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Abstract

The results of investigations of influence of acoustic radiation in the frequency range of 20 Hz and 50 kHz of
some physical and chemical properties of irrigation water are represented. It is shown that range of ultrasonic
radiation in a range close to 20 kHz is more effective for productive drip irrigation experienced plants which leads
to increasing the concentration of dissolved trace metals in the irrigation water and also affects the change of pH
suitable irrigation water. Two fixed frequencies in the studies were chosen to more clearly establish the fact of the
occurrence of ultrasonic cavitation in irrigation water and were determined by the capabilities of the created device.
The frequency of 20 kHz was chosen as the preferred one for fixing the increase in tomato yield by periodically
weighing it and comparing it with the control irrigation line. Tomatoes were chosen as the most common green-

house crop and a product often used in the diet.

Keywords: ultrasound, acoustic emission, cavitation, mass spectrometric analysis.

Introduction

A range of technical applications of hydrodynamic
and ultrasonic cavitation rapidly increases in the world
being directly used in medicine, naval applications,
pharmaceutics, chemical technologies, cosmetics and
cosmetology, etc. The energy of the collapse of mi-
crobubbles, at which the temperature reaches 6000°C,
and the pressure of hydraulic microjets to 40 MPa
causes ionization of water and aqueous solutions and is
accompanied by many poorly studied processes.

Studies of the influence of hydrodynamic cavita-
tion on the change in the physicochemical properties of
aqueous solutions are devoted to the works (Loraine G.
2012, Mandar B. 2013) and purification of water, both
from bacteria and other contaminants, and disinfection
of water are shown in works (Al-Mahrouki A. 2012,
Kuwabara M. 2005). Ultrasonic cavitation can also lead
to a change in cellular structures, as shown in the work
(Mojca and et al. 2014) and be used in cancer therapy.
The phenomenon of hydrodynamic cavitation was also
used to purify water from pharmaceutical contamina-
tion (Chuang YH and et al. 2010).

In addition, there are even studies confirming the
effect of sound on plant growth, for example to positive
effects on plant growth and resilience, sound alerts
plants of potential danger and aids in defense. Sound
guides plants towards essential resources, like water,
through ~ phonotropic ~ root  growth  (Marie
Liesbeth Demey and et al. 2023).

There is evidence that sonication using low fre-
quencies of sound (as little as a few dozen Hz) to as
high as ultrasound (several dozen kHz) may increase
organogenesis (Jaime A. Teixeira da Silva and et al.
2014).

The fact of influence on growth and development
of cellular structures and transport of various sub-
stances into cells under the influence of acoustic fre-
quencies and cavitation of various spectrum is known
(Riesz P. 1985, Hernandez-Garcia D. 2008). For exam-
ple, the effects of ultrasonic acoustic emission were
studied in works (Villanueva 2015, Pan Li 2015) and
accompanied by cavitation on various structural char-
acteristics of water, including some aspects of physical
chemistry, and microbiological composition.

The publication (Heidi Appel, Reginald Cocroft
2023) states that progress in understanding the ecology
and evolution of plant acoustic sensing requires testing
how plants respond to acoustic features of their natural
environments, using methods that precisely measure
and reproduce the stimulus experienced by the plant.

The article (Andrea Nardini and et al. 2024) has
obviously aroused new interest in the phenomenon of
ultrasonic sound production by plants exposed to stress,
especially drought.

This article presents new data on the effect of fixed
ultrasound frequencies on the properties of irrigated
water when watering one of the most common crops
like tomatoes among many greenhouse plants. For the
first time, the effect of ultrasound at 20 and 50 kHz on
the physical and chemical properties of irrigated water
and the intensity of tomato growth was studied. In some
fragmentary Russian information on the effect of hy-
drodynamic cavitation on irrigation water, energy-in-
tensive pumping equipment was used for irrigation in
the open ground. And the authors decided to use ultra-
sonic exposure to irrigation water as more compact and
relatively inexpensive.



