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Abstract 

Among the main environmental problems in arid and semi arid regions is the shortage of 

freshwater. To overcome this problem, lower quality-water, such as saline groundwater, is 

widely used. The use of saline water after magnetization could be a solution of the 

problem of water scarcity. This study examines the effects of water magnetic treatment 

on physiological responses of tomato seedlings. These plants were subjected to two kind 

of irrigation: potable water (EC: 2.5 mS/cm) and saline water from groundwater (EC: 7.5 

mS/cm). The results collected during this study suggest that the effects of magnetic 

treatment varied with the type of irrigation water used. In particular, the magnetic 

treatment of saline water increased tomato dry weight significantly as compared to 

potable water. Irrigation with magnetic saline water indicate some beneficial effect on the 

seed germination, photosynthetic pigments, photosynthesis and stomatal conductance of 

tomato seedlings under controlled environmental conditions. The malondialdehyde 

content in leaves decreased when the tomato seedlings was irrigated with potable water, 

magnetic potable water and magnetic saline water, but increased with non magnetized 

saline water. The malondialdehyde content and activities of superoxide dismutase (SOD) 

and glutathione peroxidase (GPx) in leaves increased significantly with irrigation by non 

magnetized saline water. The positive effects were more pronounced for magnetic 

treatment of saline water. This study suggests that the effects of magnetic treatments act 

as a protective factors against water salinity. 

 

Key Words:  Water magnetic treatment, Seedlings growth, Antioxidant enzymes, 

Physiological responses 

This work is licensed to the publisher under the Creative Commons Attributions License 4.0 



132 

 

Introduction 

In arid and semi-arid regions water is 
a primary resource limitation to plant 
growth (McLendon et al., 2008). These 
environments are exposed to extreme 
deficits of water during the largest part of 
the year due to low rainfall and relatively 
high evapotranspiration rates. Therefore, 
agriculture in these regions relies on 
irrigation. Among the main 
environmental problems in these regions 
is the shortage of freshwater. To raise this 
problem, lower quality-water, such as 
saline groundwater, is widely used 
(Feikema et al., 2010; Verma et al., 
2012). Groundwater salinity generally 
exceeded 3 g/l. Salinity stress was the 
most serious abiotic stress factors causing 
environmental problems and limiting 
growth. Salt stress affects plant 
physiology, both at whole plant as well as 
cellular levels, through osmotic and ionic 
stress. It affects plant water relations 
negatively, which results a physiological 
drought or osmotic stress (Munns, 2002; 
Rady, 2011). The major physiological 
characteristics, such as photosynthesis, 
proteins, lipids and chlorophyll were 
affected under salt stress (Rady, 2011; 
Kahrizi et al., 2012).  

In recent years, to resolve the 
problems of water scarcity and its salinity 
much research carried out on effect of 
magnetic field in water treatment to 
enhancement its productivity 
Maheschwari, 2009; Aladjajian, 2010). It 
is advanced that the main magnetic 
effects concern the association of ions 
which are involved in the nucleation 
process of calcium carbonate 
precipitation. Therefore, magnetic 
treatment (MT) affects dispersion 
solubility, crystallization, hydration of 
ions and hydrodynamics of fluid flow 
(Alimi et al., 2006). Alimi et al. (2009) 

showed that MT affect calcium carbonate 
crystallization by increasing the total 
precipitate quantity and by favoring its 
formation in the bulk solution instead of 
its incrustation on the walls.  Colic and 
Morse (1999) indicates that magnetic 
field and/or electromagnetic field can 
produce small amounts of free radicals 
and hydrogen peroxide and it is well 
known to biologists that these small 
amounts of hydrogen peroxide enhance 
plant growth.  

