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Abstract: A magnetic pulse treatment led to an increase in the Raspberry bushy dwarf Idaeovirus-free microplants’ 
output and their phenolic composition change. The greatest output of the virus-free raspberries microplants 
(80–82%) was marked after complex treatment with pulsed and rotating magnetic fields with a time-changing 
frequency from 3.2 to 51 Hz, as well as with a pulsed magnetic field with a frequency from 1 to 10 Hz. The pulsed 
and rotating magnetic fields’ complex effect resulted in the gallic and salicylic acid content increase by 14 % and 
71%, respectively, compared to the untreated variant. The chlorogenic, salicylic and gallic acids’ active synthesis 
was observed 72 hours after the magnetic treatment with a frequency from 3.2 to 51 Hz. There was a tendency 
for the amount of the phenolcarbonic acid to decrease 14 days after the magnetic treatment, except for the variant 
with the pulsed and rotating field treatment.

Keywords: magnetic pulse treatment; phenolcarbonic acids; Raspberry bushy dwarf Idaeovirus; virus-free rasp-
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A magnetic field is able to affect the plants cells, 
tissues and organs in  different ways: to  increase 
the enzymes activity, to activate the molecules elec-
tronic complex, to change the cell membranes per-
meability, and to  change the  direction and speed 
of the biochemical reactions (Weaver, Chizmadzhev 
1996; Stange et al. 2002; Cakmak et al. 2012).

The research of various magnetobiology scientific 
schools showed the  prospects of  using magnetic 
fields in  technologies based on plant organism bi-
oregulation (Bingy 2002).

Numerous experiments indicate the  plants high 
sensitivity to  external low-frequency pulsed mag-
netic field (PMF) effects, which has a stimulating or 
inhibitory influence on the plants growth and devel-
opment processes depending on the field character-
istics: direction, frequency of electromagnetic radia-

tion oscillations, intensity and duration (Baryshev 
2002; Bingy, Savin 2003; Maffei 2014). 

The magnetic field’s positive effect on the seed and 
planting material during the  propagation of  vari-
ous crops, as  well as  the crop output yield forma-
tion, the  increase in  the immunity to  phytopatho-
gens, including plant viruses was marked (Esitken, 
Turan 2004; Upadyshev, Donetskih 2008; Nadirov et 
al. 2009; Donetskikh et al. 2017). For example, in the 
experiments of Italian researchers, tobacco plants in-
fected with the Tobacco mosaic virus, treatment with 
a permanent magnetic field (17 or 13 mTl) and with a 
permanent and sinusoidal variable magnetic field (10 
Hz, 25.6 or 28.9 mTl) combination led to the reduction 
in the necrosis area and an increase in the ornithine 
decarboxylase and phenylalanine ammonia-lyase en-
zyme activity (Trebbi et al. 2007). 
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One of  the most harmful viruses on raspberry 
plants is the Raspberry bushy dwarf virus (RBDV), 
which leads to an output yield decrease and a reduc-
tion in  its product’s qualities. A release from this 
virus with thermotherapy and with a meristem cul-
ture is difficult due to a high thermotolerance which 
leads to the need to search for alternative sanitation 
methods (Wang et al. 2008).

The majority of  magnetic field activity research 
has been conducted on seeds, herbaceous and mod-
el plants (Maffei 2014). A magnetic field stimulated 
the lipid synthesis in radishes by 2.5–4 times (Novit-
skii et al. 2014), and increased the chlorophyll content 
and stimulated the  photosynthesis in  maize plants 
(Anand et al. 2014).

However, experimental data about a magnetic 
field effect on horticultural crops’ phenol metabo-
lism are not enough, although this kind of research 
will clarify the biochemical mechanisms of the mag-
netic treatment. Up to  the present moment, reso-
nance effect mechanisms, PMF thresholds, and ac-
tion targets depending on certain frequencies and 
amplitude remain largely unclear. Solving these is-
sues is of great  application importance in addition 
to the fundamental importance.

The magnetic pulse treatment led to changes in the 
raspberry microplants’ phenolic composition, in-
creasing the  chlorogenic acid content in  the tissues 
by 33% in comparison with the control (Upadyshev 
et al. 2017). In addition to the quantitative changes, 
there were qualitative ones in  the raspberry micro-
plants’ biochemical composition, as  the number 
of characteristic peaks on the chromatographic pro-
files increased from 8 to 13. In addition to the chlo-

rogenic acid, the study of other phenolic compounds 
(e.g., gallic and salicylic acids) that play an important 
role in  the plants’ metabolism processes and influ-
ence the growth and development processes as well 
as the induced immunity are also of a certain interest. 

