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Abstract. In modern conditions of water scarcity, the research of the energy evaluation of different modes of drip
irrigationtoreducetheconsumptionofirrigationwater,materialandenergyresources,theireffectiveuseonirrigated
grape plantations cultivated on the sandy chernozems of the left bank of the Lower Dnieper, where only irrigation
is the guarantee of annual, constant high yield of vineyards. The purpose of the research was to study the energy
efficiency of grape drip irrigation regimes, determine the volume and structure of resource costs, and the level of
their payback. Field and comparative-calculation methods were used during the research. The establishment and
conduct of experiments were carried out according to the methodology of the research case. The paper presents
the results of research on the energy efficiency of drip irrigation modes of grape plantations. It is established that
maintaining an unhindered moisture supply to plants during the growing season is achieved by an additional cost
of 9.29 GJ/ha of anthropogenic energy. A more economical regime of humidity of the active soil layer during the
growing season reduces energy costs to 5.2-7.7 GJ/ha. The structure of additional energy costs, regardless of the
irrigation regime of plantings, is dominated by the energy of irrigation water - 80% and energy carriers — 18 %.
The practical significance of the research is to conduct an energy assessment of different modes of drip irrigation
of grapes to reduce the consumption of irrigation water, material and energy resources and their efficient use

Keywords: moisture consumption; differentiated irrigation regime; optimal soil moisture; energy; energy
intensity

INTRODUCTION

Intheworldwhere drinking water is becominganincreas-
ingly scarce resource, 80% of which is used for irrigation
of crops, optimizing water use should be a top priority
for agriculture (Bulukazari et al., 2022). This is especial-
ly true in viticulture, where the trade-off between crop
loss and improved quality can be economically costly for
producers and highly dependent on water supply. In arid
regions, where limited precipitation is a limiting factor
for the grape plant, irrigation plays an important role in
compensating for water scarcity (Silvestroni et al., 2020).
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Global warming leads to changes in precipitation pat-
terns and an increasingly negative water balance during
the growing season of plants, which increases the risk of
drought (Tabari, 2020; Korkhova & Mykolaichuk, 2022).

Changes in namely an increase in the average an-
nual temperature by more than 2°C (Avalos & Araujo,
2021), observed over the past decades, a reduction in
the precipitation rate and a violation of the precipitation
regime significantly increase the likelihood of an acute
shortage of moisture supply to grapes, very often before
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the beginning of the first phase of bush vegetation. In
the subsequent stages of grape development, the lack
of moisture consumption only increases, so you can pre-
vent the harmful effects of drought by using artificial
irrigation of plantings. Drip irrigation has the greatest
prospects, the use of which provides an optimal water
regime with lower irrigation water costs, it activates the
production processes of plants during the defining pe-
riods of growth and development, and guarantees the
most complete realization of the biological potential of
various grape varieties (Miras-Avalos & Araujo, 2021;
Ma, 2020).In turn,the effectiveness of reception directly
depends on the humidity regime of the active soil layer.

Numerous studies and extensive practice of using
drip irrigation of vineyards show that the greatest effi-
ciency of local irrigation is provided at clearly defined
upper and lower thresholds for moistening the local soil
volume (Scholasch & Rienth, 2019; Romero et al., 2022).
Violation of the irrigation regime increases the consump-
tion of irrigation water, financial and energy resources, it
reduces the yield of plantings, worsens the quality and
marketability of berries, which directly affects the eco-
nomic efficiency of the industry (Gomez-Zavaglia et al.,
2020). It complicates the determination of the efficiency
of viticulture as a branch of agricultural production, ad-
ditional costs of energy resources and the use of various
units of measurement: Hryvnia, kg, T, L, m?, people/hour,
kWh, which increase the probability of error in econom-
ic calculations, limit the search for promising areas for
reducing technological costs, rational use of Natural Re-
sources (Noha, 2022; Sassu et al., 2021). In addition, in a
market economy, the efficiency of viticulture in gener-
al, and irrigated, in particular, depends on fluctuations
in prices for energy carriers, fertilizers, plant protection
products, the level of wages of workers, the demand and
cost of viticulture products, and therefore complicates an
objective assessment of the balance of costs and reve-
nues from the sale of viticulture products (Strub & Loose,
2020; Sylva et al., 2021). In this sense, the greatest pros-
pect is energy analysis, which is based on the applica-
tion of constant energy indicators that do not depend on
constant changes in the price of viticulture products, fer-
tilizers, fuels and lubricants, pesticides, etc. Comparison
of the energy parameters of grape cultivation technology
allows objectively determine the difference in the bal-
ance of technogenic and biological energy consumption.
Energy analysis is particularly relevant today in the con-
text of global and regional climate changes and the ur-
gent need for economical use of resources, development
and use of agricultural measures aimed at moisture ac-
cumulation and reducing the cost of moisture for the for-
mation of a unit of viticulture production (Leeuwen et al.,
2019; Droulia & Charalampopoulos, 2022; Xyrafis et al.,
2022).This corresponds to a detailed justification of the
bioenergetic efficiency of various modes of drip irriga-
tion of grapes, as it allows you to establish the most ef-
fective mode of drip irrigation of plantings, to ensure an
optimal balance of man-made energy costs and energy
receipts synthesized by plants (Shevchenko et al., 2021).
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Purpose of research was to study the energy efficiency
of drip irrigation modes of grapes, determine the volume
and structure of resource costs, the level of their payback.