In general, the literature reveals that 
there are some beneficial effects of 
magnetic field or treatment on plant 
growth and other physiological 
parameters. For example, Maheshwari 
and Grewal (2009) showed an increase in 
water productivity in crop production 
with magnetically treated water.  Noran 
et al. (1996) reported differences in the 
concentrations of K, N, P, Ca, Mg and Na 
in soils irrigated with magnetically 
treated water when compared those with 
normal water. Maheshwari and Grewal 
(2009) showed a decrease in soil pH after 
magnetically treated water treatment. 
Organic acids released in rhizosphere 
may be responsible for desorption of P 
and K, and thus making these nutrients 
more available to plants.  Podleoeny et 

al. (2004) studied the effects of magnetic 
treatment by exposing the broad bean 
seeds to variable magnetic strengths 
before sowing and observed marked 
beneficial effects on seed germination. 
Reina et al. (2001) found significance 
increase in the rate of water absorption 
accompanied with an increase in total 
mass of lettuce with the increase of 
magnetic force. Magnetic fields can 
influence the root growth of some plant 
species (Turker et al., 2007; Grewal and 
Maheshwar, 2011). Turker et al. (2007) 
reported a beneficial effect of magnetic 
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field on root dry weight of sunflower 
plants, but there was an inhibitory effect 
of magnetic field on root dry weight of 
maize plants.  

Therefore, the aim of this study was 
to investigate the effects of magnetically 
treated irrigation water (saline water and 
tap water) on some physiological traits of 
tomato (Solanum lycopersicum) seedlings 
grown under controlled conditions. 
 

Materials and Methods 

Experimental Conditions: The 
experiments performed in a glasshouse 
located at Engineering school. The 

composition of potable water and saline 
water from groundwater is presented in 
table 1.  The respective electrical 
conductivity (EC) is 2.5 and 7.5 mS/cm. 
The soil was dominated by sand (65 %) 
and silt (28.6%), with smaller proportions 
of clay (6.4%). Tomato seeds (Solanum 

lycopersicum L. cv. Chebli) were 
germinated on wet filter paper in 
darkness at 25 ±2 °C for 7 days. 
Following germination, seedlings of 
approximately equal size were transferred 
into 3-L pots. The pots for each kind of 
water were irrigated twice on a week.  

 
Table 1: Effects of magnetic treatment on mean values of pH, EC, salinity, macro and 
micronutrients concentrations in different types of irrigation waters. 

 
The different type waters were treated 

with a magnetic device before applying 
to the plants. Magnetic treatment device, 
supplied by SOFILTRA, with its 
magnetic field of 0.85 T was used for the 
magnetic treatment of irrigation water.  

For growth measurement, at the end 
of the experiment the plant samples were 
washed with distilled water to remove the 
mechanically adhering impurities, dried 
with filter paper and immediately used 
for biomass determination. Leaves, stems 
and roots were separated. Plant tissues 
were oven-dried at 60 °C until reaching a 

constant weight, and dry weights were 
recorded. The plant tissues were ground 
for chemical analysis. All analyses were 
done in triplicate.  

Water Analysis: The chemical 
parameters of the studied water samples 
were determined by standard methods. 
The pH of water samples was determined 
using a pH meter (Model EA940, Orion, 
USA) and the conductivity was measured 
by a conductivity meter (Model WTW 
LF 90). Total nitrogen was determined by 
Kjeldahl (1883) method. K, Na, Ca and 
Mg were determined by atomic 

 Potable water saline water 
 Control magnetic water Control magnetic water 
pH 7.97±0.1 8±0.15 7.75±0.02 7.91±0.04 
EC (ms/cm) 2.5±0.3 2.5±0.1 7.5±0.15 7.4±0.1 
Salinity (g/l) 1.85±0.2 1.85±0.1 5.62±0.15 5.6±0.1 
Ca2+ 184±3 188±7 805±6 800±8 
Mg2+ 77± 2 73±5 205±3 201±2 
Na+ 381±6 390±8 830±6 840±2 
K+ 13±0.8 13.3±1 17±1 17±2 
HCO3

- 228±6 228±8 128±5 108±3 
Cl- 670±8 660±14 1400±13 1400±20 
SO4

2- 440±10 430±15 2250±20 2280±10 
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absorption spectrophotometry (Thermo 
Scientific EC 3200). 

