
ECONTECHMOD. AN INTERNATIONAL QUARTERLY JOURNAL – 2016. Vol. 5. No. 3, 51-58 

 

 

 

 

Effects of mineral fertilization and pre-sowing magnetic stimulation on the yield and quality 

of sugar beet roots  

 

Miłosz Zardzewiały, Bogdan Saletnik, Marcin Bajcar, Grzegorz Zaguła, Maria Czernicka, 

Czesław Puchalski 

 

Department of Bioenergy Technology, Faculty of Biology and Agriculture, Rzeszów University, 

Ćwiklińskiej 2D, 35-601 Rzeszów, e-mail: g_zagula@ur.edu.pl 

 

Received July 12.2016: accepted July 18.2016 

 

 

 
Abstract. Magnetic field may be applied as a physical 

factor to improve germination capacity as well as growth 

and development of plants. In order to investigate the 

influence of stimulation with magnetic field and 

fertilization on the yield and quality of sugar beet roots, a 

field experiment was carried out in 2015 and it was 

designed to examine three cultivars of sugar beets, two 

variants of magnetic stimulation applied to seeds: 

stimulation in the magnetic field of 40 mT, and control 

conditions (no stimulation), as well as two variants of 

mineral fertilization: optimal, based on the contents of 

nutrients in soil, and control conditions (no fertilization). 

Observation of the plants’ growth and development was 

conducted during the vegetation period. The examined 

values included yield of roots and leaves, as well as 

contents of heavy metals, macro- and micro-elements and 

sugar. The observations carried out during the experiment 

and following harvest showed that the applied variable 

factors used in the experiment, i.e. the pre-sowing 

stimulation with magnetic field as well as properly 

designed fertilization, positively affect the parameters of 

the plants germination, growth and development as well 

as the contents of sugar in the examined sugar beet roots. 

Key words: magnetic stimulation, fertilization, sugar 

beet, yield. 

 

INTRODUCTION 

 

In Polish climate sugar beet is the only feasible raw 

material for production of sugar. It has been cultivated for 

over 150 years and during this time there have been 

numerous developments in both sugar beet culture and 

breeding which led to refinement and enhancement of the 

plant. Due to the increasing competition in sugar industry 

and the decreasing profitability of sugar beet cultivation, 

growers are forced to reduce costs of production, and to 

look for ways to increase the yield and to improve 

technological quality of the crop. The yield and the 

qualitative characteristics largely depend on the optimal 

farmland cultivation and rational mineral and organic 

fertilization [12]. 

Population growth poses a demand for constant 

increase in food production. In order to meet people’s 

nutrition-related needs, in terms of both quantity and 

quality, it is necessary to improve crop yields. Measures 

of progress in biology mainly include the rate and 

stability of yield in new cultivars, as well as immunity of 

plants to diseases and environmental stressors [14]. In 

recent years there has been growing interest in organic 

and integrated cultivation methods with focus on 

sustainable methods of enhancing the quality and health 

of seeds [8]. High demand for organic produce and the 

overall increase in the demand for plant material for food 

manufacturing have led to research into methods enabling 

production growth [6]. Seeds germination capacity and 

plant growth are positively impacted by cleaning and 

selection of seeds for their physical qualities as well as 

treatment with temperatures, irradiation with light of 

various wavelengths and intensity as well as treatment 

with alternating magnetic field [5]. Today we know that 

the use of magnetic fields with extremely low frequencies 

positively affects the characteristics of plants as well as 

processes occurring in them. The observed effects include 

improved germination capacity, faster development, 

increased length of seedlings and higher quantity of raw 

mass [3, 7]. Plants are exposed to the operation of 

constant, variable, oscillating [11] and pulsed magnetic 

field [1]. Physical methods are recognized as safe for the 

environment, therefore they are important from the 

standpoint of ecological farming [10]. The relevant 

physical methods may definitely  supplement chemical 

methods, yet they cannot replace them [1]. Earlier studies 

conducted both in laboratories and at micro-fields have 

demonstrated positive influence of stimulation with 

variable magnetic field on germination, growth and yield 

in selected cereals, pulses, root crops, vegetables and 

flowering plants [2, 4, 9].  

Moreover, the use of fertilizers is of great importance 

as the basic treatment in agriculture impacting both plants 

productivity and quality of crops. It is estimated that in 

the conditions defined by Polish soils and climate, 

treatments with fertilizers account for 40-50% of crops 

productivity. At the same time inadequate use of 

fertilizers decreases the quality of soils by stimulating 

acidity, disturbing ionic equilibrium of the elements, 

reducing microbiological activity, introducing harmful 
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substances/elements and inducing salinity. Fertilization 

may also lead to eutrophication of surface waters and 

contamination of ground waters with nitrates and nitrite 

[Wójcik2014]. 

