (a + b 

+ c + m), where a, b, c are No. of 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; day): It was 

calculated based on the equation of Ellis and 

Roberts [30]. MGT= (N1 x T1) + (N2 x T2) + (N3 x 

T3) + (N1 x T4)+ (Ni + Ti)/ N1 + N2 + N3 + N4+ 

…Ni; Where N1,N2,N3 and N4  = First, second, third 

and four counts, respectively and T1, T2, T3 and T4 

= Time of first, second, third and four counts, 

respectively 

 Seedling root and shoot length (cm): It was 

measured of ten normal seedlings at 12 days after 

planting. 

Seedling fresh and dry weight (g): Ten normal 

seedlings 12 days after planting were measured to 

determine fresh weight then the seedlings were 

dried in hot-air oven at 85o C for 12 hours to obtain 

the seedlings dry weight (g). 

Seedling Vigore-I (SV-I): It was calculated based 

on the equation: SV-I = Germination percentage X 

seedling length (cm) 

Seedling Vigor-II (SV-II):  It was calculated based 

on the equation: SV-II =Germination percentage X 

seedling dry weight (g) 

Statically analysis: Data were statically analyzed 

by an analysis of variance (ANOVA) of Completely 

Randomized Design (CRD) using M-Stat program 

(MSTAT-C v. 3.1.), [31].  Least significant 

difference (LSD) was applied to compare mean 

values. 

2.2. Field Experiments  

Field Experiments using Chickpea (Cicer arietinum 

L) were conducted at Experimental Research and 

Production Station of National Research Centre at 

El-Emam Malak Village, El-Noberia District, El-

Beheira Governorate, Egypt during winter seasons 

of 2019/20 and 2020/21. The experiments aim to 

comparison between irrigation with magnetized and 

un-magnetized moderate saline irrigation water 

under drip irrigation systems in Chickpea growth, 

photosynthetic pigments, physiochemical, and yield 

and its components and nutritional value. The site 
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of experimental soil and irrigation water were 

analyzed according to the method described by 

Chapman and Pratt [32] (Tables 2). 

Table 2. Analysis of soil and well irrigation water in the site of field experiments 

  Soil depth (0-30 cm) 
Irrigation  

water 

Parameters Before After Before After 

Particle size distribution 

Coarse sand 48.20 54.75 -- .. 

Fine sand 49.11 41.43 -- .. 

Clay + Silt 2.69 3.82 -- .. 

Texture Sandy Sandy -- .. 

pH (1:2.5) 8.93 8.60 8.28 8.43 

EC(ds cm-1; 1:5) 3.80 3.10 3.52 3.47 

Ca CO3  (%) 2.75 2.75 -- … 

Organic matter (%) 0.02 0.05 -- … 

 Soluble cations (mq/100g soil)  

Na+ 23.58 16.49 27.22 25.11 

K+ 2.52 2.16 0.48 0.59 

Ca++ 2.63 3.15 3.25 3.35 

Mg++ 9.28 9.20 4.25 4.46 

 Soluble anions (mq/100g soil) 

CO-
3 0.00 0.00 -- … 

HCO-
3 1.17 2.12 5.00 5.50 

Cl- 17.13 14.63 10.00 10.00 

SO--
4 19.71 14.26 20.20 20.20 

 

Cultivation method and layout of Experiment: 
The soil was ploughed twice, ridged at 0.60 meter 

apart and divided into plots with area (30 m long x 4 

m width). During seedbed soil preparation, 150 

kg/fed calcium superphosphate (15.5% P2O5) and 

Nitrogen fertilizer (20 kg N Fed-1; 20.60 N% as 

ammonium sulfate) were applied. Recommended 

rates of Chickpea (Cicer arietinum L) were coated 

just before sowing with the bacteria inoculants, using 

Arabic gum (40%) as adhesive agent and were sown 

in hills 20 cm apart at the first week of November of 

2019/20 and 2020/21 winter seasons. Drip irrigation 

took place immediately after sowing and as plants 

needed during the period of experiment. Control 

treatment was irrigated with well water, while the 

other treatment (magnetized moderate saline well 

water) was irrigated with water after magnetization 

through passing into a two-inch magnetic unit 

(produced by NRC, 0.20 Tesla). Potassium fertilizer 

(24 kg Fed-1; 48 % K2O as potassium sulfate) was 

added during seed bed soil preparation and after one 

month from sowing. Others recommended 

agricultural practices for sowing chickpea was done 

according leaflet Agriculture Research Centre under 

this province condition. Chickpea was manually 

harvested on the second of May in both seasons. 