4 Norwegian Journal of development of the International Science No 155/2025

Obviously, the use of hydrodynamic and ultra-
sonic cavitation is an example of nanotechnology and
many aspects of such impact have been little studied.

The questions were extensively studied and the re-
sults of the influence of the infrasonic spectrum of os-
cillations on the growth of some cereal species are used.

The issues of water structurization under the influ-
ence of cavitation continue to be studied and are of in-
terest in various fields, including crop production and
agro technology.

We set the task to investigate the influence of a
wide range of acoustic effects on irrigation water and,
accordingly, the associated effects of intensification of
the growth of vegetables and ornamental plants. The
main purpose of this work was showing the results of
our research and to show that there is a real possibility
to obtain fertilizer chelate by ultrasonic action on irri-
gation water.

Materials and Methods

Two experimental plants for the generation of in-
frasound and ultrasound with subsequent transfer of
momentum to the piezoelectric transducers were cre-
ated (radiators) for this purpose. Generating unit con-
sists of a pulse generator and a specially shaped fre-
quency amplifying unit signal power and the control
panel.

The direct impact on the water is carried in the ra-
diation unit via piezoelectric transducers (Dyussenov
K. 2012) (Fig. 1 - the device for generating infrasound
and ultrasound). The frequency spectrum of emission
before and after the experiments on the influence of ir-
rigation with acoustic oscillations was recorded using a
broadband oscilloscope brand VALLEMAN PC
SGU250 and made adjustment range from 20 - 50 Hz
on the first unit and 20 - 50 kHz per second.

The experiments were carried out from the begin-
ning of spring to the end of October previous year on
the basis of experimental greenhouses with polycar-
bonate cover for the cultivation of tomato (Lycopersi-
con esculentum Mill) size 6x3x12 m, located in the sub-
urb of Pavlodar (Kazakhstan).

Water was supplied by the system of drip irriga-
tion GARDENA (Germany): drip irrigation of 100
plants was carried through a hose branch from local
wells, and the second, with the same water, after pass-
ing through the intermediate container with piezoelec-
tric transducers and the last 100 plants were watered
from a watering can or hose, i.e. without the use of drip
irrigation. Both hybrids of tomato (Lycopersicon escu-
lentum Mill) F1 resistant to diseases TMV Va Fol (Mas-
ter, Rosemary) and varieties that are affected Phy-
tophthora, Fusarium and TMV (Bon appetite, raspberry
cream, Budyonovka and Gold dome) were used in the
experiment. The construction of the container with two
piezoelectric transducers immersed in it, treated with
sealant, to avoid corrosion, represented a channel of
specially designed forms for organizing the flow turbu-
lence to obtain the best effect of mixing the flow of wa-
ter.

During experiments once every 5 - 6 days, water
samples were taken for measurement of pH and mass
spectrometric analysis. pH - metry was performed on a
laboratory basis of the Eurasian National University

named after L. Gumilyov with overlapping pH meas-
urements based on central laboratory of JSC "Kazakh-
stan Aluminum" combined with mass spectrometric
analysis on the equipment of the company MALVERN
(United Kingdom), allowing measurement of 28 chem-
ical elements. Laboratory equipment has local and in-
ternational metrological certification. As a result of in-
vestigations the following facts were established.

Results and Discussion

The frequency spectrum of the radiation in the
range 20-50 Hz virtually did not affect the pH of irriga-
tion water. The most characteristic effects on the struc-
ture of irrigation water at 20 Hz manifested in increas-
ing cadmium concentration by almost 92% zinc and al-
most 7 times. As seen from the integrating
spectrograms where abscissa mg dm-3 drawn on gener-
alized results of analyzes of samples (Fig. 2, 3) with a
sharp increase in the concentration of cadmium Cd
(about 4 times), and tin Sn (by 11 times) the remaining
group trace metals have remained virtually unchanged.

