3POIIEHHA — OCYIIIEHHA

@

DOI: https://doi.org/10.31073/mivg202202-338
Available at (PDF): http://mivg.iwpim.com.ua/index.php/mivg/article/view/338

UDC 631.674.6

OPTIMIZATION OF THE PARAMETERS OF DRIP IRRIGATION REGIMES
FOR CROPS IN THE STEPPE OF UKRAINE

A.P. Shatkovskyi', Doctor of Agricultural Sciences, M.I. Romashchenko?, Doctor of Engineering

Sciences, O.V. Zhuravlov?, Doctor of Agricultural Sciences, S.V. Riabkov*, Doctor of Agricultural

Sciences, Y.O. Cherevychnyi’, Ph.D., O.I. Hulenko®

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

2 Institute of Water Problems and Land Reclamation of NAAS, Kyiv, 03022, Ukraine;
https://orcid.org/0000-0002-9997-1346; e-mail: mi.romashchenko@gmail.com;

3 Institute of Water Problems and Land Reclamation of NAAS, Kyiv, 03022, Ukraine;
https://orcid.org/0000-0001-7035-219X; e-mail: zhuravlov.olexandr@gmail.com;

4 SE «Design and Technological Bureau» IWPRL NAAS, Kyiv, 03022, Ukraine;
https://orcid.org/0000-0001-8219-9065; e-mail: srabkov(@gmail.com;

3 Institute of Water Problems and Land Reclamation of NAAS, Kyiv, 03022, Ukraine;
https://orcid.org/0000-0002-9959-8297; e-mail: yurecgp@gmail.com;

¢ Institute of Water Problems and Land Reclamation of NAAS, Kyiv, 03022, Ukraine;
https://orcid.org/0000-0002-1007-5677; e-mail: gulenkoai@gmail.com

Abstract. The purpose of the research was to improve and substantiate the parameters of the drip
irrigation regimes for crops in the Steppe of Ukraine. Field studies were carried out at the Kamyansko-
Dniprovska experimental station (47°46' N 34°42' E), the Brylivska experimental station (46°40' N 33°12'E)
and the Southern research station (46°33' N 33°59' E) from 2004 to 2021 on 11 crops. The research scheme
assumed the implementation of a one-factor experiments' series with different levels of soil humidification,
the control was the variant without irrigation. At the first stage, the mathematical dependencies “Soil
moisture level (SML) —Number of vegetation irrigations” and “SML—Irrigation rate” were obtained for all
crops. The establishment of correlations between the evapotranspiration of crops and their productivity is
the result of the work. Based on this, were built the dependencies (statistical models) “Evapotranspiration —
Productivity” and the most optimal options for using water were determined in terms of its costs for
the formation of products for the drip irrigation of the Steppe of Ukraine. The given dependencies are
reaction curves for a one-factor experiment, they consist of three areas: limiting, stationary and excessive.
Correlation coefficients r=0,92—0,98 indicate a close relationship between these parameters. Established
relationships “Evapotranspiration — Yield” from an agro biological point of view are not stable since there
are potential opportunities for increasing yields with the same evapotranspiration. It has been established
that the optimal moisture range for drip irrigation of most crops is a narrow range of soil moisture suction
pressure of =9 to —15 kPa. This involves irrigation with small rates (50-75 m’/ha) while reducing the
inter-irrigation periods. Under such conditions, the ratio of actual transpiration (Tc) to potential (T,)
approaches 1 (= 0,83—0,87), which characterizes the water supply of plants as close to optimal.

Keywords: drip irrigation, soil moisture level, evapotranspiration, yield crops, mathematical
dependencies

Relevance of research The unfavorable
water regime of the soil is a limiting factor in the
realization of agricultural resource potential in the
Steppe zone of Ukraine. Today, there are many
measures aimed at minimizing the negative impact
of droughts, however, as practice shows, irrigation
is the most effective. During the most active
development of land reclamation (1966—-1990),
the area of irrigated land in Ukraine was brought to
2,62 million hectares [8]. In 1990-2000 during the
economic crisis in Ukraine, the actual irrigated area
decreased sharply —to 0,58-0,69 million ha, which
corresponds to the indicators of 1966-1968, and
in 2014 — to 0,49 million ha (excluding Crimea).

