IRRIGATION — DRAINAGE

(2]

DOI: https://doi.org/10.31073/mivg202502-424
Available at (PDF): https://mivg.iwpim.com.ua/index.php/mivg/article/view/424

UDC 631:674.6:635.21

SOIL WATER REGIME AND POTATO YIELD UNDER DIFFERENT
IRRIGATION METHODS IN THE POLISSYA REGION OF UKRAINE

M.V. Scherbatiuk’, A.P. Shatkovskyi?, Doctor of Agricultural Sciences

!'Institute of Water Problems and Land Reclamation of the NAAS of Ukraine, Kyiv, 03022, Ukraine;
https://orcid.org/0009-0009-1784-6639; e-mail: sherbatuykmaksim@gmail.com;

?Institute of Water Problems and Land Reclamation of the NAAS of Ukraine, Kyiv, 03022, Ukraine;
https://orcid.org/0000-0002-4366-0397; e-mail: andriy-1804@ukr.net

Received: 01.08.2025. Revised: 25.10.2025. Accepted: 08.11.2025. Published: 29.12.2025

Abstract. In this scientific study, the parameters of irrigation regimes, evapotranspiration (ETc) values,
and potato yields were experimentally determined depending on irrigation methods and water supply
regimes. To conduct the study, a short-term (2023-2025) field experiment, analytical and statistical methods
of experimental data processing were used. It has been proven that the method of laying irrigation pipelines
for drip irrigation systems, the method of irrigation, and the water supply regime have a significant impact
on evapotranspiration, soil water regime, and potato tuber yield in the Polissya region of Ukraine. Thus,
the amount of evapotranspiration of plantings varied depending on the water regime: 2,20-2,5 Ithousand
m%ha in non-irrigated conditions,; 4,47-5,31 thousand m’/ha in the case of underground placement of
irrigation pipelines (at a depth of 0,30 m), 4,72-5,61 thousand m*ha for drip irrigation with periodic
water supply, and 4,30-5,17 thousand m*/ha for drip irrigation with pulsed water supply. Under sprinkler
irrigation, evapotranspiration was highest, ranging from 5,80 to 6,24 thousand m’/ha over the years of the
study. It is natural that without irrigation, the lowest yield of marketable tubers was obtained — 43,4 t/ha,
and the factor of “irrigation” in combination with fertigation increased this indicator by an average
of 1,5 times — to 65,15 t/ha. The increase in tuber yield with drip irrigation with periodic and pulsed
water supply was statistically significant: up to 66,4 t/ha and 70,4 t/ha, respectively. Under conditions of
sprinkler and subsurface drip irrigation, 60,8 t/ha and 62,7 t/ha were obtained, respectively. The minimum
specific irrigation water consumption was obtained with drip irrigation with a pulsed water supply mode —
67,6 m*t, respectively. The highest water consumption coefficient was for sprinkler irrigation — 100,4 m™/t.
Thus, when growing potatoes in the Polissya region of Ukraine, it is more expedient to use drip irrigation,
preferably with a pulsed water supply mode, and in conditions of acute water shortage for irrigation, drip
irrigation with underground installation of irrigation pipelines.

Keywords: irrigation methods, soil water regime, pulsed water supply, evapotranspiration, water
consumption coefficient, yield, potatoes

Relevance of the research. Potato (Solanum
tuberosum L.) is traditionally one of the main
agricultural crops in Ukraine in terms of acreage
and consumption. During 2023-2025, the area
under this crop ranged from 1,05 to 1,33 million
hectares, and the gross annual harvest of tubers
ranged from 17,54 to 21,36 million tons. On the
one hand, these volumes are sufficient to cover the
domestic market, but due to the lack of sufficient
modern vegetable storage facilities, Ukraine
is forced to import potatoes from EU countries
(Poland, Lithuania, Germany, the Netherlands)
and Egypt every year [1].

