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Abstract. The article presents the results of experimental research on the influence of micro-irrigation
system designs on the water regime, productivity, and efficiency of sunflower cultivation. Based on this,
the main economic parameters of agrotechnologies of sunflower cultivation were calculated. Short-term
field research was carried out in the period 2020-2022 on the lands of the Brylivske experimental field of
the Institute of Water Problems and Reclamation of the National Academy of Agrarian Sciences (Kherson
Region, Dry Steppe subzone). Analytical and statistical methods were used to process experimental
data. The scheme of field experiments provided different options for laying irrigation pipelines of micro-
irrigation systems (in the horizontal and vertical planes) and the implementation of a pulsed water supply
mode (standard). The control was the variant without irrigation. According to the results of experimental
studies, it was proved that the method of laying irrigation pipelines of micro-irrigation systems significantly
affects the parameters of the formation of the soil water regime and the yield of sunflower hybrids in the
conditions of the Dry Steppe. It has been established that the introduction of subsurface drip irrigation is
more appropriate than the cultivation of sunflower hybrids, which is explained by the drought resistance
of this crop. When growing sunflowers, the variant with the subsurface laying of drip irrigation pipelines
provided almost identical yield parameters at lower plant water consumption coefficients. The minimum
water consumption coefficient (1077.8 m*/t) was obtained by implementing the pulse water supply mode.
The highest economic parameters of agricultural technology for growing sunflower hybrids were obtained
with the subsurface drip irrigation: conditionally net profit (17.11-18.17 thousand UAH/ha), lower cost
(11.03-10.90 thousand UAH/ton), and also a higher level of production profitability (31.10-32.62 %)
(laying irrigation pipelines every 1,0 m, regardless of the sunflower hybrid). Due to the higher grain
yield and specific savings of irrigation water in the pulse mode of water supply, the highest economic
parameters were achieved: gross income amounted to 80.51 thousand UAH/ha, conditionally net profit —
21.24 thousand UAH/ha, cost of I ton of grain — UAH 10.6 thousand and the level of profitability of
production — 35,8 %.

Keywords: drip irrigation, subsurface drip irrigation, pulse mode of water supply, evapotranspiration,
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Relevance of research. It is known,
that sunflower is one of the main technical
agricultural crops in Ukraine, the cultivated area
under which in 2021 amounted to 6.43 million
hectares [1], which is almost 20% of the total
arable land. It should be noted that as of 1990,
sunflower occupied only 1.57 million hectares, in
the early 2000s — 3.0-3.2 million hectares, which
amounted to 5-10% of the total area of field
crops in Ukraine. (Fig. 1). It is obvious, that such
a large area is absolutely unjustified and leads to
a decrease in soil fertility [2].

Current trends of climate changes towards
aridity [3; 4; 5] may lead to a further increase
in sunflower acreage, as the crop, compared
to others, is quite drought-resistant. Possible
directions for obtaining high and stable yields
in these conditions are the creation of new
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drought-resistant varieties and hybrids
the development of more effective methods of
adaptive growing technologies, the introduction
of tillage technologies aimed at maximizing
moisture conservation — mini-till, strip-till and
no-till, mulching and slotting of the soil, etc.
However, as evidenced by practice and scientific
research, the most effective use of irrigation
melioration is in combination with fertigation.
The increase in yield from the optimization of
water and nutrient regimes is the most effective
and ranges from 100 to 380 % compared with non-
irrigated conditions [7]. It should be especially
noted, that in recent years, the irrigated area
under sunflowers has increased sharply (by 65 %
in the last 7 years) and amounted to about
72 thousand ha in 2020 [8]. Therefore, the main
method of irrigating this culture is sprinkling.
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Fig. 1. Dynamics of sunflower acreage in Ukraine (1990-2021)