However, we note that this reduction refers to the
so-called “large irrigation” — sprinkling. On the
other hand, the area under drip irrigation increased
from 4,5 thousand ha (2000) to 75,5 thousand ha
(2014), of which 46,5 thousand ha were under
field crops [12].

Analysis of recent research and
publications. The advantages of drip irrigation
over other irrigation methods (sprinkling, surface
irrigation) are known. In this aspect, it should be
noted that due to the compliance of drip irrigation
technologies with two interrelated conditions —
high economic efficiency and environmental
safety, it has become widely used for irrigating
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vegetables, fruit crops, and vineyards [1]. In
recent years, the interest of Ukrainian farmers in
the introduction of drip irrigation on crops such
as corn, soybeans, sugar beet, sunflower, and
others has increased. [3; 5]. At the same time, we
state that farmers, using intensive technologies
for growing field crops on drip irrigation, do
not always get the desired effect. After all,
drip irrigation involves changing the main
components of agricultural technology: irrigation
regimes, fertilization, plant protection, sowing
patterns, sowing and harvesting techniques and
technologies. At present, these elements have
not yet been fully developed and scientifically
substantiated specifically for the soil and climatic
conditions of the Steppe of Ukraine.

Research materials and methods. Field
studies were carried out at the Kamyansko-
Dniprovska experimental station (47°46' N
34°42' E), the Brylivska experimental station
(46°40' N 33°12' E) and the Southern research
station (46°33' N 33°59' E) from 2004 to 2021

on 10 crops. The research scheme assumed the
implementation of a one-factor experiments'
series with different levels of soil humidification,
the control was the variant without irrigation.

The placement of experimental sites is
systematic, and replication is fourfold [14].
Tensiometric sensors installed at different depths
of the soil profile and distance from the water
supply point were used to determine the timing of
irrigation and study evapotranspiration [10; 12].
For accounting and observations, they were used
as generally accepted [2; 14], as well as improved
methods [9; 11; 12].

Research results and their discussion. It
has been experimentally established that, among
the other factors, the level of pre-irrigation
soil moisture has the greatest influence on the
formation of the irrigation regime. It was recorded
that with an increase in SML from -20 kPa
to -15 kPa, the number of watering's and the
irrigation rate, respectively, increase by 45 % or
25 pcs. and by 42 % or 900 m*/ha (Fig. 1).

1. Objects (geography of research) and types of crops

The name of the Location /

Ne scientific station

soil-climatic zone

Crops /
years of research

Kamyansko-
1 Dniprovska
experimental station

vill. Kamyanka-Dniprovska,
Zaporizhzhia region,
South-Central Steppe subzone,
47046' N 34042' E

carrots (2004-2006),
potatoes (2006-2010),
pepper, eggplant (2010-2013),
sugar beet (2010-2014),
corn (2012-2020), soybeans (2010-2020)

vill. Pryvitne,
2 Brylivska

experimental station Kherson region,

Oleshkivs'ky district,

Dry Steppe, 46040' N 33012

tomato (2009-2011),
onion (2011-2013), corn (2012-2020),
sugar beet (2012-2014),
chickpeas (2018-2021)

vill. Velykyy Klyn,

3 Southern Holoprystanskyi district, watermelon
research station Kherson region, (2006-2008)
Dry steppe 46033', N 33059' E
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Fig. 1. Dependencies of the number of watering's (a) and irrigation rate (b) from the soil moisture level
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It is known, that the irrigation regime is
closely related to the meteorological parameters
that directly affect physical evaporation and
transpiration: the amount of precipitation,
temperature and relative humidity of the air,
and wind strength. The closest correlation
dependence “Irrigation regime — Meteorological
parameters” is established only by the “Amount
of precipitation” factor.

