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ABSTRACT 
 

This experiment was carried out during the summer seasons of 2014 and 2015, at a private farm in Kotur 
District, El-Gharbiah Governorate, Egypt, to study the effect of magnetic irrigation water under four levels of 
water regimes (45%, 50%, 55% and 60%) of the field capacity on soil salinity, growth, yield, tubers quality of 
potato (Solanum tuberosum L.) var. Diamont. The experimental design was a split  plot design with three 
replications. The Irrigation with magnetic water was in the main plots while the water regimes were randomly 
arranged in the sub plots. The obtained results indicated that, vegetative growth, yield and its components as 
well as some chemical contents of potato tubers were significantly increased by application of magnetic water as 
compared with untreated water, especially at 60% or 55% of the field capacity. The application of magnetic 
water at 60% or 55% of the field capacity decreased soil salinity and available nutrients (N, P, and K) increased. 
The combinations between the application of magnetic water and water regimes at 60% or 55% enhanced water 
use efficiency, tubers quality and yield of potato. Thus, the used of magnetic water and irrigated at 55% or 60% 
of the field capacity can be recommended to enhance vegetative growth, yield, its component of potato plants, 
reduce soil salinity and improve soil fertility.  
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Introduction 
 

Potato (solanum tuberosum L.) belongs to Solanaceae family, is a popular vegetable crop, which ranked as 
the fourth among most important food crops for human being after rice, wheat and maize. Total cultivated area 
in Egypt is 381,000 fed. (feddan =4200 m2), with total production of 4265,000 ton/year (AOAD, 2014). 

Furrow irrigation is a common used method of irrigation in Egypt that led to a rapid rise in the water table 
and associated problems of salinity and alkalinity (Fatahallah et al., 2014). Using of magnetic water (MW) is a 
modern trend to reduce the effect of salinity and to increase soil ventilation. However, applying the system of 
irrigation with MW in Egypt is very limited. 

Irrigation with MW affected seed germination, root growth, seedling growth, chlorophyll content, and the 
growth of the meristematic cells (Aladjadjiyan, 2002). Some studies have reported the influence of magnetic 
field on seed germination, vegetative growth, and the yield of pepper (Selim et al., 2009), snap bean (Fatahallah 
et al, 2014), tomato (De Souza et al., 2005), snow pea and chickpea (Grewal and Maheshhwari, 2011). Such 
effect may be due to the change in the characteristics of cell membrane, affected the cell reproduction, and the 
changes in cell metabolism (Atak et al., 2003). Furthermore, MW increased nutrient mobility in soil, and uptake 
of N, P, K and Fe by plants (Hajer, et al., 2006). It also increases soil water absoroption, and the efficiency of 
fertilizers. In addition, it was reported that MW of saline irrigation water is an effective method for soil 
desalinization throughout decreasing the hydration of salt ions and colloids that increase accelerated 
coagulation, salt solubility, and salt crystallization (Hilal and Hilal, 2000). The MW increased leaching of 
excess soluble salts, slightly dissolved soluble salts, and lowered soil alkalinity. Soil leaching with MW 
significantly increased available soil phosphorus content at all soil depth levels, compared to leaching with 
normal water. The behavior of nutrients under MW irrigation is a function of their magnetic susceptibility (Hilal 
and Hilal, 2000). 

Water regimes affected all growing stages of potato, especially tuber formation stage, which is very sensitive 
to low water content in soil (Shongwe et al., 2010; Kandil et al., 2011), and hence the number of tubers per 
plant, and the tuber yield were reduced (Deblonde and Ledent, 2001). Fatahallah et al. (2014) and Darwish, 
(2014) reported the same effect of MW on snap bean. 

This study aimed to investigate the effect of both magnetic water and water regimes on soil salinity, potato 
plant growth, yield, and tubers quality. 
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Materials and Methods 

This experiment was carried out during the summer seasons of 2014 and 2015, at a private farm in Kotur 
District, El-Gharbiah Governorate, Egypt (longitude 30.95o 00 E and latitude 30.98o 33 N), to study the effect of 
magnetic irrigation water under five levels of water regimes viz., 45%, 50%, 55% and 60% of the field capacity 
(F.C) on soil salinity, growth, yield, tubers quality of potato "Solanum tuberosum L." var. Diamant. Soil samples 
of the experiments were taken separately before planting at soil depth of 0-15, 15-30 and 30-45 cm, to  
determine some soil physical and chemical properties according to Ryan et al. (1996) (Table 1). 
Samples of both non-magnetic water and magnetic water one for the same source were taken before irrigation 
and analysis for its chemical constituents (Table 2). 
 
Table 1: Some physical and chemical characteristics of the experimental soil. 

Soil characteristics 

Soil depth (cm) 

0 - 15 15 - 30 30-  45 

1st Season 2nd Season 1st Season 2nd Season 1st Season 2nd Season 

Sand (%) 23.8 23.1 23.2 22.9 21.7 22.3 

Silt (%) 35.4 36.2 35.9 35.8 37.6 37.1 

Clay (%) 40.8 40.7 40.9 41.3 40.7 40.6 

Texture Clay loam 
 EC in soil paste (dSm-1) 1.42 1.40 1.57 1.54 1.75 1.69 

pH in 1:25 (soil water) susp. 7.68 7.64 7.71 7.65 7.79 7.71 

Organic matter (%) 1.82 1.84 1.31 1.39 0.97 0.99 

Cation exchange capacity (C mol kg-

1) 
35.99 36.09 33.87 34.23 25.11 26.98 

CaCO3 (%) 2.13 2.16 2.39 2.41 2.48 2.52 

Available N (mg kg-1) 57.21 59.96 45.82 49.45 29.34 31.93 

Available P (mg kg-1) 7.98 8.32 6.11 6.54 5.21 5.49 

Available K (mg kg-1) 120.14 117.32 106.73 103.55 85.99 89.67 

 
Table 2: Chemical composition of the used non-magnetic and magnetic water.  

