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Abstract. The article studies the energy properties of energy input into cuttings during electrical processing 
of a grape stem, taking into account the state of the system in two media (water and cuttings). At the same 
time, the energy absorbed by grape cuttings depends on the structure of grape cuttings (bast, xylem, core and 
peel), resistance between the electrode and water (R1, R7), water resistance between the electrode and the 
grape cut (R2, R6), resistance between the cut grapes and water (R3, R5), stalk resistance of grapes (R4), 
conductive water resistance (R8) have been determined and scientifically substantiated. As a result, the 
distance between the electrode and the grape stem (l1), the length of the stem (l2), the distance between the 
electrodes (l3), the area of electrode coverage with water (S1), the surface of the grape stems (S2), the diameter 
of the stems 1.2-1.5 cm, the current density increases with time (0-24 hours) in a humid environment by 1-2 
A/m2 at 33.33 V/m2, the electric field strength at 133.33 V/m changes by 7-8 A/m2, and in a dry environment, 
the useful energy absorbed by the handle between the electrodes placed inside the working chamber decreases 
to 0.8-0.68 A/m2 at 133.33 V/m2 over time (0-24 hours). It has been established that the absorption depends on 
the distance (l), processing voltage (U), and time of exposure to electric current (τ).  

1. Introduction  
The most important indicator of the rooting of grape cuttings is the speed of their rooting. In order to improve the 
development and quality of seedlings, grape cuttings are additionally processed before planting, the purpose of which 
is to accelerate root formation, and many studies have been carried out on this subject with different results. In 
particular, according to the research of AI Derendovskaya, during vegetative propagation from grape cuttings, root 
formation in them is never one hundred percent. He put forward the opinion that the different physiological state and 
hormonal activity of the pen depend on the content of plastic substances. Experiments of Radchevsky P.P. show that 
the processes of root formation in cuttings depend not only on the degree of their maturity, but also on other factors, 
including hormonal (active), as well as on the method of processing and the physiological state. According to 
Glebova S.V., Radchevsky P.P., when preparing cuttings for growing grape seedlings, it is necessary to take into 
account their biological and volumetric conditions. 
The process of rooting grape cuttings is very energy intensive and requires at least 12% carbohydrates, i.e. sugars and 
starches, to form good roots. If these substances are sufficient, pencils are considered sufficient. According to A.G. 
Matushkin, cuttings can propagate the entire length of the vine, but he found that cuttings cut from the top form better 
roots by 2-10%, and found that pre treatment of cuttings before planting leads to an increase in power cuttings. Part 
of the cuttings planted without any treatment may not take root, while the other part may first give leaves and stems, 
and then dry out. This is mainly due to the fact that the root is not yet sufficiently formed. The initial growth of the 
branches in the paddock occurs due to the nutrients and moisture accumulated in them in the past year. If these 
reserves are used up before the formation of roots, then the developing shoots will wither. Therefore, it is important 
to accelerate the formation of roots in the cuttings. From these ratios, we can conclude that grape cuttings should be 
processed before planting, and this, in turn, will increase the rate of root formation and the number of roots in them, 
which will lead to increased resistance. 
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Today, in the development of agriculture, there is a problem of influencing the cultivated object to mobilize the 
potential of varieties. Therefore, at present, more and more attention is paid to the use of various influencing factors 
to improve the quality of sowing seeds, shorten the growing season, improve root formation, processing during the 
storage of planting material, etc. In our opinion, the most promising factors of influence are electrophysical effects. 
The current state of the art is to control various stimuli to accelerate root formation in vine cuttings, including various 
electromagnetic field energy states (magnetic field, electric field, electric current, electromagnetic waves, electric 
discharge, pulsed electromagnetic field) and various plant life. through electrophysical influences, showing that it is 
possible to direct it in the right direction as a result of active intervention. 
At the present stage of developing technologies for growing grape seedlings, one of the important tasks is to 
accelerate the formation of roots in cuttings and increase sustainability by increasing the number of roots, increasing 
the number of seedlings and reducing costs. 
It should be noted that if the balance between the formation of roots and the growth of new branches in grape cuttings 
is disturbed, i.e., with later root formation, the cuttings dry out. According to Abdurakhmonova S.Kh., the blueing of 
seedlings grown from grape cuttings treated before planting depends on the methods of processing and the 
physiological state of the cuttings. Therefore, it is important to treat grape cuttings with the above methods before 
planting. The initial electrical treatment of grape cuttings before planting is carried out by absorbing various forms of 
electromagnetic field energy (EMF) in the environment. In addition to the thermal effect, EMME also has a 
mechanical, chemical effect and has a certain effect on biological systems. It is possible to change the electrical 
energy or directly use the effects of "improperty" during electrical action on a biological object (grape shoot) [19, 20]. 
  