Given the physiological characteristics of
potatoes, namely, the cessation of tuber growth
at air temperatures above +27-29 °C, the most
favorable soil and climatic zones for their
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cultivation in Ukraine are Polissya and Forest-
steppe zone of Ukraine. For example, about 75 %
of all potato acreage is located here. Another
critically important feature of potato physiology
is its demanding water requirements. The average
water consumption coefficient of potatoes is over
90-100 m’/t. At the same time, the amount of
effective (over 5 mm) precipitation during the
growing season within 200-300 mm ensures
a potato yield of no more than 20-30 tons/ha.
Therefore, irrigation is a mandatory element in
modern technologies for growing this crop in all
soil and climatic zones of Ukraine [2]. Practice
shows that today, the implementation of various
methods of potato irrigation, such as sprinkling
and surface drip irrigation, provides relevant
efficiency. For Ukrainian conditions, subsurface
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drip irrigation and drip irrigation with a pulsed
water supply mode are relatively new methods of
potato irrigation [3, 4]. The principle of pulsed
water supply, unlike periodic irrigation, involves
the discrete supply of irrigation water to the
area of plant root system concentration in short
cycles (pulses) of fixed or variable duration in
accordance with the actual transpiration of plants.

Thus, applied scientific research on
determining the parameters and effectiveness of
irrigation methods and water supply modes for
potatoes in the Polissya region of Ukraine is new
and quite relevant today.

Analysis of recent studies and publications.
Over the years, the issue of optimizing the
water regime of potato soil in Ukraine has
been most thoroughly researched at three
scientific institutions: the Institute of Irrigated
Agriculture of the National Academy of Agrarian
Sciences (now the Institute of Climate-Oriented
Agriculture of the National Academy of Agrarian
Sciences), the Institute of Hydrotechnics and
Land Reclamation of the NAAS (now the Institute
of Water Problems and Land Reclamation of the
NAAS), and the Institute of Southern Vegetable
and Melon Growing of the NAAS (currently
located on the temporarily occupied territory
of the Left Bank of the Kherson Region, in the
city of Hola Prystan). At the first stage (1970s-
1990s), Ukrainian scientists established the
optimal parameters of the water regime for
potatoes under sprinkler irrigation. The greatest
contribution in this regard was made by scientists
from the Institute of Irrigated Agriculture —
E.M. Gorbatenko, V.A. Pysarenko, M.S. Boiko,
P.V. Matsko, G.S. Balashova, and others [5, 6,
7]. Since the 2000s, domestic scientists (V.A.
Pysarenko, I.P. Bugayeva, V.S. Snigovyi, M.L
Chernichenko, Yu.O. Lavrinenko, P.V. Pysarenko,
O.I. Golovatskyi, S.M., Romashchenko M.IL.,
Shatkovsky A.P., Yatsyuk Z.F., Kapelyukha
T.A., Lymar V.A., Shabunin [.M.) studied both
the effectiveness of drip irrigation in potato
cultivation and compared different irrigation
methods in the conditions of the Ukrainian
Steppe [2, 8—14]. The general conclusion of these
scientific studies is that drip irrigation (compared
to sprinkler and micro-sprinkler irrigation) is
proven to be effective for growing potatoes in the
southern region of Ukraine.

At the same time, there have been almost
no studies on potato irrigation in the Polissya
region of Ukraine to date. Against the backdrop
of drip irrigation, research was conducted under
the leadership of Veremeyenko S.I., but the main
subject of study was the effect of fertigation on
potato yield [15]. The need for such research
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is further emphasized, on the one hand, by the
increasing aridization of the climate [16] and, on
the other hand, by the actual gradual introduction
of irrigation in the Polissya region of Ukraine,
especially in the Zhytomyr, Kyiv, and Chernihiv
regions. In this context, the most relevant are
the studies conducted by Polish scientists from
the Faculty of Agriculture and Biotechnology
at the University of Science and Technology in
Bydgoszcz during 2011-2013 [17]. Based on the
results of a two-factor experiment, they determined
the water requirements of potato plants and found
that drip irrigation increased the marketable yield
of tubers by 55 %. The effectiveness of fertigation
compared to the application of mineral fertilizers
was also confirmed. Other comprehensive studies
in Poland (2007-2009) have proven the positive
effect of drip irrigation and fertigation on the yield
and some quality elements of potato tubers [18].

The aim of the study was to prove and
evaluate the impact of irrigation methods and
water supply regimes on soil water regime,
evapotranspiration, and potato yield in the
Polissya region of Ukraine.

