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Abstract. The article presents the results of experimental studies on the magnetic pulse treatment of 
strawberries in a climatic chamber. The analysis of the obtained data showed that the greatest effect from 
the treatment of plants with a low-frequency magnetic pulse field in the phase of peduncle formation was 
obtained on plants that were treated with a magnetic induction equal to 4 MT, a pulse repetition frequency 
of 32 Hz and a duty cycle of 20. The relationship between the parameters of low-frequency magnetic pulse 
radiation and the photosynthetic activity of the leaf apparatus at various stages of ontogenesis, and the 
qualitative composition of fruits at the stage of maturation is revealed. The high sensitivity of plant 
organisms to the effects of energy factors, the parameters of which differ in exposure and physical factors, 
is shown. At the same time, the nature of the response of plants is complex, ambiguous and is determined 
not only by the electrophysical parameters of the electric field, but also by the specific, varietal and 
technological features of the crop. 

1 Introduction  
In the process of evolution, wildlife used the natural 
electromagnetic fields of the external environment as a 
source of information that ensures the continuous 
adaptation of organisms to changes in various 
environmental factors. Based on this, it is possible to 
explain the high sensitivity of organisms to changes in 
the electromagnetic field that carry information signals 
[1-3]. Organisms can distinguish the intensity of the 
magnetic field and sense the direction in which the 
magnetic lines of force pass through their body. 
Moreover, magnetic fields with a strength close to the 
earth's geomagnetic field have the maximum efficiency 
[4-6]. Strong deviations of the electromagnetic field 
from the natural level to a greater or lesser extent, go 
beyond the limits of the optimal life activity of living 
organisms and are a stressful factor. With full screening, 
the rate of reproduction of microorganisms changes, 
there is a violation of metabolic processes, changes in 
the morphology and various functions of a living 
organism [7-10]. In some cases, the most significant 
biological effect can be expected when a resonance 
occurs, when one or more parameters of external 
influences are close to the parameters of biosystems [11, 
12]. 

The effect of a magnetic field on a living organism is 
determined by such parameters as intensity (field 
strength, magnetic induction), gradient (rate of rise or 
fall of the field), vector (direction of field lines of force), 
exposure (duration of exposure), frequency (number of 
magnetic field oscillations per second), pulse shape 

(characteristic of rise and fall of intensity), localization 
(spatial characteristic) [13]. 

In this regard, there is an urgent task to expand the 
field of application of low-frequency magnetic fields and 
to establish parameters and develop special technical 
means for magnetic pulse treatment of plants, allowing 
to reduce the use of pesticides, increase the volume of 
production and product quality. 

2 Materials and methods  
Magnetic-pulse processing was performed using the 
developed automated MPP (magnetic pulse processing) 
apparatus [14, 15] (Fig. 1).  

 
Fig. 1. Automated magnetic pulse processing machine. 

For experimental studies in the conditions of the 
climatic chamber, young rosettes of plants (stolons) of 
strawberry (Fragaria vesca L.) "Malvina" were used, 
which were planted in vessels filled with a soil substrate 
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with a volume of 5 liters. 5 plants were placed in each 
vessel. Each experiment was repeated 2 times (Fig. 2). 

 
Fig. 2. 30-day-old strawberry plants treated with a low-
frequency pulsed magnetic field. 

As a control, plants that were not treated with a low-
frequency magnetic pulse field were used. After 
processing, the strawberry plants were placed in a 
climatic chamber, in which they were grown at a 
temperature of 23-25°C, with a relative humidity of 50-
60% during the entire growing season. The MPP modes 
are presented in Table 1. 

Table 1. Magnetic pulse processing modes used in the 
experiment. 

Mode 
№ 

Frequency, 
Hz 

Duty cycle Induction, 
mT 

1 32 20 6 
2 8 20 6 
3 32 12 6 
4 8 12 6 
5 32 20 4 
6 8 16 4 
7 32 12 4 
8 8 12 4 
9 Control 

To determine the morphophysiological parameters, 5 
strawberry leaves were selected from each vessel and the 
following parameters were determined: the dry and wet 
mass of the leaves, their area, and the content of 
photosynthetic pigments. Evaluation of the effect of the 
specified treatment modes on the growth and 
development of strawberry plants was carried out by 
analyzing samples of vegetative organs (leaves) of plants 
3 weeks after their treatment. The following biometric 
indicators and indicators of photosynthetic activity of 
strawberry plants were determined: leaf area, dry and 
raw leaf mass, content of photosynthetic pigments 
(chlorophyll a, b, and carotenoids). Determination of the 
quality indicators of fruits (sugar content, ascorbic acid, 
nitrate accumulation, osmotic pressure of cell juice) was 
carried out at the stage of fruit maturation by wet 
chemistry. The results of the analyses are presented in 
the form of tables and histograms. Each mode includes 
three parameters: magnetic induction (mT), pulse 
repetition rate (Hz), duty cycle. The analysis of fruits 
was carried out according to the following main 
indicators: sucrose concentration, ascorbic acid content, 
nitrate content, mg / kg, osmotic pressure in the cell. 

