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Fig. 1. Magnetic water production system
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Table 1. Chemical analysis of irrigation water before being in the electromagnetic field

S04 Mg?* Ca?* K* Na* EC oH s
(mgL™h) (mgL™) (mgL™?) (mgL™?) (mg L) (ds m™) Property

96 4.8 40 0.5 81 0.593 7.98 ke
Amount

RSC SAR Born Hardness Total TDS NOs TA CI S
(mg L) (mg L) (mg L™) (mg LY (mgL™?) (mgL™) (mgL™) Property

1.3 3.2 0.034 120 388 21.3 120 49 ke
Amount

b bido 6 bl O (o bond 43 5205 =Y Jgur
Table 2. Chemical analysis of irrigation water after being in the electromagnetic field

SO (mgL?) Mg?*(mgL™) Ca?*(mgL™) K*mgL®)  Na'(mgL?) EC(Sm?) pH <
Property

96.02 4.82 39.98 0.51 81.03 0.633 7.96 ade
Amount

RSC SAR Born Total Hardness (mg TDS NO; TA CI S
(mg L) (mg L) L") (mg L) (mgL™) (mg L) (mgL™)  property

13 3.2 0.034 119 387 21.2 120 49.02 ke
Amount

EC: Electrical Conductivity, RSC: Residual Sodium Carbonate, SAR: Sodium Adsorption Ratio ,TDS: Total Dissolved Solids, TA: Total Acidity.
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Table 3. Variance analysis of soil chemical properties under magnetic water and different salinity levels

(Mean Squares) wils yo (yiluo @31 az 50 &l s’ @sbio
Mgsol Catexch Caol Kexch Ksol P NOs pH df Sources of changes
0.04* 232 0% 013"  0.004™ 48"  310™ 0.01" 2 (Salt) s 5
0.02* 0.13™ 0.5%* 0.05™ 0.005™  64.5™  870™ 0.05™ 1 (Water)o|
0.0001™ 35™ 0.01"™ 0.04" 0.002"™  83.5™  759™ 0.001"™ 2 Olx (s ,940
0.003 103 0.01 0.2 0.003 116 688 0.02 12 (Errorlas
(Mean Squares) <l yo cuileo o157 az 5o &l puadS 29bio
Cl S04* HCOs CEC Naexch Nasol CaCOs;  M(exch df Sources of changes
0.02%* 86975™ 2.3™ 98™ 2.8%* 0.28** 1.2™ 0.54" 2 (Salt) 5,58
0.13** 500231™  0.12™ 239™ 1.2% 0.18* 0.06™ 1.7 1 (Water)o|
0.005™ 8109™ 0.04™ 224 0.28™ 0.0™ 0.06™  0.64™ 2 Olxs,90
0.002 22869 2.6 193 0.2 0.04 0.5 0.44 12 (Errortas
(Mean Squares) s yo (puiluo sol3T a0 &l punds b
EC H3BOs Cu® Zn? Mn?* Fe?* df S.0.V
4.1% 0.004™ 0.04™ 0.001™ 0.05™ 0.41™ 2 (Salt) 5,58
0.01™  0.0005™ 0.006™ 0.0™ 0.9™ 1.8™ 1 (Water)o|
0.16™  0.001™ 0.0™ 0.004™ 1.3% 3.01™ 2 Olx (5,94
0.24 0.003 0.04 0.03 0.28 5.6 12 (Errorlas-

ns: no significant, ***:

Aoy ) mha o ls s s w10 O ha )8 I8 gixe i o0 sixe pae NS

significant (p<0.05), and (p<0.01), respectively
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Table 4. Variance analysis of maize root elements under magnetic water and different salinity levels

(Mean Squares) <las yo (ySibo &3l a0 Ol i’ 2bo
Mn Zn Cu Fe Mg Ca Na K N df Sources of changes
10746™ 19.4™ 6.7  338101™  0.0™ 0.14" 0.018™  0.01™ 0.06" 2 (Salt) s 5
1142m 23 2.4™ 30689™ 0.0™ 0.04" 0.007**  0.004" 0.1™ 1 (Water)_1
940™ 8.7 20.6™ 41344 0.0™ 0.1™ 0.0%* 0.001"™ 0.01™ 2 Olx (s ,940
3086 35.7 18.6 20064 0.0 0.03 4.5E-5 0.01 0.03 12 (Errortas

R I SIS e

ns: no significant, *,**:significant (p<0.05), and (p<0.01), respectively

Qe )0 O e jo jlo Jxe i g ld Sixe pas NS

cilisio 5o sy 9d g (omablito O pSlices ©yd olS Sy polie uib,lg 4525 -0 Jgua

Table 5. Variance analysis of maize leaf elements under the influence of magnetic water and various salinity levels