Materials and methods. Field experiments
were conducted under production conditions
on irrigated lands of Agrofirma Kyivska LLC
(Makovysche village, Bucha district, Makariv
territorial community, Kyiv region, Polissya zone
of Ukraine, Google maps coordinates 50.465494,
29.855753) during 2023-2025. The two-factor
field experiment included the following options:
sprinkler irrigation, drip irrigation with periodic
water supply, drip irrigation with pulsed water
supply, and subsurface drip irrigation with
irrigation pipes laid in the center of the ridge
at a depth of 0,30 m. The control option was
natural moisture supply without irrigation. The
study was conducted using standard methods:
systematic plot placement, four repetitions, and
a plot area of 32 m? [19, 20]. The Granada potato
variety (early maturing table variety, originator —
Solana GmbH & Co. KG, Germany) was used.
The planting pattern was 75+75 X 15 cm with
irrigation pipes laid in the center of the ridge. The
predecessor crop was field peas (Pisum sativum).

The soil of the experimental plot was gray
podzolized sandy loam on loess. The density of
its 40-centimeter layer was 1,49 g/cm? , humus
content — 0,51 %, pH = 4,1, soil nitrogen content
is very low, mobile forms of phosphorus are high,
potassium — average. The minimum moisture
content of the arable soil layer (0-30 cm) is
20,15 % of the mass of absolutely dry soil, and
that of the 0—100 cm soil layer is 18,33 %.

The amount of productive precipitation
during the growing season (May-first ten days
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of September) for potatoes varied over the years
of research. In 2023, it was 188 mm, which is
71,8 % of the climate norm, in 2024 — 198,3 mm
or 75,0%, and in 2025 — 211.6 mm or 80,9 % of
the climate norm. The pre-irrigation moisture
level in a 30 cm layer of soil was —18 kPa. To
determine the timing of irrigation, we used
the mMetos Base digital internet station with
Watermark 200 SS sensors [21], as well as
AQUAMETER PRO tensiometric sensors [22].
Statistical analysis of the results was performed
using dispersion, correlation, and regression
methods with the Statistica 8.0 program.

Research results and discussion. The study
experimentally confirmed the direct influence of
the irrigation method, and in fact, the method
of distributing irrigation water within the field
and the transformation of water flow into soil
moisture, on the formation of the soil water
regime. In particular, the irrigation method
had a significant effect on the irrigation regime
(timing, amount, and frequency of irrigation),
evapotranspiration, yield, and water consumption
coefficient of potatoes (Table 1).

The largest number of vegetative irrigations
were carried out using pulse drip irrigation —
237 with an average rate of 1012 m’/ha. These
parameters correspond to the principle of pulse
water supply (discrete irrigation in short cycles
(pulses) of fixed or variable duration in accordance
with the actual transpiration of plants). Under
conditions of periodic water supply, 38 irrigations
were carried out using drip irrigation at a rate of
80 m'/ha. Potatoes required fewer irrigations with
sub-soil irrigation — 27 with an average rate of
about 100-105 m3/ha. The smallest number of
irrigations was with sprinkler irrigation — 13, but
this method resulted in the maximum irrigation
rate: 283 m®/ha due to the need to moisten the
entire area and moisture losses due to evaporation
during irrigation.

The total volume of irrigation water (irrigation
rate) required to maintain the pre-irrigation
threshold (—18 kPa) was close in value for
subsurface and drip irrigation with a pulsed

water supply mode —2,76 thousand m*/ha and
2,66 thousand m* ha, respectively. A significantly
higher rate was observed for drip irrigation with
periodic watering — 3,05 thousand m3/ha. In turn,
sprinkler irrigation increased the irrigation rate
by 1,3-1,5 times — up to 3,96 thousand m?ha.
The parameters of evapotranspiration (ETc) of
potato plants varied similarly. Lower values
were characteristic of drip irrigation options
(4,77-5,18 thousand m3/ha), and the maximum
ETc was for sprinkler irrigation — 6,08 thousand
m’/ha. On average, irrigation increased
evapotranspiration by 2,25 times compared to
non-irrigated conditions, where ETs was limited
by productive precipitation and soil moisture
reserves and amounted to 2,33 thousand m?/ha.

The minimum specific irrigation water
consumption was obtained when implementing the
drip irrigation option with a pulsed water supply
mode — 67,6 m'/t, respectively. The relevant water
consumption coefficient was for drip irrigation with
periodic watering and subsurface drip irrigation —
78,0 m3/t and 78,2 m*/t, respectively. The highest
water consumption coefficient was for sprinkler
irrigation — 100,4 m?t. In the control group, this
indicator averaged 53,7 m3/t over three years.