 
Fig. 1. Impact of electromagnetic field energy on the environment 

 

 
Fig. 2. The structure of the stem of a grape cutting 

 
It is known that part of EMME introduced into any environment is absorbed by the treated organism, part passes and 
part returns (see Fig. 1). As we know from the course of electrical engineering, the work done during electrical 
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It is known that part of EMME introduced into any environment is absorbed by the treated organism, part passes and 
part returns (see Fig. 1). As we know from the course of electrical engineering, the work done during electrical 

processing occurs due to the absorbed energy. Therefore, the use of various efficient methods and their correct choice 
is one of the important stages of introducing energy into the technological environment. Today, in order to increase 
the level of root formation and resistance in vine cuttings, before planting, pre-treatment is carried out in various 
ways (mechanical, physiological, chemical, traditional, electrophysical, etc.). 
One of the effective methods is electrophysical (electric field, magnetic field, electric current, pulsed electromagnetic 
field, etc.) methods [13,14,15]. In electrotreatment of vine cuttings before planting, the determination of the structure 
of the cuttings and the determination of the environment during processing and the corresponding energy input 
determine the effectiveness of the treatment (Figure 2). Before planting grape cuttings, it will be possible to describe 
their individual parts as elements of an electrical circuit. 
The resistance of the layers of the phloem and xylem of the shoot is the same, but the resistance of the nucleus differs 
from them. As the voltage applied to the pen tissue increases, the dependence of the resistance on the applied 
frequency approaches a linear state. 

2. Methods 
The characteristics of the grape stem and agricultural products related to the plant world, that is, plant elements, are 
determined by the ways in which the processed stem is connected to an electrical source and its structure. According 
to A.G. Kudryakov, the most correct method of pre-treatment of grape cuttings with electric current before planting is 
the supply of electricity to the places of cuttings of grape cuttings through a liquid conductive solution [1,6]. In this 
regard, special attention is paid to the development of methods and means to treat cuttings of grape seedlings with 
infrared, electromagnetic rays and electric current, accelerate their development, homogenize their vegetative 
development and improve their quality to save energy and resources [2,3]. In this regard, one of the topical issues is 
the development of various technologies and devices that allow accelerating the flow of biophysical processes in 
them by treating them with low-voltage alternating electric current before planting them in cuttings where grape 
seedlings are harvested, as well as substantiating its technological parameters. 
Today, high-quality grape seedlings are grown mainly by vegetative methods, in which the safety of grape cuttings is 
on average 65-80%, and 20-25% of planted cuttings remain immature [7]. It is possible to increase the stability of 
grapes by electrical treatment before planting in cuttings, but in this case it is important to study ways to introduce 
energy into cuttings and determine ways to effectively introduce energy [4]. The value of the energy input during 
electrical stimulation of grape cuttings plays an important role, and the determination of the method of its input 
characterizes the effectiveness of the study [17,18]. Therefore, the analysis of the current density passing through the 
pre-treated grape cuttings depending on the processing voltage and time is considered one of the topical issues. The 
main purpose of the study is to develop a system for solving the above problems on a scientific basis. According to 
GOST 28181-89, the moisture content of grape cuttings must be at least 46% [8]. When pencils are immersed in 
water, the moisture content in it increases with time, and, accordingly, the electric current passing through it changes 
with time [8]. A technique for analyzing these cases was developed and experiments based on this technique were 
carried out. Experiments were carried out on cuttings 50 cm long and 1.2–1.5 cm in average diameter, obtained from 
the Kora Kishmish grape variety, and placed in a horizontal position in the working chamber. 
The exit point of the pen from the working chamber was sealed so that water would not seep through. The distance 
between the electrodes and the working chamber was 2 mm. The circuit diagram of the experimental stand is shown 
in Fig. 3. 