Water type pH EC (dSm-1) 
Soluble cations (meq-1) Soluble anions (meq-1) 

SAR 
Na+ K+ Ca+ Mg+ Cl- HCO3

- SO4 -2 

2014 Season 

M. W. 7.07 0.41 1.66 0.64 1.23 0.81 1.38 1.45 1.40 1.68 

N. M. W. 7.29 0.43 1.77 0.62 1.16 0.71 1.42 1.52 1.31 1.84 

2015 Season 

M. W. 7.09 0.40 1.68 0.66 1.24 0.80 1.37 1.45 1.42 1.66 

N. M. W. 7.24 0.44 1.76 0.63 1.14 0.72 1.43 1.54 1.30 1.83 

M.W.:- Magnetic Water, N.M. W.:- Non magnetic Water 

 
Irrigation water sources were magnetized by passing a magnetic field. The water passed throws 1000 gauss 

magnetron unit of 0.5 inch diameter which produced by magnetic technologies (Takatchenko, 1997). 
Before start of irrigation treatments, all plots received equal amount of water immediately after planting 

which was enough for the proper establishment of plants. Amount of the irrigation water in each application was 
added until reaching 95% of the run length from the furrow. The effective head of water above the cross section 
center of irrigation tube was measured at several times during irrigation. The water in the canal was controlled 
to maintain a constant head by means of fixed sliding type gates. The amount of water delivered through a tube 
of 10 cm inner diameter and 80 cm inserted beneath the furrow was calculated by the equation: q = CA 

gh2 or q = 0.0226 D2 h1/2 (James, 1988). Where: q = discharge of irrigation water (L.s-1), C = coefficient 
of discharge (0.64), g = gravity acceleration, 980 cm.s-2, A = inner cross section area of irrigation tube, D = 
inside diameter of the tube (cm) and h = average effective head (cm). 

The volume of water for each plot was calculated by substituting Q in the following equation:    Q = q x T x 
n. Where: Q = water volume m3 plot-1, q = discharge m3 min-1, T = total time of irrigation (min) and N = 
number of tube per each plot. 

Actual evapotranspiration (ET) could be estimated from the soil sampling method and calculated according 
to the equation suggested by Israelsen and Hansen (1962). 

         Cu = D x
 Bd x 

100

 (Q1) - (Q2) 

 
Where: Cu = actual evapotranspiration, D = the irrigation soil depth (cm), Bd = bulk density of soil (g.cm-3), 

Q1 = the percentage of soil moisture before next irrigation and Q2 = the percentage of soil moisture two days 
after irrigation. 
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The sum results of each formula for all depths of (0-15, 15-30 and 30-45 cm) for all irrigation represents the 
seasonal Cu within the entire soil depth of 0-45cm over the entire season. 

The design of the experiment was spilt-plot with three replicates. Before planting the experimental plots 
were divided into 2 main groups (12 plots/ main plot), which treated with one of irrigation water type (magnetic 
and non-magnetic water). The sub main plots were irrigated with 4 levels of water regimes (45%, 50%, 55% and 
60% of field capacity) under furrow irrigation system. The experimental unit area was 35 m2, with 10 rows; 5 m 
length and 70 cm width. Uniform imported seed tubers, Diamant cv. were planted at 25 cm apart in rows, in 
21th and 15rd January in the first and the second seasons, respectively. All common agricultural practices in the 
district were carried out in both seasons.  

 
Data recorded: 
 
Vegetative growth: 
 

Five plants were selected randomly from each replicate at 90 days after planting to measure plant height 
(cm), number of leaves per plant, leaf area/ plant (cm2), No. of main stems/ plant, Haulm fresh weight (g) and 
Haulm dry weight (%) . 

  
Yield and its components: 

At harvest, (after approximately 110 days from planting) plants that produced from the six inner ridges of 
each plot were harvested, and data were recorded for the following traits: Number of tubers/ plant, tuber fresh 
weight (g), tuber dry weight (%) and total tubers yield (ton/feddan) was recorded as total weight of harvested 
tuber per plot and converted into ton per feddan, 

Tuber grades (%): tubers from each plot were sized graded to three classes according to tuber diameter, and 
then each grade was calculated by dividing the number of tubers on the total number of tubers which multiplied 
by 100 according to the next grades: Grade (A) less than 35 mm in diameter, grade (B) from 30-50 mm in 
diameter, grade (C) over 50 mm in diameter. 

 
Tubers quality: 

Total nitrogen (N), phosphorus (P) and potassium (K) of leaves and tubers; bases on dry matter and the 
sugars (reducing and total) in dry tubers were determined according to the methods described in A.O.A.C 
(1995). Specific gravity of tubers: It was estimated by the following equation by Nessen (1967) as follows: 

                                                   Weight of tubers in air 
Specific gravity = 
                                      Weight of tubers in air - Weight of tubers in water 
               
Starch percentage was determined according to the method described by Dogras et al. (1991). Total soluble 

solids (TSS %) was determined using the hand refractometer. Water use efficiency (WUE) was calculated 
according to Wright (1988) as follows: WUE (kg/m3) = Y/Wa, where: Y (kg/fed) = the weight of the crop at 
harvest time in each plot was measured for each treatment yield in and Wa = applied water to the field in m-3 
/fed.  

Table 3: Irrigation numbers and amount of irrigation water irrigation regimes (mean of two seasons). 