At the same time, the content is within the MPC as
the EU countries and the United States, Russia and the
MAC recommended by WHO. For example, MPC
WHO compared with the data obtained are shown in
Table (Table. 1).

Irrigation water treated with 20 Hz resulted in a
strong inhibition of plants, after 6-7 irrigations to dis-
ease TMV plants (tobacco mosaic virus), but after
changing the frequency of the acoustic oscillations at
50 Hz growth and development of plants recovered af-
ter 5 irrigations. The highest efficiency of irrigation wa-
ter gave exposed to ultrasound in a range close to 20
kHz, the second pilot unit. Results of averaged spectro-
grams in mg/dm?® (Fig. 4 - 5) show that a pronounced
positive effect on the growth of tomato at a frequency
range of 20 kHz the radiation had growth of concentra-
tion iron of 22%, copper Cu in 1,6 times and manganese
Mn by 8 times.

It is possible that the increase in yield recorded
when weighing tomatoes for experimental (that is,
when watering water exposed to ultrasound) and con-
trol (when providing irrigation with ordinary water) is
caused, as one of the reasons, by the activation of trace
elements and the appearance of heteroauxins that acti-
vate the development of the root system of tomatoes.
The cluster structure of irrigation water is also im-
portant, changing its structure, which requires further
research.

After irrigation with irrigated water under the in-
fluence of ultrasonic radiation of 50 kHz, there was no
increase in yield relative to the frequency of exposure
of 20 kHz.

Thus, minor, an average of 1.14 - 2.01% grew
acidity (pH) of the treated water for irrigation at 20 kHz
and at a frequency of 50 kHz pH values increased to
3.28%. Analysis of the spectrograms and measurement
of irrigation water pH after ultrasonic treatment led to
the conclusion that the water gets new properties re-
lated to its partial ionization leading to changes in its
molecular structure.

By collecting fruit, tomatoes (Lycopersicon escu-
lentum Mill) treated with structured water, ahead of the
growth rates of tomato bushes, which are watered with
plain water. 285 kg of tomatoes were obtained from the
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experimental plants and only 243 kg from controlled
ones for the whole period of the experimental irrigation.
At the same time 6-7 irrigations produced at a fre-
quency of 20 kHz is allowed to increase the yield by
58-62%. Plants watered with structured water in Octo-
ber had a new brush, bloom, i.e. did not feel the onset
of fall, and the control plants the leaves turned yellow,
most of them died.

In the Fig. 6 a portion of the results of experiments
is shown.

It can be seen that a number of tomato (Lycopersi-
con esculentum Mill) on the left, watered with plain wa-
ter has ceased to exist and the right lane, when watering
with water treated by ultrasound continues its rapid
growth and fruiting.

In the Botanical garden of Odessa University the
effect of ultrasound on the possibility of accelerating
the rooting and increase the yield of rooted cuttings of
roses (Rosa L.) were studied. Cuttings are cut from the
middle of the annual semi lignified shoots. Related
bunched cuttings were placed in a bath, the bottom of
which served as a radiating plate, after which the tub
was filled with water. Experimental cuttings were
sounded 15, 30, 45 seconds, 1, 3, 5, 12 and 20 minutes
at an intensity of 1 W cm, and an oscillation frequency
of 22 kHz, the controlled ones were kept in an aqueous
environment. For rooting, a mixture of leaf soil, humus
and river sand were used in the ratio 2:2:1. The test re-
sults showed that all varieties of treatment for three
minutes increases the rooting and accelerates root for-
mation. Rooting time in the experiment was 15 days, 28
days in the control.

In the greenhouse, the authors also made an expe-
rience in fixing the rate of rooting roses (Rosa L..), and
the period was chosen when any plants rooted very
badly - a period of late summer. Cuttings were rooted
in the calcined garden ground. In the experiment -
planting the soil was watered with structured water,
then, at an angle of 45 degrees, cuttings with three buds
were planted (03.08.2018). Control ones were cut into
the soil, watered with plain water. The result exceeded
all expectations - the root system of the prototype in the
past month has formed well, control plants only the be-
ginnings of roots formed during this period.