 
Fig. 3. Schematic diagram of the stand for determining the current density passing through the stem of grapes: Э-

electrodes are shown in the picture; 1-water; 2 grapevines; PA – milliammeter (LINI-T UT51 multimeter); Electronic voltmeter 
PV - MT 81 

 
In the experiments, an autotransformer PHO-250-10 was used to regulate the voltage in the electrical circuit. 
Multimeters brand DT-9205 A and LINI-T UT51 were used to monitor energy parameters and measured (mains 
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current and voltage) using these meters. Measurements were taken and repeated every hour. Measuring instruments 
are verified and checked for errors using highly reliable and proven measuring instruments. Needles made of stainless 
material were used as electrodes. The distance between the electrodes used in the experiment was 50 cm, and the 
voltage applied to them was 10, 22, 40 Volts. The processing time in the study was 24 hours. To ensure the accuracy 
of the results, the experiment was repeated 4 times, and the current density passing through the sample handle was 
calculated using formula (1) j, A/m2. 

S
Ij                                                                                      (1) 

in this I is a vine that goes through the vine, A; 
S is the cross-sectional surface of the grapevine, m2; 

Studies have shown that the processing time (τ) of alternating electric current flowing through the handle, the 
geometric dimensions of the handle depending on the physiological state (diameter (d), surface (S) and length of the 
handle (l), network voltage (U), distance between electrodes (l) and showed the dependence of the current supplied to 
the pen (f). 
In studies on the electrical processing of grapevine cuttings, various methods of placing the cuttings in the working 
chamber were tested [11, 12]. These studies did not study the electrophysical processes when the sludge was not 
immersed in water, and the study of the current flow through the sludge per unit time for a given production line is a 
reason for understanding important factors. In order to study and analyze the cases described above, studies were 
carried out on the condition of the “Kora Kishmish” variety vine with a length of 50 cm and an average diameter of 
1.2-1.5 cm. The needle electrodes placed in the handle are made of stainless material. 
In the experiment, an RNO-250-10 autotransformer was used to regulate the source voltage in the electrical circuit. 
Multimeters brand DT-9205 A and LINI-T UT51 were used to monitor energy parameters and measured (mains 
current and voltage) using these meters. Measurements were taken and repeated every hour. The electrical circuit 
diagram of the experimental stand is shown in Fig. 4. 
 

 
Fig. 4. Schematic diagram of a stand for determining the current density passing through a grape stem: 1-grape cuttings; Э - 

electrodes; PA - milliammeter; PV – voltmeter  
 

3. Solving style 
The study of the energy characteristics of the electrical circuit during electrical treatment of grape stems characterizes 
the effectiveness of this electrical stimulation. It is carried out by studying the scheme of technological processes for 
supplying energy to grape cuttings in a two-media system (see Fig. 5) [1]. 
 

 
Fig. 5. Scheme of supplying grape cuttings with electricity 
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In this picture there is 1st electrode, 2nd vine, 3rd liquid (water) conducting electric current. In this case, based on the 
circuit for supplying grape cuttings with electricity, it will be possible to create an electrical switching circuit, which 
is shown in Fig. 2. When constructing an equivalent switching circuit, resistances are presented in series and in 
parallel [9,10]. Figure 6 shows a diagram of replacing the electrical treatment of grape cuttings. 
 

