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Studying the effect of electrohydraulically treated soil solutions
on plant growth and development
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Abstract. Increasing agricultural production is an importdood task. In providing plants with the
necessary nutrients, it is necessary to intensifafiplying fertilizers or using alternative envirnentally
friendly methods. These include technologies tHatvethe conversion of nutrients into a form acdielesto
plants, and electrophysical technologies using igtage pulse discharge. This article describes th
installation for creating electrohydraulic shockghe experimental studies on the justification oé th
parameters of electro-hydraulic treatment of sohdiand the study of the effect of treatment bytimis
treated with electro-hydraulic shock on the develept of crops using the example of tomato restitied
obtaining the optimal process technological paransebf the installation. They are voltage — 30 kV,
discharge capacitance of the capacitor -u&.6number of pulses — 200.

1 Introduction the initial stages of their development, which k&ol an
increase in the efficiency of plant growth.
To increase agricultural production, it is impottan Thus, the application of the electrohydraulic effec

provide plants with all the necessary nutrientsgi@wth agriculture is effective and can be widely used dor
and development. However, the soil contains a largenumber of technological operations.
amount of substances inaccessible for assimilatipn

lants. .
P Currently, various technologies are being developed2 Materials and methods

in the world that make it possible to convert rerts
into a form accessible to plants. In most case®y th
allow excluding additional fertilizing of the soiSuch
technologies include electrophysical technologifs,
example, using high-voltage pulse discharge. The
advantages of such technologies include high efiicy

of processes and environmental friendliness. [1-3]

One of the fields of application of the
electrohydraulic effect is agriculture.

The authors [4] investigated the possibility ofngsi
electric discharge for homogenizing milk and preoes
whole curd whey in order to improve production and
prevent the deposition of undesirable protein sedim

The technology using electrohydraulic shock allows
you to obtain fertilizers from a soil solution
(suspension), converting the nutrients containatimo
compounds that are easily assimilated by plants. In
natural conditions, this takes years, and with
electrohydraulic action occurs almost instantly.

The research carried out by the authors [5] cosbist
in the treatment of soil suspension, as well as uwum
solution by electrohydraulic shock. It is concludbet
the use of electrohydroimpulse shock allows adtigat
soil processes that contribute to the transitionsoi
minerals from insoluble forms to easily soluble and
easily available for assimilation by plants, stagtirom

“Electrohydraulic shock” is a phenomenon of a high-
voltage pulse discharge in a liquid. The impact of
electro-hydraulic shock in the soil or peat solntt@uses
the so-called “bacterial explosion”, in which thesea
significant increase in the number of bacteria thiad
atmospheric nitrogen and decompose non-mineralized
nitrogen of peat or soil. At the same time, sodqasses
are activated that contribute to the transition sofil
minerals from insoluble forms to readily solubledan
readily available for assimilation by plants. [4-6]

To create electrohydraulic shocks, a device wad use
that includes a power source — a high-voltage
transformer 1 (Figure 1), a rectifier 2, a capacB8pan
air gap 4, a working clearance formed by electrodes
negative 6 and positive 7 (Figure 2), which aregthin
a container with a solution 5.

The active surface of the positive electrode shbeld
much smaller than the negative — this is one of the
conditions for obtaining discharges that give tlesickd
effect. The positive and negative electrodes are
structurally made of a metal rod with an insulatie
material of which must be a dielectric.

The device can be used in various technological
modes — from periodic to continuous, dependingten t
conditions of the irrigation process.
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Fig. 1. Diagram of a laboratory installation for electro-
hydraulic shock: 1 — high-voltage transformer; etifier;
3 — capacitor; 4 — air forming gap; 5 — containéhwa solution
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Fig. 2. Diagram ofa working clearancé& — negative
electrode; 6 — positive electrode; 7 — containeh aisolution

The voltage on the capacitor increases to thesvaiu
which the breakdown of the air gap occurs, andhel
energy stored in the capacitor enters the working
clearance, where it is released as an electriemiligh
power. To achieve the specified processing result,
certain number of pulses is set. The pulse repatiti
frequency depends on the capacitance value of the
capacitor, the applied voltage, and the size of the
adjustable forming air gajp7—10]

