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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 

drought- resistant varieties and hybrids and 
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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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 m3/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 1 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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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/I). The studies were carried out according to 
generally accepted methods: placement of plots –  
systematic, replication –  four times, the area of 
accounting plots –  32 m2 [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 
layer is 1.47 g/cm3, 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 -21 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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 Fig. 1. Dynamics of sunflower acreage in Ukraine (1990–2021)
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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 m3/ ha with subsoil irrigation 
and 14–19 irrigations with an irrigation rate of 
1.96–2.43 thousand m3/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 m3/ha 
in non- irrigated conditions, 4.36–4.62 thousand 
m3/ha under subsurface irrigation (IP placement 
at a depth of 0.3 m) and 4.73–5.24 thousand 
m3/ha for ground placement of irrigation 
pipelines. Evapotranspiration among hybrids was 

almost the same: 4.35 thousand m3/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 m3/ha. The value of evapotranspiration 
at the same time amounted to 4.85 thousand 
m3/ha. The lowest water consumption coefficient 
(WCC) for sunflower is typical for options with 
subsoil drip irrigation –  1088.7–1254.2 m3/t. 
The maximum WCC was in rainfed growing 
conditions –  1839.8–1847.8 m3/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 

number of 
waterings

Irrigation 
rate,  

m3/ha

Precipi-
ta tion,  
m3/ha

Soil moisture, m3/ha ЕТc, 
m3/
ha

WCC, 
m3/hafactor А factor В factor 

С begining final balans

Rimisol 
F1

DI 0.7 18 1960

2098

1363 693 670 4728 1127.5
1.4 14 2313 1317 490 827 5238 1414.4

SDI 
(-30 cm)

1.0 13 1667 1380 783 597 4362 1088.7
1.4 11 1872 1303 813 490 4460 1226.4

control (W/I) – – 1327 487 840 2938 1847.8

Ukr. F1

DI 0.7 19 2140 1377 753 624 4862 1102.5
1.4 14 2427 1307 750 557 5082 1298.6

SDI 
(-30 cm)

1.0 14 1803 1403 700 703 4604 1125.7
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

Ukr. F1 SDIP 
(-30 cm) 1.0 148 2222 2098 1335 805 530 4850 1077.8
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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 m3/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 %.

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:
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1 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

SDI (-30 cm) 1.0 34.98 17.69 2.50 55.17 72.28 17.11 11.03 31.10
1.4 36.47 11.32 2.27 50.06 65.63 15.57 11.03 31.01

control (W/I) 25.37 – 1.02 26.39 29.63 3.24 12.87 12.28

U
kr

ai
ni

an
 F

1

DI 0.7 37.20 27.85 2.75 67.8 79.50 11.7 12.33 17.26
1.4 39.41 20.79 2.44 62.64 70.54 7.9 12.84 12.61

SDI (-30 cm) 1.0 35.45 17.69 2.56 55.7 73.87 18.17 10.90 32.62
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 (-30 cm) 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
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Анотація. У статті наведено результати експериментальних досліджень з вивчення впливу 
конструкцій систем мікрозрошення на водний режим, продуктивність та ефективність вирощу-
вання соняшника. За цього розраховано основні економічні параметри агротехнологій вирощування 
соняшника. Польові короткотермінові дослідження проведено у період 2020–2022 рр. на землях 
Брилівського дослідного поля Інституту водних проблем і меліорації НААН (Херсонська область, 
підзона Степу Сухого). Для обробки експериментальних даних використано аналітичні і стати-
стичні методи. Схемою польових дослідів було передбачено різні варіанти укладання поливних 
трубопроводів систем мікрозрошення (у горизонтальній та вертикальній площині) та реалізація 
імпульсного режиму водоподачі (еталон). Контрольним був варіант без зрошення. За результа-
тами експериментальних досліджень доведено, що спосіб укладання поливних трубопроводів 
систем мікрозрошення достовірно впливає на параметри формування водного режиму ґрунту та 
врожайність гібридів соняшнику в умовах Степу Сухого. Встановлено, що впровадження підґрун-
тового краплинного зрошення є більш доцільним за вирощування гібридів соняшнику, що пояс-
нюється посухостійкістю цієї культури. За вирощування соняшнику варіант із внутрішньоґрун-
товим укладанням поливних трубопроводів краплинного зрошення забезпечив практично ідентичні 
параметри врожайності за нижчих коефіцієнтів водоспоживання рослин. Мінімальний коефіцієнт 
водоспоживання (1077,8 м3/т) отримано за умови реалізації імпульсного режиму водоподачі. Вищі 
економічні параметри агротехнології вирощування гібридів соняшника отримано за підґрунтового 
краплинного зрошення: умовно чистий прибуток (17,11–18,17 тис. грн/га), нижчу собівартість 
(11,03–10,90 тис. грн/тонну), а також вищий рівень рентабельності виробництва (31,10–32,62 %) 
(укладання поливних трубопроводів через 1,0 м не залежно від гібриду соняшника). За рахунок вищої 
врожайності зерна і питомої економії поливної води за імпульсного режиму водоподачі досяг-
нуто найвищих економічних параметрів: валовий дохід становив 80,51 тис. грн/га, умовно чистий 
прибуток – 21,24 тис. грн/га, собівартість 1 тонни зерна – 10,6 тис. грн та рівень рентабельності 
виробництва – 35,8 %.
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