LITERATURE REVIEW

Agriculture, including industrial viticulture, is based on
the process of converting solar energy through plant
photosynthesis into the energy of macro-energy bonds
of organic matter (Cataldo et al., 2021). The volume of
bound solar energy in the form of plant biomass is an
integral indicator of the efficiency of cultivation of all
crops, including grapes (Simon & Hiilsbergen, 2021).

In the absolute majority of examples, the high pro-
ductivity of modern grape growing technologies in-
volves substantial costs for soil cultivation, fertilization,
plantation care, irrigation, which directly affects the
efficiency and terms of cultivation and the prospects
of viticulture, causes negative changes in the environ-
ment, often irreversible. Permanent improvements and
introduction of new methods of cultivation technology
of grape plantations do not reduce the overall energy
intensity, but involve certain additional financial and
material costs, often significant, which in the absolute
majority of cases are not fully covered by the additional
harvest of berries (Mynkin, 2020). That is, the increase
in productivity is achieved by the constant growth of
direct and indirect costs of anthropogenic energy ten-
fold, and in the event of their termination or reduction,
the production system degrades. One of the high-en-
ergy methods for optimizing environmental conditions
is the widespread use of irrigation in the practice of
growing a high yield of traditional agricultural crops,
including grapes (Neupane & Guo, 2019).

Almost until the beginning of the 215t century, most
often soil moisture was maintained by applying sprinkling
and irrigation on the soil surface, which was achieved by
high costs of man-made energy, natural energy resources
(water),and their inefficient use (Vytoptova & Bondarenko,
2010). Producers have several options for minimizing the
negative impact of drought, including switching to more
efficient irrigation technologies, which are understood as
technologies that increase the share of water available to
the root system of a plant with a smaller amount of it (No-
vikov et al.,2021; Bayala & Prieto, 2020). Recently, drip ir-
rigation has been introduced into the practice of growing
grape crops, which, unlike continuous moistening meth-
ods, provides humidity at a given level of 20-25% of the
design volume of soil, which varies within 0.75-0.9 m3/
bush and depends on the area of plant nutrition and their
age, the depth of maximum root system development,
which significantly reduces the cost of man-made and
natural energy resources (Pisciotta et al., 2018; Miras-Av-
alos & Araujo, 2021). However, the different level of
pre-irrigation humidity of the active soil layer, during
the growing season of grapes, causes significant fluc-
tuations in the consumption of irrigation water, energy
carriers, and affects the productivity of grape planta-
tions in different ways, the specific consumption of wa-
ter, man-made energy per unit of production, and so on.
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Irrigation of vineyards is one of the most expensive
technological techniques for growing grapes in con-
ditions of insufficient natural moisture. This problem
becomes especially important in connection with the
shortage of water all over the world and irrigated agri-
culture is one of the most inefficient consumers of this
resource. Low water use efficiency (WUE) combined with
increased competition for water resources with other
industries is forcing producers to adopt new irrigation
methods that use water more economically. In areas
with arid and hot climates, deficit irrigation strategies,
such as regulated deficit irrigation or partial root desic-
cation,have been used to conserve water,allowing crops
to withstand moderate water stress with little or no re-
duction inyield and quality (Miguel Costa et al.,2007).In
their opinion, the irrigation deficit helps to save irriga-
tion water in viticulture. Thus, a better understanding of
grapevine response to water and heat stress combined
with temperature-based yield monitoring will help op-
timize irrigation and soil management in viticulture.