Irrigation regimes Irrigations number Total irrigated water (m3/feddan) 

45% of field capacity 3 1461.87 

50% of field capacity 4 1674.96 

55% of field capacity 6 2297.25 

60% of field capacity 8 2613.83 

 
Table 4: Mean values of some meteorological data for Kotur area during the two growing seasons. 

Months 
 

Temperature 
Pan Evap. 
(mm.day-1) 

Relative 
humidity 
(RH%) 

Rain 
(mm) 

Temperature 
Pan Evap. 
(mm.day-1) 

Relative 
humidity 
(RH%) 

Rain 
(mm) Max (C°) 

Min 
(C°) 

Max 
(C°) 

Min 
(C°) 

 2014 season 2015 season 

January 20.34 7.55 1.60 93.69 20.4 18.79 6.46 2.70 88.10 52.55 

February 20.64 8.19 2.52 91.90 16.5 19.01 7.65 2.90 86.80 38.8 

March 22.94 11.71 3.14 86.10 26.2 22.69 11.69 3.23 82.36 15.25 

April 27.50 15.53 3.91 81.80 20.2 25.64 13.70 6.07 78.30 35.85 

May 30.47 19.57 5.87 77.20 0.00 30.19 18.79 7.15 77.3 0.00 

Source: Meteorological Station at Sakha Agricultural Research Station 31°-07N latitude, 30°-57E longitude with an elevation of about 6 
meters a above mean sea level. 
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Statistical analysis: 
 

Data were analyzed by MSTATC computer software program (Bricker, 1991) using ANOVA with the 
least significant difference (LSD) at the P ≤0.05. 
 

Results and Discussion 
 
Soil salinity: 
 

Data in Table 5 showed that the EC values were significantly decreased with irrigation by magnetic water 
compared to the irrigation by non magnetic water at the different depths in both seasons. The decrement values 
of EC in the plots irrigated by water magnetic were 17.7, 15.4 and 9.3% for the different depths (0-30, 30-45 
and 45-60) in the first season and 15, 21.4 and 8.9% in the second season as compared to the irrigation by water 
non magnetic, respectively. Also, the values of EC in the second season were less than those in the first season. 
These results agree with those of Mostafazadeh et al. (2011) and Abou El-Yazied, (2012) who stated that the 
mean values of soil EC for MW are less than those for non-MW. Grewal and Maheshwari (2011) showed that 
MW has some different physical and chemical characteristics than non-MW in regards to surface tension, pH, 
conductivity, hydrogen bonding, polarity and solubility of salts. These characteristics may be affect salts 
leaching from soil profile. Hilal and Hilal (2000) reported that after irrigation with MW leaching and dissolved 
of soluble salts increased.   

 
Table 5: Effect of water type and irrigation regimes on electric conductivity (EC dSm-1) in three soil depths after potato 

harvesting during 2014 and 2015 seasons. 

Treatments 

2014 Season 2015 Season 

Soil depth (cm) Soil depth (cm) 

0 - 15 15 - 30 30-  45 0 - 15 15 - 30 30-  45 

Water type 

M. W. 1.02 1.10 1.47 1.02 1.09 1.44 

N.M.W. 1.24 1.30 1.62 1.20 1.30 1.58 

L.S.D. at 5% 0.01 0.03 0.02 0.03 0.04 0.01 

Irrigation regimes 

45% 1.18 1.32 1.62 1.14 1.28 1.55 

50% 1.15 1.23 1.56 1.13 1.21 1.52 

55% 1.10 1.13 1.52 1.09 1.16 1.48 

60% 1.10 1.11 1.49 1.08 1.13 1.47 

L.S.D. at 5% 0.01 0.02 0.03 0.01 0.03 0.02 

The interactions 

M. W. x 45% 1.06 1.22 1.55 1.05 1.19 1.49 

M. W. x 50% 1.03 1.11 1.49 1.04 1.12 1.46 

M. W. x 55% 0.99 1.05 1.45 1.01 1.05 1.41 

M. W. x 60% 1.02 1.02 1.41 0.99 1.01 1.39 

N.M. W. x 45% 1.3 1.42 1.69 1.24 1.37 1.62 

N.M. W. x 50% 1.27 1.35 1.63 1.22 1.31 1.58 

N.M. W. x 55% 1.22 1.22 1.59 1.18 1.27 1.56 

N.M. W. x 60% 1.19 1.21 1.57 1.17 1.25 1.55 

L.S.D. at 5% 0.03 0.04 0.05 0.02 0.06 0.04 

M. W.:- Magnetic Water, N.M. W.:- Non magnetic Water. 45, 50, 55 and 60% of field capacity 

  
With regard to the effect of irrigation regimes on soil salinity, data in Table 5 illustrated that, EC values was 

significantly decreased with difference irrigation water regimes. The lowest value of soil EC after potato 
harvested were irrigated by 60% of field capacity (which received 2613.83m3.fed-1). While, the highest EC 
value was found when potato plants irrigated by 45% of the field capacity (which received 1461.83 m3.fed-1). 
Also, the values of soil EC were increased with the different depths and the values in the second season were 
more than the values in the first one because of the movement salts by gravity. These results are in agree with 
those reported by Estken and Turan, (2004), Hilal and Hilal (2000) and Mohamed and Ebead, (2013). Soil 
salinity decreased with increasing of water regimes for with MW or NMW which could be attributed to water 
quantity application (Table 4).  