3 Results and discussions 
The results of the evaluation of the effect of magnetic 
pulse treatment on the mass and leaf area of the selected 
samples (1-9) of strawberry plants in the phase of 
formation (extension) of peduncles (30 days after 
processing) and in the phase of fruit maturation are 
shown in Figures 3,4. 

 
Fig. 3. Influence of different modes of magnetic-pulse 
treatment of plants on the mass and area of leaves of 
strawberry of the garden variety "Malvina" in the phase of 
flower stalks release. 

Analysis of the data showed that the greatest effect of 
the treatment plants low frequency magnetic field pulse 
in the phase formation of stems was obtained on the 
sample No. 5, plants which were treated magnetic 
induction, equal to 4 MT, the pulse frequency of 32 Hz 
and a duty cycle of 20 (mode No. 5). In this treatment 
mode, the positive values of deviations (Δ, %) of 
biometric indicators of plant morphological organs from 
the control were: the raw mass of plants is 39.6%, the 
dry mass is 26.5%, and the leaf area is 42.0%. 

A similar pattern of the influence of magnetic pulse 
treatment of strawberry plants was observed when 
analyzing biometric indicators of the mass and area of 
leaves in the fruit ripening phase (Fig. 4). 

 
Fig. 4. The effect of different MPP regimes on the mass and 
area of leaves of strawberry in the fruit ripening stage. 

The greatest values of deviations of the mass and 
area of the leaves from the control values in the 
maturation phase were also obtained in the mode No. 5. 
The values of deviations of the received data from the 
control indicators in the specified processing mode were 
as follows: The raw mass of plants is 12.2%, the dry 
mass is 13.6%, and the leaf area is 14.8%, which is 
evidence of the preservation of the positive stimulating 
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effect obtained by plants at the stage of peduncle 
formation. 

The effect of different modes of magnetic pulse 
treatment on the photosynthetic activity of plants at 
different stages of development was assessed by the 
content of chlorophyll a, b and carotenoids in the leaves. 
The results of determining the content of pigments in the 
leaves of plants in the phase of extension of the 
peduncles are shown in Figures 5,6. 

 
Fig. 5. The content of photosynthetic pigments in the leaves of 
strawberry garden variety "Malvina" in the phase of extension 
of peduncles. 

The analysis of the obtained results showed a 
significant positive effect of all the modes of magnetic 
pulse treatment of strawberry plants used. Thus, the 
values of deviations of the content of chlorophyll a, b 
and carotenoids in plant leaves from the control 
parameters varied depending on the treatment mode: 
chlorophyll a from 30.6 to 131.6%, chlorophyll b from 
39.4 to 189.7%, carotenoids from 20.4 to 148.2%, but 
the greatest stimulating effect of exposure to plants, 
increasing their photosynthetic activity by almost 1.5 
times compared to the control, was obtained in treatment 
mode № 5. 

The results of determination of pigment content in 
the leaves of plants in the phase of fruit ripening showed 
that the pigment content in the leaves of plants treated 
with various modes was significantly lower benchmarks, 
which is associated with the biological reduction process 
photosynthetic activity of leaf apparatus in the phase of 
fruit ripening (Fig.6). 

 
Fig. 6. Influence of the modes of magnetic-pulse treatment of 
plants on the photosynthetic activity of the vegetative organs of 
strawberries (leaves) in the fruit-ripening phase. 

The analysis of the quality indicators of fruits 
showed that the studied modes of magnetic-pulse 

treatment of plants in the phase before the formation of 
flower stalks have an ambiguous effect on the quality 
indicators of strawberry fruits. It is not possible to 
establish a single optimal mode of magnetic pulse 
treatment of plants, which has a stimulating effect on the 
quality of fruits. Therefore, the influence of the used 
modes of magnetic pulse treatment of plants on the 
content of each qualitative indicator was evaluated. 

Figure 7 shows a histogram of changes in the 
concentration of sucrose in strawberry fruits at the stage 
of their maturation, depending on the modes of low-
frequency magnetic pulse treatment of plants. The figure 
shows that an increase in the sucrose content in 
comparison with the control in strawberry fruits was 
observed at magnetic induction values of 6 mT (modes 
1, 2, 3, 4). 

 
Fig. 7. Changes in the concentration of sucrose in strawberry 
fruits. 

The greatest stimulating effect of low-frequency 
magnetic pulse treatment of plants was obtained in the 
mode No. 1, the parameters of which were: magnetic 
induction B = 6 mT; pulse repetition frequency Fs = 32 
Hz; duty cycle S = 20, in which the content of sucrose in 
strawberries increased by 32% compared to the control. 
When treating plants with modes with induction of 4 
mT, no stimulating effect on the accumulation of sucrose 
was found. 

