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ABSTRACT 

The objectives of this investigation were to study some physiological characteristics and 
biochemical aspects as well as yield quantity and quality of potato plants (Solanum tuberosum L.cv. 
Diamant) in response to two types of irrigation (tap and magnetized water) under four NPK fertilizers 
levels (100, 75, 50 and 25% of the recommended rate) and their interactions during two growing 
seasons (January 11th in the 1st and 2nd seasons 2016 and 2017). Pot experiments were carried out in a 
greenhouse at the experimental farm of the Faculty of Agriculture, Menoufia University, Shibin El-
Kom, Egypt. The decreases in the fertilizer levels caused a significant decrease in all growth 
characters, physiological aspects, biochemical constituents and the quantity and quality of tuber yield. 
Irrigation with magnetized water enhanced most of these characteristics under all fertilizer levels. The 
leaf area, relative water content, membrane permeability, total chlorophyll (a and b), total 
carbohydrates concentration in leaves and concentration of N, P and K increased by about 55, 11, 31, 
48, 12,16, 59 and 15%, respectively, in the plants fertilized by 50% NPK fertilizer of the 
recommended rate, compared to the control group. Additionally, irrigation with magnetic water 
resulted in a significant increase in the yield components i.e., tuber yield/feddan (Kg), NPK use 
efficiency in potato tuber by about 146 and 203 %, respectively under 25% NPK fertilizer level 
compared to its control. As the growth and productivity of potato plants increased by using magnetic 
water for irrigation under the different levels of fertilizer, this study recommends this type of 
irrigation for potato plants which decrease more than 25% of NPK fertilizer consumption. 
  
Keywords: potato, Magnetic Water, NPK fertilizes, growth, productivity, physiological characteristics 

 
Introduction 

In Egypt, potato is one of the most important crops among the vegetable crops because of its 
high nutritional value and consequently for its consumption in local market and for exportation as 
well. Potatoes contain a high concentration of carbohydrates and good considerable amounts of fiber, 
vitamins (A, B and C), amino acids, mineral nutrients such as potassium, phosphorus and iron 
(Muthoni and Nyamango, 2009). The cultivated areas of potato in Egypt reached about 410 thousand 
feddans (about 173 thousand hectare) producing about 4.6 million tons with an average of about 11.3 
ton/fed (FAO, 2017). 

Potato (Solanum tuberosum L.) is a plant with high nutrient needs. Fertilization is an essential 
factor in potato production to give the optimum quantity and quality tuber yield. Maximum potato 
yields can only be obtained by adding the optimal nutrient doses in balanced proportions (Poljak et 
al., 2007). Potato production in Egypt depended on the soil mineral fertilization based on three 
macronutrients i.e. nitrogen, phosphorus and potassium. Nitrogen (N) is an indispensable elementary 
part of numerous organic compounds i.e. amino acids, nucleic acids, protein and formation of 
protoplasm and new cells. In potato, N is an essential element for protein synthesis, respiration, and 
growth of tubers (Westermann, 2005; Kavvadias et al., 2012). Nitrogen deficiency reduced dry matter 
and leaf area and resulted in fewer leaflets that provides less light interception and lower rate of 
photosynthesis (Marouanietal., 2015 and Li et al., 2016). Phosphorus (P) and Potassium (K) are 
essential macro-elements that play critical roles for physiological functions and mechanisms of plant 
growth. Phosphorus enhances root growth (Aguilar-Acunaet al., 2006), formation of tubers and starch 
synthesis (Perrenoud, 1993). Potassium is necessary for translocation of sugars to the tubers and 
starch synthesis, essential processes in the tuber growth and filling (Reis and Monnerat, 2000). Devi 
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and Zaman (2012) reported that plant height, number of stems and leaves, total dry matter 
accumulation, crop growth rate of potato plants significantly increased at the recommended NPK rate. 
Verma et al. (2010) found that 75% NPK of the recommended rate plus Azotobacter produced the 
maximum tubers number, total yield and highest percent of potato plant nutrient uptake. However, 
minimizing the chemical fertilizers used in potatoes fields becomes crucial to reduce production cost, 
environmental pollution and necessary for human health. One of the new suggesting techniques to 
reduce consumption of chemical fertilizers is through the use of magnetized water for irrigation.  

Magnetic field technology has shown various benefits which can improve the plant growth, the 
water relations and metabolic processes in plant, the solubility of nutrients in the soil, and crop yields. 
Several investigators indicated that the magnetic field helps for improvement the germination of seeds 
(Aladjadjiyan, 2002), the plant growth (Radhakrishnan and Kumari, 2012), the plant water status and 
relations (Selim, 2016), the concentration and uptake of essential macro- and micro-elements  and the 
chemical composition of plants (Radhakrishnan and Kumari, 2012), saving the irrigation water (Selim 
and El-Nady, 2011 and Selim et al., 2019), and increasing the yield of many economic crops 
(Doklega, 2017). 

The studies concerning the role of magnetized water and its relation with fertilization of the 
plants is relatively scarce. Selim (2016), on cucumber found that magnetic treated water increased 
nutrient solubility and mobility in soil and enhances extraction and uptake of NPK and other nutrient 
elements by plants. Also, Hajer et al., 2006 stated that magnetized water increased the efficiency of 
added fertilizers. Hilal and Hilal (2000) indicated that the behavior of nutrients under magnetic field is 
a function of their magnetic susceptibility. Magnetically treated water prevents forming white salty 
deposits near the plant (Ajitkumar, 2014). In addition, some studies stated that irrigation with 
magnetized water and fertilization with rates less than the recommended doses gave crop growth and 
yield higher than those irrigated with tap water and fertilized with the recommended doses (Doklega, 
2017). 

Therefore, the present investigation was done to evaluate the efficiency of irrigation with 
magnetized water on minimizing the NPK fertilizers rates recommended for potato plants cv. Diamant 
as well as studying the effect of such treatments on the behavior of growth, physiological and 
biochemical aspects, yield and NPK use efficiency of potato plants.    
 
Material and methods 

Experimental conditions and treatments 
Pot experiments were carried out in a greenhouse at the Experimental farm of the Faculty of 

Agriculture, Shibin El-Kom, Menoufia University, on potato plant cv. Diamant to study the effect of 
two types of irrigation (tap and magnetized water) under different levels of  NPK fertilizers and their 
interactions on  growth, physiological and biochemical aspects as well as yield quantity and quality.  