 
Fig. 6. Scheme for replacing the electrical treatment of grape cuttings 

In this figure, R1, R7 are the resistances between the electrode and water; R2, R6 - water resistance between the 
electrode and the vine; R3, R5 - resistance between the grape stem and water; R4 - vine resistance; ; R8 - conductive 
water resistance. Considering that the electrodes used during pre-treatment with alternating electric current before 
planting on grape cuttings have the same geometric dimensions and are made of the same metal, given that the initial 
electrically treated grape cuttings have a cylindrical shape along the entire length, the electrical switching circuit 
described is can be simplified somewhat. 
Based on the switching circuit for the electrical processing of grape cuttings, it is possible to simplify the general 
circuit by taking into account the resistances R1=R7, R3=R5 and R2=R6, the values of which are the same. Through 
this theoretical view, we have a simplified general scheme of treatment with alternating electric current before 
planting on cuttings of Blackcurrant grapes, shown in Figure 7. 

 

 
Fig. 7. Simplified general diagram of electrical processing of grape cuttings 

In this figure, R1 is the water resistance between the electrodes and the handle; Pin-grape resistance; R3 is the 
resistance of water conducting electric current. Therefore, in calculation books carried out during the initial treatment 
of grapevine cuttings with alternating current, the resistance of the bars can be neglected, given that the values of the 
transient resistance in the bars are small. Thus, it is worth noting that when the input energy for the technological line 
passes through the technological scheme in the form of alternating electric current, all its elements absorb a certain 
amount of energy (Visrof - for electric heating of water, Vkalamcha - for electric heating). pen heating). The total 
energy consumption in this technological process, i.e. during pre-treatment of cuttings of vines of the “Kora 
Kishmish” variety before planting with alternating electric current, can be described by expression (2) 

3212 WWWWo                                                                  (2) 
in this W1 is the energy absorbed between the water and the handle; W2 – Energy absorbed by the vine; W3 - energy 
absorbed by water (energy used to heat water). In this dual-medium (water and pen) technology, the energy absorbed 
by the pen is used for electrical stimulation and technological work [1,5,6]. The energy absorbed in the remaining 
elements of the electrical processing chain of grape stems does not perform useful work and is lost [7]. Taking the 
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useful energy consumed by the sludge as Wf, and the energy expended in the production line as Wi, we can write the 
following. 

2WW f                           312 WWWi                                      (3) 
The system of energy electrodes, which are introduced into the production line, are connected in a certain way to each 
other and to the power supply network; electric current is introduced into the electrically processed medium through 
electrodes with the same geometric dimensions. This depends on the structure and size of the object being processed, 
the shape and size of the electrodes and the distance between them. For an electrode system with flat electrodes, each 
of which has a width (v), a height (h) and a distance between them (l), the phase resistance can be written as 

вh
l

S
lR f


                                                                                 (4) 

where l, h, v are the geometric parameters of the system of flat parallel electrodes. For a system consisting of a two-
medium (water and feather) process mode, Rf - resistance can be written as follows. 
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where R1 is the total resistance of water between the electrodes and handles; R2-grape resistance; R3 is the resistance 
of water conducting electric current. The values of the unknown resistances R1, R2, R3 in formula (5) can be 
determined as follows. 
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in this l1 is the distance between the electrode and the vine, m; l2 - length of the vine, m; l3 - distance between 
electrodes, m; S1 - electrode area covered with water, m; S2 - surface of grape cuttings, m2. 
The second component, water, is used to provide useful energy to the cuttings in AC technology before planting 
grapevine cuttings. In this case, part of the total energy used in the process is absorbed by the high concentration of 
water and goes to heat it. To characterize the effective electrotechnology for growing grape seedlings (pre-treatment 
with alternating electric current before planting on grapevine cuttings), it is necessary to determine the absorbed 
energies in a two-component system and optimize the process. 
Turchanin O. S., Kovalenko Yu. A., Titarevsky A. L., Shebeteev V. A and Sbitneva N. In his studies, he described 
energy using the Joule-Lenz formula when calculating the total Wum energy consumption absorbed in a two-
component (water and pen) system: 

2UW тизум                                                         (9) 
So, based on the law of conservation of energy, in technology based on the second system of components, the useful 
energy W1 absorbed by grapevine cuttings can be expressed as follows. 