Germination Bioassay: Ten seeds 
from tomato (Solanum lycopersicum) 
were placed on filter papers in glass Petri 
dishes with dimensions 110 mm x 20 
mm. 10 ml of each water samples were 
then uniformly added to each dish. The 
dish was capped and kept in a dark 
incubator at 25°C temperature for 5 days. 
10 ml of distilled water were used for the 
controls, instead of saline or tap water.  A 
germination index (GI) was calculated by 
accounting the number of grown seeds 
and the average sum of seeds’ root 
elongation in a sample as related to the 
control (Zucconi et al., 1981). Results 
were finally expressed as a percentage.  

Leaf Gas Exchange Measurements: 
After 60 days of growth, the 
measurements of photosynthetic activity 
(Pn) were carried out on leaves selected 
from the median part of the shoots 
(Elloumi et al., 2014a, b). Pn was 
measured on well-exposed three leaves 
per plant from four plants per treatment 
from 10:00 to 11:00 pm using a portable 
gas exchange system (Li-Cor Inc.6200). 
Stomatal conductance rate was evaluated 
by a portable porometer (Steady State 
Porometer model MK III, DELTA –T 
DEVICES). 

Chlorophyll and Carotenoids 
Concentrations: Chlorophylls a and b 
and total carotenoids were extracted in 
80% acetone. The concentration of each 
pigment (as μg/ml) was calculated 
according to the formulae of 
Lichtenthaler (1987). 

Enzyme Determinations and Lipid 
Peroxidation: At the end of the 
experiment, plants used for enzyme 
determinations were removed carefully 
from the soil in the early morning. 
Soluble protein and antioxidant enzyme 

activities of roots and leaves were 
determined spectrophotometrically. 
Using a pre-cooled mortar and pestle, 0.5 
g of  leaf or root tissues were 
homogenized in 0.8 ml of 100 mM ice-
cold potassium phosphate buffer (pH 7.0) 
containing 0.1 mM ethylene diamine 
tetraacetic acid (EDTA), 1 mM phenyl 
methyl sulfonyl fluoride (PMSF) and 
3.75% polyvinylpyrrolidone (PVP). The 
homogenates were centrifuged at 15,000 
g for 15 min and the supernatants used 
for the determination of soluble protein 
and enzyme activities. All procedures 
were performed at 0–4°C. The content of 
soluble protein was estimated from leaf 
and root samples using the method of 
Lowry et al. (1951). SOD (EC: 1.15.1.1) 
activity was determined with the method 
of Giannopolitis and Ries (1977) 
following the inhibition of photochemical 
reduction due to nitro-blue tetrazolium 
(NBT). Activity of GPx (EC: 1.11.1.9) 
was determined using the method of 
Flohe and Gunzler (1984)  by monitoring 
the decrease in absorbance at 340 nm for 
1 min.  

Lipid peroxidation was estimated by 
measuring the level of thiobarbituric acid 
reactive substances (TBARS) in plant 
tissue extracts (Esterbauer, 1993). 

Statistical Analysis: All statistical 
analyses were performed using analysis 
with SPSS version 17 software. Duncan 
multiple range test was performed to test 
the significance of difference between the 
treatments. 

 
Results and Discussion 

Water Properties 

The mean values of pH, EC, Ca, Mg, 
Na, K, Cl, HCO3

- and SO4
2- of different 

irrigation water types before and after 
magnetic treatment are presented in Table 
1. The variation of pH did not exceed 
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0.15 units for saline water, while there is 
no apparent trend for pH values over 
potable water with magnetic treatment. 
As far as the soil electrical conductivity, 
no significant difference was noted 
between the magnetic treatment and the 
control over the two water kinds. The 
values of Ca, Mg, Na, Cl, Na, K, HCO3

- 
and SO4

2- contents of different water 
types were not affected by magnetic 
treatment of water. Saline water had 
greater Ca, Mg, Na, K, HCO3

- and SO4
2- 

content compared with tap water (Table 
1). Our results are consistent with those 
of Maheshwari and Grewal (2009) who 
reported that the values of N, P and K 
contents of different water types 
(recycled water, tap water and saline 
water) were not affected by magnetic 
treatment of water. Similarly, Alimi et al. 
(2009) have signaled that the magnetic 
treatment did not induce any significant 
CO2 departure due to water agitation, and 
that no CaCO3 particles could be formed 
during the treatment time.     
Germination Bioassay 