T. Scholasch & M. Rienth (2019) indicate that when
the root mass and root absorption sites are concentrat-
ed near the soil surface, the water consumption of the
grape plant depends on the moisture content of the
soil, which is located below the surface. K. Nader et al.
(2019) acknowledge that older vines do have deeper
and more developed root systems, making them more
drought tolerant than younger plants.

Despite some inconsistencies in the obtained re-
search results, all the mentioned authors believe that
the greatest efficiency of local irrigation, reduction of
energy consumption, and high efficiency of their use
are achieved at clearly defined upper and lower thresh-
olds for moistening the local soil volume (Vozhehova et
al.,2017; Lemos-Paiao et al., 2022; Scholasch & Rienth,
2019). Reducing soil moisture, or increasing it beyond
the established limits, reduces the yield of plantings,
the quality of berries, and the efficiency of using energy
resources (Weiler et al., 2018).

The vast majority of studies on the effectiveness of
various drip irrigation regimes of grapes were conduct-
ed on plantings cultivated on heavy loamy or southern
chernozemsofthe country(Zelenyanska & Borun, 2021).
Such studies are especially relevant for irrigated grape
plantations cultivated on sandy loam chernozems ofthe
left-bank lower Dnieper region, where only irrigation
guarantees an annual, stable high yield of vineyards.

Problem statement - conducting an energy assess-
ment of various modes of drip irrigation of grapes to re-
duce the consumption of irrigation water, material and
energy resources, and their efficient use.

MATERIALS AND METHODS

The experiment was conducted during 2019-2021 car-
ried out on 15-year-old plantings of the Rkatsiteli vari-
ety cultivated in Agricultural Private Firm (APF) “Tavria”
of the Kherson region.
The study scheme included the following options:
1. Control (without irrigation);
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2. Humidity of the active soil layer at the level of
100-80% the lowest moisture content during the grow-
ing season of plants;

3.100-80% by the end of the flowering phase, sub-
sequent phases (berry growth, crop maturation) 100-
70% the lowest moisture content;

4.100-70% the lowest moisture content during the
entire growing season of plants.

Theexperimentswereperformedinathree-doserep-
etition. In each variant, there are 45 accounting bushes,
15 inrepetition.There are 180 registered bushes in total.

The scheme of planting plants is 3.0x1.25 m, the for-
mation of bushes is a high - stamp two - shoulder border
withaheight of 120 cm.The load of bushes with shootsinall
variants of the experimentranged from 32.4-33.1 PCs/bush.

The technology of drip irrigation of grapes uses ir-
rigation pipelines with a diameter of 16 mm with inte-
grated water outlets in increments of 0.6 m and a water
flow rate of 3.8 dm®/ha, mounted on the lower wire of
the trellis. The timing of regular irrigation, irrigation
rates, and the duration of the inter-watering period
were determined based on monitoring the dynamics of
moisture reserves in the root layer of the soil,the regime
and rate of precipitation. Moisture reserves were moni-
tored every decade by the thermostatic-weight method.

Industrial grape plantations of the farm, including
the experimental site, are cultivated on unproductive
lands of the left-bank lower Dnieper region, which an-
nually receive a large amount of heat and light, are
characterized by high evaporation and aridity.

The soil of the experimental site, as well as the en-
tire array of perennial plantings, is sandy loam cher-
nozem with a humus content in a layer of 0-100 cm in
the range of 0.4-0.6%. The volume weight of the soil is
1.42 g/cm?3, the duty cycle is 41%, and the lowest mois-
ture capacity is 17.1%. The type of water regime is not
washing, the main natural moisture reserves of the soil
are formed during the autumn-winter period.

During the research, agrobiological records of
the development of eyes and elements of fruitfulness
were carried out according to the generally accepted
method in viticulture. Records of the berry yield were
carried out by weight method, separately for each of
the variants of the experiment. Water and electricity
consumption was recorded using meters installed directly
inthe pumping station.The energy intensity of irrigation re-
gimes, the use of natural and man-made energy resources
for irrigation of plantings,and the volume of biological en-
ergy synthesis were calculated according to methodologi-
cal recommendations (Tarariko, 2005; Lyannoy et al., 1994).