Potato tuber cv. Diamant was planted in polyethylene pots inner diameter 30 cm and 30 cm 
depth filled with 7 kg sandy clay loam soil on January 11th in the first and second seasons 2016 and 
2017. The used soil was analyzed using the methods described by Page et al. (1982) to estimate some 
physical and chemical characteristics of this soil (Table 1). 
 
Table 1: Some physical and chemical properties of the clay loam soil used. 

Particle size distribution < 2 mm % 

pH 

ECe 

dS/m 

at 

25°C 

Soil paste extract analysis (meq / L) 

Coarse 

sand 

Fine 

sand 
Silt Clay 

Texture 

grade 

Anions Cations 

CO=
2 HCO-

3 Cl- SO=
4 Ca++ Mg++ Na+ K+ 

2.35 41.05 29.00 27.60  Clay loam 7.80 2.50     - 4.50 8.30 19.20 14.50 6.39 10.52 0.32 

 
The experimental design involved the following treatments: Two types of irrigation (tap and 
magnetized water) under four NPK fertilizers levels (100, 75, 50 and 25% of the recommended rate), 
with 5 replicates of each treatment which arranged in a factorial experiment (2x4) of completely 
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random design. As recommended by the Agric. Res. Center, Egypt, Nitrogen fertilizer was added at 
three equal portions; the 1st dose was applied after emergence (21 days from planting), in the form of 
ammonium sulphate (20.5 %), then two and four weeks later in the form of ammonium nitrate (33.5 
%) at the rate of 180 Kg N/feddan. Phosphorous at rate of 75 kg P2O5/feddan was applied during the 
soil preparation in the form of calcium superphosphate (15.5% P2O5) and potassium sulphate (48 % 
K2O) at rate of 80 kg K2O/feddan was divided into two equal doses to be added during the soil 
preparation and the vegetative growth stage. The above fertilizers rates were added to the pots 
according to their surface areas. Irrigation with tap and magnetized water was done immediately.  The 
water was passed through a magnetron, which is a magnetic tube (model U.T.I, 1-inch diameter, 
output 4–6 m3/h) produced by Magnetic Technologies L.C.C., Russia, branch United Arab of 
Emirates. All usual cultural practices of potatoes cultivation were carried out according to the 
procedures recommended by the Ministry of Agric. Egypt. Harvesting was done after 115 days from 
planting dates in both seasons. One plant sample from each replicate was taken randomly after 90 
days from sowing (14 weeks from sowing) at 8 am during the experimental period of both growing 
seasons. 
 
Studied traits 
 
Growth characters:  

Plant height (cm), leaves number per plant, number of aerial stems per plant, dry weights of 
root, stem and leaves (g.plant-1), the shoot /root ratio were recorded, leaf area (cm2.plant-1) was 
estimated using the disc method according to Bremner and Taha (1966), and leaf area index were 
calculated with the formula of Simone et al. (1993) (LAI= total leaf area, cm2/ area of pot surface, 
cm2). 

 
Physiological characteristics: 
 
Leaf water relations: 
-Total water content (TWC, %), leaf water deficit (LWD, %), relative water content (RWC, %). 
-Osmotic pressure values (Atm) were calculated using special tables according to the method 
described by Gosev (1960).  
-The succulence degree (SD) was estimated according to the equation of Kreeb (1990): SD = Fresh 
weight/Dry weight.  
-The transpiration rate (TR) (mg/cm2.h) was determined according to the equation of Kreeb (1990): 
TR = [(Fresh weight – Plant weight after 1 h)/Plant area in cm2] * 1000. 
-Membrane permeability (integrity): the absorption of the leakage of solutes across the cell membrane 
of tissues was determined at the ultraviolet wavelength 273 nm following the method of Leopold et al. 
(1981). 
 
Chemical measurements: 

Photosynthetic pigments were estimated according to Wettestein (1957) in fresh leaves 
extracted by acetone 80%, calculated as mg. g-1 dry weight. 

 
Total carbohydrates:  

Total carbohydrates in fine powder of dry shoot (previously prepared) were estimated using the 
phenol-sulphuric acid method described by Sadasivam and Manikam (1992). 
 
Mineral elements: 0.2 g of dried ground leaves of the tested plants was digested in H2SO4 
(concentrated) and H2O2 (5:1) for chemical analysis of nitrogen (N), phosphorus (P) and potassium 
(K) according to A.O.A.C. (1995). 
 
The phenoloxidase and peroxidase activities were measured in the fresh leaves. Phenoloxidase 
activity was determined according the methods described by Broesh (1954). For peroxidase activity, 
the method of Fehrman and Dimond (1967) was used; enzyme activity was expressed as increase in 
optical density from 60-120 seconds after the substrate was added. 
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Data recorded at the harvest time: 
 
Yield and its attributes (quantitative and qualitative): At the harvest time (115 days from sowing), 
a sample of five plants were chosen at random from each replicate of treatments to determine yield 
and its quality for the two growing seasons.  
 
Fresh tuber yield was recorded in terms of number of tubers per plant, mean weight of tubers per 
plant, pots and expected total yield per feddan (Kg/fed) which was calculated according to the 
equation; total yield (kg/fed.) = (yield of experimental unit, kg x net area of feddan '4200 m2') /area of 
experimental unit 'm2'.  
 
Tuber quality (dry matter, specific gravity, total protein and NPK percentage, starch and vitamin C 
(vit.C) content as well as total soluble solid percentage) was determined as indicated below. 
 
Specific gravity was calculated according to Abdel-Aal (1971) as follows: Specific gravity (g/cm3) = 
Tuber mass (g)/ tuber volume (cm3);  
 
Dry Matter (%) was determined by drying 100 g of grated tuber tissues at 105 0C till constant 
weight, and then DM (%) was calculated.  
 
The NPK use efficiency: Nutrient use efficiency may be defined as yield per unit fertilizer input, or 
in terms of recovery of fertilizer applied. 
 It was calculated as kg tuber yield/kg NPK fertilizer applied. 
 
Starch (%) was estimated using the following formula after Burton (1948): 
Starch%=17.546+199.07(Specific gravity-1.0988) 
 
Total protein percentage was estimated by multiplying total nitrogen value with 6.25.  
 
