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Abstract. Electric, magnetic and electromagnetic fields can be successfully applied in various
processes of agricultural production. To improve the sowing properties, seeds of various crops
are subjected to special treatment. Research shows that treating seeds with the energy of
electromagnetic fields also increases the germination capacity of seeds. However, the effect of
treatment depends on the level of influencing factors. Therefore, it is very important to observe
the correct treatment regimes (exposure parameters). The article presents the results of
experimental studies to assess the influence of the microwave power intensity and exposure
duration onto the sowing properties of lupine seeds. Based on the processing of experimental
data, regression equations were obtained that take into account the effect of the magnitude of the
specific microwave power of exposure and exposure on the ability of lupine seeds to germinate.
The experiment showed that with the help of microwave treatment it is possible to obtain not
only the effect of stimulation, but also the inhibition of plant growth. Regimes have been also
identified in which seeds are insensitive to microwave treatment. At the same time, modes have
been identified in which a stimulating effect manifested itself, as well as areas of insensitivity
and negative impact. At the same time, it can be unambiguously asserted that an increase in
exposure to microwave exposure is most pronounced at higher values of specific microwave
power. Compared to the results of processing wheat seeds, to stimulate lupine seeds, it is
necessary to provide higher values of the specific power of microwaves and exposure. The best
processing result was obtained at a specific power level of 1.17 kW/kg and an exposure of 60 s.
Therefore, this mode can be recommended for pre-sowing microwave treatment of lupine seeds.

1. Introduction

Electric, magnetic and electromagnetic fields can be successfully applied in various technological
processes of agricultural production [1-10]. At the same time, the effectiveness of electromagnetic
treatment of seeds and grain in the processes of pre-sowing stimulation, disinfection, disinsection,
drying, etc. is essentially determined by the processing modes and the initial properties of the seeds.
This is due to the fact that biological objects are characterized by protective reactions and the effect can
be obtained only when certain levels of parameters of exposure to microwave EMF are reached. As
scientific studies related to the use of electromagnetic fields in crop production show, to ensure reliable
technological microwave processing, it is necessary to strictly observe the specified levels of specific
microwave power of exposure and comply with the requirements for processing (exposure) time, which
imposes requirements on the area of recommended technological processing modes. Therefore, to
ensure the technological modes of microwave seed treatment, it is important to establish a reliable
relationship between the parameters of the microwave EMF, the initial parameters of the seeds and the
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biological indicators of the effectiveness of the microwave seed treatment. The significance and
influence of the specific microwave power of exposure and the time of treatment (exposure) during seed
treatment can be estimated only on the basis of statistical processing of the experimental results with
obtaining regression equations (models) of the dependence of the germination ability.

2. Results

Below are the results of experimental studies to assess the effect of the specific microwave power of
exposure and the time of treatment (exposure) on the sowing properties of lupine seeds. The aim of the
research was to evaluate the effect of microwave treatment on the ability of seeds to germinate. The
moisture content of seeds in the experiment was 10.25%. The seeds were treated in a microwave
installation of continuous irradiation with a microwave power of 0.5 kW and a radiation frequency of
2450 + 50 MHz.

For processing, a radio-sealed working chamber was used, which made it possible to exclude the loss
of microwave energy into the surrounding space and to increase the utilization rate of the generator. In
the course of the experiment, such parameters as the specific microwave power of exposure and the
treatment time (exposure) were recorded, and the initial and final temperatures of microwave heating of
seeds were measured. After microwave treatment, the seeds were sent for germination. Evaluation of
the quality of seed treatment was carried out according to such indicators as germination energy and
germination ability (germination).

For the possibility of regression analysis of the experimental results, the processing of the samples
was carried out in accordance with the Kono plan for a 2-factor experiment. The coded values and the
interval of variation of the influencing factors are given in Table 1. The number of points of the
experimental design and the values of the influencing factors are shown in Table 2. Studies in 4-fold
repetition in each of the 4 points of the experimental design.

Table 1. Coded and natural values of influencing factors.

Factor name Factor coded values Variation interval, A
-1 0 +1
Specific power, kW / kg, X1 0.83 1.00 1.17 0.17
Exposition, ¢, X2 40 50 60 10

Table 2. VValues of parameters of influencing factors in the experiment according to Kono's plan.

N Specific power, KW / kg Exposition, ¢
1 0.83(-) 40(-)
2 1.17(+) 40(-)
3 0.83(-) 60(+)
4 1.17(+) 60(+)
5 0.83(-) 50(0)
6 1.17(+) 50(0)
7 1.00(0) 40(-)
8 1.00(0) 60(+)
9 1.00(0) 50(0)

The main results of the experiment and indicators of energy and germination ability of lupine seeds
are shown in Table 3.

The reproducibility of the experiments was assessed using the Cochran test at the significance level
0=0.05 and the number of degrees of freedom f> = 12. The calculated value of the Cochran test Gca did
not exceed the permissible values Goos (3.9) (0.08<0.40).
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Table 3. Results of treatment of lupine seeds.