Therefore, the substantiation of the water regime
of the soil and the evaluation of the effectiveness
of sunflower cultivation with the introduction of
micro-irrigation methods are relevant today.
Analysis of recent research and
publications. Given the relevance of the subject,
in different years a significant complex of diverse
studies was carried out on the introduction of
irrigation in agricultural technologies for growing
sunflowers. Preferably, these studies concerned
sprinkling [9; 10; 11]. As for studies on the study
of the water regime with various methods of
micro-irrigation, they are more thoroughly carried
out by foreign scientists [12; 13; 14], while in
Ukraine they are only fragmentary [15; 16].
Therefore, the purpose of the study was to
establish the parameters of the water regime of
the soil and to substantiate the effectiveness of
growing sunflower hybrids depending on the
various designs of micro-irrigation systems.
Materials and methods of research. Field
research was carried out on the lands of the
Brylivske experimental field of the National
Academy of Agrarian Sciences of the Russian
Academy of Sciences (Privytne village,
Vynogradivska rural community of Kherson
district, Kherson region, Dry Steppe subzone,
46°40'N.33°12°E.) during 2020-2022. The three-
factor field experiment envisages the following
designs of micro-irrigation systems: drip
irrigation (DI) with ground laying of irrigation
pipelines (IP), subsurface drip irrigation (SDI)
with laying of IP to a depth of 30 cm (factor C).
In addition, the design parameter was the distance
between IP (factor B) — 0.7 m (1,0 m) and 1.4 m.
The reference was the option of subsurface drip
irrigation with pulse water supply mode (SDIP),
and the conditional control was the option of

natural moisture supply — without irrigation
(W/1). The studies were carried out according to
generally accepted methods: placement of plots —
systematic, replication — four times, the area of
accounting plots — 32 m? [17; 18], sunflower
hybrids for confectionery use — Ukrainian F1 and
Rimisol F1 (factor A).

The soil of the experimental site is a dark
chestnut light loam, the density of the 0—50 cm
layeris 1.47 g/cm?, the content of humus is 1.44 %,
and alkaline hydrolyzed nitrogen (the method
of determination is according to Kornfield) is
7.0 mg/100 g of soil, mobile compounds of
phosphorus and potassium in the soil according
to the Chirykov method — 32.3 mg/100 g and
9.3 mg/100 g of soil, respectively.

The amount of productive rainfall during the
growing season of sunflowers and chickpeas
varied over the years of research. So, in 2020,
only 68.0 mm fell, which is only 31.9% of the
climatic norm for the growing season, during
2021-205.5% of the climatic norm, which is also
an anomalous phenomenon for the conditions
of the Dry Steppe, and in 2022 — 167.6 mm or
121.9% of the climatic norm. The level of pre-
irrigation moisture in the experiments was -2 1 kPa
in a 0—50 cm soil layer. To set the irrigation time,
instrumental complexes were used: the Drill
and Drop moisture meter from Sentek and the
iMetos soil moisture station with Echo Probe
EC-5 sensors [19]. Statistical analysis of research
results was carried out by dispersion, correlation
and regression methods using the “Statistica 6.0”
program.

Economic efficiency was calculated based on
the accepted standards, norms and prices [20] of
the current year, energy efficiency — according
to the methodology for energy assessment
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of technologies for growing crops [21]. The
depreciation period for components and parts
of irrigation systems (except for the PT of
the annual period of use of drip irrigation) is
10 years.

Results of the study and their discussion.
The results of the field studies showed that the
water regime of the soil and the evapotranspiration
of sunflower hybrids were formed depending
on the design of micro-irrigation systems and
meteorological conditions of the growing season
in a particular year. We averaged the number of
vegetation irrigations, the values of irrigation
rates and evapotranspiration in the context of
years of research (Table 1).

So, on average, over three years of research,
in order to maintain soil moisture reserves at
a level of minus 21 kPa (80 % of the lowest soil
moisture capacity), from 11 to 14 vegetation
irrigations were carried out for growing
sunflower hybrids with an irrigation rate of
1.67—-1.96 thousand m*/ ha with subsoil irrigation
and 14-19 irrigations with an irrigation rate of
1.96-2.43 thousand m‘/ha with drip irrigation.
Consequently, according to the averaged data,
the irrigation rate for subsurface irrigation was
less by 0.384 thousand m3/ha or 17.4 % than with
ground-based irrigation pipelines.

Sunflower evapotranspiration parameters
were at the level of 2.94-3.05 thousand m*/ha
in non-irrigated conditions, 4.36—4.62 thousand
m*/ha under subsurface irrigation (IP placement
at a depth of 0.3 m) and 4.73-5.24 thousand
m*ha for ground placement of irrigation
pipelines. Evapotranspiration among hybrids was

(7]

almost the same: 4.35 thousand m*/ha Rimisol F1
and 4.44 thousand m3/ha — Ukrainian F1.