Vit.C content (mg Ascorbic acid.100 g-1fwt. tuber) were estimated using the methods of A.O.A.C. 
(1995). Ascorbic acid was extracted from plant material (tuber) with oxalic acid then titrate using 2.6- 
Dichlorophenol indophenole as described by Sadasivam and Manickam (1992). Potato tuber samples 
were extracted with 80% cold ethanol (v/v) for three times at 0 C, then put it in water bath for 30 min. 
The combined extracts were collected and filtered through Whatman No 1 filter paper. Then the 
volume of sample was raised up to 10 ml with cold ethanol.  
 
Total soluble solids (T.S.S.) was determined in potato juice by refractometer according to AOAC 
(1990).  
 
For NPK determination, 0.2 g of tuber ground dry matter samples were used and the same methods 
mentioned before for NPK determination were applied. 
 
Statistical analysis:  

The obtained data were statistically analyzed using GLM procedure of SAS software, version 
9.2 (SAS Institute, 2008) to conduct the analysis of variance. Differences between the treatments 
means as well as between the different interactions were tested using the orthogonal comparisons of 
Duncan's New Multiple Range at 0.05 significance level.  
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Results and Discussion 

Growth characteristics 
Table 2 shows vegetative growth characters of potato plants after irrigation by magnetic water 

under different levels of NPK fertilizers. The results show that growth decreased significantly (P < 
0.05) as fertilizers levels decreased. The reduction in the dry weight of whole plant and leaf area 
(cm2/plant) reached 38 and 36%, respectively at 25% level compared to the control. These results are 
in agreement with those obtained by Feleafel (2005) in potato plants. Also, Devi and Zaman (2012) 
reported that plant height, number of stems and leaves, total dry matter accumulation, crop growth 
rate of potato plants significantly increased at the recommended NPK rate. In this respect, it is known 
that N is an essential element in biosynthesis of amino acids, nucleic acids, protein and formation of 
protoplasm and new cells (Marschner, 1995). Marouani et al., (2015) and Li et al., (2016) stated that 
N deficiency reduced dry matter and leaf area and resulted in fewer leaflets that provides less light 
interception and a lower rate of photosynthesis. Also, P and K are essential macro-elements that play 
critical roles for physiological mechanisms of plant growth and different physiological processes in 
plant. Regarding the effect of magnetized water treatment, the obtained results indicate that potato 
plants irrigated with magnetic water recorded highly significant increases in all growth characters 
which reached about 41 and 24%, respectively in the whole plant dry weight and the leaf area 
(cm2/plant) compared to the control. These results are in accordance with those obtained by El-
Gizawy et al., 2016 on Potato plants. There was an improvement in most growth characters after 
using magnetic water under all fertilizers levels, and the highest increase was at the 25% level by 
about 55% in the leaf area (cm2/plant). Similar results were observed in the 2nd season (Table 3). The 
obtained results are in accordance with the findings by by Doklega (2017) in potato plants. The 
enhancement of growth due to magnetic treatments at the lowest levels of fertilization may be 
attributed to the physiochemical changes of natural water by weaking the hydrogen bonds between 
water molecules which leads to reduce surface tension, increase minerals dissolvability and providing 
adequate nutrients for plant growth, development of roots and shoots (Takashenko, 1995). Selim et al. 
(2009) recorded that the increased in growth may be attributed to the increment in absorption of 
essential elements, production of photosynthetase enzyme activities, gibberellic acid (GA3), indole 
acetic acid (IAA) and cytokinin synthesis and reduced abscisic acid (ABA). 

 
Water relations 

Table 4 shows that as the NPK fertilizer level decreased, values of water relations in potato 
plants decreased significantly compared to the control group except the membrane permeability. 
Under 25% fertilizer level, the relative water content and osmotic pressure decreased by about 8 and 
5%, respectively, in the 1st season. In contrast, compared to the control, irrigation with magnetic water 
resulted in a significant increase in values of water relations except the transpiration rate. Irrigation 
with magnetic water caused a marked increment in the relative water content, osmotic pressure and 
membrane permeability by about 11, 4 and 31%, respectively, compared to the control, under 
fertilizer level of 50% in the 1st season. The improvement of water relations was more pronounced 
under fertilizer level of 50%. Similar trend was observed in the 2nd season. These findings are in 
accordance with those of Abd El–Latif et al. (2015) in strawberry plants. The improvement in the 
water relations of potato plants could be attributed to the reduction of surface tension, viscosity 
increases permeability through the soil and creates greater water solubility (Takashenko, 1997 and 
Table, 4). Magnetic treatments increased the concentration of the total carbohydrates and the 
concentration of minerals (Table, 6) which led to alternation of the osmotic pressure and the 
membrane permeability to absorb water. 

 
Chemical measurements 
 
Photosynthetic pigments 

The data of Table 5 reveal that the concentrations of photosynthetic pigments in potato plants 
were significantly decreased with reducing NPK fertilizers levels compared to the control. On the 
other hand, irrigating of the potato plants with magnetic water caused a marked increase in the 
photosynthetic pigments under all fertilizer levels. The concentration of chlorophyll a, chlorophyll b, 
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Table 2: Effect of magnetized water, NPK fertilizers levels and their interactions on some vegetative growth characters of potato plants at age of 90 days during 

the 1st growing season 
 

Characters 
 

Treatments 
Plant height 

(cm) 
Leaves No.  
per plant 

No. of 
Arial stems /plant  

Dry weight 
(g/plant) 

Shoot/  
root 
ratio 

Leaf area 
(cm2/plant) 

Leaf area index 

Magnetic Treatment NPK Fertilizer levels Root Stem Leaves whole 
A. Effect of magnetized water 

Normal water 
 

38.250a 23.583a 2.167a 0.766b 1.216b 5.279b 6.942b 8.498a 2486.488b 3.959b 

Magnetic water  
47.500a 31.083a 2.667a 1.273a 2.026a 6.521a 9.820a 6.760b 3071.509a 4.891a 

B. Effect of NPK levels (% recommended rate) 

 