MATERIAL AND METHODS 

A field experiment carried out in Gać near Przeworsk 

in 2015 was designed to identify the influence of pre-

sowing stimulation of seeds with magnetic field and 

treatment with mineral fertilizers on the yield of sugar 

beet and the quality of its roots. The field experiment was 

established in split-block/split-plot design, in three 

repetitions. The assessment was carried out for three 

common sugar beet cultivars, in two variants: seeds 

magnetically stimulated and seeds without stimulation. 

Likewise, two variants of fertilization were applied: 

treatment with and without mineral fertilizers. The factor 

of fertilization was also used in combination with the 

factor of pre-sawing stimulation of seeds, which resulted 

in the total of 4 experimental variants in three block 

repetitions. The seeds were exposed to magnetic field of 

50 mT, generated by air-spaced coil with inner diameter 

of 11 cm and length of 15 cm, powered from a source of 

single-phase alternating current.  The coreless coil 

consisted of 13 layers, with 115 turns per each layer 

(Fig. 1.).

 

 

Fig. 1. Station for inducing large slow-changing magnetic field.

Calculations of such coil parameters as: resistance, 

inductance, reactance, impedance, intensity of current 

flowing in the coil, and the strength of the magnetic field 

in the central point of the coil were performed with the 

use of technical method of computing based on Ampere’s 

law. To facilitate theoretical considerations a special 

application was developed to enable automatic computing 

of the required parameters in LabView environment.  

Sample calculations for magnetic field induction at 

the level of 50 mT, at the frequency of 50 Hz are shown 

in Fig. 2.  

 

 

Fig. 2. The system parameters at specific induction of magnetic field   

U [V] – voltage on coil clamps; f [Hz] – frequency of the magnetic field; l [m] – coil length; r1 and r2 [m] – 

internal and external coil radius; d [mm] – coil wire thickness; isolation thickness [µm]; number of layers; turns per 

layer; n – total number of turns in the coil; total wire length [m] 
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Duration of exposition was defined as 60 seconds, 

taking into account temperature coefficient and 

stimulation was performed each time on the day the seeds 

were planted: 

 

where: [Ω] – resistance at temperature T, 

 [Ω] – resistance at temperature 0°C 

  temperature coefficient of resistance 

(Table 1). 

 

Table 1. Values of temperature coefficient of resistance for selected materials [13] 

Iron Tungsten Aluminium Copper Silver 

     
 

For example, with a change in temperature 

amounting to 10 K, coil resistance changes by 4.3%, 

which leads to change in the current strength, at the 

constant voltage of 100V by approx. 0.1A (nominal 

current in this case is approx. 2.5A).  

Taking that into account, a model of magnetic field 

distribution around the applied solenoid was drawn 

(Fig. 3.) 

 

 
Fig. 3. Model distribution of magnetic field in the applied 

solenoid 

 

Soil samples were collected in the year preceding the 

start of the experiment, i.e. in the 4th decade of October 

2014. More specifically, 30 single samples were collected 

from the surface of the field in order to identify the 

average sample. The single samples were collected with 

Egner’s stick, from the arable layer 0-20 cm, along the 

diagonals of the field designated for the experiment. The 

soil samples collected this way were subjected to analyses 

in Stacja Chemiczno-Rolnicza (Chemical and 

Agricultural Research Laboratory) in Rzeszów. The 

assays were performed to identify soil pH, and salinity as 

well as the contents of nitrogen, phosphorus, potassium, 

calcium, magnesium and chlorine. The findings were used 

to elaborate recommendations regarding fertilizer 

treatments to be used during the field experiment. Then, 

in November 2014 a specific amount of fertilizers was 

distributed, in compliance with the recommendations. The 

field was ploughed before the winter. In spring (late 

March/early April) 2015, after seedbed preparation, which 

included application of more fertilizers to meet the 

guidelines, on 15 April 2015 the field experiment was 

established in an area of 14 ares. Sugar beets were 

cultivated in compliance with agricultural technologies. 

Winter wheat was used as a forecrop.  

