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ABSTRACT 
Optimizations productivity of land and water unit becomes the main target for Agricultural 

Researchers in Egypt especially under limited cultivated land and scarcity of water. So, they take 
interest not only common but uncommon factors like magnetic technology. The promising and 
positive results under greenhouse condition regarding studying of magnetic water treatments on flax 
and some winter crops led us to continue test this technique under field condition. Two field 
experiments using flax (var. Sakha-1) were conducted at Research Experimental Station of National 
Research Centre, Alemam Malek Village, Al-Nubaria District, Al-Behaira Governorate, Egypt during 
two winter seasons to comparison between irrigation with magnetic and normal water on flax growth 
development and its productivity. Results indicated that, irrigation flax plots with water passed 
through static-magnetic device (2 inch, produced by Magnetic-Technologies Company LCC, Russia, 
branch United Arab Emirates) induced positive significant effect on all studied parameters. The 
improvement percentage reached to 16.83 – 30.38% in growth, pigments (16.15 - 19.14%), yield 
components (10.81 – 42.68%), yielded seeds of nutritional value (3.00 – 13.00%) compared to 
irrigation with untreated water. As well as, the percent increases in seed, straw and biological yields 
per feddan (feddan=4200 m2) were 28.36, 28.13 and 26.83%, respectively compared with normal 
water (average over seasons). Similar trend was recorded regarding water productivity. It could be 
concluded that magnetic water treatment has stimulatory effects of growth, photosynthetic pigment, 
growth parameters and consequently increased yield of flax plant. So, we could pay more attention to 
this new cheap and simple tool for increasing the production of our filed crops. 
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Introduction  
In Egypt, limited cultivated land and scarcity of fresh water, beside occupation of winter season 

with many important crops like wheat and Egyptian clover led to Egyptian researcher to concentrated 
his efforts for optimization land and water unit especially for vulnerable competition crops such as 
flax under newly reclaimed sandy soil. 

Flax (Linum usitatissimum L.) is one of the oldest economic cultivation crops. In Egypt, is 
known as multipurpose crop that belongs to the family Linaceae, grown both for its seed as well as its 
fiber which are made into linen (Jhala and Hall 2010). Seeds are used as a food source and have 
valuable nutritional qualities. Flax seed oil is an excellent source of the Omega-3 fatty acid (Oomah, 
2001). Consumption of the seed has beneficial effects on cardiovascular health and in the treatment of 
hormonal disorders and inflammatory diseases (Simopoulos, 2002). Increasing the production of flax 
and the improvement in seed germination could be achieved through growing high yielding genotypes 
and using different pre-sowing treatments like magnetic field (Gussels, 1982).. 

Recently, magnetized water had been converged more in research on living systems, in 
particular to the effect of seed germination and their plant growth (Shabrangi and Majd 2009). 
Researches indicated that the magnetic field was vastly used as a pretreatment for seeds in order to 
increase the seed vigor, seedling growth and yields (Iqbal et al. 2012). The increasing in seed vigor, 
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seedling growth and yields were due to increased absorption rate, assimilation of nutrients (Kavi, 
1983) and ameliorated photosynthetic activities (Lebedev and Litvinenko, 1977). Magnetic field may 
modify the characteristics of cell membrane and cell reproduction and may cause some changes in cell 
metabolism and diverse cellular functions including gene expression, protein biosynthesis and enzyme 
activities (Atak et al. 2003).The magnetic water treatment can improve acceleration of seed 
metabolism and increased yield parameter of the crops such as cereal, sunflower and soybean 
(Aladjadjiyan and Ylieve 2003 and Racuciui 2011). Magnetic water treatment has stimulatory effect 
of seed germination, growth, photosynthetic pigment, growth promoters and protein synthesis 
consequently increased yield components of flax plant (Hozayn and Abdul Qados, 2010a,b ; Abdul 
Qodos and Hozayn 2010a&b). Hence in the present study, was made to comparison between 
magnetized and normal irrigation water on growth and productivity of flax crop grown under newly 
reclaimed sandy soil. 

 
Subjects and Methods 
 

Two field trials using flax (var. Sakha-1) were conducted at Experimental Station of National 
Research Centre, Alemam Malek village, Al Nubaria district, Al Behaira Governorate, Egypt 
successive two winter seasons to comparison between magnetized and normal irrigation water on 
growth and productivity of flax crop grown under newly reclaimed sandy soil study. The experimental 
soil and water were analyzed according to the method described by Chapman and Pratt (1978; Table 
1). 

 
 Soil depth (cm) Irrigation 

water 0-15 15-30 
Coarse sand 48.20 54.75 .. 

Fine sand 49.11 41.43 .. 