N Specific power P, Exposure 1, s Germination ability, %

kW/kg, average Difference with
control
1 0.83 40 87.0 +0.5
2 1.17 40 85.5 -1.0
3 0.83 60 86.5 0.0
4 1.17 60 88.0 +1.5
5 0.83 50 84.5 -2.0
6 1.17 50 87.5 +1.0
7 1.00 40 86.0 -0.5
8 1.00 60 87.5 +1.0
9 1.00 50 86.0 +0.5
10 The control 86.5 -

After statistical processing of the data, a regression equation was obtained that describes the effect
of the specific microwave power (KW / kg) and exposure (s) on the germination capacity of seeds, which
in coded variables has the form:

Y = BO + B1X1 + B2X2 + B12X1X2 + B22X22, (1)

where X; is the specific microwave power, p.u. (-1<X,<+1), X is the exposure, p.u (-1<X,<+1); By =
86.00; B, = 0.50; B, = 0.58; B;, = 0.50; B,,=0.75.

The significance of the coefficients was checked by the Student's test (tcr) at the significance level o
= 0.05 and the number of degrees of freedom f, = 27. All coefficients in equation (1) are significant,
therefore the factors are sufficiently correlated with each other. The adequacy of the model was assessed
by Fisher's criterion at a significance level of a = 0.05. The calculated value of the Fisher criterion Fcac
did not exceed the permissible values Foos (5, 27) (1.69<2.69).

The calculated regression equation in natural variables is obtained by replacing the coded variables
in equation 1 with their natural counterparts in accordance with Table 1 using the formulas:

X, = (P —1)/0.17, X, = (t — 50)/10, @)

where P is the specific microwave power, kW / kg (0.83<P<1.17); t - exposure, s (40<t<60).
One of the forms of the calculated regression equation in natural variables can be represented as follows:

¥'=Bo + 5B (0 17) + B, (t 50) +B12 (0 17) (%) + B2, (%)2’ ©)

3. Process analysis

Figure 1 below shows the calculated surface of the germination ability for lupine seeds, depending on
the natural values of exposure time (s) and specific microwave power (kW / kg). The germination ability
of the control seeds was 86.5%.
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Figure 1. Changes in the germination ability of lupine seeds after microwave treatment.

Analysis of the seed germination surface indicates that the result of treatment is determined by the
relationship of both influencing factors. At the same time, modes are observed in which a stimulating
effect is manifested, as well as areas of insensitivity and negative impact. According to the data obtained,
it can be argued that an increase in the exposure to microwave exposure is most pronounced at higher
values of the specific microwave power. Compared with the results of processing wheat seeds [10], to
stimulate lupine seeds, it is necessary to provide higher values of the specific microwave power and
exposure. Note that the best treatment result (an increase in germination by 1.5% compared to the
control) was obtained at a specific power level of 1.17 kW/kg and an exposure of 60 s. Therefore, this
mode can be recommended for pre-sowing microwave treatment of lupine seeds.

4. Conclusion

The results of experimental studies on the assessment of the influence of the specific microwave power
of exposure and the time of treatment (exposure) on the sowing properties of lupine seeds are presented.
Experimental data were used to obtain regression equations in coded and natural variables to assess the
effect of the magnitude of the specific microwave power of exposure and exposure on the germination
ability of lupine seeds.

It was found that the result of processing is determined by the relationship of influencing factors.
The range of values of the studied influencing factors made it possible to identify the modes in which
the stimulating effect, oppression and insensitivity to the effect are manifested. At the same time, it can
be unambiguously asserted that an increase in exposure to microwave exposure is most pronounced at
higher values of specific microwave power. Compared to the results of processing wheat seeds, to
stimulate lupine seeds, it is necessary to provide higher values of the specific microwave power and
exposure. Note that the best treatment result (an increase in germination by 1.5% compared to the
control) was obtained at a specific power level of 1.17 kW/kg and an exposure of 60 s. Therefore, this
mode can be recommended for pre-sowing microwave treatment of lupine seeds.



P2ARM-2021 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 1052 (2022) 012009 doi:10.1088/1755-1315/1052/1/012009

References

[1]  Vendin SV 1994 Electrical Technology 10 169-178

[2] Vasiliev A N, Budnikov D A, Vasiliev A A 2015 Agricultural science 1 27-29

[3] Belov A A, Storchevoy V F, Mikhailova O V 2015 News of the Timiryazev Agricultural Academy
4115-121

[4] Rudobashta S P, Kazub V T, Koshkarova A G 2016 Bulletin of Moscow State Agroengineering
University named after V.P. Goryachkin 5 (75) 49-55

[5] Andreev S A, Zaginailov V |, Vorobiev V A 2016 Bulletin of Moscow State Agroengineering
University named after V.P. Goryachkin 5 (75) 60-67

[6] Tarushkin VV I 2016 Bulletin of Moscow State Agroengineering University named after V.P.
Goryachkin 5 (75) 56-60

[71 Tarushkin V | 2016 Bulletin of Moscow State Agroengineering University named after V.P.
Goryachkin 4 (74) 51-54

[8] Novikova G V, Zhdankin G V, Mikhailova O V, Belov A A 2016 Bulletin of Kazan State
Agrarian University 4 (42) 89-93

[9] Andreev S A, lvanova T V 2018 Bulletin of Moscow State Agroengineering University hamed
after V.P. Goryachkin 6 (88) 56-64

[10] Vendin S V, Saenko Y V, Kitaeva O V, Solovev S V, Kazakov K V, Ulyantsev Y N 2020

International Journal of Advanced Science and Technology 29(3) 3747-376


https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=6506717731&zone=
https://www2.scopus.com/sourceid/25399?origin=resultslist
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=6506717731&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=57215569109&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=57215569041&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=57215569247&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=57215568874&zone=
https://www2.scopus.com/sourceid/21100829147?origin=resultslist