Data recorded: Growth parameters at 75 days 

after sowing: After 75 days from sowing (DAS), ten 

plants were randomly taken from each plot to record 

plant height (cm), fresh and dry weight (g Plant-1). 

Water content was determined using formula: WC = 

100× (fresh mass – dry mass)/fresh mass as described 

by (Henson et al. [33].  

Physiochemical analysis at 75 DAS:  
Photosynthetic pigments included Chlorophyll a 

(Chl a), chlorophyll b (Chl b) and carotenoids were 

determined using spectrophotometric by method 

described by [34]. Total phenol content measured as 

described by [35]. Indole acetic acid content were 

extracted and analyzed by the method of [36]. Proline 

and free amino acids were extracted as describes [37] 

and assayed according to [38]. Free amino were 

estimated according to [39]. 

Chickpea yield and its component: At harvest, a 

random sample of 10 plants was taken from each plot 

to determine plant height (cm), branches, pods and 

seeds (no. plant-1), pods and seeds weight (g plant-1) 

and 100-seeds weight (g). Plants in the three inner 

lines were harvested and their pods were air dried and 

threshed to calculate seed yield (Ardab fed-1; 

Fed=4200 m2). 

Nutritional value of yielded seeds: Macro (i.e., N, 

K, Ca and Mg; in ppm) and microelement (i.e., Zn 

and Cu in percentage) contents in dried seeds were 

determined. Total N was determined by using micro-

Kjeldahl method as described in AOAC [40].  

Potassium contents was done using a flame 

photometer. Mg, Zn and Cu were determined using 

the Atomic absorption spectrophotometer (Perkin 

Elemer 100 B). 

Statistical analysis: A student test (Independent t-

test) was also carried out to find the significant 
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differences between magnetic and nonmagnetic 

water treatments using SPSS program Version 16. 
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3. Results  

              3.1. Laboratory experiment: 

Seed germination and seedling attributes: Table 3 

show that significant increases were recorded 

regarding application of different magneto-priming 

seed treatments (T1-T5) compared to untreated 

(sowing dry seeds) on Seed Germination (G; %), 

Germination Index (GI), Speed Germination Index 

(SGI), Germination Energy (GE; %) and Germination 

rate (GR; day) of Chick-pea. As an average of all 

magneto-priming treatments (T1-T5), the 

improvement reached 7.31, 7.31, 20.79, 6.91 and 

5.34% in the above-mentioned parameters, 

respectively compared to untreated seed. Similar 

positive effect was observed in Mean Germination 

Time (MGT; day) where the seeds were faster 

germinated by 17.89% compared to control. Table 4 

and Fig 2 show similar positive effects where 

magneto-priming seed treatments (T1-T5) gave more 

values of seedling length (cm), seedling fresh and dry 

weight (g), seedling vigor-I and seedling vigor-II 

compared to untreated seeds. As an average of all 

magneto-priming treatments (T1-T5), the 

improvement percent reached 22.13, 29.41, 34.45, 

31.13 and 44.13% in the above-mentioned characters, 

respectively compared to untreated seed. 

Fig 1. Layout of experiment design under solid set sprinkler system. 

 

 

 

 

Table 3. Effect of Magneto-priming seed treatments on Seed Germination (G; %), Germination Index 

(GI), Speed Germination Index (SGI), Germination Energy (GE), Germination rate (GR; day) 

and Mean Germination Time (MGT; day) of Chick-pea 

Character 
G  

(%) 
GI SGI 

GE  

(%) 

GR  

(day) 