100 50.334a 31.667a 2.500a 1.074a 2.206a 7.268a 10.548a 9.942a 3423.385a 5.451a 

75 50.834a 29.500a 2.500a 1.081a 1.660ab 6.648a 9.389b 7.256b 3131.365b 4.986a 

50 38.834b 28.000a 2.500a 1.044a 1.405b 5.002b 7.078c 6.218c 2355.785c 3.751b 

25 31.500b 20.167a 2.167a 0.878a 1.213b 4.683b 6.508c 7.100b 2205.458d 3.512b 

C. Effect of the interaction between Magnetized water and NPK levels 

Normal water 

100 46.667ab 28.667ab 2.667ab 0.763a 1.888ab 7.002ab 9.653b 11.646a 3297.785b 5.251ab 

75 49.667a 24.667ab 2.000ab 1.023a 1.475abc 6.458abc 8.957b 7.752bc 3041.875d 4.844ab 

50 33.000bc 26.000ab 2.333ab 0.747a 0.878bc 3.980d 4.858c 6.507d 1874.580g 2.985c 

25 23.667c 15.000b 1.667b 0.532a 0.622c 3.677d 4.298c 8.085b 1731.710h 2.758c 

Magnetic water 

100 54.000a  34.667a 2.333ab 1.385a 2.523a 7.535a 11.443a 8.238b 3548.985a 5.651a 

75 52.000a 34.333a 3.000a 1.139a 1.845ab 6.838ab 9.822b 6.759cd 3220.855c 5.129ab 

50 44.667ab 30.000ab 2.667ab 1.342a 1.932ab 6.023bc 9.297b 5.929d 2836.990e 4.518ab 

25 39.333abc 25.333ab 2.667ab 1.225a 1.803 ab c5.688 8.717b 6.116d 2679.205f 4.266b 

* Means superscripted by different letters within each main factor and the interactions are significantly different, α=0.05. 
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Table 3: Effect of magnetized water, NPK fertilizers levels and their interactions on some vegetative growth characters of potato plants at age of 90 days 

during the 2nd growing season 
 

Characters 
 

Treatments 
Plant height 

(cm) 
Leaves No.  
per plant 

No. of 
Arial stems / plant  

Dry weight 
(g/plant) 

Shoot/  
root 
ratio 

Leaf area 
(cm2/plant) 

Leaf area index 

Magnetic Treatment NPK Fertilizer levels Root Stem Leaves whole 
A. Effect of magnetized water 

Normal water 
 

37.833b 20.792b 2.667b 0.878a 1.401b 4.681b 6.960b 7.569a 2204.869b 3.511b 

Magnetic water 
 

50.833a 28.667a 3.250a 1.348a 2.209a 6.138a 9.696a 6.392b 2890.959a 4.603a 

B. Effect of NPK levels (% recommended rate) 

 

100 50.333b 30.667a 3.333a 1.590a 2.393a 6.658a 10.641a 5.851c 3135.683b 4.993a 

75 52.500a 26.667b 2.500b 1.461a 2.400a 6.721a 10.582a 6.179c 3165.513a 5.041a 

50 41.833c 23.167c 3.167ab 0.714b 1.277b 4.445b 6.436b 8.334a 2093.595c 3.334b 

25 32.667d 18.417d 2.833ab 0.688b 1.149b 3.815b 5.652c 7.557b 1796.865d 2.861b 

C. Effect of the interaction between Magnetized water and NPK levels 

Normal water 

100 46.667d 29.333bc 3.333a 1.442ab 2.232a 6.313ab 9.987b 5.927de 2973.580d 4.735ab 

75 49.667c 23.333d 2.000b 1.255ab 2.178a 6.418ab 9.852b 6.850cd 3023.035c 4.814ab 

50 33.000f 18.000e 3.000ab 0.463b 0.751b 3.535d 4.750d 9.251a 1664.985g 2.651c 

25 22.000g 12.500f 2.333ab 0.352b 0.442b 2.458e 3.252e 8.246ab 1157.875h 1.844c 

Magnetic water 

100 54.000b 32.000a 3.333a 1.739a 2.555a 7.002a 11.295a 5.774de 3297.785b 5.251a 

75 55.333a 30.000b 3.000ab 1.667a 2.622a 7.023a 11.312a 5.509e 3307.990a 5.268a 

50 50.667c 28.333c 3.333a 0.965ab 1.803a 5.355bc 8.123b 7.418bc 2522.205e 4.016b 

25 43.333e 24.333d 3.333a 1.023ab 1.857a 5.172c 8.052b 6.868cd 2435.855f 3.879b 

* Means superscripted by different letters within each main factor and the interactions are significantly different, α=0.05. 
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Table 4: Effect of magnetic water, NPK fertilizers levels and their interactions on water relations in leaves of potatoes plants at age of 90 days during the 1st   

and 2nd growing seasons 
 

Characters 
 

Treatments 

1st season 2nd season 
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M
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b
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p
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m
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b
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y 

(%
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Magnetic Treatment NPK  Fertilizer levels 

A. Effect of magnetized water 

Normal water 
 

71.306b 23.917a 76.083b 4.885a 5.869b 0.201a 14.173b 71.856b 30.899a 69.101b 5.084a 4.318b 0.191a 14.042b 

Magnetic water 
 

75.492a 16.746b 83.254a 5.731a 8.941a 0.133b 15.875a 79.703a 21.944b 78.056a 6.013a 8.436a 0.144a 16.125a 

B. Effect of NPK levels (% recommended rate) 

 

100 76.814a 17.878c 82.122a 5.602a 8.735a 0.198a 13.268b 74.489b 22.701b 77.299a 5.816a 6.932a 0.212a 14.017b 

75 75.793ab 18.402bc 81.598ab 5.428a 7.660ab 0.163a 17.802a 75.348b 24.980b 75.020a 6.300a 6.638a 0.167a 17.013a 

50 73.527b 20.410b 79.590b 4.906a 7.375ab 0.163a 14.730b 78.442a 28.041a 71.959b 4.924a 6.653a 0.152a 14.403b 

25 67.462c 24.638a 75.362c 5.297a 5.850b 0.145a 14.296b 74.840b 29.964a 70.036b 5.155a 5.285a 0.141a 14.901ab 

C. Effect of the interaction between Magnetized water and NPK levels 

Normal water 

100 78.163ab 20.824c 79.176c 5.170a 7.486ab 0.229a 11.683d 67.232d 26.194b 73.806b 5.170a 4.356bc 0.230a 12.477c 