After the water magnetic treatment, 
the tomato germination index showed 
values above 105% in all the treated 
water when compared to the control 
water (Figure 1). However, the results 

with the untreated saline and potable 
water presented a decrease in germination 
index of 23% and 45% when compared 
to the control (distilled water). Regarding 
sensitivity to the salt, Solanum 

lycopersicum showing a great reduction 
in germination (GI= 55%). In spite of this 
decrease, the GI values remained 
between 50–80% indicates moderate 
toxicity. According to Zucconi et al. 
(1985), GI≥80% indicates no presence of 
phytotoxic substances; GI between 50–
80% indicates moderate toxicity, 
GI≤50% indicates high toxicity and 
values greater than 100% shows a 
beneficial effect on seed growth (Komilis 
and Tziouvaras, 2009). Our results 
demonstrate clearly the beneficial effect 
of magnetic treatment on seed 
germination of Solanum lycopersicum 
(GI>100%). Selim (2008) reported that 
the effect of magnetic treatments of seeds 
and irrigation water on seedling of some 
filed crops such as wheat and barley 
grown in saline sandy soil has come to be 
the most effective treatment in seed 
germination as compared with control. 
Guo et al. (1994), reported that 
magnetizing seeds is very efficient to 
increase the number of germinating seeds 
and to hasten the germination process. 
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Fig. 1: Germination index (GI) obtained for Solanum lycopersicum seeds 
 
Effects on Growth 

As seen in Table 2, after 60 days of 
irrigation with saline magnetic water, the 
dry weight of the leaves, stems and roots 
of the tomato seedlings increased as 
compared to seedlings irrigated with non 
magnetized water. The improvement for 
magnetic saline water over control 
treatment reached to 137% for leaves dry 
weight (mg/plant), 29% for stems dry 
weight (mg/plant) and only 3% for roots 
dry weight (mg/plant), while for potable 
water no significant difference was noted 
for control and magnetic water. These 
results are in conformity with those 
obtained by De Souza et al. (2006) on 
tomatoes, who found a significant 
increase in dry weights of root, shoot and 
whole plants as a result of treating plant 

with magnetic technologies. Selim and 
Nady (2011) reported that there was 
significant increases in plant height, root 
length, number of leaves, leaf area, fresh 
and dry weights of different organs, 
specific leaf area, leaf area ratio, leaf 
weight ratio and leaf area index of tomato 
plants as a result of the application of 
magnetic technologies. Abdul Qados and 
Hozayn (2010) reported that the 
simulative effect of magnetized water on 
growth parameters may be attributed to 
the induction of cell metabolism and 
mitosis. Several research noted the 
simulative effect of magnetized water on 
growth parameters of different plant 
species (Yaycih and Alikamanoglu, 
2005; Celik et al., 2008; Nasher, 2008). 
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Table 2: Effects of magnetic treatment of irrigation water types on mean values of leaves, 
stems and roots dry weight of tomato seedlings.  
 Leaf dry weight Stem dry weight Root dry weight 
Water source    
Control    
Potable water 555.7±13.3a 345.3±8.1a 148.7±35.2a 
Saline water 126±5.2c 200.6±4c 70.3±5.7b 
Magnetic water    
Potable water 540±9.2a 326.7±23.8a 147.7±10.9a 
Saline water 299.3±3.1b 258.7±42.1b 72±1.7b 
Means with different letters indicate a significant difference at P ≤ 0.05 using Duncan multiple 
range test 
 
Photosynthesis and Chlorophyll 

Contents 
The response of photosynthesis and 

stomatal conductance to magnetic water 
treatment is shown in Figure 2. There 
was a tendency for higher photosynthetic 
rates in the tomato seedlings irrigated 
with potable water compared to these 
irrigated with saline water. Net 
photosynthetic rate (Pn) showed an 
increasing trend with magnetic water 
treatment. While the level of Pn with 
magnetic saline water treatment increased 
by 80% compared with control. 
However, with magnetic potable water, it 

exhibited an increase only by 30%. 
Similar trends were observed for Gs with 
the magnetic treatment for the two water 
kinds.  Gs values were all substantially 
increased compared to the control values. 
There were several possible explanations 
for the close relationship between Pn and 
Gs under the water magnetic treatment. 
For example, the variation in Pn may be 
largely a result of variations in Gs, 
caused by adjustments in stomatal 
aperture (Chen et al., 2010). The Pn is 
determined by stomata closure, which is 
controlled by turgor pressure of the leaf 
cells. 