  201 WWW                                                             (10) 
in this: W1 - useful energy absorbed by grapevine cuttings; 
W2 - energy used for electrical heating of water; 
In his studies, V.A. Petrukhin determined expression (11) during the electrical treatment of fruit tree cuttings, that is, 
he described the degree of susceptibility Sst during the electrical treatment of fruit tree cuttings as follows. 
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in this: S0 – initial resistance, %; γ=β/Rн – marking is on; β – proportionality coefficient, Ω /J; RT-current resistance, 
Ω; Rн – initial resistance, Ω α – proportionality coefficient, 1/J. The energy used to electrically stimulate grapevine 
cuttings can be written as follows. 
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in this: ga – active conductivity, S; y - total capacity, S; Z - total resistance, Ω; 
Useful energy (Wqal.foy) absorbed by the vine during electrical heating of vine cuttings is expressed as follows 

S
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11                            (13) 

in this: τ - time of electrical treatment of grapevine cuttings, h; l-length of the grapevine stem, cm; S – cross-sectional 
surface of the feather, mm2; - resistivity of grapevine cuttings, Ohm-m.  
The Joule-Lenz formula for a system of plane-parallel electrodes is used for the energy used to electrically heat water. 
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in this: - water resistivity, Ohm-m; l- distance between the plane-parallel system of electrodes, m; v, h- electrode 
system sining geometrics ulchamlari, cm; Substituting this expression (13) and (14) into expression (11), we obtain:  
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Simplifying the illustrated expression (17), we obtain the theoretical expression (18) 
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From this expression it can be seen that the degree of resistance of grapevine cuttings depends on the processing 
voltage (U), processing time (τ) and the distance between the electrodes (l). According to the research results, the 
theoretical expression (16) characterizes the effectiveness of treatment with alternating electric current before 
planting grape cuttings.  
 
4. Results and Discussion 
As a result of the conducted research, it is possible to obtain the processing voltage (U), processing time (τ) and the 
distance between the electrodes (l) as influencing factors during the pre-treatment of grape cuttings of the “Kishmish 
Black” variety with alternating electric current. before landing, and these factors. If research is carried out to change 
it, this will make it possible to increase the capacity of the pens 
Based on the information presented, one can put forward such an idea when studying the energy properties of the 
technology used in the primary treatment with alternating electric current before sowing. Individual parts of 
technological processes can be considered as elements of an electrical circuit in increasing the level of root formation 
by electrical stimulation of cuttings and thereby increasing the level of resistance, which allows us to fully understand 
this technology. When applying power to the cuttings, the distance between the electrode and the grape cutting (l1), 
the length of the grape cutting (l2), the distance between the electrodes (l3), the water coverage area of the electrode 
(S1) and the surface of the cutting must be taken into account the grape cuttings (S2). Figure 8 shows a graph of the 
density of passage of the vine through the vine versus the processing time. 
Analyzing the results of the experiment, we can conclude that the current density passing through the stem of the 
grapevine is not the same over time. In a time-dependent state, it increases for 14-15 hours and then decreases. In the 
early stages of processing, grape cuttings become saturated with liquid and their resistance decreases due to increased 
humidity. As the pen's resistance decreases, the amount of current passing through it increases. Once the treatment 
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time exceeds 14-6 hours, the current passing through it decreases due to decreased conductivity of the feather cells 
(cell damage). From this experience we can conclude that it is advisable to stop the duration of treatment after 14-16 
hours during the initial treatment with alternating electric current before planting the cuttings on the vine. This over-
processing results in the cuttings not taking root due to the negative impact on the cellular tissues. 
 

 
Fig. 8. Graph of the density of vines passing through grape cuttings versus processing time 

The distance between the electrodes on the experimental bench was 50 cm, and the voltage applied to them was 10, 
22, 40 Volts. The experiment was repeated 4 times and the observation time in each repetition was 24 hours. The 
current density passing through the grapevine in the sample was calculated using the formula j, A/m2 (2.32). It has 
been observed that the flow of electrical current decreases over time when grape cuttings are exposed to the technique 
described above. The results of the experiment are presented in Figure 9. 
 