75 76.096 b 20.454c 79.546c 4.819a 5.279bc 0.205ab 19.383a 72.135c 28.707b 71.293b 5.923a 5.496bc 0.191a 18.194a 

50 66.640d 24.447b 75.553d 4.819a 7.675ab 0.186ab 12.744cd 75.411bc 29.444b 70.556b 4.923a 3.970c 0.181a c12.362 

25 64.326d 29.945a 70.055e 4.733a 3.036c 0.186ab 12.880cd 72.648c 39.252a 60.748c 4.319a 3.450c 0.162a 13.133bc 

Magnetic water 

100 75.466b 14.931e 85.069a 6.035a 9.984a 0.168ab 14.853bcd 81.746a 19.208c 80.792a 6.462a 9.508a 0.193a 
15.556ab

c 

75 75.491b 16.349de 83.651ab 6.036a 10.040a 0.122ab 16.221abc 78.561ab 21.254c 78.746a 6.676a 7.780ab 0.142a 
15.831ab

c 

50 80.414a 16.374e 83.626ab 4.992a 7.074ab 0.139ab 16.715ab 81.473a 26.637b 73.363b 4.924a 9.336a 0.123a 16.445ab 

25 70.597c 19.331cd 80.669bc 5.860a 8.665ab 0.104b 15.712bc 77.032b 20.676c 79.324a 5.991a 7.121abc 0.119a 16.668ab 

* Means superscripted by different letters within each main factor and the interactions are significantly different, α=0.05. 
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Table 5: Effect of magnetic water, NPK fertilizers levels and their interactions on the concentrations and the ratios of the photosynthetic pigments in leaves of 
potato plants during the growing seasons 
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Magnetic Treatment NPK Fertilizerlevels mg/g DW mg/g DW 
A. Effect of magnetized water 

Normal  water 
 

5.214b 3.514a 8.728b 3.727b 1.973a 2.241a 4.997b 3.404b 8.401b 3.774a 1.649a 2.193a 

Mag. water 
 

7.850a 5.187a 13.038a 5.281a 1.826a 2.476a 6.988a 4.135a 11.124a 4.194a 1.666a 2.662a 

B. Effect of NPK levels (% recommended rate) 

 

100 9.445a 6.382a 15.826a 6.397a 1.618a 2.476a 8.669a 5.573a 14.242a 5.594a 1.554a 2.543a 

75 7.775b 5.186b 12.961b 5.813a 1.764a 2.214a 8.103a 4.406b 12.509b 4.519b 1.864a 2.788a 

50 5.947c 3.859c 9.805c 3.796b 2.254a 2.477a 4.257b 3.116c 7.373c 3.825b 1.361a 2.104a 

25 2.962d 1.977d 4.938d c2.010 1.961a 2.268a 2.942c 1.983d 4.925d 1.998c 1.851a 2.275a 

C. Effect of the interaction between Magnetized water and NPK levels 

Normal water 

100 8.000b 5.821b 13.821b 5.732bc 1.369a 2.401a 7.553b 5.547a 13.099b 5.492a 1.362a 2.385ab 

75 6.805c 4.953b 11.758c 4.971cd 1.377a 2.388a 7.793b 4.838ab 12.631b 4.158bc 1.611a 3.038a 

50 5.035d 2.873c 7.909d 3.474e 2.611a 2.217a 3.668d 2.808c 6.477d 4.741ab 1.306a 1.366b 

25 1.015e 0.408d 1.423e 0.729f 2.534a 1.960a 0.976e 0.421d 1.397e 0.705e 2.317a 1.981ab 

Magnetic water 

100 10.890a 6.942a 17.832a 7.061a 1.867a 2.550a 9.785a 5.600a 15.385a 5.696a 1.747a 2.701a 

75 8.746b 5.418b 14.164b 6.655ab 2.151a 2.041a 8.413b 3.973bc 12.387b 4.881ab 2.118a 2.538ab 

50 6.858c 4.844b 11.702c 4.117de 1.897a 2.737a 4.846c 3.423c 8.270c 2.910d 1.416a 2.842a 

25 4.908d 3.545c 8.454d 3.291e 1.387a 2.576a 4.908c 3.545c 8.454c 3.291cd 1.384a 2.568ab 

* Means superscripted by different letters within each main factor and the interactions are significantly different, α=0.05. 
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total chlorophyll (a+b) and carotenoids increased by about 36, 69, 48 and 19%, respectively, 
compared to the control, under 50% fertilizer level. Similar results were found in the 2nd season. The 
previous mentioned results are in accordance with those reported by Abd El–Latif et al. (2015) in 
strawberry plants, used magnetized water plus of 50% NPK and 75% NPK increased significantly 
total chlorophyll as compared with control. Increasing photosynthetic pigments resulted from the 
application of the magnetic treatments may be attributed to the increase in gibberellic acid content in 
plants (Selim et al., 2009), the enhancing of absorption of the essential elements specially the iron 
(Fe++), magnesium (Mg++), potassium (K+) and nitrogen (NH4+) cations due to dissolvability, that 
necessary for enzymes activation and formation of both chloroplasts and chlorophyll (Takashenko, 
1995; Selim et al., 2019). 

 
Total carbohydrates  

The decrease in NPK fertilizers levels resulted in a reduction in the total carbohydrates in 
leaves of potato plants (Table 6). However, with magnetic water irrigation, the total carbohydrates 
increased. A significant increase by about 12 % was observed under 50% fertilizer level by using 
magnetic water compared to the control. The same trend was noticed at the 2nd season (Table 7). 
These results agreed with those obtained on strawberry plants by Abd El–Latif et al. (2015), who 
found that irrigation with magnetized water plus 50% NPK of the recommended fertilization rate 
showed the highest values of total carbohydrates as compared with control. Magnetic field contributes 
to the increase in the rate of photosynthesis which led to increase the synthesized carbohydrates which 
increase the plant biomass (De Souza et al., 2005). 