 
Fig. 2: Net photosynthetic rate (Pn, µmol CO2 m-2 s-1) and stomatal conductance (Gs, 
mmol m-2 s-1) of tomato seedlings irrigated with magnetic water 
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The photosynthesis pigments 
expressed as chlorophyll a, chlorophyll b, 
total chlorophyll and carotenoids value in 
tomato leaves is illustrated in Table 3. 
After the irrigation with saline water 
chlorophyll a, chlorophyll b, total 
chlorophyll and carotenoids values 
decreased as compared with those 
irrigated with tap water. Our results show 
also that magnetic treatment increased 
significantly the contents of chl a, b and 
total chlorophyll in  leaves of tomato 
seedlings irrigated with  saline and 
potable water as compared to the plants 

irrigated with non magnetic water. The 
stimulating effect of magnetic treatments 
on photosynthesis pigments may be due 
to increasing stomatal conductance, 
which leads to increase photosynthetic 
efficiency. Selim and El-Nady (2011) 
reported that the stimulating effect of 
magnetic treatments on photosynthetic 
pigments may be due to increasing 
proline content. This rise in proline 
content increased the number of some 
ions such as Mg2+ needed for 
chlorophyll synthesis and/or K+ (Garcia-
Reina and ArzaPascual, 2001).  

 
Table 3:  Effects of magnetic water treatment on chlorophyll a (Ca), chlorophyll b (Cb), 
the ratio of Ca/Cb, total chlorophyll (Ca+b), carotenoid (Cx+c) and the ratio of Ca+b/Cx+c 
in Solanum lycopersicum. 

Potable water  Saline water 
  Control magnetic water Control magnetic water 
Ca 11.9±0.48c 13.8±0.01d 7.4±0.16a 8.7±0.02b 
Cb 6.08±0.95c 12.20±0.07d 5.01±0.15a 5.26±0.21b 
Ca+b 17.98±1.3c 25.97±0.08d  12.53±1.20a 14.01±0.20b 
Cx+c 2.40±0.48c 1.98±0.79b 1.69±0.07a 1.48±0.33a 
Ca/Cb 1.95 1.13 1.46 1.66 
Ca+b/ 
Cx+c 7.47 13.07 7.39 9.44 

Means with different letters indicate a significant difference at P ≤ 0.05 using Duncan multiple 
range test 
 

Our results showed a decrease in 
carotenoid content in different water 
magnetic treatment. Carotenoids, non-
enzymatic antioxidant, play a significant 
role in the protection of chlorophyll 
pigment under stress conditions by 
quenching the photodynamic reactions, 
replacing peroxidation and collapsing of 
membrane in chloroplasts (Kenneth et al., 
2000). 
Leaves Damage Endpoint Responses 

Irrigation of tomato seedlings with 
saline water induced lipid peroxidation in 
leaves (Figure 3). The level of lipid 
peroxides, expressed as thiobarbituric 

acid reactive substances (TBARS). 
TBARS is the product of membrane lipid 
peroxidation, and its content reflects the 
degree of cell membrane damage when 
exposed to reactive oxygen 
species (ROS). In the present study, the 
TBARS formation significantly increased 
in leaves of tomato seedlings irrigated 
with saline water (Figure 3). Several 
researchs reported an increase in TBARS 
under salt stress (Sairam et al., 2002; 
Yildiztugay et al., 2014). After the 
magnetic treatment of saline water, the 
leaves TBARS contents decreased to 
1.1nmol mg-1 protein. TBARS content in 
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leaves decreased remarkably due to the 
magnetic treatment of saline water. In 
leaves irrigated with saline water, 
magnetic treatment decreased TBARS 
acuumulation, which indicated that 
oxidative stress by magnetic treatment 

can be prevented by decreasing saline 
stress. The increase of TBARS formation 
is a direct consequence of increased ROS 
formation and thus of unsaturated fatty 
acid peroxidation. 