Also, data in Table 5 showed that, the interaction effect of both irrigation by magnetic or non magnetic water 
and water regimes on soil salinity. The lowest EC value was obtained with the interaction between the treatment 
which received magnetic water at 55 and 60% of field capacity at the first depth (0- 15) 0.99 and 1.02 dSm-1 
respectively and increased with the depth in the two seasons. 
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Available N, P and K in soil after potato harvesting: 
 

Data in Fig. 1, 2 and 3 showed that, the means values of available N, P and K in the soil after potato 
harvested for two growing season. Available N, P and K were significantly increased in the plots irrigated with 
magnetic water compared with the plot irrigated with non magnetic water. The high mean values for two 
growing seasons of available N and P were found in the depth 15- 30 cm (62.09 and 8.17 mg kg-1) respectively 
and (120.43 mg kg-1)  in the depth 0-15cm for K and it decreased with the others depths. This result was 
confirmed with those obtained by Maheshwari and Grewal (2009). Available soil phosphorus content at all soil 
depth levels increased in the plots irrigated with MW (Hilal and Hilal, 2000). Increasing availability of N, P and 
K in the plots irrigated with MW which could be attributed to low pH in the MW as compared to NMW (Table 
2).  
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Fig.1: Mean values for two seasons to the effect of magnetic water and irrigation regimes on available N in 
three soil depths after potato harvesting. 
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Fig. 2: Mean values for two seasons to the effect of magnetic water and irrigation regimes on available P in 

three soil depths after potato harvesting. 
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Fig. 3: Mean values for two seasons to the effect of magnetic water and irrigation regimes on available K in 

three soil depths after potato harvesting. 
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The effect of irrigation regimes on the availability of N, P and K in soil were shown in Fig. 1,2 and 3 The 
highest mean values of available N, P and K were significantly increased with increased of the water quantity 
application at 60% of field capacity (55.93, 7.92 and 112.98 mg kg-1) respectively for different depths. While, 
the lowest mean values of N, P and K were found at 45% of field capacity (44.51, 5.88 and 93.71 mg kg-1). The 
high mean values of available N and P were found in the depth 15-30 cm and decrease at the others depths, but 
available K was found at the depth 0-15 cm and it decrease at the others depths. Available N and P were 
decrease in the depth of 30-45 cm compared to the other two depths because of the consumption by plant in this 
depth. Available N, P and K were increased with increasing of the water quantity application at 60% of field 
capacity. This was due to enhance organic matter decomposition by microorganism, which leads to available of 
these nutrients (Yassen et al., 2006). 

The interaction effect between the irrigation by magnetic or non magnetic water and water regimes on 
availability of N, P and K was shown in Fig. 1, 2 and 3. The highest mean values of available N and P in soil 
after potato harvested were found with the interaction between the treatment which irrigated with the magnetic 
water at 60% of field capacity at the depth of 15-30 cm (67.61 and 9.62 mg kg-1) and 130.75 mg kg-1 for 
available K at the depth of 0-15cm. While, the lowest mean values of available N, P and K were obtained with 
the interaction between the treatment which received non magnetic water with 45% of field capacity at the depth 
(30-45 cm) 29.01, 4.87 and 83.57 mg kg-1 respectively and increased with the others depths. 
 
 Vegetative growth: 
 

Results in Table 6 showed  that plant height, leaf area, leaves number, haulm fresh and dry weights were 
significantly increased by application of magnetic water as compared with non magnetic water. But main stems 
number was not affected, in both seasons. Selim, (2008) reported that irrigation with MW has improved plant 
growth characteristics of tomato and pepper in terms of leaves number, leaf area, and plant height. Also, Ahmed 
et al. (2013) found that the application of MW improved the growth of pepper plants. Midan and Tantawy 
(2013) and Fatahallah et al. (2014) stated that the vegetative growth characteristics of snap bean were improved 
after irrigation with MW. The promoting effect of irrigation with MW may be due to the increase in pigments, 
IAA, photosynthetic rate, and protein biosynthesis (Hozayn and Abdul qados, 2010). The positive effect of MW 
on plant may be attributed to its positive role on nutrients assimilation and absorption, and consequently 
increasing plant growth characteristics. Irrigation with MW has been reported to improve surface tension, 
polarity, conductivity, hydrogen bonding, pH and solubility of salts in soil. Irrigation with MW increased the 
content of kinetin and GA3, which play an important role in axillary bud growth, root and shoot formation, and 
the induction genes involved in chloroplast development (Hozayn and Abdul Qados, 2010) on chick pea and 
(Fatahallah et al., 2014) on bean.  It also induces the mitosis division in meristematic cells, and enhances cell 
metabolism of pea, lentil and flax (Belyavskaya, 2001). Moreover, MW affects the formation of new protein 
bands and growth promoters in plants. 