The electrical circuit diagram of the installatids
shown in Figure 3.
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Fig. 3. The circuit diagramQF — circuit breakerTV — a
single-phase step-up transforméB — rectifying diodeC —
high-voltage capacitoR1, R2 — resistorsFV1 — forming air
gap;FV2 — spark working clearanc®F — grounding device
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Power is supplied to the circuit using tQ& circuit
breaker, which acts as a protective and startingcee

The installation for receiving electro-hydraulic
shocks include3V — a single-phase step-up transformer
for converting electrical energy. The transformas two
windings of low 220 V and high voltage 50 kVD —
rectifying diode for converting alternating curretd
direct current,C — high-voltage capacitor, stores energy
that is released on the spark g&pt; R2 — resistors, are
used to lower the voltage for connecting a voltmete
PV — voltmeter;FV1 — forming air gap;FV2 — spark
working clearance [6].

Experimental studies were conducted to justify the
parameters of electro-hydraulic treatment of sohdi

Five main modes of operation of the electro-
hydraulic installation were considered: 1-3th — aat
voltage of U=10 kV and a capacitance 6F1.83; 3.66
and 5.49uF, respectively, 4th — ai=20 kV; C=0.9 uF
and the 5th atJ=30 kV; C=0.6 uF. The modes were
provided by series or parallel connection of capasi
with a capacitance d£=1.83 uF and a rated voltage of
10.5 kV.

The soil suspension tucked into the working volume
was treated with high-voltage pulses in each offie
modes, and the number of pulses in each mode was 10
200, and 300 discharges.

The calculated value of the energy spent on
processing the liquid in various modes was detegthin
by the formula

w cuU? 1
== €
whereC is the capacitance of the capacitor, F;
U is the voltage, V.
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The resulting values are shown in the table 1.

For each treatment mode and for each number
discharges, a 20 ml sample was taken from the wgrki
tank before and after treatment. Measurement oigen
content in the soil solution after treatment, witinther
conversion to kg of dry soil, was performed usingta
meter/ionomer, the operating range of which meleg¢s t
conditions of the experiment and is included in shete
register. The pH meter/iometer is designed for meag
the hydrogen index (pH), redox potential,

solutions of soil samples, food, food raw materiays
potentiometry.

Table 1. The value of the energy invested in the treatroént
the liquid at different modes, kJ

N - Ll - LL - L i i
8P |2F |2E |23 |22 |2=
I=l=; o © o © o< o @ o @
22| T TG | Tw R ARt
Z5 | o S| o DU | Do
1 0.091 0.183 0.275 0.180 0.270
100 9.1 18.3 275 18.0 27.0
200 18.2 36.6 55.0 36.0 54.(
300 27.3 54.9 82..5 54.0 81.(

The second stage of the experiments was to sty

ion
concentration in potable, natural, waste water,ewat

bactericidal effect. The optimal number of pulses f

ofprocessing a portion of the solution is 200 pcdaryer
number of pulses does not lead to an increase @n th
nitrogen content, and the energy expended in thie c
increases.
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Fig. 4. The dependence of the nitrogen content in the soil
solution after treatment on the treatment regimes

The results of laboratory studies of the effect of
th electrohydraulic treatment of soil solutions on the

effect of pre-sowing treatment of seeds with soil growth and development of tomato showed that ths¢ be

suspension on their further growth and developraedt
consisted in the germination of tomato seeds.

germination results were achieved by soaking tleelse
and watering the samples with a soil extract tekatith

Five experimental groups were made for each plantelectro-hydraulic shock (option No. 3).

species, 25 seeds were selected for each of tham.

T Seedlings of seeds was observed on the second or

temperature of the experiment was 22 °C, which third day, which corresponded to the data of preisg
corresponds to the optimum for seed germination soaking under optimal conditions. When the seed® we

(20 ... 25 °C).
The control was represented by the first group,

wetted with distilled water (control), about half the
in seeds hatch on the sixth day, on the seventh day al

which the seeds for germination were moistened with sprouted, in some of the seeds the germinal roete w

distilled water; the second group — untreated wailer
suspension; the third group is a soil water suspans
treated with electro-hydraulic shock.