 
Fig. 3:  Effect of magnetic treatments on lipid peroxidation (TBARS) in tomato seedlings. 
Means with different letters indicate a significant difference at P ≤ 0.05 using Duncan 
multiple range test. 
 

Altered activities of antioxidant 
enzymes and antioxidants have been 
commonly reported and are frequently 
used as indicators of oxidative stress in 
plants (Mittler, 2002). Of the common 
antioxidant enzymes, Superoxide 
dismutase (SOD) is considered as the 
vital first-line defenses against oxygen 
toxicity (Üner et al., 2005). For all 
enzymes tested in this experiment, SOD 
and glutathione peroxidase (GPx) 
activities increased significantly in 
tomato seedlings irrigated with saline 
water compared to plants irrigated with 
potable water. In leaves of saline water 
treatment, the SOD activity was 1.28 fold 

higher than those of potable water treated 
plants (Figure 4). For the GPx activity, 
this increase was 1.33 times. Results 
show that leaves of tomato seedlings 
treated with magnetic saline water 
presented significantly lower activities of 
SOD and GPx than tomato seedlings 
treated with non treated saline water. The 
activities of SOD and GPx in leaves of 
tomato seedlings irrigated with magnetic 
saline water were similar to that 
magnetized tap water and non 
magnetized. The beneficial effect of 
magnetic treatment was more significant 
for saline water than with tap water.  
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Figure 4.  Effect of magnetic treatments on the activities of Superoxide dismutase (SOD) 
(A) and Guaiacol peroxidase (GPX) (B) in tomato seedlings 
Means with different letters indicate a significant difference at P ≤ 0.05 using Duncan multiple 
range test 
 
Conclusion 

The current study demonstrates some 
beneficial effects of magnetically treated 
water and plays an important role in the 
protection of tomato seedlings against the 
adverse effects of salt stress. The 
beneficial effect of magnetic treatment 
was more significant for saline water than 
with tap water. Besides, magnetic 

treatment play a critical role in tomato 
seedlings irrigated with saline water by 
protecting photosynthetic activity and 
elevating oxidative stress that derived 
from salt stress. 
 

References 

Abdul Qados, A.M.S. and Hozayn, M. 
(2010). Magnetic water technology, 

Effects of Magnetic Saline Water Application................ELLOUMI et al. 



141 

 

a novel tool to increase growth, 
yield and chemical constituents of 
lentil (Lens esculenta) under green 
house condition. American-

Eurasian Journal of Agricultural 

& Environmental Sciences, 7: 457-
462.  

Alimi, F., Tlili, M.M., Ben Amor, M., 
Maurin, G. and Gabrielli. C. (2009).  
Effect of magnetic water treatment 
on calcium carbonate precipitation: 
Influence of the pipe material. 
Chemical Engineering and 
Processing 48: 1327–1332. 

Alimi, F., Tlili, M., Gabrielli, C., Maurin, 
G. and Ben Amor. M. (2006).  
Effect of a magnetic water 
treatment on homogeneous and 
heterogeneous precipitation of 
calcium carbonate.  Water 

Research, 40:1941–1950. 
Çelik, Ö., Atak,  Ç, and Rzakulieva, A. 

(2008).  Stimulation of rapid 
regeneration by a magnetic field in 
paulownia node cultures. 

Journal of Central European 

Agriculture, 9: 297 –303.  
Chen, X.H., Zhuang, C.G., He, Y.F., 

Wang, L., Han, G.Q., Chen, C. and 
He, H.Q. (2010). Photosynthesis, 
yield, and chemical composition of 
Tieguanyin tea plants (Camellia 

sinensis (L.) O. Kuntze) in response 
to irrigation treatments. 
Agricultural Water Management, 
97: 419–425. 

Colic, M. and Morse, D. (1999).  The 
elusive mechanism of the magnetic 
‘memory’ of water. 
 Colloids and Surfaces, A 154:167-
174. 