RESULTS AND DISCUSSION

The dominant factor in the growth, development of
grapes and high yield is the humidity of the active soil
layer during the growing season of plants, which de-
pends on the norm of precipitation and the mode of
their precipitation. In most cases, the main soil mois-
ture reserves in the region are formed during the au-
tumn-winter period and reach 2200-2500 m3/ha, of
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which 1500-1600 m3/ha are available for plants and en-
sure unhindered moisture consumption of grapes until
the end of the flowering phase. In subsequent phases,
plants vegetate in conditions of acute shortage of mois-
ture consumption, which is not eliminated by summer
precipitation, with the exception of individual years.

On average, over three years of research (2019-
2021), the total moisture reserves of the active soil lay-
er at the beginning of the first phase of vegetation also
ranged from 1850 m3/ha to 2100 m3/ha, which poten-
tially provided optimal conditions for plant moisture
consumption until the end of the growth phase shoots.
However, the high temperature regime that is estab-
lished in the Steppe zone in the first decade of April,

insignificant amounts of precipitation, or their long-
term absence cause a significant loss of moisture and
accelerate the formation of an acute deficit of moisture
consumption already in the middle of the second phase
of vegetation, and humidity at the level of 80% of the
lowest moisture content was formed already at the be-
ginning of the shoot growth phase.

Reducing moisture reserves to the lower threshold
of optimal moisture content for the second version of
the experiment became the basis for regular irrigation
of plantings. Soil moisture at the level of 80% the low-
est moisture content during the growing season was
provided by 14 waterings with an average irrigation
rate of 81 m3/ha (Table 1).

Table 1. Drip irrigation mode of grape plantations depending on the level of pre-irrigation humidity
of the local soil volume Agricultural Private Firm “Tavria’, Rkatsiteli variety

RPVG, % the lowest

X Number of waterings
moisture content

Control (without

irrigation)
100-80 14

100-80-70 9 105
100-70 5 127

Source: authors’ own research

According to the data in Table 1, the irrigated water
rate for the growing season of grapes in this version of
the experiment was 1134 m3/ha, with fluctuations, de-
pending on the conditions of the year, up to 12%. The dif-
ferentiated irrigation regime, which was applied with the
beginning of the berry growth phase, reduced the num-
ber of waterings to 9, while irrigation water standards
increased by almost 30% and amounted to 105 m3/ha.
The irrigated water rate in this version of the experiment
decreased by 17% and amounted to 945 m3/ha. The low-
est total irrigation water consumption was achieved by

Irrigation rate, m3/ha

Inter-irrigation period,

.. .
days Irrigation rate, m*/ha

7 1134
11 945
19 635

maintaining the lower threshold of optimal soil moisture
at the level of 100-70% the lowest moisture content.
For three years of research (2019-2021), the optimal soil
moisture at the level of 100-70% the lowest moisture
content was provided by 5 waterings carried out after 19
days at a rate of 127 m3/ha.

The conditions for providing plants with moisture
that have developed under different irrigation modes
have had different effects on the structure of energy
consumption, the energy intensity of irrigation modes
for grape plantations (Table 2).

Table 2. Structure and energy intensity of drip irrigation regimes for grapes APF “Tavria’, Rkatsiteli variety

Regimes of

irrigation, % HB

Irrigation water Energy carriers

100-80 7439 1670
100-80-70 6200 1395
100-70 4165 957
% 80.0 18.0

Source: authors' own research

According to the data in Table 2,the structure of ener-
gy consumption is dominated by the energy of irrigation
water, the share of which is 80% and it does not depend on
the irrigation regime of plantings.The power consumption
used for the operation of pumping and filtering equipment,
water supply, creation and maintenance of the required
pressure in the irrigated network depends on the operat-
ing time of the equipment and ranges from 1670-957 M)/
ha, or 18.0% of the total energy intensity of reception.
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Energy intensity of resources, MJ

Energy intensity of

irrigation modes,

Technical means Live work

MJ/ha
125.7 62.5 9297.2
104.5 54.7 7754.2
70.2 35.8 5228.0
1.35 0.65 100.0

The energy costs of the technical means involved and live
labor are directly related to each other and are aimed at
maintenance of pumping and filtering equipment, mon-
itoring the state of the drip irrigation network, and en-
suring its reliable operation. The share of these energy
costs is insignificant and ranges from 188.2-159.2 MJ/
ha, or 0.65-1.35% of the total energy consumption.