Plant height, leaf area, leaves number, main stems number, haulm fresh and dry weights were significantly 
increased with increasing soil moisture. Thus, application of 55% or 60% of soil moisture content gave the 
highest growth of potato plants in both seasons. But, the lowest values of soil moisture (45% of the field 
capacity) decreased all vegetative growth characters, in the two growing seasons (Table 6). These results are in 
agree with the results of Fabeiro et al. (2001), Lahlou et al. (2003), Rashidi and Gholani (2008) on potato. 
Fatahallah and Gawish, (1997) stated that the best vegetative growth parameters in snap beans were achieved at 
75% of field capacity, compared to 45% and 90% of field capacity, whereas, Shahien et al. (2000) reported that 
the best growth parameters in beans were obtained at 80% field capacity. Sami, (2000) indicated that the best 
plant growth parameters in pea plants were achieved at the highest level of water supply (irrigation after 30% 
depletion of available soil moisture). Fatahallah et al. (2014)  found  that  the  best  results  found  at  60 %  field  
capacity.  Generally, the increase in vegetative growth parameters of plant at 55% or 60% field capacity might 
be due to the effect of water on some metabolic processes in the plant cell (Sepaskhah, 1977). Besides, the 
superiority of irrigation at the 60% or 55% of soil moisture content could be attributed also to the adequate 
water supply, which gave more available soil moisture and gave more growth. Finally, as the noticed from the 
above mentioned results (Table 5) that increasing soil moisture decreased soil salinity in zone of root and also 
increased soil available N, K and P (Fig. 1,2,and 3), consequently that improved in growth of plants. The 
adverse effect of drought on plant growth may be due to the stomatal closure, which lower or prevent water loss, 
and reduce CO2 availability for the chloroplast (Flexas et al., 2004). Erice et al. (2007) showed that total dry 
weights of plants were significantly reduced in high field capacity soils. The growth reduction that followed 
drought stress may be due to a massive and irreversible expansion of small daughter cells produced by less 
meristematic divisions, inhibition of cell expansion. Water stress resulted in less water content in tissues, which 
reduce the turgor pressure of the cell, and the enlargement of the cell, causing a reduction in plant growth (Shao 
et al., 2007).    
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Data tabulated in Table 6 also show that, the interactions between both magnetic and non magnetic and 
irrigation regimes had a promoting effect on vegetative growth characters of potato plants. The highest values of 
all vegetative growth characters (plant height, leaf area, leaves number, main stems number, haulm fresh and 
dry weights) were obtained when potato were irrigated by magnetic water with the application of 60% or 55% 
of soil moisture content. While to be a plot irrigated by non magnetic water at low level of water regimes 
treatment has the lowest vegetative growth characters. These results were significant, in both seasons. 

Table 6: Response of potato vegetative growth characters to magnetic water and irrigation regimes during 2014 and 2015 

seasons. 

Seasons Treatments 
Plant 
height 
(cm) 

Leaf 
area/ plant 

(cm2) 

No. of leaves/ 
plant 

 

No. of main stems/
plant 

Haulm 
fresh wt. 

(g) 

Haulm 
Dry wt. 

(%) 

Water type 

20
14

 

M. W. 52.6 3073 48.5 3.82 211.4 11.67 

N.M.W. 47.5 2840 45.8 3.71 184.3 11.36 

L.S.D. at 5% 3.2 99.5 1.6 N.S 9.53 0.12 

20
15

 

M. W. 54.0 3179 49.5 3.73 225.5 12.48 

N.M.W. 47.0 2840 46.4 3.56 192.7 11.98 

L.S.D. at 5% 2.9 127.1 2.0 N.S 11.54 0.18 

Irrigation regimes 

20
14

 

45% 43.4 2511 40.6 3.31 149.1 10.61 

50% 47.2 2794 45.5 3.67 182.9 11.37 

55% 54.0 3225 50.5 3.99 222.9 11.98 

60% 55.7 3296 52.0 4.08 236.5 12.10 

L.S.D. at 5% 2.1 85.1 1.8 0.11 19.16 0.15 

20
15

 

45% 42.6 2508 38.4 3.19 149.7 11.27 

50% 48.2 2809 45.2 3.50 192.6 11.99 

55% 55.0 3325 53.7 3.90 240.7 12.72 

60% 56.3 3397 54.3 4.00 253.5 12.94 

L.S.D. at 5%         1.9         76.8          1.2         0.10       15.43         0.26 

The interactions 

20
14

 

M.W. x 45% 45.4 2720 42.3 3.39 157.0 10.87 

M.W. x 50% 49.2 2877 46.2 3.71 194.2 11.55 

M.W. x 55% 57.7 3302 51.8 4.03 239.0 12.06 

M.W. x 60% 58.0 3394 53.5 4.14 255.6 12.22 

N.M.W.x45% 41.3 2303 38.8 3.23 141.3 10.35 

N.M.W.x50% 45.1 2710 44.8 3.63 171.7 11.20 

N.M.W.x55% 50.3 3148 49.2 3.95 206.9 11.90 

N.M.W.x60% 53.3 3199 50.5 4.03 217.5 11.99 

L.S.D. at 5% 1.3 95.2 1.8 0.12 16.92 0.17 

20
15

 

M.W. x 45% 43.1 2762 39.4 3.27 163.5 11.60 

M.W. x 50% 51.1 2928 45.2 3.57 202.1 12.14 

M.W. x 55% 60.5 3488 56.3 4.01 263.5 12.98 

M.W. x 60% 61.4 3540 57.2 4.07 273.1 13.19 

N.M.W.x45% 42.0 2254 37.5 3.11 136.0 10.94 

N.M.W.x50% 45.3 2690 45.2 3.42 183.1 11.84 

N.M.W.x55% 49.5 3163 51.2 3.80 217.8 12.46 

N.M.W.x60% 51.2 3255 51.5 3.93 233.9 12.69 

L.S.D. at 5% 0.9 65.9 0.9 0.91 10.79 0.21 

M. W.:- Magnetic Water, N.M. W.:- Non magnetic Water. 45, 50, 55 and 60% of field capacity. 

 
Yield and its components: 
 

Results illustrated in Tables 7, 8 and 9 indicate that irrigation potato plants by magnetic water was generally 
more effective than irrigation by non magnetic water, and resulted in a significant increase on tubers number, 
tuber fresh weight and total tubers yield, in both seasons. But, tuber dry weight was significant, in the second 
season only. On the other hand, TSS and specific gravity were not affected, in both seasons. These results agree 
with those reported by Mahesshwari and Grewal (2009) on snow pea; Radhakrishnan and Kumari (2012) on 
soybean; Ahmed et al. (2013) on pepper plants; Fatahallah et al. (2014) on bean.  
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Table 7: Response of potato tubers yield, its quality and Water use efficiency (WUE) to magnetic water and irrigation 
regimes during 2014 and 2015 seasons. 