De Souza, A., Garcia, D., Sueiro, L., 
Gilart,   F., Porras, E. and Licea. L. 
(2006). Pre-sowing magnetic 
treatments of tomato seeds increase 

the growth and yield of plants. 
Bioelectromagnetics, 27: 247-257.  

Elloumi, N., Zouari, M. Chaari, L., 
Jomni, Ch., Ben Rouina, B. and 
Ben Abdallah, F. (2014a). 
Ecophysiological responses of 
almond (Prunus dulcis) seedlings to 
cadmium stress.  Biologia, 69: 604-
609. 

Elloumi, N., Zouari, M., Chaari, L., Ben 
Rouina, B., Ben Abdallah, F. and 
Kallel, M. (2014b). Morphological 
and physiological changes 
induced in Olea europaea 
and Prunus dulcis exposed to air 
fluoride pollution. Brazilian 

Journal of Botany. DOI 
10.1007/s40415-014-0112-z. 

Esterbauer, H. (1993). Cytotoxicity and 
genotoxicity of lipid-oxidation 
products. The American Journal of 

Clinical Nutrition, 57: 779–785. 
Feikema,  P.M., Morris, J.D.  and 

Connell, L.D. (2010). The water 
balance and water sources of a 
Eucalyptus plantation over 
shallow saline groundwater.  Plant 

and Soil, 332: 429-449.  
Flohe, L. and Gunzler, W.A. (1984). 

Assays of glutathione peroxidase.  
Methods in Enzymology, 105:114–
121. 

Garcia-Reina, F. and Arza Pascual, L. 
(2001).  Influence of a stationary 
magnetic field on water relations in 
lettuce seeds. Part I: theoretical 
considerations.  
Bioelectromagnetics,  22: 589–595.  

Giannopolitis, C.N. and Ries, S.K. 
(1977).  Superoxide dismutase. I. 
Occurrence in higher plants. Plant 

Physiology, 59: 309- 314.  
Grewal, H.S.   and Maheshwari, B.L. 

(2011). Magnetic treatment of 
irrigation water and snow pea and 

Ethiopian Journal of Environmental Studies and Management Vol. 11 no.2 2018 



142 

 

chickpea seeds enhances early 
growth and nutrient contents of 
seedlings.  Bioelectromagnetics, 32: 
58-65. 

Guo, L., Kai, Z. and Yali, H. (1994). 
Germination test of seeds treated by 
magnetized water and rare earth 
fertilizer solution. Particular and 
rare earth fertilizer solution.  
Particular Science, 11: 1. 

Kahrizi, S., Sedghi, M. and Sofalian, O. 
(2012).  Effect of salt stress on 
proline and activity of antioxidant 
enzymes in ten durum wheat 
cultivars. Annals of Biological 

Research, 3: 3870-3874.  
Kenneth, E., Pallet, K.E.  and Young, J. 

(2000). Carotenoids, In: Ruth, G.A. 
and Hess, J.L., Antioxidants in 
Higher Plants. CRC Press, USA, 
pp. 60–81. 

Kjeldahl, J.Z. (1883). A new method for 
the determination of nitrogen in 
organic matter.  Analytical 
Chemistry 22 : 366. 

Komilis, D.P. and Tziouvaras, I.S. 
(2009).  A statistical analysis to 
assess the maturity and stability of 
six composts.  Waste Management, 
29: 1504-1513.  

Lowry, O.H., Roenbrough, N.J. Farr, 
A.L. and Randal, E.J.  (1951). 
Protein measurement with the folin 
phenol reagent.    
 Journal of Biological Chemistry 
193: 265. 

Maheshwari, B.L., and Grewal, H.S. 
(2009). Magnetic treatment of 
irrigation water: Its effects on 
vegetable crop yield and water 
productivity. Agricultural Water 

Management, 96: 1229–1236. 
McLendon, T., Hubbard, P.J., David, W. 

and Martin, D.W. (2008). 
Partitioning the use of precipitation- 

and groundwater-derived moisture 
by vegetation in an arid ecosystem 
in California.  Journal of 

Arid Environments, 72: 986–1001. 
Mittler, R. (2002). Oxidative stress, 

antioxidants and stress tolerance. 
Trends Plant Science 7: 405-410. 