Observation of the plants’ growth and development 

was conducted during the vegetation period. Harvest was 

conducted in the 4th decade of October. The yield of roots 

and leaves was determined. Then samples of roots and 

leaves were collected from each plot in order to examine 

chemical composition. The contents of water, ash, carbon, 

nitrogen and volatile substances were measured with 

TGA701 Thermogravimetric Analyzer, and 

concentrations of macroelements were examined with ICP 

OES iCAP Dual 6500. The contents of sugar were 

measured with liquid chromatography system Thermo 

Dionex Ultimate 3000. Additionally calculated, the 

harvest index reflected the ratio of root yield to the overall 

yield of leaves and roots.   

 

RESULTS AND DISCUSSION 

 

Field emergence was significantly related to the 

factors applied during the field experiment. Moreover, 

variety-specific characteristics and pre-sawing stimulation 

with magnetic field affected that property in all the 

examined sugar beet cultivars. Significantly higher field 

emergence, compared with the other cultivars, was found 

in cultivar No. III (88.9%). The seeds of Cultivars I and II 

germinated at the rates of 85.5% and 81.3%.  Pre-sowing 

seeds stimulation with the magnetic field of 50 mT 

significantly influenced field emergence, on average 

improving seeds germination capacity by 7.2 %. On the 

other hand, optimal fertilization was not related to seeds 

germination capacity, yet later it affected the speed of 

growth, development and the ultimate crop yield. 

 Both the yield of roots and the yield of leaves 

were related to the applied variable factors. The yield of 

roots on average ranged from 53.9 t/ha for the control 

sample, for stimulated seeds on average 58.4 t/ha, for the 

variable factor, i.e. magnetic stimulation and fertilization 

62.4 t/ha up to 71.9 t/ha for cultivars treated with optimal 

fertilization. The applied optimal fertilization improved 

yield of roots in Cultivar No. I by 15.2 t/ha, Cultivar II by 

23.4 t/ha and Cultivar III by 15.5 t/ha compared with the 

control sample. Combination of the variable factors, i.e. 

magnetic stimulation and fertilization led to the increase 

in the mean yield in the investigated cultivars by 8.5 t/ha.  

Pre-sowing stimulation of seeds improved the yield from 

roots in each of the examined cultivars. In comparison to 

the control sample, the increase in the yield of Cultivar 
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No. I amounted to 3.9 t/ha, Cultivar II – 5.6 t/ha, and 

Cultivar  III – 4.1 t/ha.  

 The yield of leaves ranged from 33.0 t/ha to 52.8 

t/ha. Pre-sowing stimulation, regardless of the cultivar, 

increased the yield of leaves on average by 6.8 t/ha 

compared with the control sample. In terms of the yield of 

leaves, positive response to the stimulation was observed 

in the cultivars; the yield of leaves in Cultivar I increased 

by 5.0 t/ha, Cultivar II by 8.3 t/ha and Cultivar III by 7.5 

t/ha. The applied variable factors, i.e. optimal fertilization 

and optimal fertilization combined with magnetic 

stimulation increased the yield of leaves on average by 

16.0 t/ha and 9.9 t/ha, respectively. There was a similar 

response of all the cultivars to pre-sowing seeds 

stimulation with magnetic field and optimal fertilization 

in terms of increased yield of roots and leaves. 

 Harvest index was used to assess plants 

productivity, and expressing the relation of utility index to 

biological yield, it is in the range of 0.57-0.61 and 

matches the limit values adopted in the available 

literature.   

 

Table 2. Field emergence, yield of roots and leaves as well as harvest index  

Cultivar 

 

 

 

Type of applied variable factor 

 

 

Field emergence 

 

[%] 

Yield of roots 

 

[t
.
ha

-1
] 

Yield of 

leaves 

[t
.
ha

-1
] 

Harvest index 

 

 

I Control 81.5 54.5 35.5 0.61 

Stimulation 50 mT 89.4 58.4 40.5 0.59 

Stimulation 50 mT + optimal 

fertilization 

89.2 62.1 44.0 0.59 

Fertilization 81.7 69.7 51.5 0.58 

Mean 85.5 61.2 42.9 0.59 

II 

 