3 Results

The results of experiments with different modedlaf
treatment are presented in the Table 2 and Figuia 4

the process of electrohydraulic treatment of théd so

solution, the mass content of nutrients and micr
elements in it changes sharply compared to thenatig
upward.

The results show that the mass content of ammo

clearly visible. In group 2, all seeds nested am ghxth
day, but on the seventh day there was no significan
increase in the length of germinal roots. In gr@uphe
third part of the seeds hatched on the sixth dag, @

the next day all the seeds had germinated, andheat t
same time, the germinal roots of all had reached
considerable size.

The supply of nutrients in the seeds was
approximately the same, so a significant increase i
o- germinal roots in group 3 can be explained by e f

that nutrients were used not only from internakress

(endosperm), but also from a soil suspension with

nigreadily available elements of plant mineral nudriti

nitrogen increases 2.7-3.8 times. When storing ia so (@fter treatment with electrohydraulic shock). [4]

solution that has undergone electrohydraulic sho
treatment, on the 10-15th day of storage it leads t
sharp (9-10 times) increase in the mass content
soluble nitrogen compounds in it due to the “baater
explosion”. This process, after processing, comnfor
a certain time, after which the state stabilizes.

Thus, the 5th mode of operation of the electro-

hydraulic installation =30 kV; C=0.6 uF), which
corresponds to a high discharge voltage and avelat
small capacitance of the capacitor, provides tleatgist

Similar results were recorded when observing the
growth of tomato germs (seedlings). Observationthef
dength of tomato seedlings were carried out betoee
start of growth and showed that from the moment of
emergence of seedlings (on the 6th day) and ungtiend
of the observation (10th day), the length of sewdliin
option No. 3 was almost twofold in comparison with
options No. 1 (control) and No. 2 (treatment and
irrigation of untreated soil suspension) (Figure 5)
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Table 2. Nitrogen content in the soil solution after treatm

NH4 (nitrogen) content per kg af
Mode Number of dry soil, mg/kg
discharges Before After processing
ProcessiNgafier [ After | After

(control) | 3 gayd 14 day$28 days

1st U=10 kV, 100 34.5| 233.6] 210.4
C=1.83pF) 200 40.2| 360.5 360.9
300 42.6| 369.24 370.0
2nd U=10 kv, 100 51.2| 522.64 526.5
C = 3.66uF) 200 60.2| 656.8 656.9
300 61.5| 652.2 658.0
3rd U=10kV,| 100 196 [542| 5321 5250
C =5.49pF) 200 69.7| 705.5 708.8
300 70.3| 713.00 699.5
4th U=20 kv; 100 48.4| 490.5 495.8
C=0.9uF) 200 55.4| 562.3 553.1
300 56.6| 552.00 560.0
5th U=30 kV; 100 69.5| 660.0 635.8
C=0.6puF) 200 73.6| 759.0 755.0
300 75.5| 759.5 750.5

length of seedings, cm

— (onfrol (dishiled water/

Unfreated sol suspension

Soll suspension freated with
electrahydraulic shock

Fig. 5. Change in the length of seedlings of tomato seeds
by days (from the moment of seed swelling, planting 8.

6

(onfrol dates

03/10/2020). Dates of control:-115/3/20; 2— 16/3/20;
3-17/3/20; 4- 18/3/20; 5-19/3/20; 6-20/3/20

4 Conclusion

The technology for pre-sowing seed treatment was
improved by applying a soil solution that had urnuere

electro-hydraulic shock treatment to soak the seeds

before sowing.

The soil solution is prepared at the rate of 606f g
soil per 3 | of distilled water. The processing rgyewas
81 kJ. To implement the technology, an installaticas
developed for electrohydraulic processing of sohsij
containing a cylindrical tank, upper and lower asye
inlet and outlet nozzles for supplying and removihg
treated liquid, and positive and negative electsodéne

positive electrode is made of a rod, the negative
electrode is made of a longer rod.

Thus, we can conclude that the use
electrohydraulic shock will increase the nutritibualue
of soil solutions, transforming nutrients into arrfo
accessible to plants. The optimum technological
parameters of the installation for electro-hydmuli
treatment of solutions were experimentally subsited,
which were: voltage — 30 kV, discharge capacitaoice
the capacitor — 0.6F, number of pulses — 200.
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