When implementing the pulse mode of water
supply, on average, 148 vegetation irrigations
were carried out with a total irrigation rate of 2.22
thousand m?/ha. The value of evapotranspiration
at the same time amounted to 4.85 thousand
m*/ha. The lowest water consumption coefficient
(WCQC) for sunflower is typical for options with
subsoil drip irrigation — 1088.7—1254.2 m’/t.
The maximum WCC was in rainfed growing
conditions — 1839.8—1847.8 m’/t.

It should be noted the relatively low value
of the water consumption coefficient in the
experimental version with pulsed water supply
mode according to SDI — 1077.8 m3/t, which
indicates the most efficient use of moisture by
sunflower plants.

The key motivational mechanism for the
introduction of drip irrigation technologies
is obtaining economic profit on the basis
of preserving the ecological sustainability
of reclaimed agricultural landscapes [22].
Therefore, there is a need to evaluate the most
effective combinations of the studied factors
not only according to the productivity criterion,
but also according to a number of basic (basic)
economic indicators. The economic evaluation
of the effectiveness of the investigated options
was carried out according to the actual costs of
material funds for the cultivation of products as
of September 2022 (Table 2).

The key aspect in the calculation of economic
parameters was the total cost of growing products.
Thus, regardless of the higher yield of sunflower

1. Parameters of soil water regime and evapotranspiration (ETc)
of sunflower hybrids depending on micro-irrigation system designs (2020-2022)

A variant of the experiment|  The |Irrigation| Precipi- | Soil moisture, m*ha | ETc, wCe
factor A | factor B factor numb;r of|  rate, tation, begining | final | balan m/ m?¥/ ha;

C waterings | m’/ha m’/ha gining S| ha
DI 0.7 18 1960 1363 | 693 | 670 | 4728 |1127.5
Lo 1.4 14 2313 1317 |490| 827 |5238 |1414.4
R“;is"l SDI | 1.0 13 1667 1380 | 783 | 597 | 4362 1088.7
(-30 cm) 1.4 11 1872 1303 | 813 | 490 |4460 |1226.4
control (W/I) - — 2098 1327 | 487 | 840 | 2938 |1847.8
DI 0.7 19 2140 1377 | 753 | 624 | 4862 |1102.5
1.4 14 2427 1307 | 750 | 557 | 5082 |1298.6
Ukr. F1 SDI 1.0 14 1803 1403 | 700 | 703 | 4604 |1125.7
(-30 cm) 1.4 11 1963 1310 | 747 | 563 | 4624 |1254.2
control (W/I) - - 1317 | 367 | 950 | 3048 |1839.8

Impulse mode of water supply in subsurface drip irrigation
Uke F1 |, SPIP 1 148 | 2222 | 2098 | 1335 |805| 530 |4850[1077.8
(-30 cm)
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2. The main economic parameters of growing sunflower hybrids
depending on the designs of micro-irrigation systems (2022)

A variant of the experiment Costs, thousand UAH/ha, for: . D £
> o »n g—c* ;g CD“E *? o
£9.5:2%8 35| 7 |282|E5|E5(5%
factor A factor B factor C| S 2| 8§28 & S& 2 | 33 2525 E %
SS|EEZEEE2| & |ESP|2E|SE &
_ DI 0.7 |36.76 27.85 2.62 [67.23] 75.60 | 8.37 [12.85]12.45
= 1.4 |38.82 20.79 2.31 [61.92] 66.78 | 4.86 |13.40| 7.85
2 SDI (-30 em) 1.0 |34.98 17.69 2.50 [55.17] 72.28 [17.11|11.03|31.10
.é 1.4 13647 11.32 2.27 [50.06| 65.63 |15.57(11.03|31.01
control (W/I) | 2537 | - 1.02 26.39|29.63| 3.24 [12.87[12.28
T DI 0.7 |37.20 27.85 2751 67.8 | 79.50 | 11.7 |12.33|17.26
£ 1.4 3941 20.79 244 162.64| 70.54 | 7.9 [12.84]12.61
j% SDI (-30 cm) 1.0 3545 17.69 2.56 | 55.7 | 73.87 |18.17]10.90|32.62
g 1.4 [37.07 11.32 2.30 [50.69| 66.49 | 15.8 |11.02|31.17
- control (W/I) | 25.69 | - 1.08 26.77|31.37] 4.6 [12.34[17.18
Pulse mode of water supply in subsurface drip irrigation
Ukr. F1 | SDIP(-30cm) | 1.0 [38.79] 17.69 [2.79 [59.27] 5.57 [80.51]21.24]10.64