Clay + Silt 2.69 3.82 .. 
Texture Sandy Sandy 7.25 

PH (1:2.5) 8.22 7.94 0.50 
EC(dSm-1)(1:5) 0.20 0.15 … 
Organic matter (%) 0.67 0.43  

Soluble cations (mq/100g)   

Ca++  0.62 
 

0.50 
 

2.15 
Mg++ 0.50 0.31 0.50 

Na++ 0.90 0.82 3.00 

K+ 0.20 0.12 0.31 

Soluble anions (mq/100g) 
  

  

CO-3 - - 0.01 

HCO-3
 0.60 0.40 2.33 

Cl- 0.75 0.70 2.17 

SO-4 0.85 0.61 1.45 

 
Cultivation method and layout of Experiment: 

Seeds of the flax crop (var. Sakha-1) were obtained from Fibers Crops Research Department, 
Field Crop Research Institute, Agriculture Research Center, Giza, Egypt. The soil of experiment was 
ploughed twice and divided into plots (10 length m x 5 m width). Recommended seed rates of flax 
variety (Sakha-1; 60 kg/fed; fed=4200 m2) were sown by drilling seed manually in the rows at 20-cm 
apart at the first week of November in both seasons. Four replications were used in each treatment. 
Control treatment was irrigated with normal water, while the other treatment (magnetized water) was 
irrigated with water after magnetization through passing in a two inch static magnetic device (2 inch, 
produced by Magnetic-Technologies Company LCC, Russia, branch United Arab Emirates). The 
recommended agricultural practices of growing flax were applied, phosphorus and potassium fertilizer 
were added before sowing at the rate of 150 kg/fed as super phosphate (15.5 % P2O5) and50 kg/fed 
potassium sulphate (50% K2O), respectively, while nitrogen fertilizer was added at the rate of 75 kg 



Middle East J. Appl. Sci., 5(4): 1297-1304, 2015 
ISSN 2077-4613 

1299 

N/fed as ammonium nitrate (33.5%N) in five equal doses at 1st, 2nd, 3rd, 4th and 5th irrigation. 
prinkler irrigation was applied as plants needed. The layout of experiment was shown in Figure (1). 

 

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

Data recorded: 
Growth parameters: Plant height, fresh and dry weight of ten plants from each treatment were 

determined after 85 days from sowing. Water content was determined according to Henson et al. 
(1981) using the following formula: WC = 100× (fresh mass – dry mass)/fresh mass. 
 
Photosynthetic Pigments: Total chlorophyll a, b and carotenoids contents in fresh leaves were 
estimated using the method of Lichtenthaler and Buschmann (2001). 
 
Yield and its components: At harvest stage, ten plants were selected randomly to determined flax 
yield components. The whole plot was harvested to determine the above ground biomass (biological 
yield), capsules were threshed to determine seed yield. Straw yield was calculated by subtracting seed 
yield from biological yield, harvest and crop indexes were calculated by dividing seed yield/biological 
and straw yield, respectively. 
 
Water productivity (WP): It was calculated with the fowling Eqs: WP = [(Ey/Et], (Howell et al., 
1990). Where WP is the water productivity (kg flax seeds or oil/m3 water); Ey= seed yield (kg/fed); 
Et = total applied of irrigation water, (m3/fed./season). 
 
Seed oil (%): Seed oil percentage was determined by Soxlet apparatus using petroleum ether (4˚C - 
60˚C b.p) according to the Official Method AOAC (1980). 

Nutritional value of yielded seeds: Macro-elements (N, P, K, Ca and Mg) and micro-elements 
(Fe, Mn, Zn and Cu) contents in dried seeds were determined (Chapman and Pratt, 1978). Total N was 
determined by using micro-Kjeldahl method as described in AOAC (1980). Phosphorus was 
determined using a Spekol Spectrocolorimeter (VEB Carl Zeiss; Jena, Germany, while, estimation of 
K+ contents were done using a flame photometer. Mg, Fe, Mn, Zn and Cu were determined using the 
Atomic absorption spectrophotometer (Perkin Elemer 100 B). 
  
Statistical analysis 

Statistical analysis was carried out using SPSS program Version 16. (SPSS Inc., 2005). 
Independent t-test was also carried out to find the significant differences between magnetic and 
nonmagnetic water irrigation treatments. 
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Results and Discussion 
 
Flax growth parameters at 85 days after sowing (DAS): 

Magnetically treated irrigation water increased clearly and significantly tested growth 
parameters i.e., plant height, fresh and dry weight (g plant-1) and water contents (%) at 85 days after 
sowing compared to irrigation with ordinary water under sprinkler irrigation system (Table 2 and 
Figure 2). The improvement over control treatment reached to 16.83, 30.38, 24.00 and 1.39 % in the 
above mentioned characters, respectively. This result may be attributed to improvement of 
photosynthetic pigments (Fig. 3), moreover, may be the role of magnetic treatment in increasing 
absorption and assimilation of nutrients consequently increasing plant growth. These results 
confirmed the earlier results under greenhouse condition (Abdul Qados and Hozayn, 2010a). Also, 
similar enhancing effect of magnetized irrigation water was reported on chick pea, canola, sugar beat, 
wheat, lentil (Hozayn et al., 2014). 
 