(Mean Squares) wle yo (puileo &ol3T a0 Ol i 29bo
Mn Cu Fe Mg Ca K P N df Sources of changes
0.53™ 0.08™ 125708™  0.002™  0.66™ 0.013™ 0.00™ 0.34™ 2 (Salt)s,55
0.27™ 0.27™  21687™ 0.001™ 0.11"™ 0.04™ 0.002" 0.07™ 1 (Watery|
0.04™  0.59™ 6052" 0.0m™ 0.01™ 0.004™ 0.0™ 0.65™ 2 Olx s g
0.002 0.005 14925 0.0 0.026 0.004 0.0 0.28 12 (Errorylas
(Mean Squares) cls yo (suiluo 3137 a3 &l s 2bo
Na HBOs Zn df Sources of changes
0.001%* 8536™ 500™ 2 Salts 5
0.001%* 575" 3.03" 1 (Water)o T
6.8E-5%* 11779 291" 2 x5
3.6E-6 1508 71.8 12 (Errorylas

woyo ) e (o ls e s

ns: no significant, *,**:significant (p<0.05), and (p<0.01), respectively

o, B o jo o jixe i (6 I0 gixe pas NS

liso 5la sy g ommblino O plicen & )5 ol &ils polie (il ylg 4 525 —F Jgur

Table 6. Variance analysis of maize seed elements under the influence of magnetic water and various salinity levels

(Mean Squares) <lzs yo cuileo &ol3T a0 Ol s 2beo
Mn Cu Fe Mg Ca K P N df Sources of changes
290%* 692**  807917**  0.002** 3.8 0.014** 0.001** 0.68"* 2 (Salt)s 5
1957**  655** 84913** 0.002%* 0.73** 0.04%* 4.6E-5* 1.1% 1 (Water)o|
297%* 79% 237331*  0.002%* 0.89%* 0.01%* 0.0%* 0.05* 2 ol 9b
28.8 12.8 2981 8.9E-5 0.02 3E-5 5.3E-6 0.01 12 (Error)las
(Mean Squares) <l yo cpuSibeo &olil 4z, Ol yuatd 2slio
Protein Na HBOs Zn df Sources of changes
19.9** 2.1E-5* 0.65%* 0.07** 2 (Salt)s g
31.8%* 6.7E-6* 1.5% 0.01* 1 (Water)|
1.5% 4 4E-5%* 0.28** 0.01* 2 Olx s g
0.34 8.3E-7 0.002 0.002 12 (Errorlas

Aoy ) mha (o le S s o 10 O s )0 I0 Jixe i (gl Jixe pas NS
ns: no significant, *,**:significant (p<0.05), and (p<0.01), respectively
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Fig. 2- The effect of magnetized salt water on sodium absorption in maize root and leaf (M, N, and S indicate magnetic, normal
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Introduction: A growing population demands more food and water; with the reduction of conventional water
resources, it will be essential to increase the efficiency of nutrient use in conventional systems. Iran is located
in the mid-latitude belt of arid and semi-arid regions of the Earth and such arid and semi-arid regions cover
more than 60% of the country. As a result, water is the most important limiting factor for biological and
agricultural activities and the use of unconventional water in agriculture is inevitable and important under our
country's conditions. Unconventional waters are not directly usable and must be adapted for use, including the
removal of biological contamination, heavy metals, salinity and pH amendment. The aim of this study was to
evaluate the effect of magnetic water on the essential nutrients uptake by maize (Zea mays) in saline conditions.

Materials and methods: Magnetic water was supplied by a magnetic device with an electromagnetic field
intensity varying from 8 to 10 mT. The experimental design was two factors factorial (2x3) arranged in a
randomized complete block design. The combinations of the treatments were at two levels of water - non-
magnetic (normal) and magnetic - and three levels of salinity (800, 1300 and 2100 ppm NaCl) with three
replications. Soil physicochemical properties including texture, organic carbon, cation exchange capacity,
electrical conductivity, pH, nitrate, sulfate, chlorine, phosphorous, iron, zinc, manganese, copper, and soluble
and exchangeable calcium, magnesium, sodium and potassium, as well as elements present in the plant,
including total nitrogen, phosphorus, potassium, sodium, calcium, magnesium, iron, zinc, manganese and
copper, were all measured using standard methods.

Results and discussion: The results of chemical water analysis showed that the electromagnetic field had no
significant effect on its chemical properties. Regarding soil properties before and after harvest, magnetic water
had a significant effect on soluble and exchangeable sodium, chlorine, calcium and magnesium. The results,
also showed that with increasing salinity, macronutrients uptake and protein percentage were reduced, while
micronutrient uptake and sodium levels increased; moreover, comparisons of treatment means showed that
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magnetic treatment increased uptake of all the nutrients and the protein percentage in leaves and seeds of maize
plants, but no significant changes were observed in their roots and shoots. The results showed that magnetic
water reduces sodium accumulation and its destructive effects on the reproductive organs of maize plant. Due
to the accumulation of sodium in roots and stems, the plant's resistance to salt stress increased.

Conclusion: Due to the poor water quality in the agricultural section, it appears that utilization of magnetic
water in arid and semi-arid regions of Iran can lead to improved yield and water productivity; therefore, it is
recommended that further research be undertaken in this areas.

Keywords: Essential nutrients, Magnetic water, Maize, Protein, Salt.
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