Treatments 

2014 season 2015 season 

Tubers 
No./ plant 

Tuber 
fresh 

weight 
(g) 

Tuber dry 
weight 

(%) 

Tubers 
yield 
(ton/ 
fed) 

WUE 
(kg/m) 

Tubers 
No. / 
plant 

Tuber 
fresh 

weight 
(g) 

Tuber dry 
weight 

(%) 

Tubers 
yield 

(ton/ fed) 

WUE 
(kg/m3) 

Type Water 

M. W. 11.21 107.68 18.65 14.965 7.438 11.44 113.05 19.28 15.528 7.718 

N.M.W. 10.58 95.11 18.01 14.023 6.970 10.61 98.34 18.29 14.487 7.200 

L.S.D. at 5% 0.47 7.15 N.S 0.341 0.225 0.69 6.72 0.66 0.376 0.215 

Irrigation regimes 

45% 9.02 82.22 16.91 11.512 7.875 8.97 80.20 17.23 12.365 8.458 

50% 10.48 95.53 18.22 14.135 8.439 10.79 100.09 18.53 14.643 8.742 

55% 11.83 108.28 18.95 16.067 6.994 11.93 116.94 19.68 16.442 7.157 

60% 12.25 119.55 19.24 16.263 6.222 12.41 125.55 19.70 16.582 6.344 

L.S.D. at 5% 0.41 12.23 0.34 0.199 0.473 0.56 10.84 0.15 0.218 0.625 

The interactions 

M. W. x 45% 9.23 86.52 17.08 11.990 6.903 9.05 83.92 17.61 12.847 7.400 

M. W. x 50% 10.84 100.99 18.41 14.623 7.932 11.35 105.81 18.88 15.117 8.200 

M. W. x 55% 12.03 114.26 19.43 16.510 7.663 12.40 127.02 20.35 17.033 7.905 

M. W. x 60% 12.73 128.96 19.67 16.737 7.236 12.97 135.47 20.30 17.117 7.401 

N.M.W.x45% 8.80 77.93 16.75 11.033 6.352 8.89 76.47 16.86 11.883 6.841 

N.M.W.x50% 10.13 90.06 18.02 13.647 7.403 10.24 94.38 18.19 14.170 7.686 

N.M.W.x55% 11.64 102.30 18.48 15.623 7.251 11.46 106.86 19.02 15.850 7.356 

N.M.W.x60% 11.77 110.13 18.81 15.790 6.827 11.85 115.64 19.10 16.047 6.938 

L.S.D. at 5% 0.73 16.48 0.25 0.241 0.199 0.61 9.13 019 0.145 0.209 

M. W.:- Magnetic Water, N.M. W.:- Non magnetic Water. 45, 50, 55 and 60% of field capacity, WUE:- Water use efficiency. 

 
Table 8: Response of potato tubers grading (%) and TSS (%) to magnetic water and irrigation regimes during 2014 and 

2015 seasons. 

Treatments 
2014 season 2015 season 

Grade A 
(Large) 

Grade B 
(Medium) 

Grade C 
(small) 

TSS 
(%) 

Grade A 
(Large) 

Grade B 
(Medium) 

Grade C 
(small) 

T.S.S 
(%) 

Water type 
M. W. 38.91 43.85 17.24 4.94 37.41 44.86 17.73 5.37 
N.M.W. 30.44 47.24 22.32 4.92 28.41 49.56 22.03 5.34 
L.S.D. at 5% 2.99 1.87 3.31 N.S 4.65 2.15 1.76 N.S 

Irrigation regimes 
45% 17.32 48.92 33.76 4.86 18.06 50.35 31.59 5.29 
50% 36.11 44.52 19.37 4.90 32.82 46.68 20.50 5.34 
55% 40.64 45.47 13.89 4.96 38.90 46.95 14.15 5.38 
60% 44.61 43.26 12.13 5.00 41.84 44.84 13.32 5.41 
L.S.D. at 5% 4.28 2.45 1.99 N.S 3.06 2.19 1.85 N.S 

The interactions 
M. W. x 45% 22.81 46.98 30.21 4.89 23.64 47.99 28.37 5.31 
M. W. x 50% 38.95 44.67 16.38 4.91 35.87 46.32 17.81 5.35 
M. W. x 55% 44.66 43.21 12.13 4.97 43.24 44.01 12.75 5.41 
M. W. x 60% 49.21 40.54 10.25 5.01 46.9 41.11 11.99 5.43 
N.M. W. x 45% 11.84 50.87 37.29 4.84 12.49 52.72 34.79 5.28 
N.M. W. x 50% 33.28 44.38 22.34 4.90 29.78 47.05 23.17 5.33 
N.M. W. x 55% 36.62 47.73 15.65 4.95 34.57 49.89 15.54 5.36 
N.M. W. x 60% 40.02 45.99 13.99 4.99 36.79 48.58 14.63 5.40 
L.S.D. at 5% 3.89 3.32 1.95 N.S 3.67 3.15 0.96 N.S 
M. W.:- Magnetic Water, N.M. W.:- Non magnetic Water. 45, 50, 55 and 60% of field capacity. 