 
Fig. 9. Graph of the dependence of the current density passing through the grape cuttings on the treatment time (without 

immersion in water) 

 
The experiment was carried out on a 50 cm long grapevine cutting. It was observed that the alternating current 
through the initially treated handle decreased over time. It can be concluded that a pencil placed between the 
electrodes becomes dehydrated over time and its resistance increases. This process is directly proportional to the 
state, that is, as the resistance increases, the current flowing through the pen decreases. According to GOST 28181-89 
and GOST 1191-2009, it is noted that when planting grape cuttings, their humidity should be at least 46% [8]. 
Therefore, it is best to treat grape cuttings in water with AC pre-treatment before planting, taking into account 
maintaining sufficient moisture and ease of energy input. 
 
5. Conclusion 
When studying the energy characteristics of the electrical circuit when introducing energy for electrical stimulation of 
grape stems, the following conclusions were made: 
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The experiment was carried out on a 50 cm long grapevine cutting. It was observed that the alternating current 
through the initially treated handle decreased over time. It can be concluded that a pencil placed between the 
electrodes becomes dehydrated over time and its resistance increases. This process is directly proportional to the 
state, that is, as the resistance increases, the current flowing through the pen decreases. According to GOST 28181-89 
and GOST 1191-2009, it is noted that when planting grape cuttings, their humidity should be at least 46% [8]. 
Therefore, it is best to treat grape cuttings in water with AC pre-treatment before planting, taking into account 
maintaining sufficient moisture and ease of energy input. 
 
5. Conclusion 
When studying the energy characteristics of the electrical circuit when introducing energy for electrical stimulation of 
grape stems, the following conclusions were made: 

1. Grape cuttings of the “Kishmish Black” variety can be accelerated by electrical treatment. As a result, it was 
determined that individual parts of the technological processes of electrical processing of pencils can be considered as 
elements of an electrical circuit. 
2. In the replacement circuit of electrical processing before planting on grape cuttings, between the electrode and 
water (R1, R7), water between the electrode and grape cuttings (R2, R6), between grape cuttings and water (R3, R5), 
cutting of grapes is taken into account (R4 ) and conductive water resistance (R8). As a result, it was found that it was 
possible to fully understand this technology. 
3. Electrical treatment is possible before planting grape cuttings. As a result, it was established that when electrically 
processing grapevine cuttings, it is necessary to take into account the moisture content of the cuttings at least 46% 
according to GOST 28181-89. 
4. It is important to determine the value of the total resistance of water (R1), the resistance of the grape stem (R2) and 
the resistance of water conducting electric current (R3) when studying the technological modes of a two-media 
environment (water and paddock). system. As a result, it was possible to determine the energy absorbed by grape 
stems. 
5. One of the important parameters is to take into account the geometric dimensions of grape cuttings before planting 
them. As a result, according to GOST 1191-2009 (O'zDSt 1191:2009) and GOST 28181-89 and according to the 
results of experiments, the diameter of pencils is in the range of 1.2-1.5 cm, the value of the cross-sectional area (S) is 
in the range of 113, 04-176.625 mm2. 
6. Electrical treatment of grape cuttings before planting increases the level of resistance of the cuttings. In this case, 
the energy introduced into the processed medium depends on various factors and its values have been studied 
practically and theoretically. As a result, it was determined that at the initial stage it is necessary to take into account 
the distance between the electrodes placed in the working chamber (l), the operating voltage (U) and the time of 
exposure to electric current (τ). electrical treatment before planting cuttings on the vine. 
7. When applying energy to the vines, the distance between the electrode and the vine (l1), the length of the vine (l2), 
the distance between the electrodes (l3), the area covered by the electrode with water (S1) should take into account the 
surface of the vines (S2), which turned out to be one of the important factors of electric acceleration. 
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