In particular, the records state that the influence
of'the amount of precipitation is greater, the lower
the level of moisture supply of plants: when
maintaining the pre-irrigation threshold of 60 %
of the minimum moisture-holding soil capacity
(MMHSC), the difference in the irrigation rate
(or the number of watering's) between years
with 50% and 75 % precipitation 42 %, for 70 %
MMHSC - 36%, 80% MMHSC — 25%, 85%
MMHSC - 22%, 90% MMHSC — 17% and
MMHSC - 7% (Fig. 2).

@

The inter-irrigation period also shortens with
an increase in the temperature regime. However,
such regularity can be observed only in periods of
abnormal heat. For example: in August, the duration
of the inter-irrigation period, while maintaining
a soil moisture level of -20 kPa, is 3,5-5,5 days,
depending on the crop, and in periods with
abnormally high average daily air temperatures of
+29-30°C (maximum — +39,0-40,5 °C), the inter-
irrigation period is shortened to 1-2 days.

As a result of research, correlations between
evapotranspiration and crop yield have been
established. Based on this, “Evapotranspiration-
Yield” dependencies were built for drip irrigation
conditions, and optimal options for water use
by plants were determined from the point of
view of its costs for the formation of a unit of
production (Fig. 3).

These dependencies are response curves for
a one-factor experiment, they consist of three
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Fig. 2. Dependence of the irrigation rate on the availability of precipitation
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Fig. 3. Dependence of “Evapotranspiration-Yield” under drip irrigation (on the example of tomatoes)
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areas: limiting, optimal, and inhibitory (excessive).
The coefficient of determination R? = 0,81-0,98
indicates a close relationship between these
values. It has been established that the limiting
area of the curve corresponds to the experimental
options for RPWG from -50 to -35 kPa and the
variant without irrigation (control), the optimal
area — from —35 to —10 kPa and the inhibitory area
(excess area) — from —10 to 0 kPa. Established
dependencies “Evapotranspiration-Yield”,
from an agro biological point of view, are not
stable, since there are opportunities to increase
yields with the same plant's evapotranspiration.
Therefore, the task of future research on the study
of plant's evapotranspiration processes is to reduce
unproductive water consumption (for physical
evaporation, runoff into the lower soil horizons)
while simultaneously increasing crop yields.

Generalized experimental data on irrigation
regimes prove that for most crops the lowest critical
limit of soil moisture is -25... -30 kPa (Table 2).

The optimal moisture range for light and
medium loams for tilled crops is a fairly narrow
interval from -15 to -9 kPa, which provides
for irrigation with relatively small rates while
reducing the inter-irrigation periods. According
to analytical calculations, with such a narrow
range, the ratio of actual transpiration (T) to
potential (T,) approaches 1 (=0,83—0,87), which
characterizes the moisture supply of plants
as close to optimal [6]. The results obtained
are a refinement of the previously stated
conclusions [7], that noted that the optimal lower
limit of moistening of hard loamy soil is 75-80 %
of MMHSC, medium and light loam — 65—70 % of
MMHSC and sandy loam — 65 % from MMHSC
and data confirmation [4].

It is natural that the maintenance of high
humidity conditions the growth of both physical
evaporation and transpiration. This, in turn,

increases irrigation rates (Table 3), which are
3,3-4,1 thousand m*ha for vegetables, and
3,8-5,4 thousand m‘/ha for other field crops.
Based on these data, the thesis about the
“economy of irrigation water with drip irrigation”
was clarified: with practically the same irrigation
rates, with drip irrigation, a 1,5-3,5 times higher
yield is formed, which gives reason to talk
exclusively about the saving of specific water
consumption for the formation of a crop unit.

Differentiation of the moisture level by
development stages of plants confirmed the
existence of critical periods in the life of plants,
during which even a slight decrease in soil
moisture beyond the optimal range leads to
significant yield losses. It has been established
that plants experience the highest sensitivity to
a decrease in available moisture in the soil during
the period of formation of fruiting organs or the
period preceding it (Table 3).

The result is the hypothesis's confirmation [13]
that states that biennial plants (onion, carrots,
sugar beet) in the first year of life do not have
a clearly defined critical period regarding moisture
availability. At the same time, even in the first
year of life, when we grow these crops to obtain
productive organs, we note their unequal resistance
to the reduction of soil moisture in different phases
of development. For example, for carrots and sugar
beets, such a “sensitive”, but not critical period —
Is the intensive growth of root crops.