 
From data of Tables 7, 8 and 9 it could notice that, the yield and its components gradually increased with 

increasing water supply up to 60% of the field capacity. In this respect, irrigation of potato plants with 60% of 
the field capacity produced the highest values of total tubers yield, tubers number, tuber fresh and dry weight. 
As well as, this treatment (60%) obtained the best values of potato tubers grading (%), in both seasons. On the 
other hand, irrigation of potato plants with 45% of the field capacity produced the lowest values of all 
characters. These results were significant for all parameters except, TSS and specific gravity, in both seasons. 
These results are similar with those obtained by Fabeiro et al. (2001), Lahlou et al. (2003), Rashidi and Gholani 
(2008) and Kandil et al. (2011) on potato. The positive effect of 60% or 55% field capacity on tubers yield and 
its components may be attributed to the moderate soil moisture content, which led to increase in nutrient 
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availability and its uptake, as well as a reduction in soil salinity compared to low field capacity. Higher values of 
field capacity increased growth parameters, which reflected as higher rates of photosynthetic processes and 
carbohydrates production that increased final tubers yield. Whereas, the reduction in total yield due to water 
deficit may be attributed to the reduction in leaf area due to fewer and small leaves, and the increase in stomatal 
resistance and gas exchange, as well as the reduction in transpiration rate, which all resulted in a reduction in 
photosynthesis (Ghosh et al., 2000). 

Concerning the interactions, data presented in Tables 7, 8 and 9 reveal that the total tubers yield of potato 
and its component (tubers number, tuber fresh and dry weight, potato tubers grading, TSS and specific gravity) 
was enhanced when potato were irrigated by magnetic water with the application of 60% or 55% of soil 
moisture content. While to be a plot irrigated by non magnetic water at low level of water regime treatment has 
the lowest total tubers yield of potato. These results were significant for all characters except TSS and specific 
gravity, in both seasons. 

 
Chemical constituents: 
 

Irrigation of potato plants using magnetic water significantly increased N %, P%, K%, in both leaves and 
Tubers, in both seasons Also, starch %, non reducing sugars, and total sugars in tubers. But, these results were 
significant in one of the seasons. On the other hand, reducing sugars were insignificant, in both seasons (Tables 
9&10). These results may be attributed to that MW increase nutrient mobility in soil, and enhances water 
absorption and the uptake of P, K, N, and Fe by the plants (Estiken and Turan, 2003; Hajer, et al., 2006). 
Irrigation with MW increased enzyme activity that control many biological processes, such as photosynthesis 
(CO2-fixation), photosynthetic pigments formation, and translocation efficiency of photoassimilates (CO2-
assimilation), as compared with the control plants.  

Table 9: Response of some chemical component of potato tuber to magnetic water and irrigation regimes during 2014 and 
2015 seasons. 

Treatments 

2014 Season 2015 Season 

Specific 
gravity 

Starch 
(%) 

Sugar (g/100g dry wt.) Specific 
Gravity 

Starch 
(%) 

Sugar (g/100g dry wt.) 

Reducing Non R. Total Reducing Non R. Total 

Water type 

M. W. 1.066 11.42 0.148 0.612 0.760 1.073 14.02 0.137 0.520 0.657 

N.M.W. 1.065 11.18 0.139 0.561 0.700 1.069 13.39 0.130 0.493 0.623 

L.S.D. at 5% N.S N.S N.S 0.019 0.025 N.S 0.41 N.S N.S N.S 

Irrigation regimes 

45% 1.060 10.47 0.126 0.492 0.618 1.065 12.65 0.113 0.444 0.557 

50% 1.065 11.39 0.138 0.565 0.703 1.069 13.33 0.128 0.487 0.615 

55% 1.067 11.58 0.153 0.637 0.790 1.073 14.36 0.144 0.541 0.685 

60% 1.069 11.75 0.157 0.653 0.810 1.077 14.47 0.150 0.554 0.704 

L.S.D. at 5% N.S 0.24 0.09 0.018 0.021 N.S 0.15 0.07 0.019 0.025 

The interactions 

M. W. x 45% 1.06 10.74 0.129 0.497 0.626 1.066 12.84 0.115 0.453 0.568 

M. W. x 50% 1.066 11.19 0.142 0.584 0.726 1.071 13.55 0.133 0.499 0.632 

M. W. x 55% 1.068 11.78 0.158 0.673 0.831 1.077 14.82 0.149 0.558 0.707 

M. W. x 60% 1.071 11.98 0.163 0.695 0.858 1.080 14.89 0.153 0.571 0.724 

N.M. W. x 45% 1.061 10.21 0.123 0.487 0.610 1.065 12.47 0.112 0.436 0.548 

N.M. W. x 50% 1.065 11.59 0.134 0.546 0.680 1.067 13.12 0.123 0.475 0.598 

N.M. W. x 55% 1.066 11.38 0.148 0.602 0.750 1.069 13.91 0.140 0.524 0.664 

N.M. W. x 60% 1.068 11.53 0.151 0.611 0.762 1.075 14.06 0.147 0.537 0.684 

L.S.D. at 5% N.S 0.21 0.070 0.029 0.065 N.S 0.11 0.05 0.017 0.019 

M. W.:- Magnetic Water, N.M. W.:- Non magnetic Water. 45, 50, 55 and 60% of field capacity. 

 
These results are in the same trend with the findings of Selim et al. (2009) and Amed et al. (2013) on 

pepper, Fatahallah et al. (2014) on bean and Midan and Tantawy (2013) on snap beans. 
The recorded data in Tables 9&10 show the effect of different irrigation regimes i.e. irrigation of potato 

plants at 45, 50, 55, and 60% of field capacity on chemical content in leaves and tubers. Increasing soil moisture 
contents from 45% to 60% of field capacity caused a significantly increase in the concentrations of N, P, K, 
reducing sugars, non reducing sugars and total sugars in tubers, in both seasons. Also, it caused a significant 
increase in the concentrations of P and K in leaves, in the first season only. While, tubers starch content and 
leaves content of N were insignificantly increased, in both seasons. Similar results were reported by Fatahallah 
et al. (2014), Midan and Tantawy (2013) on snap beans and Ahmed et al. (2013) on pepper plants. 