It has been proven that irrigation is a key
factor in intensifying potato productivity in the
Polissya region of Ukraine. It was found that
irrigation combined with fertigation (compared
to the control — without irrigation, 43,4 t/ha)
increased the yield by an average of 1,5 times —
to 65,15 t/ha (Fig. 1).

The yield of tubers in non-irrigated
conditions varied greatly over the years of the
study, depending on the regime and amount of
productive precipitation: from 37,1 t/ha in 2024
to 53,7 t/ha in 2023. In turn, irrigation ensured
consistent productivity, and this indicator varied
within narrow limits over the years of the
study: 57,9-64,3 t/ha for sprinkler irrigation,
61,4-64,5 t/ha for subsurface drip irrigation,
66,3-68,7 t/ha for drip irrigation with periodic
water supply, and 68,5-72,25 t/ha for drip
irrigation with pulsed water supply.

1. Irrigation regime, evapotranspiration, and water consumption coefficient (WCC) of potatoes
depending on the irrigation method (average for 2023-2025)

Irrigation Water supply | Number Irr:g‘;l;lon Evapotranspiration WCC,
method regime of watering o /h; (ETc), m*/ha m’/t
Subsurface drip Periodic 27 2765 4902 78,2
Drip Pglse’ 237 2663 4746 67,4
Periodic 38 3048 5179 78,0

Sprinkling Periodic 14 3962 6079 100,0
Control — — — 2329 53,7
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Fig. 1. Yield of marketable potato tubers depending on the irrigation method
(average for 2023-2025) MDD ;= 3,15 t/ha

A statistically significant (MDD 5= 3,15 t/ha)
increase in tuber yield was observed with drip
irrigation with periodic and pulsed water supply:
up to 66,4 t/ha and 70,4 t/ha, respectively. Under
conditions of sprinkler and subsurface drip
irrigation, 60,8 t/ha and 62,7 t/ha were obtained,
respectively.

Based on averaged experimental data on
evapotranspiration and potato yield, a statistical
relationship between evapotranspiration
and yield was obtained. This relationship is
actually a response curve to a single-factor field
experiment and consists of three parts: limiting,

stationary (optimal), and inhibitory (excessive).
The coefficient of determination R?> = 0,764
indicates a stable relationship between these
values. It has been established that the limiting
area of the curve corresponds to the control
variant of the experiment — without irrigation;
the stationary part (optimum zone) corresponds
to three variants with drip irrigation (subsoil,
surface, and impulse drip), and the inhibitory part
(excess zone) corresponds to sprinkler irrigation
(Fig. 2).

The established statistical dependence
between evapotranspiration and yield is not
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Fig. 2. Dependence of “Evapotranspiration — Yield” for potato cultivation
in the Polissya region of Ukraine

2025 « Ne 2 MEJIIOPAILA I BOOHE 'OCIIOJAPCTBO



IRRIGATION — DRAINAGE

B

stable from an agrobiological point of view, since
there are agrotechnological and breeding-genetic
possibilities for increasing potato yield with
the same plant evapotranspiration values.
Therefore, the main task of future research
on evapotranspiration processes is to reduce
unproductive water consumption (for physical
evaporation and infiltration into lower soil
horizons) while increasing the productivity of
potato plants.

The results obtained are generally consistent
with the data obtained in a study by Polish
scientists [17]. In particular, drip irrigation
increased the marketable yield of potato
tubers by 55%, and the water requirement
for irrigation during the growing season was
2,2 thousand m’/ha.