Figure 8 shows the impact of different modes of 
magnetic-pulse treatment of strawberry plants in the 
phase of peduncle formation on the content of ascorbic 
acid in berries. 

 
Fig. 8. The content of ascorbic acid in the fruits of strawberries 
in the fruit ripening phase. 

It was noted that in all the plant treatment modes 
used, an increase in ascorbic acid in berries was 
observed from 10% to 25.7% compared to the control 
indicator. However, the greatest stimulating effect was 
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obtained when the plants were treated with mode 5 with 
the induction of a magnetic field of 4 mT, pulse 
repetition frequency of 32 Hz and duty cycle of 20, in 
which the content of ascorbic acid in the fruits increased 
by 25.7% compared to the control. A positive effect on 
the accumulation of ascorbic acid in the fruits of modes 
No. 1 and 4 was established, when exposed to which an 
increase in ascorbic acid in the fruits was noted by 
21.4% and 22.8% (induction B = 6 mT, frequency Fs = 
32 Hz, duty cycle S = 20 and 12, respectively). 

The content of nitrates in the presented samples of 
strawberry fruits ranged from 27.0 to 33.0 mg/kg, which 
does not exceed the maximum permissible 
concentrations. The highest values of nitrate 
accumulation in berries (12.2% compared to the control) 
were obtained with low-frequency magnetic pulse 
treatment of plants with mode 5 (induction B = 4 mT, 
frequency Fs = 32 Hz, duty cycle S = 20), the lowest – 
3.4% at B = 6 mT; frequency Fs = 32 Hz; duty cycle S = 
12 (mode №3). 

When studying the qualitative composition of 
strawberry fruits at the stage of maturation, attention was 
paid to the change in the osmotic pressure of cell juice in 
the cell under the influence of various modes of low-
frequency magnetic pulse treatment of plants. Figure 9 
shows a histogram of the distribution of osmotic pressure 
of cell juice in the cell of strawberry fruits, depending on 
the treatment modes of plants with a low-frequency 
magnetic pulse field, which varied from 249 to 355 kPa. 

 
Fig. 9. Osmotic pressure of cell juice in the cells of 
strawberries in the fruit-ripening phase. 

The analysis of the obtained data showed that low-
frequency magnetic pulse treatment of plants led to an 
increase in the osmotic pressure of the juice in the fruit 
cells compared to the control. The highest values of the 
increase in osmotic pressure were obtained when treating 
plants with modes № 5, 6, 7, in which deviations from 
the control values were 30%, 32.8% and 30.3%, 
respectively. Mode parameters: № 5 (induction B = 6 
mT, frequency Fs = 32 Hz, duty cycle S = 20), № 6 
(induction B = 4 mT, frequency Fs = 8 Hz, duty cycle S 
= 16), №7 (induction B = 4 mT, frequency Fs = 32 Hz, 
duty cycle S = 12). The largest deviation (32.8%) from 
the control values was obtained when plants were treated 
with a magnetic pulse field with the following 
parameters: induction B = 4 mT; frequency Fs = 8 Hz; 
duty cycle S = 16 (mode №6), which indicates a 
decrease in the water-retaining power of plants. 

4 Conclusions 
Conducted in a climatic chamber experiment to assess 
the impact of low-frequency magnetic pulse radiation on 
plants of the garden strawberry was allowed to draw the 
following conclusions: installed stimulating mode of 
low-frequency magnetic-pulse treatment plants of the 
strawberry cultivar "Malvina", held for 30 days before 
the formation of stems, with the following parameters: 
magnetic field induction B = 4 mT; the pulse repetition 
frequency Fc = 32 Hz; duty cycle S = 20, the impact of 
which has led to increased compared with the control 
weight of the aerial parts of plants (leaves) in the phase 
formation of stems, leaf area, chlorophyll content in 
leaves, chlorophyll b, carotenoids content, ascorbic acid 
content in fruits, nitrates. However, the largest amount of 
sucrose in strawberry fruits at the ripening stage was 
obtained with the parameters of the processing mode: 
magnetic field induction B = 6 mT. 

Thus, because of the conducted experimental studies, 
the relationship between the parameters of low-
frequency magnetic pulse radiation and the 
photosynthetic activity of the leaf apparatus at various 
stages of ontogenesis, the qualitative composition of 
fruits at the ripening stage was revealed. The high 
sensitivity of plant organisms to the effects of energy 
factors, the parameters of which differ in exposure and 
physical factors, is shown. At the same time, the nature 
of the response of plants is complex, ambiguous and is 
determined not only by the electrophysical parameters of 
the electric field, but also by the specific, varietal and 
technological features of the crop. 
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