The purpose of this work was to study the effect of the 
magnetic induction pulses’ periodic sequence with var-
ying frequency on the microplants phenol composition 
cultivated on artificial nutrient environments and on a 
virus-free raspberry microplant’s output.

MATERIAL AND METHODS

The research was  conducted in  2015–2018. 
The  objects of  the research were the  microplants 
of raspberry Gerakl variety infected with Raspberry 
bushy dwarf Idaeovirus. Explants (5–10  mm) were 
planted on a modified Murashige and Skoog me-
dium (Murashige, Skoog 1962), containing 1 mg/L 
6-benzyaminopurine and were cultivated in  light 
room conditions (temperature – 25 °C, photoperiod 
– 16 hours, illumination – 5 000 lk). Repeat 5-fold, 6 
explants in each repetition.

The explants were processed using the a ABIMP-4 
device (a traveling pulsed magnetic field apparatus) 
of  the original design of  the Federal Horticultural 
Research Center for  Breeding, Agrotechnology 
and Nursery (patent of the Russian Federation No. 
2652818)) (Donetskikh et al. 2017, 2018) for  the 
magnetic pulse treatment (MPT) (Figure 1) using 
magnetic induction pulses with the  parameters 
in  accordance with Table 1 and Figures 2 and 3. 
The  control plants are without any treatment (ex-
periment variant 5).

Fig 1. Explants’ magnetic pulse treatment
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After the MPT, the explants continued to be culti-
vated on a culture medium and two months later they 
were tested by enzyme-linked immunosorbent assay 
(ELISA) to indicate the presence of viruses according 
to the method by (Clark, Adams 1977) using Neogen 
diagnostic kits, followed by analysis of the results’ reg-
istration on a “Stat Fax 2100” microplate reader at the 
405 and 630 nm wavelengths and with the  infection 
rate index definition (the ratio of the tested sample’s 
optical density to  the seronegative control optical 
density) and the virus-free plants output (in %).

After performing the  MPT for  a certain amount 
of time (in 3, 72, 168 and 336 hours), twenty explants 
of  each variant were extracted from the  vessels, a 
general sample consisting of four explants extracted 
in  70% alcohol in  the ratio of  100  mg of  the plant 

tissues per 1 mL of alcohol was formed. The quan-
titative definition of  the phenolic compounds 
(chlorogenic, gallic, salicylic acids) was carried out 
by  the High-Performance Liquid Chromatography 
(HPLC) method on a Knauer GmbH (Germany) 
chromatograph with the  Eurochrom HPLC Soft-
ware (Version 3/05 P4). Acetonitrile composition 
eluent – 0.03% TFC (trifluorouxic acid) in the ratio 
of 30:70 was used. The compounds’ detection in the 
samples was  carried out at  a 325  nm wavelength. 
The  results were calculated based on five replicate 
tests per mg/100 g of the raw mass. The experimen-
tal data’s statistical processing was carried out by the 
method of dispersion analysis with the least signifi-
cant difference (LSD05) definition in  the LSD05 fig-
ures and the standard error (М ± SEM) in the tables.

Table 1. The magnetic field parameters in the different variants of the experiment (experiment variant – magnetic 
pulse treatment

Item Frequency 
range (Hz)

Frequency 
change speed 

(Hz/s)

Magnetic  
field type

Magnetic induction 
pulses height (mTl)

Magnetic induction  
vector direction

Pulses  
polarity

1 3.2–51.2–3.2 0.1
pulsed and rotat-
ing in a clockwise 

order pulse 

3.5 ± 0.3 
and

(8.8–7.2) ± 0.3

along the growth  
of and perpendicular  

to a microplant
single-polar

2 3.2–51.2–3.2 0.1 pulsed (17.5–15.1) ± 0.3 perpendicular  
to a microplant heteropolar

3 50–100 0.05 pulsed (15.1-12.3) ± 0.3 perpendicular  
to a microplant heteropolar

4 0.7–10.0 0.013 pulsed 17.5 ± 0.3 perpendicular  
to a microplant heteropolar

Fig. 2. The magnetic pulse frequency and pulse height changes in the 1st variant (A) and in the 2nd variant (B)  
of the experiment
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RESULTS AND DISCUSSION

The greatest output of the raspberry bushy dwarf 
virus-free plants was noted in variants 1 and 4 after 
the MPT (Table 2).