MGT  

(day)  
Treatment 

Control 83.33 3.33 14.19 83.33 0.924 1.38 

T1 91.67 3.67 17.57 90.00 0.976 1.12 

T2 87.50 3.50 16.79 87.50 0.968 1.16 

T3 91.67 3.67 17.72 91.67 0.982 1.09 

T4 86.67 3.47 16.56 86.67 0.977 1.12 

T5 89.63 3.59 17.09 89.63 0.965 1.17 

F test ** ** ** ** ** ** 

LSD 5% 2.04 0.14 0.53 2.04 0.025 0.05 

± percentage (average of T1-

T5) over control 
7.31 7.31 20.79 6.91 5.34 -17.89 
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Table 4. Effect of Magneto-priming seed treatments on seedling length (cm), seedling fresh and dry weight 

(g), seedling vigor-1 and seedling vigor-2 of Chick-pea at 12 days after planting 

Character Seedling 

length  

(cm) 

Seedling 

Fresh wt.  

(g) 

Seedling dry 

wt.  

(g) 

Seedling 

vigore-1  

(SV-I) 

Seedling 

vigore-2  

(SV-II) 
Treatment 

Control 15.25 0.63 0.072 1270.83 5.96 

T1 19.63 0.75 0.091 1798.96 8.37 

T2 18.13 0.96 0.113 1585.94 9.85 

T3 20.38 0.72 0.090 1867.71 8.25 

T4 19.38 0.77 0.092 1679.17 7.97 

T5 15.63 0.87 0.095 1400.46 8.49 

F test **  ** ** ** ** 

LSD 5%  1.39 0.03 0.02 52.81 1.03 

± percentage (average of 

T1-T5) over control 
22.13 29.41 34.45 31.13 44.13 

 

 

 

 

Control (Dry seeds) T1; (0.04-0.06 T) T2; (0.10 - 0.12 T)

T3; (0.18 - 0.24 T) T4; (0.26 - 0.28 T) T5; (0.30 - 0.32 T)  
 

Fig 2. Effect of Magneto-priming seed treatments on Chick-pea seedling growth  

 

3.2. Field experiments 

Growth criteria: Data recorded in table 5 and Fig 

3 show that irrigation plots with magnetized 

moderate saline water under drip irrigation system 

increased significantly Chick-pea growth at 75 days 

after sowing compared to irrigation with un-
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magnetized moderate saline water. The percentage 

of increments reached to 13.61, 26.10, 22.83 and 

1.28% in plant height, fresh & dry wt. (g plant-1) 

and water content (%), respectively.

 

 

Table 5. Comparison between magnetized and un-magnetized moderate saline water in chickpea 

morphological parameters at 75 days after sowing (Average of 2019/20 and 2020/21 winter 

seasons) 

 Treatment Mean ± Se 

p-value 

Increase 

(%) over 

control 

 Character 

Un-magnetized water 
Magnetized 

water 

Plant height (cm) 69.80 ± 0.94 79.30 ± 0.81 0.001 13.61 

Fresh weight (g  Plant-1) 20.31 ± 0.13 25.61 ± 0.68 0.001 26.10 

Dry weight (g  Plant-1) 7.53 ± 0.11 9.25 ± 0.19 0.001 22.83 

Water contents (%) 62.92 ± 0.49 63.72 ± 0.96 0.464 1.28 

 

 

 

Physiochemical contents at 75 DAS: Data in table 6 

shows the stimulatory effects of magnetized 

irrigation water on photosynthetic pigment contents 

(chlorophyll a, b, carotenoids, chlorophyll a/b and 

total pigment contents as compared to un-magnetized 

moderate saline water. The percent of increments 

reached to 10.69% at total pigment content and to 

12.35% at carotenoid contents. The same trend was 

observed in chemical constituents (i.e., total soluble 

sugar, total amino acids, total indole and total 

phenolic compounds) of chick pea plants at 75 DAS. 

Proline contents exhibited significant decrease in 

response to magnetized water treatments as compared 

with un-magnetized moderate saline water. The 

percent of increments changed according to the 

parameter determined. The increase percent reached 

to 8.35%, 18.57, 23.03 and 9.08 at the total soluble 

sugar, total amino acids, total indole and total 

phenolic compounds, respectively. While Proline 

content decreased by about -24.23% as compared to 

un-magnetized moderate saline water.  