Middle East J. Agric. Res., 5(2): 132-143, 2016 
ISSN: 2077-4605 

 

141 

 

Table 10: Response of N, P and K of potato tubers and leaves to magnetic water and irrigation regimes during 2014 and 

2015 seasons. 

Treatments 
2014 season 2015 season 

Leaves (%) Tubers (%) Leaves (%) Tubers (%) 
N P K N P K N P K N P K 

Water type 
M. W. 2.86 0.664 3.489 2.002 0.394 2.14 2.92 0.471 3.813 1.976 0.446 2.59 
N.M.W. 2.66 0.602 3.351 1.829 0.350 2.00 2.75 0.425 3.743 1.791 0.394 2.26 
L.S.D. at 5% 0.09 0.047 0.031 0.078 0.026 0.05 0.12 0.029 0.044 0.045 0.019 0.09 

Irrigation regimes 
45% 2.68 0.591 3.326 1.848 0.333 1.96 2.78 0.443 3.661 1.804 0.370 2.24 
50% 2.72 0.610 3.357 1.897 0.359 2.03 2.81 0.421 3.711 1.881 0.410 2.35 
55% 2.79 0.660 3.458 1.929 0.392 2.10 2.86 0.460 3.847 1.908 0.439 2.51 
60% 2.84 0.671 3.539 1.989 0.403 2.18 2.88 0.467 3.893 1.941 0.461 2.60 
L.S.D. at 5% N.S 0.011 0.081 0.069 0.014 0.09 N.S N.S N.S 0.035 0.24 0.15 

The interactions 
M. W. x 45% 2.75 0.619 3.337 1.914 0.363 2.01 2.86 0.456 3.678 1.907 0.406 2.45 
M. W. x 50% 2.81 0.632 3.376 1.985 0.382 2.08 2.89 0.471 3.710 1.983 0.428 2.52 
M. W. x 55% 2.9 0.696 3.553 2.012 0.409 2.19 2.95 0.475 3.911 2.001 0.461 2.67 
M. W. x 60% 2.98 0.711 3.692 2.099 0.421 2.28 2.97 0.484 3.954 2.014 0.489 2.71 
N.M. W. x 45% 2.61 0.563 3.316 1.783 0.303 1.92 2.70 0.431 3.644 1.701 0.334 2.03 
N.M. W. x 50% 2.64 0.589 3.339 1.809 0.337 1.99 2.73 0.372 3.712 1.779 0.392 2.18 
N.M. W. x 55% 2.68 0.625 3.364 1.847 0.375 2.01 2.77 0.445 3.783 1.816 0.417 2.36 
N.M. W. x 60% 2.71 0.631 3.387 1.879 0.386 2.08 2.80 0.451 3.832 1.869 0.434 2.49 
L.S.D. at 5% N.S 0.019 0.054 0.075 0.013 0.11 N.S 0.091 0.047 0.018 0.031 0.06 

M. W.:- Magnetic Water, N.M. W.:- Non magnetic Water. 45, 50, 55 and 60% of field capacity.    

 
Regarding the interaction effect of both irrigation by magnetic or non magnetic water and water regimes, 

results in Tables 9&10 show that the concentrations of P and K in leaves, as well as, content of N, P, K, 
reducing sugars, non reducing sugars and total sugars in tubers were significantly affected by irrigation of potato 
plants with magnetic water under different water regimes, in both seasons. On the other hand, tubers starch 
content and leaves content of N were insignificant, in both seasons. Irrigation of potato plants by magnetic water 
at 55% or 60% of the field capacity gave the highest values. Meanwhile, the lowest values were obtained when 
potato plants were irrigated at 45% of field capacity by ordinary water. 

 
Water use efficiency (WUE): 
  

Water use efficiency (WUE) was considered as an evaluation parameter of fresh yield per unit of applied 
water. It is a tool for maximizing crop production per unit of applied water. The highest value of WUE means 
that less amount of water and gave highly crop yield. The treatment which irrigated with magnetic water 
obtained the highest mean value of WUE (7.57kg m3) compared with the treatments which irrigated with non 
magnetic water (6.097kg m3) in the two seasons and the value of  WUE in the second season was high than the 
value in the first one (Table 8). These results are confirmed with the tubers yield (ton/ fed-1). 

With regard to the water regimes, data show that, the highest value of WUE (8.74 kg m3) was obtained with 
the treatment which received 50% of field capacity in the second season, but the lowest value of WUE (6.22 kg 
m3) was obtained with the treatment which irrigated at 60% of field capacity these results depended on the 
quantity of water applied (Table 8). Similar results were obtained by Abd El-Kader, (2011) who mentioned that 
water use efficiency for fall plantation of potato, when the plant received 1452 m3 of irrigation water fed-1 was 
7.51 kg m3. 

Also, the interaction effect between the irrigation by magnetic or non magnetic water and water regimes are 
shown in Table 8. The highest value of WUE was obtained with the plants irrigated with magnetic water at 50% 
of field capacity (8.02 kg m3) in the second season. But the lowest value of WUE was obtained when the 
treatment received the magnetic water at 60% of field capacity (6.82 kg m3) in the first one. This is mainly due 
to the higher yield of potato tubers (Table 8) and the less applied water (Table 8). This may lead to the 
conclusion that irrigation at 50% at field capacity with magnetic water is the best treatment for potato plantation 
under Gharbiah Governorate. These results are conformed with those obtained by El-Nagar, (1997) and Abd El-
Kader, (2011).  
    

Conclusion 
 

From the previous results it could be concluded that the irrigation of potato plants by magnetic water at 55% 
or 60% of the field capacity can be recommended to enhance vegetative growth, yield, its components of potato 
plants,  decrease soil salinity and improve soil fertility.   
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