The level of pre-watering humidity of the active soil
layer directly determines the overall energy intensity



of irrigation of grape plantations. Unhindered moisture
consumption of grapes at the level of 100-80% the low-
est moisture content, during the growing season causes
the consumption of 9.29 GJ/ha of energy, which is equiv-
alent to 218 kg of diesel fuel. The introduction of a dif-
ferential irrigation regime for plantings with a thresh-
old of 100-80-70% the lowest moisture content reduces
the energy intensity of reception by 16.7%. Maintain-
ing the pre-watering humidity of the active soil layer

Table 3. Bioenergetic efficiency of drip irrigation modes of APF “Tavria” grapes, Rkatsiteli variety

Shevchenko and Nikonchuk

during the growing season of grape plantations at the
level of 100-70% the lowest moisture content, reduces
energy consumption to 5.2 GJ/ha or almost 1.7 times.

The conditions for providing plants with moisture
that have developed under different irrigation regimes
have had different effects on the development of grapes,
the volume of biological energy synthesis, the energy in-
tensityofthebiologicalmassof plantsand Berryyield,and
the level of payback of man-made energy spent (Table 3).

Yield of grapes, t/ha Synthesized energy (Eb) in the Energy.
. crop, MJ . consumption .
Regimes of Specific energy onit Kee irrigation
irrigation, % consumption, additional modes,
HB biological  yield of berries  biological berries MJ/t of berries berry yield, T*=Tb/Tt
Mi/t
Control
(without 10.1 7.8 45564 24804 5807 - 0.547
irrigation)
100-80 143 11.7 66616 37206 4639 2383.9 0.685
100-80-70 14.1 11.3 61884 35934 4695 22155 0.677
100-70 134 10.7 58766 34026 4586 1802.8 0.673

Note: E*= Eb, biological /Et, technogenic; Kee-defined for the berry yield

Source: authors' own research

AccordingtothedatainTable 3,totalenergyconsump-
tion on the site without irrigation, control - 45.5 GJ/ha.
The energy intensity of modern technology for cultivat-
ing industrial grape plantations ranges from 45-47 MJ/ha
and includes two components: energy costs for creating
plantings and caring for them before they enter full fruit-
ing and annual costs for caring for fruit - bearing plants.

The use of irrigation of plantings increases the con-
sumption of man - made energy by an average of 17-
20% and depends on the annual volume of soil moisture
of natural supply, the efficiency of its use,and the pre-ir-
rigation level of soil moisture maintained by irrigation.

Unhindered moisture supply of grapes at the level
of 100-80% the lowest moisture content, during the en-
tire growing season of plants, is achieved by additional
man-made energy costs in the range of 9.29 GJ/ha and
increases the energy intensity of Berry cultivation tech-
nologyto 54.27 GJ/ha.Adifferentiated irrigation regime
at the level of 100-80-70% the lowest moisture content
reducesthe costof man-madeenergybyanaverage of 8%.

As a result of research, it was established that the
lowest total cost of man-made energy for growing a
grape crop consists in constantly maintaining the hu-
midity of the active soil layer at the level of 100-70%
the lowest moisture content, and it does not exceed
49.1 GJ/ha. Under the influence of the moisture supply
regime of grapes, the specific energy costs for growing a
berry crop also change significantly. With natural mois-
ture supply, the energy consumption for growing 1 ton
of berries is, on average, 5.8 GJ of man-made energy. In
irrigated areas, regardless of the level of pre-irrigation
soil moisture maintained during the growing season,
specific energy consumption is reduced to 4.5-4.6 GJ/t

of berries, due to the elimination of stress on plants,
more efficient use of the natural potential of the envi-
ronment by plants in irrigation conditions. Optimization
of soil moisture has become a key factor in reducing, by
more than 50%, the specific cost of man-made energy
for growing an additional crop of berries of irrigated
variants of the experiment. In addition to the direct
impact of the irrigation regime on the energy intensi-
ty of the technology, pre-irrigation soil moisture also
changes the efficiency of biological energy synthesis, its
volume in the biological mass, and the yield of grapes.