  
Mineral concentrations and uptakes 

As shown in Table 6, as the NPK fertilizers levels decreased, the concentration and uptake of 
the elements N, P and K in potato plants decreased significantly compared to the control. The 
concentration of the elements N, P and K under 25% fertilizer level decreased by about 26, 34 and 
28%, respectively, also the decreases in the uptakes of these elements by about 50, 55 and 52%, 
respectively compared to the control. Similar results were obtained with Feleafel (2005) in potato 
plants. Conversely, irrigating the potato plants with magnetic water resulted in a marked increase in 
the concentration and uptakes of all minerals under all fertilizers levels. Under 50% fertilizer level, 
the concentration of N, P and K increased by about 16, 59 and 15%, respectively, also the increments 
in the uptakes of these elements reached 75, 141 and 75%, respectively compared to the control 
plants. The same trend was observed in both seasons (Table 7). These results are in accordance with 
those of by Doklega (2017) in potato plants. In this concern, Estiken and Turan (2004) reported that, 
magnetic water decreased pH values of soil layers, dissolving slightly soluble components which led 
to increase the nutrient mobility and enhancement the uptake of N, P, K and Fe by plants and 
therefore increase the efficiency of added fertilizers. 

 
Enzymes activity (Phenoloxidase and peroxidase) 
The decrease in NPK fertilizers levels resulted in a reduction in the Enzymes activity of 
phenoloxidase and peroxidase in leaves of potato plants (Table 6). However, with magnetic water 
irrigation, the activity of phenoloxidase and peroxidase enzymes increased. Similar results were 
obtained on pepper plants by Selim et al. (2009). Under 50% fertilizer level and using magnetic water, 
the activity of phenoloxidase and peroxidase enzymes increased by about 19 and 40%, respectively 
compared to the control. The same trend was observed in the two seasons (Table 7).  
 
Yield components 

The yield quantity and quality of potato plant using different levels of NPK fertilizers and 
magnetic water treatments are shown in Table 8 and 9. 

 
Potato yield quantity 

As shown in (Table 8), the tuber yield/feddan (Kg) of potato plant was decreased with 
decreasing fertilizers levels (about 18% at 75% NPK level and 74% at 25% NPK level). These results 
were in agreement with those of Imamsaheb et al. (2011), who found that, total yield tomato plants 
were gradually increased with increasing NPK fertilizer level. Phosphorus enhances formation of 
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Table 6: Effect of magnetic water, NPK fertilizers levels and their interactions on some chemical constituents and enzymes activity in leaves of potato plants 
at age of 90 days during the 1st season 

 

Characters 
 

Treatments 

T
ot

al
 

C
ar

b
oh

yd
ra

te
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(m
g

/g
 

D
W

t.
) 

Mineral Nutrients Enzymes activity 

N P K 
Phenol-oxidase Peroxidase 

conc. 
% 

Uptake conc. 
% 

uptake conc. 
% 

uptake 

Magnetic Treatment NPK Fertilizer levels mg/plant mg/plant mg/plant O.D./g FW. 
A. Effect of magnetized water 

Normal water 
 

141.41a 1.42b 77.87b 0.25a 14.11b 1.60b 88.29b 0.69a 0.88b 

Magnetic water 
 

156.36a 1.72a 113.10a 0.35a 23.08a 1.88a 123.11a 0.81a 1.11a 

B. Effect of NPK levels (% recommended rate) 

 

100 171.27a 1.74a 126.44a 0.35a 25.17a 1.93a 140.41a 0.94a 1.15a 

75 159.09ab 1.75a 116.21b 0.35a 23.02b 1.90a 126.51b 0.83ab 1.17a 

50 142.58bc 1.51ab 76.65c 0.29a 14.92c 1.75a 88.56c 0.69ab 0.96ab 

25 122.61c 1.28b 62.65d 0.23a 11.27d 1.38b 67.33d 0.54b 0.70b 

C. Effect of the interaction between Magnetized water and NPK levels 

Normal water 

100 163.38ab 1.61ab 112.73c 0.31a 21.71c 1.88a 131.63c 0.91a 1.05ab 

75 157.13ab 1.64ab 105.92d 0.30a 19.38e 1.80a 116.25d 0.78ab 1.10ab 

50 134.75bc 1.40b 55.72g 0.22a 8.76g 1.62a 64.48g 0.63ab 0.80bc 

25 110.38c 1.01c 37.13h 0.18a 6.62h 1.11b 40.81h 0.42b 0.55c 

Magnetic water 

100 179.16a 1.86a 140.15a 0.38a 28.63a 1.98a 149.19a 0.97a 1.24a 

75 161.05ab 1.85a 126.51b 0.39a 26.67b 2.00a 136.77b 0.87a 1.23a 

50 150.40ab 1.62ab 97.58e 0.35a 21.08c 1.87a 112.64e 0.75ab 1.12ab 

25 134.84bc 1.55ab 88.17f 0.28a 15.93f 1.65a 93.86f 0.66ab 0.85abc 

* Means superscripted by different letters within each main factor and the interactions are significantly different, α=0.05. 

 

 



Middle East J. Agric. Res., 8(1): 237-254, 2019 
ISSN: 2077-4605 

248 

 
 
 

 
Table 7: Effect of magnetic water, NPK fertilizers levels and their interactions on some chemical constituents and enzymes activity in leaves of potato plants 

at age of 90 days during the 2nd season 
 

Characters
 

Treatments 

Total 
Carbohydrates 

(mg/g DWt.) 

Mineral Nutrients Enzymes activity 
N P K 

Phenol-oxidase Peroxidase 
conc. 

% 
Uptake conc. 

% 
uptake conc. 

% 
uptake 

Magnetic Treatment NPK Fertilizer levels 
mg/plant mg/plant mg/plant 

O.D./g FW. 

A. Effect of magnetized water 

Normal water 
 

129.53b 1.45b 70.53b 0.23a 11.68b 1.60a 78.57b 0.46b 0.64b 

Magnetic water 
 

163.86a 1.78a 110.28a 0.33a 20.75a 1.98b 122.82a 0.67a 1.03a 

B. Effect of NPK levels (% recommended rate) 

 

100 173.47a 1.79a 119.75a 0.31a 20.78b 1.91a 127.50a 0.67a 1.01a 

75 158.05b 1.72a 115.67a 0.35a 23.32a 2.02a 136.08a 0.65a 0.98a 

50 134.29c 1.59ab 72.41b 0.26a 11.93c 1.74ab 79.35b 0.49a 0.76ab 

25 120.95d 1.36b 53.78b 0.21a 8.83d 1.49b 59.84b 0.46a 0.58b 

 