Table 2: Flax growth parameters at 85 days after sowing under magnetized and normal irrigation 

water, (average of two successive winter seasons) 
Treatment 

 
Character 

   Mean ± SE  
Normal Magnetic 

water (control) water 

 
t-sig 

Increase (%) 

over control 

Plant height (cm) 58.00 ± 0.65 67.76 ± 0.39 *** 16.83 
Fresh weight (g plant -1) 2.37 ± 0.04 3.09 ± 0.05 *** 30.38 
Dry weight (g plant -1) 0.50 ± 0.01 0.62 ± 0.01 *** 24.00 
Water contents (%) 78.90 ± 0.29 80.00 ± 0.47 ns 1.39 

n=20, *** t is Significant at the P < 0.001, level, ns: non significant 

 

 
Irrigation with tap water Irrigation with magnetic water 

Fig. 2: General differences between magnetized and ordinary irrigation water at growth stage.  
Photosynthetic pigments: 

Photosynthetic pigment contents data in Fig. (3) indicated that irrigated plants with magnetic 
water exhibited significant increases in the chloroplast pigments (chlorophyll a, chlorophyll b and 
carotenoids) over the irrigated by normal water. The percent of increments reached to 17.50, 16.15 
and 19.14 % in the above mentioned characters, respectively. This result may be due to the increase in 
growth promoters i.e., IAA and cytokinin (Hozayn and Abdul Qados, 2010a,b; Abdul Qodos and 
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Hozayn 2010a&b). Atak et al. (2007) suggested that, increase all photosynthetic pigment through the 
increase in cytokinin synthesis which induced by magnetic field. They also added that, cytokinin play 
an important role on chloroplast development, shoot formation, auxiliary bud growth, and induction 
of number of genes involved in chloroplast development nutrient metabolism. 
 

 
Fig 3: Flax shoots photosynthetic pigment at 85 days after sowing under magnetized and normal 

irrigation water, (average of two successive winter seasons), n=8, *, ** t is significant at the P 
< 0.05, and 0.01 levels, respectively 

 
Flax yield and its components: 

Irrigation plants with magnetic water increased significantly flax yield (ton fed-1) and its 
components (i.e., plant height, fruit length, technical length, based and fruit branches/plant, number 
and weight of capsules/plant, biological, straw and seed yield/plant and 100-seed weight) at harvest 
stage (Table 3). The improvement percentage reached to 11.63, 16.53, 10.81, 33.33, 27.78, 30.60, 
33.33, 36.99, 26.32, 42.68 and 37.70 % compared to irrigation with ordinary water, respectively. This 
increases reflected in improvement of seed, straw, biological and oil yield per fed, harvest and crop 
indexes by 38.46, 30.00, 33.02, 64.16, 5.72 and 10.72% over the control, respectively (Table 4). 
These results are the logical to improvement flax growth parameters and Photosynthetic pigments 
(Table 2 and Figure 3). Similar trends were reported on many crops i.e., wheat, canola, faba bean, 
sugar beat, chick pea and lentil (Hozayn et al., 2013, 2014). These Data are in good harmony also 
with those (Takac et al. 2002 and Marinkovic et al. 2002; Aladjadjiyan, 2007). 
 
Table 3: Flax yield components at harvest under magnetized and normal irrigation water, (average of 

two successive winter seasons) 
Treatment

 
Character 

Mean ± SE   
Normal water 
(control) 

Magnetic 
water 

t-sig. 
 

Increase 
(%) over control 

Plant height (cm) 73.27 ± 0.61 81.79 ± 0.58 *** 11.63 
Fruit length (cm) 11.25 ± 0.28 13.11 ± 0.43 ** 16.53 
Technical length (cm) 6.20 ± 0.75 6.87 ± 0.67 *** 10.81 
Based branches (number plant-1) 1.50 ± 0.11 2.00 ± 0.14 * 33.33 
Fruit Branches (number plant-1) 4.50 ± 0.11 5.75 ± 0.20 *** 27.78 
Capsules (number plant-1) 9.15 ± 0.34 11.95 ± 0.57 *** 30.60 
Capsules weight (g plant-1) 0.45 ± 0.01 0.60 ± 0.01 *** 33.33 
Biological weight (g plant-1) 1.46 ±0.01 2.00 ± 0.01 *** 36.99 
Straw weight (g plant-1) 0.19 ± 0.01 0.24 ± 0.01 *** 26.32 
Seed weight (g plant-1) 0.82 ± 0.01 1.17 ± 0.01 *** 42.68 
100-seed weight (g) 0.61 ± 0.01 0.84 ± 0.01 *** 37.70 

n=20, *, **, *** t is significant at the P <0.05, 0.01 and 0.001 levels, respectively. 