The most intensive synthesis of natural energy
by plants was observed with an unhindered intake of
moisture (100-80% the lowest moisture content) and
amounted to 66.6 GJ/ha in the biological yield and
37.2 GJ/ha in grape berries. The differentiated regime of
soil moisture at different stages of the growing season,
worsening the conditions of plant moisture supply, re-
duced the total amount of energy synthesized by plants
to 61.8 Gl/ha, including in the berry yield to 35.9 GJ/
ha. The same trend was observed in the area where
soil moisture was constantly maintained at the level of
100-70% the lowest moisture content.

The above analysis shows that the amount of syn-
thesized energy in the berry crop is significantly less
than the amount of man-made energy spent on caring
for plants during the growing season, regardless of the
soil moisture regime that was maintained during the
growing season of plants.

Analyzing the level of payback of man-made energy
costs by grapes in various conditions of moisture sup-
ply, it should be noted that irrigation of plantings con-
tributes to a more efficient synthesis of organic matter
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in the biological crop and the accumulation of 58.7 GJ/
ha of energy in it, which is 19.5-24.0% higher than the
cost of anthropogenic resources.

At the control site, the volume of synthesized ener-
gy in the biological mass of the grape crop was 45.5 GJ/
ha, which is equivalent to its cost for caring for plant-
ings during the growing season.

Agroclimatic conditions of the southern regions of
Ukraine potentially allow binding about 4-5% of photo-
synthetically active solar radiation, which is equivalent
to the yield of grapes in the range of 10-12 t/ha.

DISCUSSION

According to the results of many years of research per-
formed both in Ukraine and in countries with an arid
type of climate (USA, Spain, Latin American countries),
increasing the lower threshold for optimal moisture
content of the active soil layer from 60% the lowest
moisture content to 70% the lowest moisture content,
during the growing season, increases the consumption
of irrigation water and energy resources by almost 42%
(Sunetal.,2022; Mboyerwa et al.,2021; Vozhehova et al.,
2017).Reduce the consumption of irrigation water, ener-
gy and funds allows a differentiated irrigation regime of
plantings, which provides for the humidity of the active
soil layer at the level of 100-80% the lowest moisture
content in the growth phase of shoots and flowering,and
its subsequent reduction to 10-70% the lowest moisture
content during the berry growth phase and 100-65% the
lowest moisture content during the ripening period of
the berry crop (Lemos-Paiao et al., 2022). Current re-
search established that the moisture supply of grapes at
the level of 100-80% RH, during the entire growing sea-
son of the plants, is achieved by additional costs of man-
made energy in the range of 9.29 GJ/ha and increases the
energy intensity of the berry crop cultivation technology
to 54.27 Gl/ha. Differentiated mode of irrigation at the
level of 100-80-70% the lowest moisture content reduc-
es man-made energy consumption by an average of 8%.

Previous studies show (Shevchenko et al., 2012)
that all modern grape growing technologies used in
Ukraine are characterized by high energy intensity,
which is 4.6-7.2 times higher than the recommended
international standards (15 Gl/ha year). Significant en-
ergy costs have a negative effect on the state of grape
bushes, significantly reduce the efficiency of using ar-
tificial energy. Thus, the irrigation regime has different
effects on the efficiency of the use of irrigation water,
the consumption of which for the formation of 1 ton
of berry crop with an unimpeded supply of moisture
(100-80% RH) during the growing season of grapes is
476 m3/t. Irrigation water is used most sparingly in the
irrigation mode at the level of 100-70% RH, which re-
duces specific water consumption to 266 m3/t. On the
site of this variant, the yield of berries was 10.5 t/ha,
that is, it decreased by 8.6%. At the same time, the spe-
cific consumption of water decreased by 38.3% com-
pared to similar indicators of the site with unimpeded
moisture inflow (Shevchenko et al., 2021).
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One of the promising ways of reducing energy costs
in irrigated viticulture is the further improvement of ir-
rigation regimes, the use of more modern diagnostic
methods to adjust the timing of successive irrigations.
Mynkina (2021) recommends adjusting the timing and
rates of irrigation in years with insufficient rainfall,
which may not coincide with long-term practice. Thus,
in dry years, it is recommended to irrigate grape plan-
tations at the beginning of the shoot growth phase at
the rate of 80-100 m3/ha for local irrigation methods.
It is advisable to coordinate the timing of subsequent
waterings and irrigation rates with the dynamics of the
moisture content of the active soil layer of a specific
site, using tensiometers or other methods of diagnosing
the next watering periods. On the basis of this infor-
mation, also determine irrigation rates, which is con-
firmed by current research. Thus, the results of confirm
the need for a differentiated irrigation regime, which
was applied at the beginning of the berry growth phase,
which helped reduce the number of irrigations to 9,
while the irrigation water rates increased by almost
30% and amounted to 105 m3/ha.