C. Effect of the interaction between Magnetized water and NPK levels 

Normal water 

100 157.18c 1.62abc 102.28ab 0.27a 17.05d 1.81bc 114.27abc 0.55ab 0.89abc 

75 134.88e 1.58abc 101.41ab 0.30a 19.26c 1.80bc 115.53abc 0.53ab 0.76bcd 

50 118.50g 1.37c 48.43dc 0.19a 6.72f 1.52cd 53.73de 0.44ab 0.51cd 

25 107.54h 1.22c 29.99d 0.15a 3.69g 1.25d 30.73e 0.32b 0.38d 

Magnetic water 

100 189.76a 1.96a 137.23a 0.35a 24.51b 2.01ab 140.73ab 0.79a 1.12ab 

75 181.22b 1.85ab 129.93a 0.39a 27.39a 2.23a 156.62a 0.76a 1.20a 

50 150.08d 1.80ab 96.39ab 0.32a 17.14d 1.96ab 104.96bc 0.54ab 1.00ab 

25 134.36f 1.50bc 77.58bc 0.27a 13.96e 1.72bc 88.95cd 0.60ab 0.78abcd 

* Means superscripted by different letters within each main factor and the interactions are significantly different, α=0.05. 
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tubers and starch synthesis (Perrenoud, 1993). Potassium is necessary for translocation of sugars to 
the tubers and starch synthesis, essential processes in the tuber growth and filling (Reis and Monnerat, 
2000). While, potato plants irrigated with magnetic water recorded highly significant increases in 
tuber yield/feddan (Kg) under all fertilizers levels which reached about 114 and 146%, respectively at 
50 and 25% levels, respectively compared to the control. Similar trend was observed in the 2nd season 
(Table 9). These findings are in agreement with those of Neshev and Manolov (2016) in potato plants, 
who found that, the yield of variant NPK was 25 % higher than the yield from variant NP and 68 % 
higher than control.  

 
Potato yield quality 

Table 8 shows that as the NPK fertilizer level decreased, the values of chemical contents 
(Starch (%), Total Protein (%), Vitamin C mg/100 g fresh weight and NPK minerals content) in 
potato tuber decreased significantly compared to the control. Under 25% fertilizer level, the 
percentage of starch, total protein, N, P and K content decreased by about 36, 28, 28, 34 and 32%, 
respectively. These findings are in agreement with those of Feleafel (2005) in potato plants. On the 
other hand, using magnetic water caused a marked increase in the values of chemical contents in the 
potato tuber under all fertilizer levels. The content of starch, total protein, vitamin C, N, P and K 
increased by about 61, 11, 27, 11, 34 and 22%, respectively, compared to the control, under 50% 
fertilizer level. Similar results were found in the 2nd season (Table 9). Similar results were obtained 
with Abd El–Latif et al. (2015), who reported that, using 50 % of the recommended NPK fertilization 
rates plus magnetized water resulted in enhancing yield and quality of strawberry plants. These results 
may be attributed to that the application of magnetic treatments can affect plant growth as follow; 
firstly, magnetic field enhanced the activation of the enzymes (Tables, 6 and 7) and increasing IAA, 
cytokinins and GA3 syntheses and decreased the synthesis of ABA as indicated in Selim et al. (2009). 
Secondly, the membranes become more permeability which increase the absorption of elements and 
water as shown in (Table, 4) (Eşitken and Turan, 2004). Thirdly, an energetic excitement of one or more 
parameters of the cellular substratum (proteins and carbohydrates) (Table, 6) or water inside the dry 
seeds, changes the natural water properties and improves the moisture supply of plant (Rokhinson and 
Baskin, 1996) which led to avoid the use of a big amount of mineral fertilizers and enhance yield. 

 
NPK use efficiency 

The data recorded in Table 8 indicate that irrigation the potato plants with magnetic water 
caused a significant increase in the NPK fertilizer use efficiency for potato tuber yield by about 91% 
compared to the control. The interaction between magnetic technique and NPK fertilizer in different 
doses showed marked increase in NPK use efficiency for potato tuber yield. NPK use efficiency for 
potato irrigated with magnetizes water and supplemented by 50 and 25% NPK fertilizer levels 
increased by about 98 and 203%, respectively, compared to their corresponding controls. Similar 
results were found in the 2nd season. This indicates that the magnetized treated water played an 
important role in enhancing the efficiency of potato plants to use the mineral fertilizers at lower rates 
which led to saving considerable amounts of mineral fertilizer and reducing the production cost, as 
well as reducing the environmental pollution. This may be due to that the magnetic water significantly 
increased the tuber potato yield at the lower rates of NPK fertilizers as show in Table 8. 
 
Conclusion 

It could be concluded that irrigation with magnetized water improved the growth, physiological 
and biochemical behavior, NPK use efficiency in potato plant, gave higher potato tuber yield and 
minimized the NPK fertilizers rates recommended for potato plants cv. Diamant by more than 25%.  
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Table 8: Effect of magnetic water, NPK fertilizers levels and their interactions on potato yield quantity and quality in the 1st growing season 
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Treatment 
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(%
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NPK minerals content 

N  
(%) 

P 
(%) 

K 
(%) 

A. Effect of magnetized water 

Normal 
water 

 
3.92b 14.23b 16.50a 1.07a 58.93b 117.87b 7006.84b 70.12b 140.24b 131.48b 34.49b 11.81b 8.44b 57.15b 6.20b 1.35a 0.31a 1.59b 

Magnetic 

water 
 

5.42a 16.80a 20.09b 1.10a 94.98a 189.95a 11292.34a 124.63a 249.26a 233.68a 61.29a 16.79a 10.75a 79.62a 7.54a 1.72a 0.41a 2.12a 

B. Effect of NPK levels (% recommended rate) 

 

100 6.67a 18.22a 19.25b 1.10a 121.45a 242.90a 14439.72a 96.267c 192.53c 180.50c 47.34c 16.79a 10.88a 76.38a 7.29a 1.74a 0.41a 1.98a 

75 5.33b 18.56a 20.56a 1.10a 99.37b 198.73b 11814.30b 105.02a 210.03a 196.91a 51.65a 16.79a 10.47a 74.85b 7.36a 1.68a 0.41a 2.23a 

50 3.83c 14.14b 17.26c 1.08a 55.28c 110.55c 6572.17c 87.63d 175.26d 164.31d 43.10d 12.81b 9.22b 63.15c 6.74a 1.48a 0.34a 1.89ab 