In addition to  the RBDV-free plants’ output in-
crease in all the variants with the MPT, there was a 
significant (1.8–1.9 times) decrease in the infection 
rate index in comparison with the control. 

The high elimination effect in  the 1st variant is 
probably associated with the complex effect of two 
types of magnetic field (pulsed and rotating) that led 
to  the gallic and salicylic acid content increasing 
by 14 and 71%, respectively, compared to the variant 
without the  treatment. The amount of  chlorogenic 

acid did not change. The use of the pulsed magnetic 
field only with the same frequency range (variant 2) 
had a smaller effect on the  plants’ sanitation from 
the virus in comparison with variant 1, although it 
increased the chlorogenic and salicylic acid content 
by 50 and 59%, respectively, compared to  the con-
trol. The use of PMF in a low-frequency range (vari-
ant 4) provided the RBDV-free plants’ high output 
with a simultaneous increase in the amount of chlo-
rogenic acid by 43.8%.

The average positive correlation (r = 0.46) was es-
tablished between the  salicylic acid content in  the 
plants’ tissues and the  RBDV-free raspberry ex-
plants’ output. The  correlation between the  chlo-
rogenic and gallic acid content and the  virus-free 
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Fig. 3.The magnetic pulse frequency and pulse height changes in the 3rd variant (A) and in the 4th variant (B)  
of the experiment

Table 2. The output of the RBDV-free plants and the content of the phenol compounds in Gerakl raspberry explant 
tissues (М ± SEM)

Variant  
No.

The output of RBDV free plants 
(%)

The content of phenol compounds** 
(mg/g of wet weight)

chlorogenic acid salicylic acid gallic acid
1 81.8с* 0.16 ± 0.03 2.75 ± 0.15 0.70 ± 0.08
2 42.9b 0.24 ± 0.05 1.35 ± 0.13 0.65 ± 0.06
3 53.8b 0.13 ± 0.02 2.57 ± 0.20 0.59 ± 0.06
4 80.0с 0.23 ± 0.04 2.29 ± 0.19 0.44 ± 0.05
5 0.0а 0.16 ± 0.02 2.41 ± 0.18 0.41 ± 0.05

RBDV – Raspberry bushy dwarf virus; *different Latin letters indicate the statistically important various variants with a 
5% significance level;** on average for 4 records
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explants’ output was weak positive: the correlation 
ratio was 0.19 and 0.23, respectively. Consequently, 
it can be assumed that salicylic acid plays a more sig-
nificant role in the raspberry plants’ sanitation from 
the RBDV compared to chlorogenic and gallic acids.

The study of the phenolic compounds’ content 
in the raspberry plants’ tissues in the dynamics 
allowed one to identify certain dependences due 
to both the treatment regime and the period af-
ter the MPT. 
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Figure 4. The chlorogenic acid content 
dynamics in  the raspberry explants 
depending on the magnetic treatment 
regime and the exposition period (1, 2, 3, 
4 – the experiment variant according 
to Table 1; 5 – without treatment)
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Fig. 5. The gallic acid content dynamics 
in the raspberry explants depending on 
the  magnetic treatment regime and 
the exposition period (1, 2, 3, 4 – the exper-
iment variant according to Table 5 – with-
out treatment)
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Figure 7. The chlorogenic acid con-
tent (2) chromatograms in  the 
raspberry explant tissues 72 h after 
the MPT: at the top – experiment 
variant 2, at the bottom – control 
(experiment variant 5)

In most cases, 3 hours after the MPT, there was a 
decrease in  the phenolic compounds’ content in  the 
explants’ tissues compared to  the control, which is 
probably related to the plants’ primary response to the 
magnetic treatment as  a stress factor (Figures 4–6). 
The exception was the salicylic acid content, which in-
creased by 18-99% in the raspberry explants depend-
ing on the  treatment regime 3  hours after the  MPT 
compared to  the control. The  most active salicylic 
acid synthesis is marked in variants 1 (0.92 mg/g) and 
2 (0.75 mg/g).

In the raspberry explants’ tissues, the chlorogenic 
acid content increased in the variant 2 (Figure 7) af-

ter 72 hours. After 72 hours, the salicylic acid con-
tent increased in the variant after a 3.2–51–3.2 Hz 
MPT (variant 2), the  gallic acid content increased 
in the variant after a 3.2–51–3.2 Hz MPT (variant 2) 
and a 50-100 Hz (variant 3) MPT. 