In research, the optimization of soil moisture be-
came a key factor in reducing, by more than 50%, the
specific costs of man-made energy for growing an addi-
tional crop of berries in the irrigated variants of the ex-
periment. In addition to the direct influence of the plan-
tation irrigation regime on the energy intensity of the
technology,the pre-irrigation soil moisture also changes
the efficiency of the synthesis of biological energy,
its volume in biological mass and the yield of grape
berries. Similar results were obtained by a number of
scientists (Vozhehov et al., 2021), who established that
the use of drip irrigation according to a resource-saving
and biologically optimal scheme ensured an increase in
yield by 16.8-28.3% - up to 7.9-9.2 t/ha. It was estab-
lished that drip irrigation regimes had the maximum
influence on the yield of grapes, as their share of influ-
ence was the highest and amounted to 59.8%.

Some researchers, (Cooley et al.,2017; Linares Torres
etal.,2018; Scholasch, 2018) to increase the efficiency of
water use in vineyards, recommend the use of increased
irrigation rates after a period of moderate drought to re-
duce the water stress of the grapevine. For this purpose,
the maximum amount of water that the root system zone
can accommodate is applied, while the maximum pos-
sible level of vine transpiration (Kcb, max) is achieved
and the next watering is postponed as far as possible.
Between waterings, drought periods of varying intensity
are established in accordance with production tasks. In
their opinion, the changes in water deficit between two
large irrigations are smoother compared to those ob-
served between irrigations of a smaller volume. These
strategies tend to promote water and energy savings and
are currently supported by water agencies and energy
conservation agencies (Scholasch & Rienth, 2019). Au-
thors of the current research support these assumptions.
Thus, the lowest total consumption of irrigation water
was achieved with the support of the lower threshold



of optimal soil moisture at the level of 100-70% RH.
During the research period, the optimal soil moisture
at the level of 100-70% RH was provided by 5 irriga-
tions carried out every 19 days at the rate of 127 m3/ha.

At the very end, it should be noted that studies of
the influence of drip irrigation regimes on the grape
plant in conditions of limited moisture supply have
achieved significant results. The attention of scientists
was mainly devoted to the study of the influence of
irrigation on the productivity and yield of grapes. But
in the modern conditions of agricultural production,
in connection with limited water resources in the con-
ditions of climatic changes, the energy assessment of
all technological methods of crop cultivation becomes
especially relevant. Thus, in the future, research in this
direction should become the focus of attention of sci-
entists, where the most important is the study of wa-
ter-saving methods of viticulture, methods of limited
irrigation to save energy resources.

CONCLUSIONS

As a result of research conducted on 15-year-old plant-
ings of grapes of the Rkatsiteli variety cultivated on ir-
rigated sandy chernozems of the left bank of the Lower
Dnieper in the Kherson region, an energy assessment of
various modes of drip irrigation was carried out in order
to reduce the consumption of irrigation water, material
and energy resources with their effective use. Relevant
conclusions are drawn:

The lowest total costs of man-made energy for
growing a crop of grapes consist of constant mainte-
nance of the humidity of the active layer of the soil at
the level of 100-70% RH, and do not exceed 49.1 GJ/ha.

In irrigated areas, regardless of the level of pre-ir-
rigation soil moisture that was maintained during the

Poisa and Antipova

growing season, the specific energy consumption is re-
duced to 4.5-4.6 GJ/t of berries,due to the elimination of
stressonplants,moreeffectiveusebyplantsofthenatural
potential of the environment under irrigation conditions.

Maintaininganunhindered moisture supplyto plants
during the growing season is achieved by an additional
cost of 9.29 GJ/ha of anthropogenic energy. A more eco-
nomicalregime of humidity of the active soil layer during
the growing seasonreduces energy coststo 5.2-7.7 GJ/ha.

The specific consumption of man-made energy for
growing 1 ton of grapes ranges from 5.8 GJ for control
without irrigation and 4.51-4.69 GJ for areas of differ-
ent levels of pre-irrigation soil moisture.