25 2.83d 11.14c 16.11d 1.07a 31.73d 63.45d 3772.17d 100.59b 201.18b 188.61b 49.47b 10.82c 7.81c 59.15d 6.11b 1.25a 0.27a 1.33b 

C. Effect of the interaction between Magnetized water and NPK levels 

Normal 
water 

100 6.67a 14.77cd 18.15d 1.08a 98.46c 196.91c 11706.10c 78.04f 156.08f 146.33f 38.38f 13.80d 9.69b 61.88e 6.74cd 1.55ab 0.38a 1.81ab 

75 4.67bc 17.94abc 19.45bc 1.09a 83.72d 167.45d 9954.37d 88.48e 176.97e 165.91e 43.52e 15.79c 9.38bc 61.92e 6.80cd 1.50ab 0.37a 1.85ab 

50 2.67d 13.21d 14.85e 1.06a 35.22g 70.43g 4187.12g 55.83h 111.66h 104.68h 27.46h 9.82e 8.75c 55.74f 6.02de 1.40ab 0.29 a 1.70ab 

25 1.67e 11.00d 13.55f 1.05a 18.33h 36.67h 2179.76h 58.13g 116.25g 108.99g 28.59g 7.83f 5.94d 49.04g 5.25e 0.95b 0.20a 1.00b 

Magnetic 

water 

100 6.67a 21.67a 20.34b 1.11a 144.44a 288.88a 17173.33a 114.49d 228.98d 214.67d 56.31d 19.78a 12.06a 90.88a 7.83ab 1.93a 0.44a 2.15a 

75 6.00a 19.17ab 21.67a 1.10a 115.01b 230.02b 13674.23b 121.55b 243.10b 227.90b 59.78b 17.78b 11.56a 87.78b 7.92a 1.85ab 0.45a 2.60a 

50 5.00b 15.07bcd 19.67b 1.09a 75.34e 150.67e 8957.23e 119.43c 238.86c 223.93c 58.74c 15.79c 9.69b 70.55c 7.45abc 1.55ab 0.39a 2.07a 

25 4.00c 11.28d 18.67cd 1.08a 45.12f 90.240f 5364.59f 143.06a 286.11a 268.23a 70.36a 13.80d 9.69b 69.25d 6.97bc 1.55ab 0.34a 1.66ab 

* Means superscripted by different letters within each main factor and the interactions are significantly different, α=0.05. 
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Table 9: Effect of magnetic water, NPK fertilizers levels and their interactions on potato yield quantity and quality in the 2nd growing season 
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NPK minerals content 

N  
(%) 

P  
(%) 

K  
(%) 

A. Effect of magnetized water 

Normal water 
 

4.33b 13.25b 14.82b 1.07a 59.45b 118.89b 7067.97b 76.36b 152.73b 143.18b 37.56b 10.82b 7.95b 53.74b 4.89b 1.27b 0.30a 1.51b 

Magnetic water 
 

6.75a 14.21a 18.26a 1.09a 96.05a 192.09a 11419.46a 146.06a 292.13a 273.87a 71.83a 15.30a 11.17a 75.43a 6.61a 1.79a 0.42a 2.09a 

B. Effect of NPK levels (% recommended rate) 

 

100 6.50a 15.97a 17.96a 1.09a 101.40a 202.79a 12055.65a 80.37d 160.74d 150.70d 39.53d 14.80b 10.78a 72.32a 6.06a 1.73a 0.42a 2.05a 

75 6.17a 14.57b 17.65a 1.09a 90.11b 180.22b 10713.52b 95.23c 190.46c 178.56c 46.84c 15.79a 10.78a 70.71b 6.38a 1.73a 0.41a 2.00ab 

50 5.33b 12.69c 15.51b 1.07a 69.11c 138.23c 8217.30c 109.56b 219.13b 205.43b 53.88b 12.31c 9.50b 59.44c 5.45b 1.52a 0.34a 1.78ab 

25 4.17c 11.67d 15.05b 1.06a 50.37d 100.73d 5988.39d 159.69a 319.38a 299.42a 78.54a 9.32d 7.19c 55.87d 5.11b 1.15a 0.28a 1.38b 

C. Effect of the interaction between Magnetized water and NPK levels 

Normal water 

100 5.00c 17.60a 16.25d 1.07a 88.00d 176.01d 10463.24d 69.75h 139.51h 130.79h 34.31h 11.81c 9.06cd 59.82f 5.45c 1.45ab 0.36a 1.80ab 

75 6.00b 13.06de 16.95cd 1.09a 78.33e 156.67e 9313.52e 82.79e 165.57e 155.23e 40.71e 15.79b 9.38c 61.24e 5.80bc 1.50ab 0.37a 1.70ab 

50 4.00d 11.61f 13.34e 1.06a 46.44g 92.88g 5521.53g 73.62g 147.24g 138.04g 36.21g 8.83d 8.38d 51.42g 4.25d 1.34ab 0.27a 1.55ab 

25 2.33e 10.72g 12.75e 1.05a 25.01h 50.02h 2973.59h 79.30f 158.59f 148.68f 39.00f 6.84e 5.00e 42.48h 4.05d 0.80b 0.21a 1.00b 

Magnetic water 

100 8.00a 14.35c 19.67a 1.10a 114.79a 229.58a 13648.07a 90.99d 181.97d 170.60d 44.75d 17.78a 12.50a 84.82a 6.67ab 2.00a 0.47a 2.30a 

75 6.33b 16.09b 18.34b 1.09a 101.88b 203.77b 12113.52b 107.68c 215.35c 201.89c 52.96c 15.79b 12.19a 80.18b 6.95a 1.95a 0.45a 2.30a 

50 6.67b 13.77cd 17.67bc 1.09a 91.79c 183.57c 10913.06c 145.51b 291.02b 272.83b 71.56b 15.79b 10.63b 67.45d 6.65ab 1.70ab 0.40a 2.00a 

25 6.00b 12.62e 17.34c 1.07a 75.72f 151.45f 9003.20f 240.09a 480.17a 450.16a 118.07 a 11.81c 9.38c 69.25c 6.17abc 1.50ab 0.35a 1.75ab 

* Means superscripted by different letters within each main factor and the interactions are significantly different, α=0.05. 
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