 

Table 6. Comparison between magnetized and un-magnetized moderate saline water in chickpea 

photosynthetic pigment and some chemical contents parameters at 75 days after sowing 

(Average of 2019/20 and 2020/21 winter seasons) 

Treatment Mean ± Se 

p-value 

Increase or 

decrease (%) 

over control 

 Character 

Un-magnetized 

water 

Magnetized 

water 

P
h

o
to

sy
n

th
et

ic
 

p
ig

m
en

ts
  

(m
g

/1
0

0
 g

 f
re

sh
 

w
ei

g
h

t)
 

Chlorophyll (a)  8.88  ± 0.04 9.84  ± 0.03 0.001 10.78 

Chlorophyll (b) 0.92  ± 0.01 1.01  ± .01 0.002 9.64 

Carotenoids 0.083  ± .001 0.094  ± 0.001 0.002 12.35 

Chlorophyll (a+b) 9.81  ± 0.05 10.85  ± 0.02 0.001 10.67 

Total pigments 9.89  ± 0.04 10.95  ± 0.02 0.001 10.69 

Ch a/ch b ratio 9.59  ± 0.06 9.69  ± 1.04 0.461 1.05 

C
h

em
ic

a
l 

co
n

st
it

u
en

t

s 

Total soluble sugar (mg/g f. wt.) 234.92  ± 2.23 254.54  ± 4.59 0.018 8.35 

Total amino acids (mg/g f. wt.) 132.18  ± 0.50 156.73  ± 0.67 0.001 18.57 

Indole acetic acids (µf. g/g wt.) 89.80  ± 0.76 110.48  ± 1.11 0.001 23.03 

Phenol (mg/g f. wt.) 674.21  ± 1.02 735.44  ± 0.87 0.001 9.08 



 Hozayn M. et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. SI13B (2022) 

 

 

1324 

Proline (mg/g f. wt.) 55.87  ± 1.14 42.33  ± 0.42 0.001 -24.23 

 

Chickpea yield and its components and 

nutritional value of yielded seeds: Data tabulated 

in table 7 show that irrigation plots with 

magnetized moderate saline water under drip 

irrigation system increased significantly Chickpea 

yield and its components at harvest compared to 

irrigation with un-magnetized moderate saline 

water. The improvement reached 8.65% in plant 

height, 20.78, 25.54% and 25.51 in branches, pods 

and seeds number per plant, respectively, 23.71 and 

17.65 % in pods and seed weight (g plant-1) and 

8.07% in 100-seed weight (g), respectively. These 

increases reflected in improvement of seed yield 

(ardab fed-1) by 21.63%. Similar trends were 

recorded in nutritional value of yielded seeds (i.e., 

K, Ca and Mg; in percentage) and microelement 

(i.e., Zn and Cu in ppm) where application of 

magnetized irrigation water caused an increases by 

10.74, 4.23, 4.00, 4.65 and 7.65% in the above-

mentioned parameters, respectively compared to 

irrigation with un-magnetized water. While revers 

trend were recorded in Na contents, where 

decreased by 11.64%.   

 

Table 7. Comparison between magnetized and un-magnetized moderate saline water in chickpea yield and 

its components and nutritional value of yielded seeds at harvest. (Average of 2019/20 and 

2020/21 winter seasons) 

Treatment Mean ± SE 

p-value 

Increase 

or 

Decrease 

(%) over 

control 
 Character 

Un-magnetized 

water 

Magnetized  

water 

C
h

ic
k

 p
ea

 y
ie

ld
  

a
n

d
 i

ts
 c

o
m

p
o

n
en

ts
 

Plant height (cm) 78.23 ± 0.51 85.00 ± 1.03 0.001 8.65 

Branches (number plant-1) 6.99 ± 0.61 8.45 ± 0.19 0.004 20.78 

Pods (number plant-1) 15.40 ± 0.45 19.33 ± 0.47 0.001 25.54 

Seeds (number plant-1) 10.88 ± 0.23 13.66 ± 0.39 0.001 25.51 

Pods weight (g plant-1) 3.88 ± 0.05 4.80 ± 0.06 0.001 23.71 

Seeds weight (g plant-1) 3.40 ± 0.16 4.00 ± 0.26 0.045 17.65 

100-seed weight (g) 27.63 ± 0.21 29.86 ± 0.23 0.001 8.07 

Seed yield  (ardab fed -1) 5.29  ± 0.10 6.42  ± 0.12 0.002 21.36 

N
u

tr
it

io
n

a
l 

v
a

lu
e 

o
f 

 