In the calculations, the selling price of sunflower seeds is 14.455 thousand UAH/t (as of September 6, 2022).

Source: https://tripoli.land/analytics/podsolnechnik

under surface drip irrigation, the higher economic
indicators were under the underground laying of
pipelines. The highest are conditionally net profit
(17.11-18.17 thousand UAH/ha), lower cost
price (11.03-10.90 thousand UAH/ton), as well
as a higher level of profitability of production
(31.10-32.62%) provided the option with
subsurface laying of irrigation pipelines every
1.0 m regardless of the sunflower hybrid.

The analysis of the calculations shows that,
basically, such parameters according to the
PCZ were achieved by optimizing the operating
costs of the micro-irrigation system against
the background of almost the same crop yield.
Without an irrigation, the sunflower cultivation
was at the minimum level of profitability
(+12.2 = +12.6 %).

It is necessary to note the economic parameters
in the variant with the implementation of the
pulse water supply mode, where due to the higher
grain yield and the specific saving of irrigation
water, the highest indicators of the technology
were achieved: gross income — 80.51 thousand
UAH/ha, conditional net profit — 21.24 thousand
UAH/ha, the cost of 1 ton is UAH 10.6 thousand
and the level of profitability of production
is 35.8 %.

Conclusions. The results of experimental
studies proved that the method of laying
irrigation pipelines of micro-irrigation systems
reliably affects the parameters of the formation

of the water regime of the soil and the yield of
sunflower hybrids in the conditions of the Dry
Steppe. It was established that the introduction
of subsoil drip irrigation is more appropriate for
growing sunflower hybrids, which is explained
by the drought resistance of the culture. For the
cultivation of this agricultural crop, the variant
with in-soil laying of irrigation pipelines of
drip irrigation provided almost identical yield
parameters with lower coefficients of plant water
consumption. The minimum coefficient of water
consumption (1077.8 m*/t) was obtained under
the condition of implementation of the pulse
water supply mode.

Higher economic parameters of
agrotechnology  for  growing  sunflower
hybrids were also obtained with subsurface
drip irrigation: conditionally net profit
(17.11-18.17 thousand UAH/ha), lower cost
price (11.03—-10.90 thousand UAH/t), and
a higher level of profitability of production
(31.10-32.62 %) (laying of irrigation pipelines
after 1.0 m regardless of the sunflower hybrid).
Due to the higher grain yield and the specific
saving of irrigation water under the impulse
mode of water supply, the highest economic
parameters of the technology were achieved:
gross income — 80.51 thousand UAH/ha,
conditional net profit — 21.24 thousand UAH/ha,
cost price of 1 ton — 10.6 thousand UAH and the
level of profitability of production — 35.8 %.
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B.B. Kadgineii!, A.Il. lllaTkoBcbKUii', TOKT. C.-T. HAYK

! TucrutyT BogHMX mpodieM i memiopauii HAAH, Kuis, Vkpaina;
https://orcid.org/0000-0001-7875-1240 ; e-mail: vkaliley@gmail.com,;

2 [ncTuTyT BOAHUX mpobiieM i meniopanii HAAH, Kuis, Vkpaina;
https://orcid.org/0000-0002-4366-0397 ; e-mail: andriy-1804@ukr.net