Control 78.0 49.8 33.0 0.60 

Stimulation 50 mT 85.5 55.4 41.3 0.57 

Stimulation 50 mT + optimal 

fertilization 

84.2 60.9 43.5 0.58 

Fertilization 77.5 73.2 49.4 0.60 

Mean 81.3 59.8 41.8 0.58 

III Control 85.0 57.3 37.0 0.61 

Stimulation 50 mT 91.7 61.4 44.5 0.58 

Stimulation 50 mT + optimal 

fertilization 

92.7 64.2 47.9 0.57 

Fertilization 86.0 72.8 52.8 0.58 

Mean 88.9 63.9 45.6 0.59 

Mean Control 81.5 53.9 35.2 0.61 

Stimulation 50 mT 88.7 58.4 42.1 0.58 

Stimulation 50 mT + optimal 

fertilization 

88.7 62.4 45.1 0.58 

Fertilization 81.7 71.9 51.2 0.58 

Pre-sowing stimulation of seeds and fertilization 

resulted in higher accumulation of sugar in the sugar beet 

roots. Compared to the control sample, sugar contents in 

the investigated cultivars increased on average by 0.98 % 

for the sample exposed to magnetic field of 50 mT. The 

increase in the case of Cultivar I was by 0.91 %, for 

Cultivar II – 1.03 % and Cultivar III by 1.00 %.  The 

biological yield of sugar was higher as a result of 

magnetic stimulation. In comparison to the control 

sample, the variable factor of stimulation led to the mean 

increase in biological yield of sugar by 1.40 t
.
ha

-1
. Taking 

into account the mean sugar yield, the best result was 

observed in Cultivar No. III, at the level of 12.64 t of 

sugar per one hectare. The other applied variable factors, 

i.e. fertilization combined with magnetic stimulation, and 

fertilization alone, significantly improved the biological 

yield of sugar in sugar beet roots. The mean increase in 

this value in the case of fertilization combined with 

magnetic stimulation was found at the level of 2.7 t
.
ha

-1
 in 

the investigated cultivars of sugar beet, in comparison to 

the control sample. On the other hand optimal fertilization 

increased the yield of sugar on average by 5.12 t
.
ha

-1
 

compared with the control sample. 

      



EFFECTS OF MINERAL FERTILIZATION AND PRE-SOWING MAGNETIC STIMULATION…       55 

Table 3. Biological yield of sugar, and selected items of chemical composition of sugar beet roots  

Cultivar 

 

Type of applied variable 

factor 

Sugar, 

[%] 

Biological yield of 

sugar, [t
.
ha

-1
] 

Contents of 

water, [%] 

Soluble ash, 

[%] 

I Control 19.54 10.65 75.42 0.47 

Stimulation 50 mT 20.45 11.94 77.37 0.63 

Stimulation 50 mT + 

optimal fertilization 

20.60 12.79 77.81 0.53 

Fertilization 21.02 14.65 77.15 0.43 

Mean 20.40 12.51 76.93 0.52 

II 

 

Control 17.97 8.95 76.44 0.57 

Stimulation 50 mT 19.00 10.53 76.94 0.68 

Stimulation 50 mT + 

optimal fertilization 

19.67 11.98 77.35 0.63 

Fertilization 21.03 15.39 76.87 0.52 

Mean 19.41 11.71 76.90 0.60 

III Control 18.03 10.33 76.41 0.60 

Stimulation 50 mT 19.03 11.68 77.43 0.61 

Stimulation 50 mT + 

optimal fertilization 

20.67 13.27 77.08 0.62 

Fertilization 20.97 15.27 77.42 0.55 

Mean 19.67 12.64 77.08 0.60 

Mean Control 18.51 9.98 76.09 0.54 

Stimulation 50 mT 19.49 11.38 77.24 0.64 

Stimulation 50 mT + 

optimal fertilization 

20.31 12.68 77.41 0.59 

Fertilization 21.00 15.10 77.14 0.50 

 

Statistical analysis did not show a significant effect 

of pre-sowing stimulation, fertilization, and combination 

of these two variable factors in the contents of dry matter 

and ash. Nonetheless, there is a visible positive impact of 

the applied variable factors on the contents of water and 

soluble ash in the roots of the examined cultivars. There 

was a noticeable tendency for growth in water contents 

after the variable factors were applied; in the stimulated 

sample by 1.15 %, for fertilization combined with 

stimulation by 1.32 % and for fertilization alone by 1.05 

% compared to the control. The aforementioned tendency 

was observed in all the relevant cultivars. Likewise, there 

was an increase in ash contents following magnetic 

stimulation (on average by 18.50%) and combined 

stimulation and fertilization (on average by 9.25%) 

compared to the control sample. Application of optimal 

fertilization led to a decrease in ash contents, on average 

by 7.40%. The above trend was observed in all the three 

cultivars of sugar beet.  