y
ie

ld
ed

 s
ee

d
s 

K (%) 2.70  ± .03 2.99  ± 0.03 0.01 10.74 

Ca (%) 0.33  ± 0.02 0.34  ± 0.02 0.56 4.23 

Na(%) 0.071  ± .003 0.064  ± .003 0.11 -11.64 

Mg (%) 0.07  ± .003 0.08  ± .005 0.64 4.00 

Zn (ppm) 43.00  ± 1.15 45.00  ± 0.58 0.19 4.65 

Cu (ppm) 6.00  ± 0.86 6.50  ± 1.15 0.74 7.69 

 

4. Discussion 

Seed water absorption during imbibition for 

germinated seeds was depends on the physical water 

absorption of the protoplast colloid and also is 

independent of seed metabolism [41]. The water 

absorption rate and relative water absorption of 

cotton seeds to brackish water were lower than fresh 

water, which may be due to the increase in solute 

potential by ions in brackish water, and the inhibition 

of seed water absorption [42].  Magnetic application 

have significant stimulatory effects on seed 

germination and seedling growth processes. 

 The results obtained from laboratory 

experiment exhibited that all magneto-priming 

treatments (T1-T5) have positive impact on 

germination and seedling attributes of chick pea 

plants (Table 3). Their effect depends on many 

factors and it can also occurs through numerous 

ways: by enhancing water uptake rate, altering seed 



ALLEVIATION SALINITY STRESS IN GERMINATION, SEEDLING VIGOR, GROWTH, PHYSIOCHEMICAL,….. 

_________________________________________________________________________________________________________________

_ 

________________________________________________ 

Egypt. J. Chem. 65, No. SI13B (2022) 

1325 

surface structure, breakdown of endosperm’s food 

through higher hydrolytic enzyme activity, oxidative 

stress during priming process which accelerate 

overall development of seedling. These results are 

confirmed the findings by (Sharma et al., [43] on 

chickpea seeds. They also added that, according to 

germination activity, results indicate that, the 

exposure of seeds to magnetic field 100 mT 

considerably enhanced final germination count in 

comparison to untreated seed. These results are lined 

with the observations of Florez et al., [44] in case of 

maize in which seeds treated with magnetic field 

emerged quickly than untreated seeds. Higher and 

quicker germination in magnetically treated seeds 

was associated with altered hydrolytic enzymes 

activity inside the seed which leads to uniform 

germination [43]. 

 The stimulatory effect of magnetic 

treatments on seed germination and seedling growth  

may be due to the variation occurs in seed surface 

properties and more quick water uptake during 

magnetically treated seeds as compared with 

untreated control. These results are in good 

accordance with those obtained by Sharma et al., 

[43] on chick pea seeds. They also added that, 

magnetic treatments at different doses increased 

enzyme activities which reflects in rapid germination 

of treated seeds. Moreover, lower dose of magnetic 

treatment (100 mT) trigger greater activities, quick 

reduction in reserve food material and rapid 

germination of seed while high dose (200 mT) found 

inadequate to boost physiological and biochemical 

actions inside the chickpea seed.  

  In addition, the effect of magnetized water 

on seedling vigour I and seedling vigour II in our 

study (Table 4) are accompanied with the effect of 

different magnetic treatments on water quality. The 

same results were obtained by Liu et al., [45] who 

suggested that, magnetized brackish water can 

promote the accumulation of total biomass of cotton 

seedlings by improving the dry matter ratio of roots 

to absorb more water and nutrients and it depends on 

water quality. In this regard, Iderawumi and Friday 

[46], reported that, application of magnetic 

treatments (0 -250 mT in steps of 50 mT for 1–4 h) 

significantly stimulated speed of germination, 

seedling length and seedling dry weight compared to 

unexposed control in chickpea (Cicer arietinum).   

  Recently, Zhang et al. [42], concluded that, 

magnetized water had the greatest effect on the 

germination of cotton in the first four days after 

sowing, and the effect of magnetized brackish water 

on the germination of cotton seeds was greater than 

magnetized fresh water. They also added that, 

magnetized water treatment improved the relative 

water absorption capacity and water absorption rate 

of cotton seeds, which indicated that the water 

absorption of seeds was associated with the physical 

and chemical properties of irrigation water. After 

magnetization of the irrigation water, the surface 

tension and contact angle of water were decreased, 

and the pH, osmotic pressure, and solubility 

increased. 