Anomauyia. Y cmammi nagedeno pe3ynvmamu eKCnepuMeHmanbHux OO0CHIONCeHb 3 GUEUEHHS GNIUGY
KOHCMPYKYitl cucmem MiKpoO3pOuleHHs: Ha GOOHUIL PEACUM, NPOOYKMUBHICIb Ma eheKmUBHICIb 8UPOUY-
BAHHA COHAWHUKA. 3a YbO2O PO3PAXOBAHO OCHOBHI eKOHOMIUHI napamempu azpomexHoLo2il 6UPOUY8aAHHSL
consiunuxa. Ilonvosi Kopomxomepminosi 0ocniodcernss npogedero y nepioo 2020-2022 pp. na 3emnsix
bpuniscoroco docnionozo nons Inemumymy eoonux npoonem i meniopayii HAAH (Xepconcoka obnacme,
niosona Cmeny Cyxozo). [{ns 06pobKu exchepumenmanbhux OaHux 6UKOPUCAHO AHANIMUYHT | cmamu-
cmuuni memoou. Cxemor noivbogux 00caioig 6y10 nepeddaueHo pisHi eapianmu YKAAOAHHS NOTUSHUX
mpybonpoeodie cucmem MiKpO3pOULeHHs (V 20pU3OHMATbHIN MA 8EPMUKATbHIL NIOWUHE) Ma peanizayis
iIMRYIbCHO2O pedicumy 600onooavi (emanon). Konmponvuum 6ye eapianm 6e3 3powenns. 3a pe3yibma-
mamu  eKCnepuMeHmanbHux O00CHiONCeHb 0068€0eH0, WO CNociO YKIa0auHs NOIUSHUX mMPYyOONposodie
cucmem MiKpo3pouients 00CHMOGIPHO GNIUBAE HA NAPAMEMPU POPMYBAHHI BOOHO20 PEANCUMY IPYHIY Md
spodicatinicmo 2iopudie consiunuxy 6 ymosax Cmeny Cyxoco. Bemanoeaneno, wo enpogaoicents niorpyn-
M0B020 KPANIUHHO20 3POWEHHS € OiNbl OOYITbHUM 34 BUPOWYBAHHA 2IOPUOIE COHAWHUKY, WO NOSC-
HIOEMbCSL NOCYXOCMIUKICMIO Y€l KYIbmypu. 3a 6Upowy8anHs COHAUWHUKY 8aAPIAHM i3 GHYMPIUHbOIPYH-
MOBUM YKAAOAHHAM NOTUBHUX MPYOONPOBOOIE KPANIUHHOZ0 3POUEHHS 3a0e3NneUUs NPaKmuiHo i0enmuyHi
napamempu 8PONCAUHOCMI 30 HUNCHUX Koepiyicnmis 6000cnodicusanis pociun. Minimansnuil koegiyienm
sooocnooicusannst (1077,8 m*/m) ompumano 3a ymosu peanizayii iMnyiscHo2o pesicumy 6000nooayi. Buuyi
EeKOHOMIYHI napamempu azpomexHono2ii 6Upousy8ants 2iopudie COHAUHUKA OMPUMAHO 3d NIOTPYHMOBO20
KPANJIUHHO20 3POULEHHS: YMOBHO yucmuil npudymox (17,11—18,17 muc. epn/ea), nHudxcyy codieapmicmo
(11,03—10,90 muc. epn/monny), a maxoxic suwutl pisens penmadenvrocmi supoornuymea (31,10-32,62 %)
(YKIaOanmst noaueHux mpyoonposodis uepes 1,0 m ne 3anexcro 8io 2iopudy COHAUWHUKA). 3a paxyHOK euulol
8POICAUHOCII 3epHA | NUMOMOI eKOHOMII NOAUBHOI 800U 3A IMNYILCHO20 PeNCUM) 8000N00AUl 00Cse-
HYMO HAUBUWUX eKOHOMIYHUX napamempis. 6anosuti 0oxio cmarnosus 80,51 muc. epr/ea, ymMogHO wucmuil
npubymoxk — 21,24 muc. epu/ea, cobisapmicme 1 mounu 3epra — 10,6 muc. epn ma pigens penmabenbHocmi
supobrnuymea — 35,8 %.

Knrwouogi cnosa: kpannunne 3pouiens, niotpyHmose KpaniuHHe 3pOulents, iMnYIbCHULL PEACUM 8000NO-
oaui, eeanompancnipayis, 600HULL PeXcUM TPYHNTY, eKOHOMIUHA eheKmugHicmy, COHAUHUK
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