Based on a study on two cultivars of sugar beets, 

Wójcik [15] showed that pre-sowing stimulation with the 

value of 75 mT significantly modified the yield of roots, 

in comparison with the control sample, on average by 6 

t/ha. Moreover, she reported that pre-sowing stimulation 

of seeds led to an increase in the contents of sugar in the 

roots, on average by 0.65%. It was also demonstrated that 

pre-sowing exposition to magnetic field resulted in 

increased field emergence in the investigated cultivars, on 

average by 6%.    

 

Table 4. Biometric characteristics of the plants at harvest, depending on the cultivar and the applied variable factor 

 

Cultivar 

 

Experimental factors 

Control sample Pre-sowing 

stimulation 50 mT 

Pre-sowing stimulation 50 

mT + optimal fertilization 

Optimal fertilization 

Raw mass of root (g) 

I 605 650 688 766 

II 544 611 667 811 

III 633 677 711 800 

mean 594 646 688 792 

Raw mass of leaves and petioles (g) 

I 393 448 481 559 

II 359 452 473 543 

III 405 487 526 576 

mean 385 462 493 559 
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Each of the applied variable factors positively 

impacted the investigated biometric properties. As a result 

of magnetic stimulation, the raw mass of roots increased 

in each of the examined cultivars, on average for all the 

three cultivars by 52 g. Application of such variable 

factors as fertilization and fertilization combined with 

magnetic stimulation produced increase in root mass by 

198 g and 94 g, respectively.  

In the case of leaf petioles and blades the tendency 

was the same as in sugar beet roots. The variable factors 

applied in the experiment produced higher yield of leaves 

in all the cultivars. Raw mass of leaf petioles and blades 

of sugar beets ranged from 385 g in the control sample, to 

as much as 559 g in the sample treated with optimal 

fertilization. Magnetic stimulation resulted in an increase 

in leaf mass by 77 g, compared to the control. 

 

 

Fig. 4. Mean contents of heavy metals in the roots of the examined sugar beet cultivars 

 

Fig. 4. shows mean total contents of heavy metals, 

i.e. aluminum, cadmium, chromium, copper, nickel, 

strontium, titanium, and zinc in raw mass of sugar beet 

roots, for Cultivars  I, II and III. The findings show that 

magnetic pre-stimulation led to a decrease in the contents 

of heavy metals in the examined roots by 13.5%, 

compared with the control.  On the other hand there is a 

visible relationship between the applied optimal 

fertilization and the increase in heavy metals contained in 

sugar beet roots of all the cultivars. In all the cases the 

combined treatment with magnetic field and optimal 

fertilization resulted in 23.9% reduction in the contents of 

heavy metals in sugar beet raw mass, in comparison to 

treatment with a single variable factor of optimal 

fertilization.

 

 

Fig. 5. Mean contents of microelements in roots of the examined sugar beet cultivars 
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Fig. 6. Mean contents of macroelements in roots of the examined sugar beet cultivars 

 

Figure 5 presents mean contents of microelements, 

i.e. manganese, molybdenum, selenium, iron and barium 

in raw mass of sugar beet roots, for Cultivars I, II and III.   

On the other hand, Fig. 6 shows mean values for 

macroelements, i.e. calcium, potassium, sodium, 

magnesium, phosphorus and sulphur, in raw mass of 

sugar beet roots, in Cultivars  I, II and III. Like in the case 

of heavy metals, for micro- and macroelements there is a 

visible relationship between the pre-sowing magnetic 

stimulation and a decrease in the contents of the examined 

elements in raw mass of the examined cultivars of sugar 

beet. The use of magnetic field in the examined cultivars 

on average led to a decrease in the quantity of 

microelements by 24.6 %, and macroelements by 5.05 % 

compared with the control samples. On the other hand the 

applied well-designed fertilization increased the mean 

contents of microelements by 60.43 % and macroelements 

by 39.21 % in the examined raw mass of sugar beet roots 

of all cultivars, compared with the control samples.  

 

CONCLUSIONS 

 

1. The applied optimal mineral fertilization 

positively influenced the contents of micro- and 

macroelements, the biological yield of sugar and the yield 

in all of the examined cultivars of sugar beet, while also 

increasing the contents of heavy metals in raw mass of 

beetroots. 

2. The applied magnetic field of 50 mT 

significantly enhanced field emergence of sugar beet, and 

by synergic effect with yield rates, it improved the 

contents of sugar and biometric properties.  

3. The applied magnetic field, acting alone and in 

combination with fertilization significantly reduced 

accumulation of heavy metals in the harvested sugar beet 

roots.   
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