Studies have confirmed the patterns of
evapotranspiration formation: the minimum
amount of moisture consumed by plants at the
beginning of the growing season gradually
increases with the development of their above-
ground mass and decreases again by the end
of the growing season. Peak parameters of
plant evapotranspiration were recorded in the
hottest periods; calendar-wise, they usually

2. Generalized parameters of drip irrigation regimes for field crops (heavy/medium loam soil)

Preirrigation Irigation Evapo- Evapo- Yield
Crop soil humidity, | Waterings 5 transpiration, | transpiration ’
-kPa rate, m’/ha m*ha coefficient, m?/t t/ha
Tomato 25-20-30 40 3450 4950 32.7 151.9
Pepper 25-20 42 3655 5020 74.9 67.0
Eggplant 20 53 4085 5330 112.7 47.3
Watermelon 27 15 1200 2600 48.4 45.4
Carrots 25-30 22 3280 5075 72.6 69.8
Onion 15 42 3340 4280 74.7 57.3
Potato 25 17 1250 2300 84.9 27.1
Comn 20 29 4400 6500 357.1 18.2
Soy 20 31 5400 6900 1112.9 6.22
Sugar beet 23 23 3840 5400 44.5 121.4
Chickpeas 25 26 4800 6860 1410 4.90
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3. Critical periods for moisture supply of field crops with drip irrigation

Crop A critical phase or growth stages of plants

Tomato budding — flowering

Pepper flowering — development of fruits

Eggplant flowering — development of fruits

Watermelon flowering — development of fruits

Potato budding — flowering

Corn 10 days before throwing out the panicle — flowering — 10 days after flowering
Soy budding — flowering

corresponded to the 2nd-3rd decade of July —
the 1st — 2nd decade of August. The maximum
indicators of daily evapotranspiration are fixed
at the level of 9-12 mm in the conditions of
the Steppe of Dry Ukraine and 8—11 mm in the
conditions of the Steppe of Southern Ukraine.
Design institutions should be guided by such
parameters when designing drip irrigation
systems in these soil-climatic zones.
Conclusions. The obtained dependencies
“Evapotranspiration-Yield” for drip irrigation are
response curves for a single-factor experiment,
which have the form of an asymmetric
parabola, described by a quadratic equation.
The coefficient of determination R? = 0,81-0,98
indicates a close relationship between
evapotranspiration and productivity parameters.
It has been established that the optimal range of