Conclusions. It has been proven that the
method of laying irrigation pipelines for drip
irrigation systems, the method of irrigation, and the
water supply regime have a significant impact on
evapotranspiration, soil water regime, and potato
tuber yield in the Polissya region of Ukraine. The
most optimal for potatoes in these conditions is
the introduction of drip irrigation with a pulsed
water supply regime. This ensures minimum
specific irrigation water consumption and a yield of
marketable tubers of over 70 t/ha. The option with
underground irrigation pipelines provided almost
identical irrigation water consumption parameters
during the growing season, but the yield decreased
by 10,9% or 7,7 t/ha. This irrigation method is
advisable to implement as a strategy for integrating
potatoes into field crop rotation.
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Anomauia. YV nayxogomy 00cniodicenni eKkcnepumeHmaibHo GUSHAYEHO NaApamempu pelcumis 3pouleHns,
senuuunu eeanompancnipayii (ETc) ma epoocatinicms kapmonii 3an1eicHo 6i0 cnocodié 3poutenHs
ma pesxcumy 600onooaui. 3 memoio peanizayii 00CHNIONHCEHHA BUKOPUCTNAHO KOPOMKOMEPMIHOBUL
(2023-2025 pp.) nonvosuti 00Cio, aHALIMU4HL I CIMAMUCIMUYHE MEMoou 0OPOOKU eKCnepUMEHMAIbHUX
Ooanux. Jloedero, wjo cnocib yKiadauHs NOIUGHUX MPYOONPOE00ie cucmem KpaniuHHO2O 3POUICHHS,
cnocib 3poutenns ma pevicum 8o0onodayi ()ocmoeipHo BNAUBAIOMb HA €8aANOMPAHCNIPAYilo, 800HULL
pedicum Ipynmy ma 6p09fcaqucmb 6ynv6 kapmoni 6 ymogax Iloniccs Yxpainu. Tax, éenuuuna esanompan-
cnipayii nacaddicenb 6apilosana 3a1exicHo 6i0 600H020 pexcumy: 2,20-2,51 muc. m*/ea y nespowyeanux
ymosax, 4,47-5,31 muc. M*/2a y pazi 6HympiuHbOIPDYHIMOBO20 POIMIWEHHS NOTUSHUX MPYOONPOB0JIs (Ha
anubuni 0,30 m), 4,72-5,61 muc. m’/2a 3a Kpaniunno20 3pouLents 3 NePiOOUUHUM PEeNCUMOM B0OONOOAUL
ma 4,30-5,17 muc. M>/ea — 3a KpANIUHHOLO 3POWEHHS 3 IMIYIbCHUM DENCUMOM 8000Nn00ayi. 3a ymosu
3POULEeHHsT OOWYBAHHAM esanompancnipayis 6yna Hausuwoio i cmanosuia 6i0 5,80—6,24 muc. m’/ea 3a
PpoKamu 00CniOdHceHHs. 3aKOHOMIPHO, Wo 0e3 3pOoulents OMPUMANHO HAUHUNCUUL PIBEHb BPOANCAUIHOCTI
moegapnux Oynvo —43,4 m/ea, a paxmop «3powieHHsA» Yy NOEOHAHHI 3 hepmueayicio 30inbuLy6aes yeti NOKA3HUK
6 cepeonvomy y 1,5 pasu — 0o 65,15 m/ea. Cmamucmuuno 00cmogipnum 6yn0 30i1bUeHHs 6PONHCAUHOCNT
0yIb0 34 KPANIUHHO2O 3POULCHHS 3 NEPIOOUMHUM A IMIYICHUM PEXCUMOM 6000nodaui: 0o 66,4 m/ea
i 70,4 m/2a 6ionosiono. 3a ymoe 00wyy8anHs ma HYmMpilHbOTPYHMOBO20 KPANIUHHOZ0 3DOULEHHST OMPU-
mano 60,8 m/ea i 62,7 m/ea 8i0nogiono. Minimanbhi numomi eumpamu 3pouty8aibHol 600U OMPUMAHO
3a peanizayii 6apianmy KpAnIuHHO20 3POUWEHHS 3 IMIYIbCHUM PENCUMOM 6000n00aui — 67,6 m>/m 6iono-
6iono. Hatieuwum xoegpiyicnm eooocnooicusantst 6ye onst ymos oougysanns — 100,4 ym*/m. Taxum wunom, 3a
supowyeantsi kapmonii 6 ymosax Iloniccs Yxpainu ooyinvriue 6nposadicysamu Kpaniunie 3pouteHis,
NepPesadtCHO — 3 IMIYIbCHUM PENCUMOM B000ON00AY, d 3 YMOBU 20CMPO20 0eiyumy 800HUX pecypci Ol
3POUEeHHs — KPANIUHHE 3POUWEHHS. 3 BHYMPIUWHbOTPYHMOBUM YKIAOAHHAM NOTUBHUX MPYOONpPo600is.
Knwouoei cnosa: cnocobu 3poutenns, G0OHUI pedCUM IPYHMY, IMRYILCHUL DpedlcuM 6000n00aui,
esanompancnipayis, xoeiyieHm 6000CNONCUBAHHS, BPOAHCAUHICb, KAPMONIA
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