Bioenergetic analysis of modern technology of cul-
tivation of industrial plantings allows us to identify the
most energy-intensive techniques, provide directions
for their improvement for gradual optimization of an-
thropogenic energy costs, and its more efficient use.

In order to increase the efficiency of water use, the
reaction of the variety, its physiology, the characteristics
of the soils on which it is grown and energy costs should
be studied in orderto optimize theirrigation strategies of
grape plantations in accordance with production tasks.

Further research should be focused on the study of
optimalirrigationregimesin conditions of Limited natural
moisturewhengrowingacertainvarietyinspecificsoiland
climatic conditions to reduce material and energy costs.
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AHoTauia. B cyyacHux ymoBax Aediumty BOOHMX PeCcypCiB akTyallbHUMWU € AOCNIOXKEHHS eHepreTUUYHOi OLLiHKM
Pi3HMX PEXMMIB KpanJMHHOMO 3polleHHs. BOHO BaxnBe AN9 CKOPOYEHHS BUTPAT MOJIMBHOIT BOAM, MaTepianbHUX
Ta eHepreTMYHMX pecypciB, iX e(peKTUBHOro BMKOPUCTAHHS HA 3pOLWYBAHWMX HACAMKEHHAX BWMHOrpagy, Lo
KYNIbTUBYIOTbCS Ha CYNilaHMX YOpHO3eMax niBobepexHoro HWXHbOAHINPOB'S, A€ TiNIbKM 3POLUEHHS SBNSETHCS
rapaHTOM LWOPIYHOI, CTaNioi BMCOKOI BPOXAMHOCTI BMHOrpagHWKiB. MeTow [ocnigpkeHb Oyno BUBYEHHS
eHeproeeKTUBHOCTI PEXMMIB KPAMJIMHHOIO 3POLUEHHS BUHOTPaAy, BU3HAYEHHS 06CAriB Ta CTPYKTYPU pecypCcHUX
BMTpaT, PiBHA X OKynHocTi. llig 4Yac AOCNIOXEHHS BMKOPUCTAHO MOJSILOBMI Ta MOPiIBHANIbHO-PO3PAaXYHKOBUIA
MeTOoAM. 3aKnafaHHa Ta NPOBEAEHHS AOC/IAIB NPOBOAMAM 3TiLHO METOAUKM JOCNiIAHOI cnpaBu. B poboTi oTpuMaHi
pe3ynbTaT AOCNIAXKEHb i3 BUBYEHHS eHepreTUYHOoi epeKTUBHOCTI PeXMMIB KPanJMHHOMO 3POLEHHS HACAOXKEHb
BMHOrpagy. BctaHoBneHo, wo nigTpumMaHHg 6e3nepelKkofHOr0 BONOrOMNOCTaYaHHS POC/IMH MPOTAroM BereTauii
[OCAraeTbCca AoaatkoBumu sutpatamm 9,29 Ix/ra aHTponoreHHoi eHeprii. binblw owannuemii pexxmm BOAOroCTi
AKTUBHOTO LWApY IPYHTY NPOTArOM BereTawuii pOC/IMH CKOPOYYE eHepreTuyHi BuTpatn 8o 5,2-7,7 ITx/ra. B cTpykTypi
[OJAATKOBUX E€HEepreTMYHUX BUTPAT, HE3ANEXHO Bif PEXWMY 3pOLLIEHHS HAacafXeHb, AOMIHYE eHepris NMOAUBHOI
Bogn — 80 % Ta eHeproHociiB — 18 %. [pakTMyHe 3HaYeHHs OOCNiAKEeHb NOASArAE B NPOBEAEHHI eHepreTUYHOI
OLiHKM Pi3HUX PEXMMIB KPanIUHHOMO 3pOLLIEHHS BUHOrpaay 4151 CKOPOUYEHHS BUTPAT NOJIMBHOT BOAM, MaTepia/ibHUX
Ta eHepreTMYHUX pecypciB Ta iX eheKTUBHOrO BUKOPUCTAHHS

KniouoBi cnoBa: BONOrocnoXxunBaHHs; AMdepeHLinoBaHUA peXUM 3pOLEHHS; ONTUMANbHE 3BOJIOXKEHHS FPYHTY;
eHepris; eHeproeEMHICTb
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