moistening of light and medium loams for field
crops is a narrow interval from -9 kPa to -15 kPa,
which provides for irrigation with lower rates
while simultaneously shortening the periods
between watering. Therefore, the ratio of actual
transpiration (T) to potential transpiration (T,) is
close to 1 (=0,83-0,87), which characterizes the
moisture supply of plants as close to optimal. The
existence of critical periods in the life of plants
regarding moisture supply was confirmed, at the
same time, it was established that in the first year
of life, two-year plants (onion, carrots, sugar
beet) do not have a clearly defined critical period
regarding moisture supply. It was established that
the maximum daily evapotranspiration rates of
field crops under drip irrigation in the conditions
of the Steppe of Dry Ukraine are 9—-12 mm, and
the Steppe of Southern Ukraine is 8—11 mm.
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Anomauisn. Memorw 0ocniodcenv 610 YOOCKOHALEHHS Ma OOIPYHIMYBAHHS NAPAMEMPI6 PEHCUMU KPANTUH-
HO20 3POUEHHS CITbCbKO20CN00apcbkux Kyavmyp 6 Cmeny Yxpainu. [lonboi 0ocniodcents nposoounu Ha
Kam’ancoro-/ninposcoroi oocnioniti cmanyii IBITIM (47046 nu.w. 34042' cx.0.), bpunigcoxkomy onop-
Hoeo nyukmy IBITIM (46°40" nn.w. 33°127 cx.0.) ma Iliedenniti Oocnioniu cmanyii IBITIM (46°33 " nu.w.
33°597 ¢x.0.) y nepioo 3 2004 no 2020 poxu na 10 citbcokococnodapcokux Kyabmypax. Cxema 0ocnio-
Jicerb nepedbauana peanizayito cepii 00HODAKMOPHUX OOCHIOI6 3 PIBHUMU PIGHAMU 360T0NCCHHS TPYHNY,
KoHmponvHum 0ye eéapianm 6e3 3powenns. Ha nepwiomy emani namu ompumany mamemamuyni 3aiedic-
Hocmi «Pisenv 3601001cennss tpynmy — Kinokicmv ecemayitinux nonusiey ma «PiseHb 360100ceHHs
IpyHmy — 3poutysanbHa HOpMay Oas 6cix Kynemyp. Pedcum KpaniuHHo20 3pOuileHHs MAaKodc 3HAXOOUBCS
Y 36’A3KY 3 MEmeoponociyHuMy napamempamu, sKi 6e3nocepeonbo Gnauanu Ha @isuune eunaposy-
6amHA ma iHmeHcugHicms mpancnipayii. Hatlbinew micny xopenayiuny 3anexcHicms « Pexcum kpanaum-
HO20 3powents — Memeoponoziuni napamempuy 6yno ecmanosneno 3a gpakmopom «Kinvricme onaoigy.
Pesynomamom pobomu € cmanogients KOpeusiyiiHux 36 s13Ki6 Midc e8anompancnipayicio ciibCbKo20Cno-
dapcvkux Kyiemyp ma ix ypooscaiinicmio. Ha ocrosi yboco oas kpanaunnozo spoutenns Cmeny Yrpainu
nobyooseano 3anedxicrnocmi (cmamucmuuni mooeni) « Eeanompancnipayis — Ypooicatinicmey ma euznaveno
HaUlOIIbW ONMUMATLHI 8APIAHMU BUKOPUCIAHHA 800U 3 OYKU 30Dy i1 6umpam Ha popmyeanHs npooyKyii.
Hasedeni 3anesxcnocmi € kpusumu peaxyii Ha 00HOGAKMOPHUL 00CHI0, BOHU CKAAOAIOMbCA i3 MPbOX
oonacmei: nimimyiouoi, cmayionaproi ma ineioyouoi. Koegiyienmu xopensyii v = 0,92 — 0,98 c6io-
uamv nPo MiCHUL 38 A30K Midxc yumu napamempamu. Bemanoeneni sanexcnocmi « Eeanompancnipayis —
Vpoorcatinicmoy 3 acpobionociunoi mouxu 30py He € CMIUKUMU, MOMY WO ICHYIOMb NOMEHYIHI MOMCIU-
80cmi NiOBUWEHHS 8POJICAUHOCII 3 00HAK0BOI esanompancnipayii. Bcmanosenerno, wo onmumanibHum
0ianasoHoM 360110JiCeHHsT 3d KPANIUHHO20 3POUleHHs OINbUOCI  CilbCbKO2OCHOOAPCLKUX KYIbMyp
€ 8Y3bKULL ITHMEPBATL BCMOKIMYIOU020 MUCKY TPYHMO8oi gonozu -15 do -9 kPa. Lle nepeobauae nposedeHms
nonusie Hegenuxumu nopmamu (50-75 m’/2a) 3a 00HouaCcHO20 CKOpOUEHHS MIDICNOTUSHUX NEPiodis. 3a makux
yMO8 cniggionouenHs paxmuunoi mpancnipayii (Tc) 0o nomenyitino moscausoi (T,) Habnudxcaemvcs
0o 1 (= 0,83-0,87), wo xapakmepu3sye 6010203a0e3neUeHHs POCIUH AK OIU3bKE 00 ONMUMATLHOZO.
Kniouosi cnoea: kpannunne 3pouienis, pigeHb 601020CMi IPYHMY, BUNAPOGYBAHHS, YPOICANHICIb CilbChb-
K020CNO00apCbKUX KYIbMyp, MAmemMamuyHi 3a1e)4cHoCcmi
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