  Under field conditions, Magnetic treatments 

used as promising technology to relieve saltiness. 

Magnetic application reduces the saltiness degree in 

irrigation water, lowers soil alkalinity, and it’s the 

high leaching of excess soluble salts [14]. Our results 

exhibited the beneficial effects of applying the 

magnetic treatment in irrigation water that promoted 

crop growth and yield (Tables 5-7) of chickpea plant 

grown under moderate salinity irrigation water. These 

results are in good accordance with those obtained by 

Hozayn et al., [17, 18] without any destructive or 

harmful impact on several tested crops. Since 

magnetic treatment of water does not add or remove 

any substance in the water itself, it is considered a 

harmless and environmentally friendly technology 

[12].  

  Results (Tables 5) indicated that, application 

of magnetized water promote growth criteria of 

chickpea plants grown under moderate saline water 

irrigation. These results may be attributed to the 

promotive roles of magnetic technology in all 

physiological parameters as cell divisions, mitosis, 

and cell metabolism. It also may be due to their role 

in increasing photosynthetic pigment contents (Table 

6), total IAA content (Table 6) with significant values 

over un-magnetized moderate saline water (control 

plants). These results are similar to those obtained by 

several authors who concluded that, magnetic 

treatments can be affecting on mitosis of 

meristematic cells, cell division, protein biosynthesis 

that reflecting on the change in plant growth and 

development [15, 47, 49] on chickpea, wheat, and 

canola plants, respectively. Also, the increasing in 

growth criteria as a results of magnetic water 

treatments may be due to their effects on phyto-

hormone production, stimulated mobile forms of 

fertilizers, enhanced water absorption, promoted 

moisture content, stimulated photosynthetic 

pigments, promoted endogenous IAA and improved 

the activity of the bio-enzyme systems consequently 

growth improvement of orange plant [50]. Moreover, 

the enhancing and stimulating of overall growth 

parameters in magnetically treated Vigna unguiculata 

plants than those of treated with tap water may be 

due to the higher crop growth rate, net assimilation 
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rate of nutrients and higher tissue water contents in 

those plants treated with magnetized water than the 

control plants [51].  

  The significantly increases in the 

photosynthetic pigment contents in chickpea plants 

under this study (Table 6) as a result of magnetic 

water treatments may be attributed to the protective 

role of magnetic treatment to the chloroplast. These 

results are in agreement with the previous results on 

several plants, Zea mays, soy bean, moringa and 

hyssop grown under different stresses conditions, 

[52-54]. They also added that, the stimulatory effect 

of magnetic treatment may probably due to reduction 

of ROS and stabilization of chloroplast ultra-

structure. In this regard, Elkholy et al., [55] 

concluded that, magnetic treatments enhanced all 

photosynthetic pigments contents in leaves at all 

salinity levels of rosemary plant. They also added 

that, magnetic water can alleviate (to some extent) 

the harmful effects occurs during salinity.    