Munns, R. (2002).  Comparative 
physiology of salt and water stress. 
Plant, Cell and Environment, 25: 
239–250.  

Nasher, S.H. (2008).   The Effect of 
magnetic water on growth of 
chickpea seeds.  Engineering 

Technician, 26:4. 
Noran, R., Shani, R.and Lin, I. (1996). 

The effect of irrigation with 
magnetically treated water on the 
translocation of minerals in the soil.  
Magnetic and Electrical 

Separation, 7:  109–122. 
Podleoeny, J., Pietruszewski, S. and   

Podleoena, A. (2004).  Efficiency 
of the magnetic treatment of broad 
bean seeds cultivated under 
experimental plot conditions.  
International Agrophysics 18: 65–
71.  

Rady, M.M., Sadak, M.S., El-Bassiouny, 
H.M.S.  and Abd El-Monem, A.A. 
(2011). Alleviation the adverse 
effects of salinity stress in 
sunflower cultivars using 
nicotinamide and a –Tocopherol. 
Australian Journal of Basic and 

Applied Sciences, 5: 342–355.  
Reina, F.G., Pascual, L.A.   and Fundora, 

I.A.  (2001). Influence of a 
stationary magnetic field on water 
relations in lettuce seeds. Part II: 
experimental results.  
Bioelectromagnetics, 22:596-602.  

Sairam, R.K., Veerabhadra, R.K. and 
Srivastava,  G.C. (2002). 
Differential response of wheat 

Effects of Magnetic Saline Water Application................ELLOUMI et al. 



143 

 

genotypes to long term salinity 
stress in relation to oxidative stress, 
antioxidant activity and osmolyte 
concentration. Plant Science, 
163:1037–1046. 

Selim,  A.F.H. and El-Nady, M.F. (2011). 
Physio-anatomical responses of 
drought stressed tomato plants to 
magnetic field.  Acta Astronautica, 
69: 387–396. 

Selim, M.M. (2008). Application of 
Magnetic Technologies in 
Correcting Under Ground Brackish 
Water for Irrigation in the Arid and 
Semi-Arid Ecosystem. The 3rd 
International Conference on Water 
Resources and Arid Environments 
and the 1st Arab Water Forum. 

Turker, M., Temirci, C. Battal, P.  and 
Erez, M.E. (2007).  The effects of 
an artificial and static magnetic 
field on plant growth, chlorophyll 
and phytohormone levels in maize 
and sunflower plants. Phyton; 

annales rei botanicae, 46: 271–284. 
Üner, N., Oruc, E. and Sevgiler, Y. 

(2005). Oxidative stress-related and 
ATPase effects of etoxazole in 
different tissues of Oreochromis 

niloticus. Environmental 
Toxicology and Pharmacology, 20: 
99–106.  

Verma, A.K., Gupta, S.K. and Isaac, R.K. 
(2012). Use of saline water for 
irrigation in monsoon climate and 
deep water table regions: 
Simulation modeling with SWAP. 
Agricultural Water Management, 

115: 186-193. 
Yaycih, O.  and Alikamanoglu, S. (2005). 

The effect of magnetic field on 
Paulownia tissue cultures.   Plant 

Cell, Tissue and Organ Culture, 83: 
1109-1114. 

Yildiztugay, E., Ozfidan-Konakci, C., 
Kucukoduk, M. and Duran Y. 
(2014). Variations in osmotic 
adjustment and water relations of 
Sphaerophysa kotschyana: Glycine 
betaine, proline and choline 
accumulation in response to 
salinity, Botanical Studies, 55:6. 

Zucconi, F., Pera, A.  and De Bertoldi, 
M. (1981). Evaluating toxicity of 
immature compost. BioCycle, 22: 
54-57.  

Zucconi, F., Monaco, A. and Forte, M. 
(1985). Phytotoxins during the 
stabilization of organic matter, In: J. 
K. R. Gasser, Composting of 
Agricultural and other Wastes, 
Elsevier Applied Science 
Publication, New York, NY, U.S.A. 
pp. 73- 86.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Ethiopian Journal of Environmental Studies and Management Vol. 11 no.2 2018 