The phenolic compounds’ active synthesis in  the 
microplants’ tissues is connected with non-specific 
resistance development, in our opinion, to a viral in-
fection induced by the magnetic field.

At  168  hours, the  amount of  gallic and chloro-
genic acids increased compared to the control after 
the  MPT with a 1–10  Hz frequency, the  amount 
of salicylic acid increased after a 50–100 Hz MPT.
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At  14  days (336  hours) after the  MPT, there 
was usually a tendency to  level the magnetic treat-
ment effects in relation to the microplants’ pheno-
lic composition: in most cases, there was a decrease 
in the number of phenolic compounds except for the 
variants after the  pulsed and rotating MPT fields 
with a 3.2–51–3.2 Hz frequency for all three acids 
under study. Consequently, the pulsed and rotating 
magnetic field treatment (variant 1) had the maxi-
mum after effect in relation to the studied phenolic 
compounds’ high level in the microplants.

The pulsed magnetic field effects on the  plants’ 
sanitation from the  viruses’ processes, in  our opin-
ion, may be connected with the phenolic compounds’ 
antioxidant activity, and their effect on the  plants’ 
enzyme and hormonal systems. The  protective ef-
fect of some phenolic compounds in the plants’ resis-
tance to various pathogens forming is widely known. 
For  example, in  the experiments of  Belarusian re-
searchers, the oxycoric and oxybenzoic acids and fla-
vonoid content increased in the plant’s tissues under 
a barley mesh helminthosporiosis pathogen influence 
and, after an  epibrassinolide treatment, the  phenyl-
propanoid metabolism was  activated, upon which 
the  authors made a conclusion about the  plant 
hormones and the  phenolic compounds complex 
hormonal-inhibitory action (Manzhelesova 2019). 
The study by Shabrangi and Majd (2009) also shows 
suggested that pre-treated plants by magnetic fields 
are more resistant to harmful environmental factors.

The study by Belyavskaya (2004) determined that a 
plant’s prolonged exposure to a weak magnetic field 
may cause different biological effects at the cellular, 
tissue and organ levels. In studies conducted by Li-
piec et al. (2005), in  laboratory experiments with 
oat  seedlings after treatment with oscillating mag-
netic field, an  increase in  the level of  polyphenols 
and antioxidant activity was  shown and the  num-
ber of  microorganisms (bacteria, fungi) colonies 
was significantly reduced.

Salicylic acid can induce the  acquired resistance 
to  stimulate the  pathogenesis-related (PR) proteins 
formation, to limit the spread of viruses on the plant 
tissues and organs, and to  act as  a signal causing 
the  protective genes expression in  the cells. Some 
stressors (ozone treatment, UV-C-light ray treat-
ment) may stimulate the  salicylic acid formation 
(Hara et al. 2012). Therefore, the salicylic and some 
other phenolcarbonic acid synthesis increase under 
the pulsed magnetic field effect is quite understand-
able in our experiments.

CONCLUSION

The magnetic pulse treatment led to  the Rasp-
berry bushy dwarf virus-free microplants’ output 
increase and their phenolic composition change. 
The greatest output of the virus-free raspberry mi-
croplants was  noted after the  complex processing 
with the  pulsed and rotating magnetic fields with 
the  time-changing frequency from 3.2 to  51  Hz, 
as well as with the pulsed magnetic field with the fre-
quency from 1 to  10  Hz. The  pulsed and rotating 
magnetic field complex treatment resulted in  the 
gallic and salicylic acid content increase by 14 and 
71%, respectively, compared to  the untreated vari-
ant. At 3 hours after the magnetic pulse treatment, 
the  gallic and chlorogenic acid content decrease 
was observed with the simultaneous increase in the 
salicylic acid accumulation in the raspberry explants’ 
tissues. At  72  hours after the  magnetic treatment 
with a frequency from 3.2 to 51 Hz, the chlorogen-
ic, salicylic and gallic acid active synthesis was ob-
served. At  14 days after the  magnetic treatment, 
there was  a tendency that  the number of  phenolic 
compounds decreased except for  the variants after 
the pulsed and rotating field treatment with the 3.2–
51–3.2  Hz frequency for  all three phenolcarbonic 
acids under study. The  non-specific resistance in-
duction is considered, by us, as one of the possible 
mechanisms of the magnetic pulse treatment during 
the microplants’ sanitation from viruses.
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