Middle East J. Appl. Sci., 5(4): 1297-1304, 2015 
ISSN 2077-4613 

1302 

Table 4: Flax yield (ton fed-1) at harvest under magnetized and normal irrigation water, (average of 
two successive winter seasons) 

Treatment 
 
 
Character 

Mean ± SE  

Normal 
water (control) 

Magnetic 
water 

t sig. 
(%) over control 

  

Seed oil (%) 27.80 ± 1.13 32.32± 1.13 ** 16.26 
Seed yield (ton fed -1) 0.52 ± 0.05 0.72 ± 0.04 ** 38.46 
Straw yield (ton fed -1) 1.60 ± 0.05 2.08 ± 0.09 *** 30.00 
Biological yield (ton fed -1) 2.12 ± 0.07 2.82 ± 0.11 *** 33.02 
Oil yield (ton fed -1) 0.14 ± 0.04 0.23 ± 0.06 *** 64.16 
Harvest index (%) 24.14 ± 1.64 25.52 ± 2.97 ns 5.72 
Crop index (%) 32.28 ± 3.00 35.74 ± 5.33 ns 10.72 

n=8, **, *** t is significant at the P <0.01and 0.001 levels; respectively, ns: non-significant 

 
Water productivity (WP): 

Data presented in Figure (4) indicated that water productivity values (WP) of seed and oil yield 
were significantly increased by 40.27 and 91.94% regarding irrigation with magnetized water 
compared to untreated treatment. Magnetic water has been indicated to change some of the physical 
and chemical properties of water; these changes in water properties might be capable of affecting the 
growth and productivity of plant. Improved water productivity with magnetic water can help in the 
water resources conservation. Similar enhancing effect of magnetized irrigation water was reported by 
(Estiken and Turan, 2004; Amiri and Dadkhah, 2006 and Otsuka and Ozeki, 2006). 
 

 
Fig. 4: Effect of irrigation with magnetized and normal water on water productivity of flax seed and 

oil yielded (kg/m3 water; average of two successive winter seasons), n=8, ** t is significant 
at the P < 0.001. 

 
Nutritional value of yielded seeds: 

In this investigation, nutritional value of yielded seeds i.e., Nitrogen, Phosphor, Potassium, 
Calcium, Magnesium and Iron were improved significantly by 3.15, 7.69, 2.74, 2.04, 10.34 and 
13.89%, respectively regarding magnetic water treatment compared to ordinary water. Revers trend 
was recorded in Mn, Zn and Cu where decreases by 3.13, 31.26 and 16.67%. Magnetic treatment 
application led to easy breakthrough of water for the cell membrane of plants, leads to better 
absorption of water and mineral by plant roots (Duarte et al. 1997, Reina et al. 2001, Hilal et al. 2002, 
Esitken and Turan 2003, Kronenberg 2005, Tahir and Karim 2010 and Omran et al, 2014). 
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Table 4: Effect of irrigation with magnetized and normal water on macro and micronutrients in flax 
seed yielded, (average of two successive winter seasons) 

Treatment 

 

Character 

Mean ± SE  

t-sig. 

Increase (+) or 

decrease (-) 

% over control 

Normal water 

(control) 

Magnetic  

water 

M
ac

ro
nu

tr
ie

nt
s 

(%
) 

N 2.54 ± 0.01 2.62 ± 0.01 ** 3.15 

P 1.30 ± 0.04 1.40 ± 0.04 ns 7.69 

K 0.73 ± 0.01 0.75 ± 0.01 ns 2.74 

Ca 0.98 ± 0.03 1.00 ± 0.0 ns 2.04 

Mg 0.29 ± 0.01 0.32 ± 0.01 ns 10.34 

M
ic

ro
nu

tr
ie

nt
s 

(%
) 

Fe 97.20 ± 1.10 110.70 ± 1.82 *** 13.89 

Mn 32.00 ±0.73 31.00 ± 0.36 ns -3.13 

Zn 85.10 ± 1.82 58.50 ± 1.08 *** -31.26 

Cu 9.00 ± 0.18 7.50 ± 0.15 *** -16.67 

n=6, **, *** t is Significant at the P < 0.01 and 0.001 levels, respectively, ns: non-significant 

 
Conclusion 

It could be concluded that magnetic water treatment has stimulatory effects of growth, 
photosynthetic pigment, growth and consequently increased yield of flax plant. So, we could pay 
more attention to this new cheap and safe tool in increasing the production of field crops. 
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