Land escape of a rose (Rosa L.), watered with
structured water has a length of 4 cm, the roses (Rosa
L.) with a simple watering 2 -2.5 cm. It is safe to con-
clude that water passed sonication in a range close to
20 kHz is accelerator plant growth and development. At
the same time, the specified frequency range of ultra-
sonic treatment prevents premature aging plants and in-
creases their resistance to disease and the impact of
other external adverse factors.

A number of works are known, among them
(Amira Mohamed Abd El-Sattar and et al. 2022), the
effect of ultrasonic exposure period on germination and
early seedling behaviors of fenugreek seeds under salt
stress was investigated in a laboratory experiment.

Ultrasonication may alter plant growth and devel-
opment (Anita Kiraly and et al. 2025), and an increas-
ing number of studies are being carried out to investi-
gate its effects on both in vitro plant culture and green-
house or field plant production, as well as on the
biochemical and molecular functions of plants.

It is quite obvious that ultrasonic and hydrody-
namic cavitation has a rather complex mechanism of
affecting water and aqueous solutions and is manifested
in many physical and chemical aspects. Mass spectro-
metric analysis of irrigation water allowed to illustrate
that partial ionization of irrigation water occurs with ac-
tivation of metal ions dissolved in it.

Research on the effects of sound on plant growth
has been studied (Ratnesh Chandra Mishra & Hanhong
Bae, 2019) and it has been found that plants’ sensitivity
towards sound has started gaining attention only re-
cently. The influence of sound vibrations on biology
was discussed in a paper (Alexis M. Kollasch and et al.
2020) where various effects were identified.

It is possible that this factor as one of many can
cause activation of plant growth, accelerates and en-
hances cellular metabolism.

In all probability, the activated metal ions, the con-
centration of some of which increased several times in
the form that ultrasonic cavitation caused, greatly im-
prove and intensify plant growth and appear as one of
the factors contributing to this.

Conclusion

Itis possible to conclude with high confidence that
the different spectra using ultrasonic radiation can be in
one way or another affect the physicochemical proper-
ties of water. This is confirmed by the experiments.
Against the background of the primary results of the
spectra of acoustic vibrations produced by irrigation
water to 20 kHz (increasing the total yield of 15% after
7-8 drip irrigation, about 13-18 days) is likely to predict
the intensification of the growth of terrestrial vegeta-
bles and obviously increase their productivity (fixed in-
crease fruit size by 50-95%).

It is possible to draw a conclusion about the exist-
ing mechanism of interrelation of microbiological and
physicochemical processes caused by the effect of cav-
itation on irrigated water for greenhouse growing toma-
toes and cuttings of roses with a fixed effect on irriga-
tion water of ultrasonic frequency spectrum from 16 to
24 kHz. Comparative testing and testing of both stems
and leaves, and the root system of tomatoes revealed an
increase in the green mass and increased development
of plant roots. Thus, a direct link was established be-
tween the direct effects of increasing the concentration
of trace elements of various metals, provoking to some
extent the activation of plant growth without the intro-
duction of special fertilizers.
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Table 1.

The comparative characteristics of the content of trace minerals

MAC (WHO) After influence 20 kHz After influence 50 kHz
mg/dm? mg/dm? mg/dm?
Cu0.20 0.14 0.136
Zn 0.30 0.231 0.148
Cd 0.003 0.00039 0.00011
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Fig. 2. The increasing of Sn and Cd concentration in water after ultrasound influence
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Fig. 3. The increasing of Zn concentration in water after ultrasound influence
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Fig. 4. The increasing of Fe concentration in water after ultrasound influence
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Fig. 5. The increasing of Cu and Mn concentration in water after ultrasound influence
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Fig. 6. The coparison of the itensity of tomato growth with the action of ultrasound on water and without it