  The stimulatory effects of magneto-priming 

treatment on osmoprotectant (total soluble sugar, 

total amino acids, total phenolic compounds and 

proline) and total indole molecules in chick pea 

plants under this study (Table 6) may be attributed to 

the role of magnetic treatment on change the mineral 

contents of the soil and also increase the availability 

of fertilizers consequently increase the mineral up 

take and increases all above mentioned 

osmoprotectant and IAA in plant. Moreover, the 

increment on TSS may be parallel to the increases in 

photosynthetic pigment contents at this study (Table 

6). The same results were recorded by El-Khayat 

and Abdellwahd [56] on orange who reported that, 

TSS of orange increased as a result of applying 

magnetized water which caused an increase of 

nutrients observation from the soil and increases the 

efficiency of transpiration of these nutrients inside 

the plants as compared with control. Also, Dannielly 

et al., [57] suggested that, irrigation with this 

magnetized water had a stimulatory effect on TSS 

and total carbohydrates that related to the increase of 

photosynthetic pigments in tomato plant. According 

to increasing IAA content in response to magnetic 

water treatment, Podle´sny et al., [58] concluded 

that, The presowing treatment of pea seed with 

alternating MFs of 50 Hz (30 and 85 mT) caused a 

significant increase in the IAA level in the 

germinating seeds (end-point analysis), as well as in 

young stems and roots. Cecchetti et al. [59] showed 

that, EMFs caused a strong and significant increase 

of 36% in the IAA level in the whole big seeds 

compared to their untreated control. Also, Liu et al., 

[60] concluded that, magnetic treatment could 

promote nitrogen assimilation and the free amino 

acids production through enhancing the key enzymes 

activities.  

 Phenolic compounds, one from the most important 

secondary metabolites, naturally aggregate in plants, 

and as non-enzymatic antioxidants, act a vital role in 

plants tolerance to stressful conditions, [61]. In this 

regard, Azizi et al., [62] concluded that, application 

of magnetic treatment on tea plant promoted the 

production and accumulation of phenolic compounds 

in cell vacuoles, cell walls and trichomes of 

epidermal layers of plant, consequently protect other 

organelles (chloroplasts) under stress condition. Also, 

Upadyshev et al., [63] recorded that, the pulsed and 

rotating magnetic fields’ complex effect resulted in 

enhancement of phenolic acid accumulation by about 

71%, in Raspberry plants compared to the untreated 

control.  

  Proline act as osmoprotectant agent in plants 

grown under different stress conditions. Magnetic 

treatment decreased significantly proline contents in 

chick pea plants grown under moderate salinity water 

(Table 6).  In this regard, Mahmoud et al., [50] found 

that, seedlings with magnetic water treatment (MWT) 

decreased the proline content significantly of the 

orange species. They added that, irrigation with 

magnetized water significantly helped to ameliorate 

the stress conditions on phenol and proline contents. 

They added that, decreasing proline content 

according to M. wt. treatments means the plant were 

not affected up to 2000 ppm of water salinity to the 

point of feeling threatened and forced to increase 

proline. In addition Okba et al., [64] reported that, the 

increase in leaf chlorophyll, associated with the 

decrease in proline contents of MW compared with 

those received no MW, suggested a positive role of 

MW and proline mitigating the deleterious effects of 

salinity and drought stress. 

  Chick pea yield and its attributes were 

increased in response to irrigation with magnetized 

water as compared to plant grown under un-

magnetized moderate saline water (Table 7). The 

increment in yield of chick pea and yield attributes 

may be due to the stimulatory role of magnetic 

treatment in growth parameters, photosynthetic 

pigment contents, osmoprotectants and total IAA 

contents in plants under this study (Tables 5, 6). 

These results are in accordance with those obtained 

by of [65-70] on several plants.  

  In this connection, Abobatta [71] reported 

that, irrigation with MTW can stimulate the growth 

and development of plants both quantitatively and 

qualitatively. It also induce seeds germination, early 

vegetative development and mineral contents of 

seeds, plants or fruits. In addition, application of 

magnetic water treatment improve plant production, 
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promote water use efficiency, reduced soil pH, and 

increased available nutrient in several plants. 

Moreover, MTW induced significant stimulatory 

effect on mobility and uptake of micronutrient 

concentration and stimulate growth criteria, 

consequently all these characters reflected in 

improving biomass and total yield.  

 

Conclusion 

Application of different magneto-priming 

seed treatments (0.05, 0.11, 0.19, 0.27, 0.31 Tesla) 

improved G; %, GI, SGI, GE; %, GR; day, seedling 

length (cm), seedling weight (g), seedling vigor-I and 

vigor-II of Chickpea as compared to the untreated 

seeds (sowing dry seeds) under laboratory conditions.  

Under field conditions, irrigation plots with 

magnetized water induced positive significant effect 

in Chickpea growth, pigments and physiochemical at 

75 DAS, yield components, yield (ton fed-1) and 

nutritional value of yielded seeds at harvest under 

drip irrigation system. Under conditions of 

experiments, could be concluded that application of 

magnetized water and seed technology could 

alleviate salinity irrigation water stress which 

resulted in improvement of growth and productivity 

of Chickpea under Nubaria region. 
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